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Welcome to the fifth edition of
Verification Avenue, the Synopsys
technical bulletin for design and
verification engineers.

I was pleased to get a chance to talk
with many of you during DAC2002.
Several of you asked for more details
on our products and technology. 
In particular you had a number of
questions about Smart Verification.
With this edition of Verification
Avenue we are publishing four
articles on Smart Verification. There
is an overview of Smart Verification,
a methodology paper on Assertion-
Based Verification and papers providing
more details on Observed Coverage,
CycleC and OpenVera Assertions.
I hope these articles help answer
your questions.

I want to draw your attention to
SNUG Boston. This year, even more
verification papers are included in
the conference. There will be a total
of eight user papers from companies
like Motorola, Teradyne and Agere.

Additionally, two Synopsys tutorials
will be presented. The first tutorial
will give an introduction to Smarter
Verification with OpenVera Assertions,
VCS, and VERA. The second will
give techniques for verifying large
netlists. This session will show a fully
integrated flow using VCS, Formality
and Primetime. You can get details on
all the papers at http://www.snug-
universal.org/. This year the users
group will be held at the Boston
Marriott Newton Hotel on the 23rd
and 24th of September. I hope to
see you there.

As always we appreciate your support
and feedback. Please keep it coming.

Best regards,

Manoj Gandhi, Senior Vice President
and General Manager
Verification Technology Group

Synopsys, Inc.
700 East Middlefield Road
Mountain View, CA 94043

Subscribe
Unsubscribe

Visit us at SNUG Boston – September 23-24 
See page 42 for details!

Introduction to Assertion-Based NetSeminar - Archived Webcast
Start using Assertion-Based Verification on your current designs!

http://www.snug-universal.org/
http://www.snug-universal.org/
mailto:vtg-news@synopsys.com?Subject=Verification Ave - SUBSCRIBE
mailto:vtg-news@synopsys.com?Subject=Verification Ave - UNSUBSCRIBE
http://seminar2.techonline.com/~synopsys22/aug1302/
http://www.snug-universal.org/northamerica/na_boston.htm
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VCS 7.0 — Announcing Smart
Verification
On June 3, 2002, Synopsys introduced
VCS™ 7.0, pioneering the first compre-
hensive Smart Verification solution to
address the ever-increasing functional
verification challenges. The following is a
brief overview describing the technologies
that encompass Smart Verification. This
edition of Verification Avenue also
describes each of these technologies in
further detail. 

VCS 7.0 incorporates advanced higher-
abstraction verification technologies in
a single open platform to enable faster
verification with greater confidence. New
technologies in VCS include native code
generation support for OpenVera™
assertions (OVA); “VeraLite” — native
support for a significant subset of
OpenVera testbench constructs; native
support for CycleC, a RTL C++ perfor-
mance technology; and a new embed-
ded coverage metric, Observed
Coverage (OBC). 

As verification consumes up to 70
percent of the design cycle, engineering
teams are seeking evolutionary solutions
that improve productivity and verification
throughput. VCS 7.0 provides a Smart
Verification solution that delivers
higher-abstraction assertion-based
verification and testbench technology,
higher performance C++ modeling, and
advanced coverage technology — all
native to and integrated in an industry-
proven HDL simulation platform.

Higher Abstraction Verification
Enables Increased Performance 
and Productivity
VCS 7.0 delivers native support for OVA,
which means VCS reads in user-created,
concise descriptions of intended func-
tional behavior. Using OVA with VCS
allows smart use of simulation cycles

by constantly monitoring and checking
design behavior during simulation. This
enables design engineers to easily
leverage the power of assertion-driven
verification with VCS and provides
higher performance and productivity.

VeraLite — Native Testbench Support
Creating testbenches to verify designs
requires comprehensive data structures
and powerful language constructs.
VeraLite is a new capability in VCS
which allows it to natively support a
subset of the OpenVera testbench
language. VCS’ VeraLite enables users
to write tests at a higher level of
abstraction compared to Verilog. VeraLite
augments Verilog design verification
with easy-to-use, powerful constructs
that allow verification-specific tasks
such as real-time self-checking,
advanced flow control, advanced
multi-threading, and inter-thread com-
munication. VeraLite significantly
improves verification productivity and
performance resulting from native code
generation support within VCS.

Higher Quality with Observed
Coverage Metrics
VCS 7.0 extends its built-in
comprehensive coverage technologies
with Observed Coverage metrics
(OBC) to provide new insight into
testbench stimulus quality and smart
guidance to the designers for adding
tests to find potential bugs. OBC pro-
vides feedback above and beyond
traditional coverage technologies by
reporting that tests not only exercise
the design, but also generate observable
activity on user-specified outputs
such as primary outputs or internal
monitors. This new metric enables
design teams to improve the quality
and completeness of verification tests
and increase their confidence in their
verification environments.

Higher Performance with CycleC
Technology
CycleC is a C++ coding style for RTL
designs that delivers up to 10X
performance over HDL event simulation.
VCS 7.0 natively simulates user-created
CycleC models along with Verilog
models. VCS provides the utilities to
easily integrate CycleC models in
existing Verilog verification and
debug environment.

Early Access and Beta Program
Space Still Available
Synopsys has been working with several
partners to develop these Smart
Verification technologies. These cus-
tomers have reported productivity
improvements of up to four times and
greater performance compared to
previous methodologies and tools. If
you are interested in participating in
our early access and beta programs
for the technologies discussed here,
please contact your local account team
for consideration.

Package Review
Customers on maintenance will have
access to all VCS 7.0 Smart Verification
technologies at no additional cost.

To learn more about Smart Verification
visit http://www.smartverification.com/.

http://www.smartverification.com/
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Scirocco 2002.06 and 
VCS MX Update
Synopsys has recently shipped the
2002.06 release of Scirocco™. This
release includes significant new
capabilities and numerous technologies
to increase runtime performance. In
particular, this release includes:

• “Out-of-the-box” runtime with 1.5x-4x
performance gains.

• Mixed language with 1.3x-2x
performance gains.

• Complete support for server farms.

• Significant performance improve-
ments for line coverage using VCS™
coverage metrics technology.

• Support for an unlimited number of
mixed language layers.

• Inter-language cross module refer-
ences (XMRs).

• Streamlined mixed language use model. 

Performance Gains
Runtime performance continues to be a
focus of the Synopsys verification team.
Scirocco 2002.06 beta customers
reported an average 1.5x performance
increase from the previous release. This
beta covered a broad range of designs
including graphics applications, net-
working devices, and SoC designs.
Several of the designs showed a 4X
improvement in simulation runtime.
When running mixed language simulations
using VCS MX 6.2 and Scirocco
2002.06, we saw an average of 1.3x
speed-up with some designs 2x faster.

We also enhanced our support for
waveform dumping for both the VCD
and eVCD waveform files, enabling
2x-5x performance improvement.

These are the latest in a series of
releases where Synopsys has improved
the performance of both its VHDL and
Verilog simulation product. 

Server Farm Support
With this release, we are adding a number
of features targeted for the growing
number of customers using server farms.
Specifically, we have added support for
checkpoint/restore and license queuing.
When used together, these capabilities
simplify the installation and flexibility of
Scirocco as the host simulator for
departmental server farms. With
unmatched performance and capacity,
Scirocco is now the best technology for
VHDL regression needs.

Coverage Metrics Line Coverage 
The 2002.06 release of Scirocco is the
first Scirocco release to leverage our
VCS coverage metrics technology. This
technology was designed to be extremely
high-performance. Users will see dramatic
performance improvements in this new
release. Customers who used the feature
during the beta period commonly saw
10x improvement over the previous
release. High-performance allows users
to measure their coverage metrics
more often. Regular measurement of
coverage metrics improves the efficiency
of the testing effort, making sure the
entire design has been fully tested.
Finally, this release includes full VHDL
support within Synopsys’ coverage
metrics graphical analysis tools.

The inclusion of line coverage in this
release is the first step towards native
support of a complete set of coverage
capabilities. Future releases will include
further capabilities including condition-
coverage and finite-state machine
coverage. These capabilities will be
completely native to the simulation engine
and supported in the coverage GUI.

Unlimited Language Layers 
The reuse of IP has led to an explosion
of designs with a number of blocks of
both VHDL and Verilog code. With this
release, VCS 6.2 and Scirocco
2002.06, support an unlimited number

of language layers. Furthermore, the
implementation has been carefully
tuned to create a minimal overhead
between the different modules.

XMR Support 
With the regression farm capabilities
now in Scirocco, the MX solution (with
VCS) provides full regression capabilities
for mixed-HDL. Numerous customers
enhance their regression systems by
connecting test harnesses deep into the
body of their design. In a pure Verilog
design, this is generally done using the
Verilog cross-module reference (XMR)
feature. In both releases, we have extended
this capability to a complete mixed lan-
guage environment. In particular, the
technology allows designers to reference
a VHDL signal from a Verilog block,
and a Verilog signal from a VHDL block.

New 3-Step Use Model
Finally, the use model for Scirocco and
our mixed-HDL solution has been
streamlined. The complete flow now
consists of three simple steps. These
steps are: analyze, compile and simulate.
This streamlined flow allows for simplified
regression scripts. The flow minimizes
the amount of re-compile required
whenever a design changes. This
approach allows the VDHL and
Verilog compiler to achieve better
runtime performance by utilizing more
detailed design information during the
compile stage.

Detailed information about this release
can be found in the product release notes.
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VERA®, Release 5.2, Offers
Integration with OpenVera™
Assertions and Enhanced
Random Repeatability
Synopsys is pleased to announce the
immediate availability of VERA 5.2.
This release offers the following useful
new features:

1. Adoption of assertion based verification
with OpenVera assertions (OVA).

2. Greater control for generation of
repeatable random stimulus.

3. Direct kernel interface to VCS MX,
for mixed-HDL environment.

4. Enhancements to debug capabilities
with advanced plotting of data types.

5. Support for Solaris 64-bit mode.

OpenVera assertions simplify the
description of events spanning over
time and hence offer a powerful and
easy way to write protocol checkers
and monitors. Support for OVA in
VERA enables development of test-
benches that can react to assertions
and temporal events in the design.
These assertions are natively simulated
within VCS for maximum performance
and result in higher quality testbenches.
Full control of the assertion engine is
also available within the Vera testbench,
such as the ability to enable, disable,
and reset assertions. 

Additionally, within VERA, the user can
access the number of times a particular
assertion has succeeded or failed. For
monitoring, the assertions can be used
as significant simulation events, which
trigger code sections within VERA. These
capabilities increase the productivity of the
verification engineer by being able to develop
concise and easily maintainable code.

Another feature of VERA 5.2 is the
ability for test benches and the design
under test (DUT) to undergo changes

while maintaining the repeatability of
random test generation. This new feature
guarantees repeatable test cases by
protecting random test generation for
both threads and objects. Random
stability is automatic and maintains
current VERA performance without the
need for user intervention.

While running mixed-HDL simulations
with VCS and Scirocco, VERA now has
complete access to all signals including
mixed layers of VHDL and Verilog.
VERA 5.2 can directly connect and
react to all signals within these layers
using a direct kernel interface (DKI). 

A new feature, called Dynamic VRO
(vera compiled object file) has also
been added. This feature allows for the
Dynamic loading and freeing of tests
within the simulation without restart of
the simulation. This allows for a regres-
sion suite to be conditionally modified
at runtime while maintaining a small
memory footprint. 

Additionally, Dynamic VRO shortens
regressions runs for tests that must be
run separately by allowing the test-
bench environment to be reset without
exiting the simulation. Detailed memory
consumption including the location of
unfreed objects is a new enhancement
to the memory profiler. 

The vera_plot command has a new
feature that allows the user to selective
filter out OpenVera data types for
plotting to Virsim, Debussy, and MTI.
This feature is used in addition to the
VERA debugger for analysis of data
values over time and relative to HDL
signal values. 

Support for 64-bit Solaris is now
available allowing simulations to
exceed the 4 Gigabyte memory limit.
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Boost Verification Performance
by Introducing VCS
by Mou Chengyu
Wireless & Broadband Systems Group (WBSG)
Motorola Semiconductor Products Sector
C.Mou@motorola.com
Reprinted with permission from the proceedings
of Asia Pacific SNUG

Abstract
With design complexity increasing,
verification becomes more and more an
increasing, costly and time-consuming
part of the overall project. By introducing
VCS into our design flow, we saw the
overall verification performance improve-
ment as well as single test speedups.
Furthermore, the tightly integrated code
coverage analysis and automatic test
grading ability of VCS helped us to
accelerate our testbench development
and to produce an optimal ordering of
tests to be executed, which increases
the likelihood of finding errors earlier in
the processes, and also gives us a high
confidence at the early verification stage.

1. Introduction
With design complexity increasing, verifi-
cation becomes an increasing, costly and
time-consuming part of the overall project.
Under the pressure of the time-to-market, a
continuous demanding for shorter verification
time and higher verification efficiency is
stronger than any once upon a time.

In designing embedded processor for hand-
held device at Motorola Suzhou Branch we
have introduced Synopsys VCS into our
existing design flow and successfully saw
the performance improvement. This paper
presents the key steps and strategies for
such a verification performance gain.

2. Importing VCS into the existing flow
Before we can make use of the benefits
VCS can provide, we must import it into
our existing flow.

2.1 Existing verification flow 
For our project, we have already had the

design methodology defining the tools
and run scripts in each design stages.

The existing flow requires many commu-
nications between different tools through
programming language interface (PLI).
The PLI is a traditional and mostly sup-
ported interface, but is also a bottleneck
for the performance improvement. 
We hope VCS and the Direct Kernel
Interface (DKI) can help us to resolve
those problems. However, first of all in
our case the ease of importing VCS into
our existing design flow is quite important.
It makes no sense if a large man-work
must be put in script translation and
modification. In our project, VCS proves
itself a flow-friendly tool.

2.2 Verification flow with VCS
This verification flow with VCS includes
verification planning, function verification,
and sign-off verification. Additionally we
also use VCS together with Synopsys
PrimePower to do the power analysis
for whole chip. The flow is designed for
VCS 6.1 and based on the VCS User
Guide. After we finished verification
planning, we can do all jobs in VCS. 

2.3 Getting VCS into run script
When importing VCS into our existing
design flow, the original simulator
switches should be kept as much as
possible for the end user to work
smoothly. When there is an unrecognized
switch, VCS will ignore it. This feature
makes it reasonable to just substitute
the simulator executable with vcs to
import VCS into another design flow.
After that we can focus on the ignored
switches. In our case, VCS recognized
almost all the switches used for the
original simulator and successfully
parsed them. The unrecognized
switches are specific to the original
simulator and have no impact on the
whole chip functionality. The transition
is quite smooth.

2.4 Converting PLI tables
Just like described before, our existing
flow is using PLI to communicate
between different tools. The PLI is part
of the Verilog standard, maintained by
Open Verilog International (OVI). It is
most often used to access specific
signals in the design to set or read
values, extended the functionality of
the simulator by linking to C code. 

Normally if a tool or model uses PLI
function, it will provide a function calls
definition file, usually named as
veriuser.c. If using several PLI
applications with the simulation, it is
needed to combine all the existing
veriuser.c into a single file. Then based
on this file the shared library can be
generated using a C compiler. However
this method requires the user’s deep
involving and is somewhat inconvenient
if a particular C compiler is not available.

Concept

Resource & Schedule
Requirement

Function Spec

Verification Planning

Netlist/GDSII(ASIC/Cot)

Sign-Off Verification

 Gate-level/Netlist

Power Analysis

Debug Capacity Test Grading

Function Verification

Figure 1: Verification flow of VCS
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In VCS things are a little bit different
and easier. Because VCS will compile
all the application binaries together into
a single executable file for a simulation
run, telling VCS what is the function to
be called and how it will be called in a
PLI is enough. This is done by specify a
PLI table file in vcs command line. The
run syntax is as follows:

% vcs –P pli.tab pli.so testbench.v ……

Another benefit of using pli.tab is that
adding or removing PLI functions will
no longer requires a re-building of
shared libraries of all the tools,
which make it a smooth process to
add new features into an existing
verification flow. 

To help users to translate PLI table,
VCS provides a script called
"veriuser_to_pli_tab" to extract the
function calls in an existing veriuser.c
file. It looks for the function name and
parameters in such a file and converts
them to a simple format that can be
read by both VCS and human beings
easily. Table 2 lists part of the PLI
function calls used in our project.

The final converted pli.tab contains
about 200 function calls in our project.
With this table file we can run the sim-

ulation by the following command:

In summary, VCS can be imported to
our existing flow without too much
methodology changes. 

3. Verification planning
The design size and complexity
continues to grow, but our schedule
doesn't, or even worse, gets tighter.
In general we always have a limited
resources every time. Considering the
complete test suite for a whole chip,
the most often asked questions are
how to make more efficient use of
resources, how can all patterns be run
effectively together and when to stop
verification with high confidence that
the design is almost free of bug? 
To address these demands for more
effective verification, we adopted
some key verification strategies.
These strategies include:

• Minimizing compile time
Each test must be re-compiled even
if no design changes in our original

flow. The re-compile takes
unnecessary longer time to
run a simulation. For a gate-

level simulation, the compiling
time is remarkable longer. To speed
up the compile process, VCS provides
an incremental compilation mechanism.
It avoids recompilation of Verilog
sources that have not been changed.
To push it to a limit, we want to
squeeze the re-compilation time to
near 0.

• Make use of the parallelism
among tests
In practice, we often build several test
patterns, other than a big test pattern,
to cover different function part of our
design to focus on specific bugs. It’s
an effective method to debug the
design and also leaves the parallelism
among those tests. However, our
original test patterns run at the serial
sequence. Each test can only start
after the previous one fully finished.
It is obvious that the verification per-
formance will be better if the test
patterns can be run altogether without
restriction on the time and order of
execution. And the mature system
batch queuing tools available nowadays
can also help to schedule the jobs
well if the patterns are parallel.

• Deploy code coverage analysis
Code coverage analysis is another
key verification strategies we want to
stress on. VCS uses simulation to
examine the design and identifies the
design areas that are not tested, are
redundant, or are not used. The parts
of the design that are not tested
can immediately be recognized and
then covered by additional test vectors.
It greatly helps the test suite
development and evaluation.

veriuser.c

pli.tab

……
veriusertfs[TF_MAXARRAY] ={
……
{ usertask, 0, NULL, NULL, mm_call, mm_misc, "$mm", 1 },

{usertask, 0, plicompileDebug, 0, plitaskDebug, 0, "$fsdbDebug", 1 },
……
/* final entry must be 0 */
{0}
};
……

……
$mm call=mm_call misc=mm_misc acc+=r,cbk:ARM920Tr1_inout
$fsdbDebug check=plicompileDebug call=plitaskDebug 
……

Table 2: different definition formats of PLI function calls

% vcs –P pliall.tab toolsa.o toolsb.so –f modules.f testbench.v……
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• Regression test suite
A regression test is a set of tests
provided by the original developer to
permit the validation of the correctness
and consistency of the design by
another user. The regression capability
provides the means to define regression
jobs consisting of e.g. simulation runs
and that runs pass/fail criteria, and
then to run them on the network
using a batch queue system. With the
requirement that the regression test
patterns must be self-checked, we
free up engineers from interactively
running those time consuming jobs. 

4. Verification strategies 
implementation
4.1 Minimize compile times
VCS provides a fast Verilog simulation
by using a two-step approach. During
step 1, all Verilog source files are compiled
and linked to generate a simulator
executable. In step 2, this simulator is
executed to perform Verilog simulation.
Minimizing compiling time as much as
possible helps to speed up the overall
verification performance. The limit is no
compiling time, i.e. just run-only. In our
project this is possible because most test
patterns, if not all, differ only in the proces-
sors assemble code. These assemble
code is compiled into hex file and loaded
during simulation run. Thus the verilog
source code doesn't have to be recompiled,
at least for a group of similar tests.

Our objective is to compile a design
once and then run many times, i.e.
most of the test will be in the run-only
style. However, it's common that the
testbench is not designed in this
style. Above is part of code extracted
from our original testbench, which
shows why a recompile is needed at
each time.

When the simulation is started for the
compile-then-run procedure, a plus
argument (e.g. +define+TEST_0001, or

+define+TEST_0002) is passed to the
Verilog compiler at the command line.
Because the `ifdef is a compile direc-
tive, only the code selected by the plus
argument is compiled in for a certain
test. And this will lead to a fail for a run-
only simulation because just the same
code is executed many times for differ-
ent simulation.

In order to make VCS compile all such
code together, the Verilog construct
$test$plusargs will be used in place of
the ‘ifdef compiler directives for specifying
what test to be run at the run time. The
above code should be modified like this:

After changing the testbench code and
compiling, the run syntax will now be:

% simv +TEST_0001 …
% simv +TEST_0002 …

From now on the simulation process is
just to execute the simv only, instead of
compiling and executing.

When using this style of code it should be
noted that the dump routines
($dumpvars, $vcdpluson and $record-
vars, etc.) would better not to be put in
a $test$plusargs construct, or it will
cause unnecessary overhead in a simu-
lation by always compiling in dumping.

`ifdef TEST_0001
$display("");
$display("###################################################");
$display("   TestBench 0001,  at %0d", $time);
$display("###################################################");
$display("");
BootUp_Tasks;

`else
`ifdef TEST_0002

$display("");
$display("###################################################");
$display("   TestBench 0002,  at %0d", $time);
$display("###################################################");
$display("");
Enum_Tasks;

`endif `endif

initial
begin
if ($test$plusargs("TEST_0001"))

begin
$display("");
$display("###################################################");
$display("   TestBench 0001,  at %0d", $time);
$display("###################################################");
$display("");

end
else if ( $test$plusargs("TEST_0002") )

begin
$display("");
$display("###################################################");
$display("   TestBench 0002,  at %0d", $time);
$display("###################################################");
$display("");

end
end
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Another problem related with run-only
simulation is how to pass the compile
time defines to a simulation executable
at run time. Often this is because the need
to use different string, e.g. the log file name,
in different run. Below is such an example:

logfile={"rtl_",`FILENAME};
datfile={`FILENAME,".dat"};
$readmemh(datfile, cell_mem);

By including +define+FILENAME="name1"
in the run command line, the logfile will
be assigned to a string "rtl_name1", and
the hex date file "name1.dat" will be
loaded into memory for simulation. 

It's straightforward that sending such a
string to VCS is a little bit tricky. VCS will
parse name1 as an unknown identifier if
use just +define+FILENAME="name1".
In fact, what we need inside the module
is ""name1"" so that the second quota
will ensure the simulator treats it as a
string. In VCS it should be passed in
back-slashes plus quotes like this way:

+define+FILENAME=\\\"\\\"name1\\\"\\\"

These extra characters are required
because vcs script processes
\\\"\\\"name1\\\"\\\" and passes to
inner script vcs1 \"\"name1\"\" and
vcs1 removes the first quote inside so
we end up with "name1" and it's really
what we need.

By making those two kinds of modification,
our testbench, also most of other alike
testbench, is able to adopt the "compile
once and run many times" strategy.

4.2 Apply parallelism between simulations
Besides the time saved from squeezing
compilation time, the inherent parallelism
between simulations can also be used
to accelerate the overall verification
speed. The parallelism exists because
we have enabled "compile once and run
man times" strategy using VCS.
However, to make it a reality we need to
modify the testbench so that there is no

shared violation between two tests.
Modifying all these violations may
involve extra work on both testbench
and scripts, so it's a trade-off. In practice
we can divide all the test cases into
several test groups and ensure that no
shared violation inside each group.

The most common shared violation in
our project is that all the tests will read
the same hex file to load the program
image. Because this file is related with
each test and gets updated before the
simulation starts, it's very likely a test
read the hex file updated by another
test if all the tests run simultaneously,
and we don't know when the job will be
scheduled to start. It's not hard for the
solution in VCS. We choose to use an
individual hex file name and pass the
file name using a +define argument
with enough back-slashes as section
5.1 described. All the hex files have
been pre-compiled before simulation,
which eliminates the shared violation.

At this time the tests can be run
independently with each other. But if
hundred of tests try to run together it
will overload the server, and even worse,
"overloaded" the licenses. Thanks to the
many different types of batch queuing
systems available, from shareware
versions to commercial products like
SunGrid from Sun Microsystems, and

Platform Computing’s LSF (Load
Sharing Facility), we can easily submit
our tests to the powerful machines to
run the simulations simultaneously.
The detail setup for those batch queuing
systems is beyond the scope of this
paper, but those tools do provides the
following benefits, just to name a few.

• Automatically fulfills the computing
power of workstations.

• Avoid the lack of VCS licenses. The
queuing system will schedule the jobs
according to the resources available.

• Able to submit many jobs of different
priorities. Thus whenever an interactive
job or higher priority job need
machine resources, the other job may
be suspended.

Figure 2 illustrated the overall run time
for the different simulation strategy.
Please be noted that even the single
run time in the third case is a little bit
longer than the other two because the
server may be run several simulation
simultaneously, it is still able to achieve
a better speedup for the overall verifi-
cation performance. And in the fourth
case we can submit the longer job to
more powerful machines while
submitting the shorter job to the not-
so-powerful machines by adjusting
LSF's configuration to get a balanced
result, which achieve a best speedup.

Compile-then-run

Run-only

Run with parallelism

Parallelism with LSF

Compile time Run timeFigure 2: Overall simulation performance 
for different strategies
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4.3 Test suite optimization using VCS
When running many tests, it becomes
difficult to understand how many of the
design constructions are simulated by
each test. Code coverage analysis can
be used to identify sections of a model
that have not been executed by the
testbench or to determine the sections
that are executed more frequently. The
parts of the design that are not tested
can immediately be recognized and then
covered by additional test vectors. In
VCS, the coverage metrics include
advanced line coverage, as well as
block, toggle, and condition/expression
coverage. Finite state machines in the
HDL are automatically extracted so the
state, transition, and sequence coverage
information can be gathered.

We have deployed coverage analysis in
our existing verification environment, but
suffered the performance penalty.
Because originally we use the different
simulator and analyzer communicating
to each other trough PLI, which is
somewhat slow. And the additional
scripts need to be developed. The VCS
coverage metrics are tightly integrated
into the simulation engine of VCS
through Direct Kernel Integration (DKI).
And in Vcs6.1, coverage metrics are
even built into the simulator engine, and
is directly accessible from VCS command
scripts, thereby allowing VCS to take full
advantage of its default optimizations
without extra script work. Although it's
not fairly accurate, the average run-time
for one of our tests confirms this. We
got a 60% longer run-time for VCS
compared with no coverage analysis,
while a 150% longer run-time for our
PLI based analysis tool. 

All of the VCS coverage metrics can be
used to grade tests to see which are
most effective in testing the HDL
device under test. Based on this grading
information, we can choose the best

tests and disregard less effective tests.
It is true because commonly the
regression test suite is redundant. And
this comes from the fact, in particular,
that test case authors tended to create
new test cases when they identify
some small holes in coverage rather
than to modify existing tests. Those
groups of similar tests indicated that a
regression might involve a large degree
of redundant simulation.

From test grading we can accelerate
test suite development. That increases the
quality of verification too. CoverMeter,
the build-in coverage tool for VCS, has
an advanced test grading feature that
can automatically tell you which regres-
sion tests can be combined to give the
most coverage with the fewest tests,
thus automates the process of making
smaller and faster regression runs.

We have adopted coverage analysis in
VCS because of its ease of use and
performance quality. After the code

coverage had been generated, we use
test grading to analysis each test suite.
One of these grading is listed in appendix,
showing that there are 2 problems for
the original test suite. First, the overall
coverage is not high enough. And secondly,
most of these tests are redundant. By
using cmView, the GUI for coverage
analysis in VCS, we identified the untested
code easily and then could add the new
tests. We also changed the regression run
order based on the grading result. This re-
scheduled order gives us the most of our
coverage in the least run time. Knowing
that a certain level of coverage could be
reached at a given time through the
regression testing, we could be confident
that there were no design errors, and it
wouldn't be necessary to wait for the whole
regression testing to be completed before
moving to the next design stage. This
improves the design productivity greatly.

4.4 Detailed verification flow
The verification flow starts with a detailed
design specification as in Figure 3. This

Drivers/MonitorRTL

SDF

Gates

Stimulus

Design Specification

Synthesis
Equivalence

Check
(optional)

Simulation

Simulation

Code Coverage

Timing Extraction

Figure 3: Functional Verification Flow
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specification is used to create 3 types
of reusable components:

1. a synthesizable RTL-level model of
the block,

2. models for the blocks interfaces that
implement drivers and monitors for a
well-defined set of transactions on
that interface,

3. multiple simulation stimulus files
("tests") that validate specific aspects
of the design specification.

These files are used in RTL level simu-
lation to validate that the RTL model of
the blocks matches the requirements
captured from the design specification.

Besides tracking elements of the
specification, code coverage is used to
measure the stimulus' coverage of the
RTL constructs.

The implementation flow generates
gate-level netlist at one or more refine-
ment levels (e.g. pre-layout and post-
layout) and accurate timing data in SDF
format. These can be used to repeat the
simulations with unchanged stimulus to
ascertain that the gate level model
matches the functionality of the RTL
model and that the block also meets
its timing requirements. For an exact

models to work with a Verilog simulator,
it's true that unused PLI entries will
hurt VCS performance even if no actual
function calling is done. If a PLI appli-
cation requires global access, e.g. a line
that contains acc=rw.cbk:* in the PLI
table file, it will cause extra overhead in
a VCS simulation. The star here is a
wildcard that means every signal in the
entire design. Unfortunately many third
party applications are shipped with PLI
table files that turn on global PLI access. 

In order to achieve better performance,
it seems that more specific scope rules
like %TASK or a list of module names
can reduce the PLI overhead in a
simulation. However, it's not an easy
task because it's hard for an end-user
to decide the correct access capability
a module should have.

VCS provides such a way called adaptive
PLI to help the end user to minimize
the unnecessary PLI-visibility. It's a two-
step iteration to use adaptive PLI:

1. Add one flag to the runtime simulation:

% simv +vcs+learn+pli

This tells VCS to monitor all PLI
access and create a new table file
containing just the modules that
really needed to talk to the PLI
program. After simulation finished, a
pli_learn.tab will be generated under
the run directory.

2. Recompile your design with one
additional flag: 

% vcs +applylearn …

This tells VCS to override PLI visibility
with the new table file.

Thus now VCS will be able to compile
and do much more optimizations with-
out the entire overhead of PLI access
to Verilog modules that do not need it.

We use this method to generate the

Flags for
increased 
performance

Flags that 
hinder 
performance

+rad

+timopt

-Mupdate

+vcsd

+acc

+race

+prof

Perform aggressive optimization for rtl or
(non-timing) gate level.

Perform aggressive timing optimizations (for
SDF gate simulations).

Use incremental compile to only modules
that functionally changed

Use more efficient Direct Kernel for 
waveform dumping

To allow global pli access

turn on race detection

turn on VCS profiling

comparison of RTL and gate level model's
functionality, an optional equivalence
checker is used if necessary.

5. VCS performance optimization
It will never be enough for speed
improvement. After utilizing the state-of-
art verification strategies, there are still
the chances for fine-tuning VCS to get
further simulation speedups. First of all,
different switches do have different
performance impaction for a simulation
run. Some of such switches are listed in
Table 3. By choosing these switches
carefully we can make the simulation
speed reasonable faster. 

Besides selecting switches carefully,
avoiding huge file I/O operation helps
speeding up simulation too. Dumping a
very large VCD file is such an example
that will slow down the simulation
speed. VCS uses its VCD plus (VPD)
format for waveform dumping, which is
very small against VCD. In one of our
case, it used 1012K for VCD while only
27K for VPD for the same dumping
range! That no doubt increases the
simulation performance as well.

5.1 PLI tab optimization
Although PLI is the most common
interface for the 3-rd party tools and
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reduced PLI table file for our project.
It's not surprise that we got only 1
entry in the learned table file because
most of out test patterns will use the
ARM model only. Part of this file is listed
below. By recompiling only the learned
PLI entry into simulation executable file,
we saw an average 2%~5% perfor-
mance improvement.

5.2 Use profiling analysis
Simulation profilers help to "tune"
designs by highlighting the blocks in
the simulation that are the most expen-
sive in terms of execution time. Even a
small save on such blocks will result in
a large save on total run-time. Another
fact might slow down the simulation is
the execution time of the unnecessary
logic. Such logic varies from the test-
bench behaviors code to the bus
functional model. It is greatly preferable
to finding the first source of inefficiency
and fixing it at the early stage. Although
profiling itself will slow down the simu-
lation, it is worth of the time saved for
the later run. If you do it latter, you may
find out that you spend a great deal of
effort on fixing performance issues that
are not in fact significant at all.

There are some general profilers like
"gprof" existing, but it needs extra

setup and post processing to get the
result. VCS provides the +prof option to
make all these be very simple. By
including the +prof compile-time option
when compiling a design, VCS generates
the vcs.prof file during simulation. This
file contains the module and verilog
constructs that use the most CPU time.

This profiling information can be used
to see where in our design we might
be able to modify our code for faster
simulation performance. For example,
by enabling profiling during one of our
simulation, we got an initial vcs.prof
result file. Part of the file is listed below.

The result really gave us a very clear
image where the simulation times goes.
In our example, the most time spend on
the PLI as we expected. The design 

itself uses up to 28% simulation time.
After analyzing the module view we can
see that more than 19% simulation time
(adding all items except 4 in the top 8
modules listed above) goes to USBD.
This result really shocks us because in
the specific pattern the USB bus model
is not necessary to be active at all. The
"extra time" spent on USB model is
because we have compiled the USB
bus model unnecessarily in our existing
simulation environment. Before enabling
VCS's profiling we haven't have a chance
to examine such an inefficient usage.

After modifying our testbench to include
the USB model only when really needed,
we re-run the profiling. This time the
result shows a quite effective time
usage (see top of page 12).

////////////////// SYNOPSYS INC ////////////////
//                PLI LEARN FILE
// AUTOMATICALLY GENERATED BY VCS(TM)

LEARN MODE
////////////////////////////////////////////////////
acc=r,cbk:ARM920Tr1_inout

//SIGNAL AGNT:r,cbk
//SIGNAL BCLK:r,cbk
//SIGNAL BnRES:r,cbk
//SIGNAL DSEL:r,cbk
//SIGNAL AIN:r,cbk
//SIGNAL WRITEIN:r,cbk
//SIGNAL DIN:r,cbk

…… ==============================================================
TOP LEVEL VIEW

==============================================================
TYPE %Totaltime

-----------------------------------------------------------------------------------------------------
PLI 60.74

VCD 0.00
KERNEL 11.02
DESIGN 28.24

-----------------------------------------------------------------------------------------------------

==============================================================
MODULE VIEW

==============================================================
Module(index) %Totaltime No of Instances Definition
-----------------------------------------------------------------------------------------------------
hst_bfm (1) 5.76 1 ../usbd_model/USB_MISC/hst_bfm.v:63.
mnr_bfm (2) 5.45 1 ../usbd_model/USB_MISC/mnr_bfm.v:50.
clk_switch (3) 3.26 2 ../usbd_model/USB_HOST/hst_dpll.v:95.
iomux (4) 2.63 1 ../padring/rtl_v/iomux.v:1.
pulse_puller (5) 2.07 2 ../usbd_model/USB_HOST/hst_dpll.v:236.
ph_detect (6) 1.19 2 ../usbd_model/USB_HOST/hst_dpll.v:195.
nrzi2nrz (7) 0.88 2 ../usbd_model/USB_HOST/hst_dpll.v:155.
decoder (8) 0.50 2 ../usbd_model/USB_HOST/hst_dec.v:66.
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6. Power analysis with PrimePower
In many areas, especially the embedded
microprocessor for handheld device it's
very critical for the power consumption.
With VCS we have successfully generate
the Power Information File (pif) used by
PrimePower for certain test scenarios.
Those test scenarios including different
system modes, such as doze mode,
stop mode and full-run mode. The
estimate power by PrimePower is well
close to the measured result from lab,
which gives us high confident on the
accuracy. Thanks to VCS and
PrimePower, we can choose and test
many different logic implementations for
power saving, especially for the clock
tree gating mechanism.

7. Report Analysis
We picked up a certain amount test
patterns in our existing test environment
to get the performance data for VCS.
The test suite contains 76 separate
patterns and the original simulator takes
30.5 hours to finish all the 76 patterns
for the RTL simulation. VCS finish those

patterns in 29 hours, about 5% perfor-
mance improvement without special
fine-tuning. Also the maximum memory
used in VCS is 307 MB, while the
original simulator used 331 MB for the
same pattern.

From our experience we saw VCS can
increase our verification productivity
without too much methodology changes.
This is really important for adopting a
tool into an existing design flow.

8. Summary
With the help of VCS, we saw the overall
verification productivity improvement as
well as single test speedups. Also the
tightly integrated code coverage analysis
and automatic test grading ability helped
us to accelerate our testbench develop-
ment and to produce an optimal ordering
of tests to execute, which increases the
likelihood of finding errors earlier in the
process, and also gave us the high
confidence at early verification stage.
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11. Appendix
Part of the test grading report is listed
on page 13:

==============================================================
TOP LEVEL VIEW

==============================================================
TYPE %Totaltime

-----------------------------------------------------------------------------------------------------
PLI 86.63

VCD 0.59
KERNEL 1.00
DESIGN 11.79

-----------------------------------------------------------------------------------------------------

==============================================================
MODULE VIEW

==============================================================
Module(index) %Totaltime No of Instances Definition
-----------------------------------------------------------------------------------------------------
iomux (1) 5.94 1 ../padring/rtl_v/iomux.v:1.
Top (2) 0.59 1 ../top/rtl_v/testbench.v:66.
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// Test Grading Criteria

Module/Instance Coverage: Module
Type of Coverage: Statement

// Test Grading Data

// Listed in the descending order of coverage

Test No. Covered Test Name
2 88.02 i2c_MMTR_arm
3 88.02 i2c_RPT_START_arm
5 88.02 i2c_TR_INT_arm
0 87.43 i2c_ARB_arm
4 85.63 i2c_SMTR_arm
1 82.93 i2c_CS_arm
// Listed in the order as they are added

Test No. Incremental Difference Covered Accumulated Test Name
0 87.43 87.43 87.43 87.43 i2c_ARB_arm
1 0.00 4.49 82.93 87.43 i2c_CS_arm
2 2.10 3.59 88.02 89.52 i2c_MMTR_arm
3 0.00 1.50 88.02 89.52 i2c_RPT_START_arm
4 0.30 4.49 85.63 89.82 i2c_SMTR_arm
5 0.00 1.80 88.02 89.82 i2c_TR_INT_arm
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OpenVera Verification
Intellectual Property Accelerates
Testbench Development
Verification IP gives users the ability to
test the against standard without the
need to of understand the details. In
response to the increasing usage of
Verification IP from the Vera community
last October Synopsys launched the
OpenVera™ Catalyst Program. The
program has been successful in a
number of ways, two of which include:

1. It has created a network of engineers,
all over the world, who are not only
experts in verification but also
experts in using OpenVera. 

2. It has increased availability of a
large portfolio of standards-based
verification intellectual property (IP)
implemented in OpenVera. Some of
the verification IP includes AMBA;
CSIX; Ethernet 10/100, 1G, 10G;
HyperTransport; PCI; SPI4; USB2.0. 

The following site http://www.open-
vera.com/catalyst/verification_ip.html
provides more information on the available
verification IP. In the following paragraphs
we give an overview of verification IP
and outline its unique capabilities.

What is OpenVera Verification IP?
OpenVera Verification IP cuts down the
time-to-first test and accelerates the
development of a verification environment.
OpenVera Verification IP is a complete
suite consisting of bus functional models,
transaction generators, protocol checkers
and functional coverage objects. They
can be used to quickly and accurately
create stimulus streams based on
industry standard protocols. The
verification IP used in simulation
improves overall efficiency and
productivity of the verification teams. 

For example, to generate Ethernet MAC
Layer2 frames for stimulating an

Ethernet hub environment using the
OpenVera 10/100M verification IP, the
verification engineer is aided by the
high level of abstraction in the model.
The following is a typical code example
for generating 100 total frames for 4
ports with random constraint for
short_frames and inter-frame gap:

Major Benefits
Many of the verification IPs are developed
using a Synopsys recommended modeling
guideline. This guideline uses a layered
architecture to create complex models. 

• Be reusable, modular, configurable
and programmable 

• Easily and quickly generate directed
test scenarios as well as random test
scenarios

• Gather functional coverage, protocol
checks and monitor test stimulus and
correct behavior

• Easily generate and check error
conditions

The modeling architecture document
can be found at: http://www.open-
vera.com/technical/vip_arch.pdf

Functionality Overview:
In this section, we will touch on the
major functionalities of three OpenVera
Verification IPs. These models represent
different segments of the standard I/O
industries. They also show the support
for emerging standard protocols, such as
the HyperTransport technology. For full
data sheets, please visit the OpenVera
catalyst site mentioned above.

HyperTransport OpenVera
Verification IP
The HyperTransport verification environ-
ment is targeted for HT interconnect

technology, and is compliant with
HyperTransport I/O Link specification,
version 1.03. The HyperTransport
technology is a new high-speed, low
latency, point-to-point link for inte-
grated circuits developed for faster
chips communication inside high-
performance computer, networking and

communication
devices. 

Some of the key
features of this

verification IP are:

• Provides support for host controller
and cave models

• HypreTransport Signaling layer with
parameterized 2/4/8/16/32 bit CAD
with configuration

• Generation and reception of all
packet types: Request Response, Info
and Interrupt types

• Support for insertion of control
packets and data packets

• Support for all Virtual Channels with
all types of Requests/Responses

• Support Isochronous Channels

• Illegal and corrupt data packet
generation and recovery verification

I2C OpenVera Verification IP
This is a flexible verification environment
that allows full configuration of the I2C
protocol with complete parameters
control. Some of the key features of
verification IP are:

• I2C fast and high-speed mode support 

• Transmit and receive operation for
slave addressing

• General command call on CBUS and
start by addressing

• Repeated start condition for all modes

• Single and multi-byte transaction support

• Clock synchronization

Ethernet_Mac_Hub hub = new (4, 100, “short-frame”, default_random_gap);
hub.run();

http://www.open-vera.com/catalyst/verification_ip.html
http://www.open-vera.com/catalyst/verification_ip.html
http://www.open-vera.com/technical/vip_arch.pdf
http://www.open-vera.com/technical/vip_arch.pdf
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• Arbitration support

• Error injection and checking

The OpenVera I2C Verification IP
complies with I2C specification version
2.1, January 2000. It fully supports the
random and constrained random test
scenario generation methods.

IEEE1394 a,b Link Layer OpenVera
Verification IP
This is a flexible verification environment
that supports the full functionality of the
IEEE 1394a-2000 and IEEE 1394b
version 1.33 standards. It provides
randomized command and data genera-
tion, auto response generation and
coverage modules and monitor blocks. 

Some of the key features of the
verification IP are:

• Support for multiple DUT verification
in a single environment 

• Automated generation of “Cycle
Start” and “Acknowledge Packets”

• Supports 100, 200, 400, and 800
Mb/s PHY-link interfaces.

• Generation and full analysis capability
of various valid packet types

This verification IP interfaces to a stand-
alone 1394 PHY layer or to any other
device that incorporates the PHY layer.

Summary
OpenVera Verification IP helps engineers
quickly create modular and reusable
verification environments. While test
scenario generation accelerate the
debug process, features such as
functional coverage and protocol
monitors provide essential feedback. 

OpenVera Catalyst members offer a
broad array of Verification IP. For details
visit http: //www.open-vera.com/catalyst/
verification_ip.html.

http: //www.open-vera.com/catalyst/ verification_ip.html
http: //www.open-vera.com/catalyst/ verification_ip.html
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Improved AMBA Verification IP
Leverages New High-Level
Verification Features
This article details the AMBA® 2.0
verification IP available from Synopsys.
It describes the basic functionality of
the models and monitors and illustrates
how their use cuts down verification time
for AMBA-based designs. The article also
gives an overview of how the general-
purpose models leverage OpenVera’s
constrained random test generation
functionality to deliver higher levels of
control and response across the indus-
try’s popular languages and simulators.

Introduction
An enhanced suite of DesignWare®

verification IP for AMBA AHB and
APB is now available. The feedback
from our early adopters has been
extremely positive, with several cus-
tomers highlighting the usability, quality
and high value of the product. The
models can now be downloaded from
the Synopsys IP directory.

The verification suite for the AMBA 2.0
specification includes six models; master,
slave, and monitor devices for both the
AHB and APB.

The master and slave models initiate and
respond to bus transactions based on
simple high-level commands embedded
in the testbench. The monitor tracks and
logs coverage and checks for protocol
compliance. This allows for easy
generation and tracking of bus activity
and enables you to verify bus compliance
of the device under test (DUT).

Model Usage
The DesignWare verification IP gives
users the ability to test the full range
of the AMBA standard without the
overhead of learning the protocol
details. This leads to faster ramp up on
protocol checking and allows verification

engineers to focus more effort on
verifying their value-added portion of the
design. In fact, many users have used
DesignWare models in the past to aid
in the learning of complex bus standards. 

The OpenVera-based models are
design-language neutral and can be used
in VERA, VHDL, and Verilog testbenches.
C support is coming soon. VERA users
have the additional advantage of direct
access to the top-level classes and
methods defined in the models. Direct
access to the classes allows a user to
conveniently embed the IP within a
structured (object oriented) testbench
environment. The models can be used
with a wide range of industry leading
HDL simulators.

The models are compiled objects, which
are instantiated into the testbench
environment. This leads to higher per-
formance, easier reuse and significantly
fewer lines of source code to generate
and maintain.

AHB Bus
The AHB verification IP supports the
following protocol features:

• All data widths (8-1024 bits) and
address widths (32-64 bits)

• All transfer types; including single
transfers, incrementing bursts (4, 8
and 16 beats), wrapping bursts (4, 8
and 16 beats), split transactions, early
burst termination and locked transfer

• All response types: WAIT, OKAY,
ERROR, RETRY, and SPLIT 

• The monitor reports coverage, protocol
violations and logs transactions

The AHB also supports the following
buffer and memory features:

• Burst buffers in the master store beat-
by-beat information for burst transfers:
data, size and number of busy cycles

• Response buffers in the master store
beat-by-beat slave responses: data
and response type

• Copy Buffer command allows quick
generation of similar burst buffers

• Zero-cycle Get and Set of slave
memory

• Zero-cycle Fill of a region of slave
memory 

The AHB Master initiates single
transfers and bursts onto the AHB bus.
Buffer access features allow users to
create and reuse burst transfers. The
AHB master supports locked transfers,
automatic transfer rebuilds, all
protection types and automatic bus
request and release.

The AHB Slave responds to transac-
tions initiated by an AHB master.
Internal memory elements store and
supply data on demand from the mas-
ter. There are also zero cycle com-
mands to initialize and access the
memory element without requiring bus
transfers. The AHB Monitor supports
up to 16 masters and 16 slaves with

DUT
AHB

master

AHB
slave

arbiter decoder
AMBA

AHB bus

AHB
monitor

Coverage
Protocol Checks

Transaction Log

Figure 1: AMBA AHB Block Diagram

http://www.synopsys.com/products/designware/ipdir/
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protocol checking, transaction logging
and functional coverage monitoring. 

Configurable from 8 to 1024-databits,
all AHB transaction types are supported.

APB Bus
The APB verification IP supports the
following protocol features:

• All transfer types: IDLE, READ, WRITE 

• The monitor tracks the state of the
APB, reports coverage, protocol
violations and logs transactions

The AHB also supports the following
buffer and memory features:

• Configure memory map of master

• Get, set and fill memory of the slave

The APB master initiates transfers on
the peripheral bus, acts as a replacement
for the AHB/APB Bridge and supports
up to 16 slave devices. Furthermore,
it generates idle, read and write
transfers. The APB slave responds to
transactions initiated by an APB
master. Internal memory elements store
and supply data. Zero cycle commands
are used to initialize and access the
memory element without bus transfers.
Standard patterns are provided for
initialization. The APB monitor tracks
transactions on the APB bus. Basic
functionality provides protocol checking
and functional coverage monitoring.
The monitor tracks the state of the
APB, validates state transitions and
flags errors whenever APB protocol
is violated.

Next Model Release in September
A follow on release of verification IP
leverages the advanced testbench
capabilities available in VERA, following
the methodology targeted towards the
creation of smarter, more effective test-
benches. The enhanced models will
include constrained random stimulus

and response functionality based on
these VERA high-level verification
features. This will be fully compiled into
the models and available to users of
Verilog, VHDL and C testbenches. 

With this new functionality, engineers
will be able to create adaptive, reactive
testbenches that rapidly check protocol
compliance. All of the randomization will
also be controllable from commands
within VHDL, Verilog and VERA test-
benches. VERA users will gain from
using a set of models that dovetails
with the VERA methodology and also
will have direct top-level access into
the model’s classes. These classes can
be extended to add higher level func-
tionality on top of the existing class
hierarchy. For example, an engineer can
add customized transactions tailored to
a specific environment on top of the
transaction types offered by the IP.
This level of functionality allows the IP
to fit seamlessly within a Vera-based
structured test environment.

The enhanced master model will be able
to take data from a variety of sources
and pump it onto the bus using random
AHB transactions that are constrained
by the user. The user will be able to
give weighting to the randomization to
focus testing towards specific areas of
interest. For example the user would
be able to constrain the initiator
transactions to single and incrementing
bursts with a weighting of 70% towards
incrementing bursts. The user will also
be able to define specific sequences of
transactions and these may also include
weighted randomizations.

The enhanced slave device will also
support constrained random responses.
Users will be able to give weighting to
responses, for example 20% OK, 20%
ERROR, 20% RETRY, 40% SPLIT. 

Summary
AMBA verification IP allows users to
spend less time verifying their design
conforms the AMBA protocol and focus
more energy verifying the that the rest
of the design meets specification and
performance requirements. It saves
time on testbench development and
reduces the number of lines of source
that users need to develop and maintain. 

The AMBA verification IP is available at
no extra charge to users of DesignWare
and the DesignWare ASIC regression
library. The DesignWare ASIC regression
library allows the use of any or all of
the following model suites in a
simulation session: AMBA, PCI, PCI-X,
USB 2.0, Ethernet, IEEE1394,
DesignWare Memory Models.

The DesignWare library contains all of
the functionality provided in the
DesignWare ASIC regression library,
with the addition of a broad collection
of synthesizable IP.

AMBA, PCI, PCI-X, USB 2.0,
Ethernet, IEEE1394, DesignWare
Memory Models.
For more information please refer to
the Synopsys IP directory.

http://www.synopsys.com/products/designware/ipdir/
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conceptsSmart Verification with 
VCS™ 7. 0
Functional verification is consuming an
inordinate amount of the design cycle.
Estimates vary, but most analysts and
engineers agree that as much as 70
percent of the design cycle is consumed
by functional verification. Engineers spend
more time verifying and debugging the
behavior of a chip than actually
designing it. In addition, the quality of
these verification efforts has become
more important than ever because the
latest silicon processes are now
accompanied by higher re-spin costs.
As a result, lengthy design verification
has translated into missed market
opportunities, while insufficient verifica-
tion has resulted in higher costs and
bugs lurking in released silicon that
result in costly problems in the field.

Smart Verification
EDA companies have worked to ease
the verification bottleneck by constantly
improving verification technology.
Increasing workstation performance at
a lower cost has allowed companies to
deploy larger and larger server farms
for extensive verification. Advanced
simulation algorithms and increasing
compute power have helped ease the
verification crisis. To meet the verification
challenges faced by IC design teams,
further innovation is needed. Today’s
high performance simulation farms
must be complemented with advanced
verification technologies. Leading
design teams are complementing
simulation with innovative point tool
technologies such as; advanced test-
bench automation; assertion driven
verification; coverage analysis and formal
techniques. However, HDL simulation is
still at the heart of verification and
these advanced technologies need to
work and interact with HDL simulation.
Integrating all these technologies in a 

unified platform to create higher
automation is Smart Verification. Smart
Verification enables higher productivity,
performance and quality, resulting in
higher confidence in verification as well
as reduction of overall time spent in
verification. The only way to ensure best
performance and automation is for Smart
Verification to become native to simulators.

Introducing VCS 7.0
VCS 7.0 provides an open platform for IC
design teams to create a Smart Verification
environment built on a world-class, high
performance HDL simulation tool. 

New technologies in VCS 7.0 provide:
native code generation support for a
subset of OpenVera™ testbench con-
structs with VeraLite; assertion driven
verification with native code generation
for OpenVera Assertions; easy integration
of C++ models for high performance
simulation with DirectC and CycleC;
and built-in enhanced coverage analysis
with new Observed Coverage metrics.
Because these technologies are native
to VCS, they offer the highest speed and
ease-of-adoption, enabling design team
to do more verification in less time.

Figure 1: Smart Verification

Assertion
Simulation CycleC/DirectC

PLI

HDL
Simulation Open

VCS 7.0 3rd
Parties

Observed
Coverage

#define MAX_INDEX 8
program test
{
    integer i ;
    integer b_array[MAX_INDEX] ;
    C c_array[MAX_INDEX] ;
    B b = new() ;

    if(!b.randomize()) exit("ERROR F ailed to randomize\n" ) ;
    printf("b.my_ar ray[%0d] =  %0d\n", 0, b.my_ar ray[0]) ;
    printf("b.my_ar ray[%0d] =  %0d\n", 1, b.my_ar ray[1]) ;
    printf("b.my_ar ray[%0d] =  %0d\n", 2, b.my_ar ray[2]) ;
    printf("b.my_ar ray[%0d] =  %0d\n", 3, b.my_ar ray[3]) ;

    for(i=0; i< MAX_INDEX ; i++)
    {

module test { 
 clock posedge (clk) { 
   event e_mutex : !(a && b); } 
 assert a_mutex : check(e_mutex); 
} 
  
module protocol {
  clock posedge clk {
    event ready3: istrue (!transmit && !reset) in  (ready #[1..] ready # 
    event protocol: if (matched ready3) then   #[1..4] (transmit || reset);
  } 
  assert c_protocol: check( protocol );
} 

#include "cyclec.h"
class counter4
{
public:
   uint4  count;
   void   eval(            
            cc_clock clk,
            uint1    rst,
            uint1    en0,
            uint1    en1,
            uint1   *full
            )
  {
     // Pre-Sync Comb Cloud
     uint1 en = en0 && en1;

VeraLite
Testbench

 OpenVera™
Testbench

 Verilog, VHDL,
C++

 OpenVera
Assertions

Figure 2: VCS 7.0 Platform for Smart Verification



of semaphores, lists, mailboxes and
classes enable users to write high-level
testbenches quickly instead of creating
them from scratch. Since VCS provides
native code generation for OpenVera,
overall verification performance is
dramatically increased.

VeraLite extends VCS capabilities to
allow the Verilog design community to
easily take advantage of higher
abstraction without the risk of moving
to a new environment. It enables Smart
Verification within the familiar and
proven VCS environment.
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Testbench Productivity with 
Higher Abstraction
Higher abstraction Hardware Verification
Languages (HVLs), like OpenVera, are
already proven to speed the development
of the verification environment and go
above and beyond Hardware Description
Languages (HDLs) such as Verilog,
VHDL or homegrown tools to improve
verification productivity. HVLs help to
create high quality tests faster.

Creating testbenches to verify designs
requires comprehensive data structures
and powerful language constructs. The
OpenVera HVL is an intuitive, easy to
learn language that combines the
familiarity and strengths of HDLs, C++
and Java, with additional constructs
targeted at functional verification, making
it ideal for developing testbenches,
assertions and properties. OpenVera
accelerates the creation of verification
environments and tests.

Synopsys’ VCS 7.0 provides native code
generation for a subset of OpenVera
testbench constructs. Support of this
subset in VCS is called VeraLite.
VeraLite enables engineers to write
tests at a higher level of abstraction
than offered by Verilog and makes it
easier for users to augment a Verilog-
based testbench. Abstraction primitives

Higher Abstraction with Assertions
Assertions are higher abstraction
mechanism to concisely capture design
specification. They drive dynamic simu-
lation and formal analysis to pinpoint
bugs faster.

The OpenVera Assertion (OVA) language
was developed to accurately and con-
cisely describe temporal behaviors that
span over multiple cycles and modules
of the Device Under Test. Commonly
used HDLs, such as Verilog and VHDL,
were designed to model hardware
behavior on single cycle transitions with
procedural features. Such an execution
model is not sufficient to efficiently
specify multi-cycle temporal functions.
With OVA, users can easily and intuitively
express input/output behavior, bus
protocols, and other complex relation-
ships of the design. Assertions captured
with OVA are typically 3-5X more concise
than HDLs, enabling significant
improvement in time spent in writing
and debugging assertions.

To facilitate high performance assertion
based verification, VCS 7.0 provides
native code generation for OVA

Figure 3: VeraLite Constructs

• Flow control
- Concurrency control

• fork-join all
• fork-join none
• fork-join any

- Sequential control
• case, repeat, for, while, break

- Tasks and functions
• re-entrant tasks
• call by values, call by reference

• High level data types
- Arrays
- Bit and Bit vectors
- Classes
- Integers
- Lists
- Mailboxes
- Strings

• Expects
- floating
- full
- restricted

• Inter-process communicators
- events
- semaphores
- syncs
- triggers

module protocol_checker ( clk, rst, clear, bus_ready, transmit, data_lost );
input clk, rst, clear, bus_ready, transmit;
output data_lost;
reg data_lost;
reg [3:0] cycles;
wire reset = rst || clear;
always @ (posedge clk or posedge reset)

if (reset) begin
cycles <= 0; data_lost <= 0;

end
else if (cycles == 8) begin

data_lost <= 1; cycles <= 0;
$display(“Assertion Failure”);

end
else if ((cycles > 0) && (cycles < 8) && transmit)
begin

cycles <= 0;
$display(“Assertion Success”);

end
else if (bus_ready) || (cycles > 3)) begin

cycles <= cycles + 1; //waiting
end
endmodule

Assertion in Verilog

module protocol {
clock posedge (clk) {

event bus_ready3: istrue (!transmit || !reset)
in (bus_ready #1 (#[0..] bus_ready)*[2]);

event protocol: if (matched bus_ready3) then
#[1..4] (transmit || reset);

}
assert c_protocol: check ( protocol );
}

Assertion in OVA

Figure 4: Assertions and OVA vs. Verilog

Specification: If bus_ready is True
intermittently or continuously for 3 clock
cycle, then transmit must be True within
4 clock cycles, unless reset happens
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simulation and monitoring. Using VCS,
designers can now easily capture their
design intent with OVA, which can then
be monitored continuously during
simulation to detect any test scenarios
that violate the design intent. OVA
support in VCS allows designers to in-
line assertions within their HDL code or
write them in a separate file.

Higher Level C++ Modeling
Many design teams model their design
blocks using the higher-level data
structures provided by C/C++ to
improve productivity and speed the ver-
ification process. To enable designers to
easily integrate C++ models into HDL
simulation, Synopsys developed the
VCS DirectC Interface. VCS DirectC has
been successfully used in a wide range
of designs such as microprocessor,
image compression and networking
applications. Unlike other Verilog
C/C++ solutions, users do not need
any PLI knowledge to integrate their
C/C++ models into HDL simulation.
The DirectC interface extends Verilog
functionality for higher performance.

VCS 7.0 extends the power of VCS
DirectC with CycleC, enabling extremely
fast simulation of C/C++ code within a
Verilog environment. CycleC is a RTL
coding style for synchronous RTL designs,
which enables up to 10X speed-up in
simulation performance and up to 4X
less memory consumption. With CycleC,
designers capture their synchronous
blocks in RTL C++, following the CycleC
coding guidelines, and seamlessly
integrate them into the VCS simulation
engine through the DirectC interface.
CycleC in VCS 7.0 is supported with a
style checker to maintain code quality
and consistency. CycleC code simulates
with HDL code natively without any
PLI overhead and provides the best
performance and capacity within an

existing Verilog simulation environment.
VCS 7.0 also provides a utility for
translating CycleC-based code to
Verilog RTL for use in a standard RTL
synthesis flow.

VCS 7.0 makes it easy to use higher
abstraction C/C++ models within
Verilog HDL. It allows much faster
simulation of design models at a higher
level of abstraction, while staying within
the existing RTL verification and
implementation methodology.

Coverage Metrics Drive 
Verification Closure
Coverage metrics measure the quality
of the verification environment. Without
coverage, designers cannot determine

how much of their design is actually
being tested.

Coverage provides insight into the
effectiveness of testbenches and allows
designers to tune or redirect their tests
to those areas of design that have not
been adequately tested. Additionally,
coverage ensures that simulation
cycles are not wasted testing or exer-
cising the same area or functionality
over and over. Coverage metrics help to
answer the question “Are we done yet?”

Historically, simulation coverage tools
have relied on monitoring simulation
activity through slow APIs such as the
Verilog PLI. This approach typically slows
down simulation by 2-10X and prohibits

#include "cyclec.h"
class counter4
{
public:

uint4   count;
void    eval(

cc_clock clk,
uint1 rst,
uint1 en0,
uint1 en1,
uint1 *full
)

{
// Pre-Sync Comb Cloud
uint1 en = en0 && en1;

// Sequential Logic
if ( cc_posedge(clk) ||

cc_inferReset(rst) )
if (rst)

count = 0;
else if (en)

count = (count + 1) & 0xf;

// Post-Sync Comb Cloud
* full = (count == 0xf);

}
};

CycleC clock data type

Sized, unsigned integer
CycleC data type

CycleC helper functions
define clock and reset

Figure 5: CycleC Counter Example
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design teams from fully deploying this
Smart Verification technology.

VCS has removed this barrier by native
code generation of coverage inside the
VCS compiler. This makes the use
model much easier and drastically cuts
simulation overhead, which allows design
teams to deploy coverage metrics more
often, especially during regression testing.

With VCS 7.0, the built-in coverage
analysis engine gets smarter. VCS 7.0
extends the built-in Line, Toggle, FSM
and Statement coverage by incorporating
a new advanced Observed Coverage
(OBC) metric. OBC analyzes the
simulation stimulus and identifies
problems in the design that cause
stimulus activity to not propagate (be
observed) to a user specified observed
point, typically an output pin of a design
block. Stimuli that do not propagate to
an expected observe point indicate
potential problems in the design or
the testbench.

OBC provides feedback above and
beyond traditional coverage technologies
and finds problems that traditional
coverage metrics can miss. It provides
new insight into test quality and smart
guidance to the designers for improving
tests and finding bugs.

Formal Analysis Extends 
Verification Solution
With constraint-driven pseudo-random
stimulus generation and simulation
coverage, designers are vastly improving
their testbench effectiveness. Smart
Verification improves this process by
providing high coverage — adaptive test
generation based on formal analysis of
the design.

Smart Verification supports property
verification techniques to statically
prove a given design behavior as per
specification. Instead of testbenches,

users write properties that describe the
expected behavior of the design. An
example of a property is “acknowledge
must follow request within a window of
10 cycles.” Properties can be best
expressed using an assertion language
such as OVA. Formal engines statically
analyze OVA properties and check for
violations in the design to either prove
or disprove the properties. Properties
are verified exhaustively, thus they
need not be verified with dynamic
simulation. This greatly reduces the
load on dynamic simulation and
increase verification confidence.

Adaptive test generation is the ability to
analyze the design and the verification
environment and automatically generate
tests that adapt to the extent of coverage
achieved during a verification run. This
is achieved by using formal engines to
perform mathematical analysis of the
design block and generate targeted
tests to cover the state-space of the
design. Additionally unreachability
analysis identifies states that are not
reachable in any situation. With
increased coverage and unreachable
information, verification engineers can
achieve more confidence in achieving
verification closure on their designs.

Smart Verification combines the
strengths of dynamic simulation and
formal analysis to quickly converge on
coverage goals. It starts with constraints-
driven random stimulus generation
and monitors the rate of increase of
coverage. When this rate slows down
or flattens, the dynamic simulation
environment stops and passes control
to the formal analysis engines. These
formal engines use their knowledge of
the design to create new tests that
directly target those areas of the
design that have not been tested and
thereby increase coverage and help
uncover hard to find bugs.

The combination of adaptive, high-
coverage test generation using formal
engines and property checking will help
engineers create error-free design
blocks. This in turn will save a significant
amount of verification time for the
whole project.

Formal technologies tightly integrated
with VCS will further extend the power
of verification to find corner case bugs
and improve the quality of designs.

Summary
Smart Verification is needed to overcome
verification challenges. VCS 7.0 is a
major milestone in advancing simulation
technology. It brings Smart Verification
technologies to the Verilog design
community to improve performance,
productivity and quality of verification.

Native VeraLite testbench, OpenVera
Assertions, CycleC and Observed
Coverage technologies in VCS 7.0
redefine HDL simulation!
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Assertion-Based Verification
Introduction
The EDA industry has acknowledged
that functional verification is causing a
bottleneck in the design process and
is inadequately equipped to deliver
verification of future designs. 

Today, designs can no longer be sufficiently
verified by ad-hoc testing and monitoring
methodologies. More and more designs
incorporate complex functionalities,
employ reusable design components,
and fully utilize the multi-million gate
counts offered by chip vendors.

To test these complex systems, too
much time is spent constructing tests
as design deficiencies are discovered,
requiring test benches to be rewritten
or modified, as the previous test bench
code did not address the newly
discovered complexity. This process of
working through the bugs causes
defects in the test benches themselves.
Such difficulties occur because there is
no effective way of specifying what is
to be exercised and verified against the
intended functionality.

This paper presents a powerful new
approach to functional verification that
dramatically improves the efficiency of
verifying correct behavior, detecting
bugs and fixing bugs throughout the
design process. In this approach, the
central focus of the verification process
is assertions, which detect bugs, guide
the test writers to write better tests and
direct testbenches to produce stimuli. It
raises the level of verification from RTL
and signal level to a level where users
can develop tests and debug their
designs closer to design specifications.
It encompasses and facilitates abstrac-
tions such as transactions and properties.
Consequently, design functions are
exercised efficiently (with minimum
required time) and monitored effectively

by detecting hard-to-find bugs. This
methodology is called assertion-based
verification, as the assertions are the
primary basis for ensuring that the Design
Under Test (DUT) meets the criteria of
design quality. These techniques support
two methods: dynamic verification using
simulation, and formal or semi-formal
verification using model checking and
proof techniques.

Two key technologies are introduced:
assertion specifications and functional
coverage. Based on these technologies,
a comprehensive functional verification
solution is created that incorporates
language, analysis tools and a method-
ology to produce a next-generation
capability. These techniques address
current needs of reducing manpower and
time and the anticipated complications
of designing and verifying complex
systems in the future.

2.0 Improving Current Functional
Verification Approaches
The current method of verifying a
design involves writing tests and running
simulations to exercise the tests.
Monitors are spread throughout the
tests, the design model, and the post-
processing software or scripts. There is
no concise description of the behavior
that is being tested. This unorganized
way creates several challenges. This
section elaborates on some of the
important problems and how assertion-
based solution addresses them. Before
we describe assertion-based verification,
it is important to explain the meaning of
assertion. An assertion, sometimes
called a checker or monitor, is a precise
description of what behavior is expected
when a given input is presented to the
design. To verify a design feature, first
its functionality must be understood,
then its behavior must be explicitly
described, and finally, the conditions

under which this behavior is applicable
must be stated. This description is
captured by an assertion. For example,
one of the rules of the PCI protocol is
“Once STOP# is asserted, it must
remain asserted until the transaction is
complete.” This English language
description is manually translated to an
assertion description, to ensure that the
rule is exercised, and is abided by
whenever it is exercised. The level of
assertion description can vary depending
on the level at which the verification is
conducted. The assertion may specify the
behavior in terms of signals, transactions
or higher-level design functions.

The assertion-based solution, provides
a declarative language to accurately
and concisely specify what is to be
tested, verified and measured for quality
assurance. Equally important to writing
precise behavior is the ability to
express behavior at a higher level than
currently practiced, so that the results
of the analysis done by the tools can
be tied directly to the specification.

This environment is supported by
sophisticated analysis tools, all steered
by a common assertion specification,
to uncover implementation problems in
the DUT, pinpoint design entities that
need to be fixed, and measure quality.
For further productivity gains, reusable
verification components are supported
to ensure that the time invested in
creating a verification environment
can be utilized in multiple designs,
and in future designs. Pre-built
verification components can be
plugged in to different environments
that require the same verification for
new design components.

2.1 Systematic Checking Ensures
Quality Against Test Plan
With no concise and unified specification
of assertions, it is not possible for



www.synopsys.com page 23

The Synopsys technical bulletin for design and verification engineers                                                 issue 5, August 2002

analysis tools to automate the verification
process or produce intelligent feedback
to users. As a result, users are left with
large amounts of data that they are
required to process and analyze manually.
Often, some companies invest a signifi-
cant amount of verification resources to
develop and maintain ad-hoc scripts to
manage and post process the data, but
still lack advanced analysis capabilities
to achieve the productivity gains needed
in the industry.

An interpretable description of assertions
opens up avenues for new advanced
capabilities. Tools using assertions can
check the design behavior against the
test plan during simulation, allow formal
property checking where applicable,
provide a high-level advanced debugging
environment, and automatically generate
tests. Figure 1 illustrates how various
tools can interplay, using a common
criterion of quality.

The verification environments shown in
Figure 1 shortens the design verification
time by providing automatic capabilities
of correlating result data, pruning result
data by removing redundant or irrelevant
activities, and shield the user from having
to analyze low-level data. Furthermore,
intelligent tool cooperation among various
design verification tasks is made possible
to more efficiently and effectively probe
the design activities. The outcome of
the analysis consists of consolidated
results and status of quality against the
test plan.

2.2 Raising Level of Abstraction
Simplifies Validation
Today, verification entails providing
stimulus to signal interfaces of the DUT
and checking the response from those
signals. Typically, test plans do not
detail each test in terms of signals, but
rather specify a feature or a functional
scenario for exercising. To allow writing

checkers, debugging errors and covering
functionality efficiently, the level of
abstraction at which the analysis tools
operate must be raised to the level at
which the test plan is described.

An assertion language provides an
abstraction mechanism flexible enough
to suit the needs of a verification
engineer, who translates a design
specification to a test plan, reduces the
time spent in such manual tasks, and
the reduces the risk of introducing
testing errors. Moreover, the supporting
tools in the verification environment also
provide feedback at the appropriate
level as conceptualized by the engineer.
This means errors are debugged faster
as precise information is presented for
analysis, coverage is co-related with
the test plan, and more effective tests
are generated to test features in terms
of transactions, packets, sequences or
other abstractions.

2.3 Functional Coverage Improves
Quality and Efficiency of Test Benches
Another problem in conducting verification
without assertion specifications is that
there is no easy way to know what
checks are being targeted or monitored.
The tools cannot process the information
produced from a simulation run to
determine specific checks that have
been detected as failures, exercised
or re-exercised. In other words, the
measurement of quality is not practical,
and without this measurement, the
entire design verification process suffers
from a lack of coherent information
about its progress.

To economize their verification effort,
users critical feedback from functional
coverage that directly reports the
quality of the test plan. This also greatly
reduces the anxiety of leaving bugs
related to corner cases and scenarios
unaccounted for in the functional

Simulation
Checkers

High-Level
Debugging

Functional
Coverage

Formal
Methods

Testbench
Automation

Test PlanFunctional
Spec.

Results
Quality Metrics

Figure 1: Systematic Approach to Quality
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specification of the design. Functional
coverage tools take the same assertion
specifications and provide a detailed
account of what tests, checks, scenarios
and data have been exercised.

Without access to a comprehensive
functional coverage metric, random test
generation has to be manually adjusted
for each simulation run. The input con-
straints and seeds are modified so that
more scenarios can be exercised to
catch bugs. This process of manual trial
and error is inherently inefficient and
incomplete. But, the availability of
functional coverage during run-time can
change this situation remarkably. The
coverage feedback obtained from
coverage analysis drives test benches to
make necessary adjustments as soon as
the coverage is determined to be stalled.
This process, known as reactive test-
bench, generates more effective stimuli
for the DUT. Previous attempts at imple-
menting a reactive testbench approach
were not successful, as they were based
on weaker measures of quality such as
statement coverage or toggle coverage.

Figure 2 illustrates a reactive test
bench environment. Using functional
coverage derived from assertion
specifications as an input to the random
stimulus generator, the algorithmic
parameters are automatically modified
to generate more effective tests.

2.4 Re-usable Assertions Save Time
The lack of assertion-based methodology
of writing assertions, makes it impossible
to re-use previously well tested checkers.
That means the effort of writing a similar
specification is duplicated from project
to project, and from company to company.
This has huge consequences are huge
when standard protocols, such as PCI
and FutureBus, are to be verified. It is
clear that a capability to develop
libraries of assertions can provide time-
savings for many designers. Some
examples are:

• Standard protocols

• Core designs that are the basis for
derivative systems

• Commonly used assertions for design
elements

Intellectual property (IP) vendors that
ship pre-built designs can supply built-in
assertions, thereby alleviating the quality
concerns of customers. An assertion
language verification IP has well
defined and tested ready-to-use
assertions for designers.

3.0 Synopsys’ Assertion-Based
Verification
Synopsys has developed a powerful
new functional verification solution that
includes a language, analysis tools and

a methodology to support the concepts
of assertion-based verification. This
verification environment provides the
following capabilities:

• Open Vera Assertion (OVA), a powerful
new language to specify assertions

• OVA based bug detection, includes
simulation as well as formal methods

• OVA based functional coverage

• OVA based test bench automation

This assertion-based solution is illus-
trated in Figure 3.

3.1 OVA Language
The OVA language has been developed
to accurately and concisely describe
behaviors that span over multiple cycles
and modules of the DUT. For hardware
developers, multi-cycle timing and order
related functional problems are difficult
to detect and the most expensive to fix,
causing unpredictable delays and cost
overruns. Commonly used hardware
description languages (HDLs), such as
Verilog and VHDL, were designed to
model behavior at the register transfer
level (RTL) (i.e., on single cycle transi-
tions) and provide procedural features
to describe the systems. Clearly, such
an execution model is not sufficient to
efficiently specify multi-cycle functions.
Using OVA, users can easily and intu-
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Figure 2: Reactive Testbench
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itively express input/output behavior,
bus protocols, and other complex
relationships of the design.

The OVA language is a declarative
language whose semantics are formally
based on the theories of regular
expression and linear temporal logic.
These two theories provide a powerful
combination of expressing common
hardware activities such as sequencing,
invariants and finite state machine
operations. Furthermore, the language
can be translated to a finite state
model that can be used by the formal
methods to perform property checking.

Although OVA specifications express a
wide range of behaviors, the following
is a summary of language features that
are applicable to most common situations.

• Basic events and sequencing to
specify the order of events

• Time bounded sequences with refer-
ences to past and future

• Complex sequences using logic
connectives (such as and or)

• Repetition of sequences7

• Conditional sequences with conditions
to trigger or hold during sequences

• User specified single or multiple
clocks

• Data storing and checking during
sequences

• Parameterized library of specifications

The example in Figure 4 illustrates the
expressive power of OVA.

In our example, assertion timed_seq
ensures that when the triggering event
trig occurs, a sequence of event1 followed
by event2 happens in a time window of
minimum time min_time and maximum
time max_time. Here, one statement
describes a parallel behavior as the 

multi-cycle event seq_e is evaluated at
every clock tick. Moreover, seq_e itself
comprises of parallel paths related to
the time range between min_time and
max_time. Such a description in HDL
would require several complex parallel
blocks of code.

One of the most unique strengths of
OVA is the ability to abstract behaviors
arbitrarily. Such expression capability
enables test benches to be configured
and viewed at the appropriate level
according to the test plan. For example,
the AMBA APB bus protocol read

clock clk {
event seq_e:if (seq)then event1 #[min_time ..max_time ] event2;;

}
assert timed_seq:check(seq_e);

// define basic expressions
bool set_up_read: PSEL && !PENABLE && !PWRITE;
bool enable_read: PSEL && PENABLE && !PWRITE;
bool set_up_write: PSEL && !PENABLE && PWRITE;
bool enable_write: PSEL && PENABLE && PWRITE;
bool idle: !PSEL && !PENABLE;

clock posedge PCLK {
event read: set_up_read #1 enable_read; // defines read operation
event write: set_up_write #1 enable_write; // defines write operation

}

assert APB_read: check(if (set_up_read) then read);
assert APB_write: check(if (set_up_write) then write);

Figure 4: A simple example of OVA

Figure 5: An example of low-level description

// Idle cycle compliance tests
clock posedge PCLK {

event IdleCycle_1: read#1 idle #1 read;
event IdleCycle_2: read#1 idle*[1..10] #1 read;
event IdleCycle_3: read#1 idle #1 write;
event IdleCycle_4: read#1idle*[1..10] #1 write;

}
assert APB_IdleCycle_1: check(if (set_up_read) IdleCycle_1);
assert APB_IdleCycle_2: check(if (set_up_read)(IdleCycle_2);
assert APB_IdleCycle_3: check(if (set_up_read)(IdleCycle_3);
assert APB_IdleCycle_4: check(if (set_up_read)(IdleCycle_4);

Figure 6: An example of higher level abstraction
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and write events in Figure 5, are
described at the lowest level using the
protocol signals.

Now, the events in Figure 5 are used to
construct assertions abstracted at a
higher level as shown in Figure 6. The
events and assertions describe the
behavior of idle cycles of the AMBA
APB bus protocol.

Another important feature of OVA is
its ability to facilitate re-usable
specifications. This is accomplished by
parameterizing assertions and building
a library of re-usable descriptions, such
that the descriptions can be used
multiple times in different DUT
configurations, or in entirely different
products. The savings in verification
resources are not only substantial,
but guarantee the quality of pre-built
components. When the design models
are supplemented by an assertion
specification for design models, IP
vendors who supply these design
models would be crossing a big hurdle
of current customer anxieties over
quality concerns.

The example in Figure 7 illustrates the
definition of a template general_seq
that defines a re-usable description.
Template general_seq is instantiated as
read_access and bound to the specific
design signals used for the instance.

3.2 Bug Detection
OVA provide a very effectual mechanism
to detect bugs. Quality, being the
essence of functional verification, is
improved at a much faster pace with
greater likelihood that the design
verification effort would meet the
assurance on the quality of the finished
product. The analysis software is built
into the Verilog simulator VCS,™ to
provide instant reporting of violations
when any assertion fed to the simulator
is found to conflict with the expected
behavior. Using the VCS simulation
engine, the complex algorithms to
monitor the assertions work in close
conjunction with the simulation data
and use the VCS insight into events
as they occur to determine the
assertion results.

Owing to the close cooperation with
the VCS engine, the speed of simulation
is minimally impacted by the assertion
analysis, giving users feedback at a
rate that they are already used to with
VCS. This speed of analysis enables users
to run large regressions that normally
span over several hours to days.

OVA specifications may be written in a
separate file to facilitate test plan
implementers who are focused on the
specifications at the chip level, rather
than the design implementation details. 

To allow designers the capability of
expressing assertions within the code
itself, OVA can also be specified in
Verilog as in-lined assertions. This
freedom of in-lining assertions in the
code speeds up design unit level testing.
Once written in the source code, VCS
ensures that the assertions are satis-
fied, no matter in which environment or
application the code is used.

Figure 8: Ease of use with VCS

As shown in Figure 8, the built-in
assertion analysis in VCS presents a
user flow that is preserved without
causing additional burden on the users
to learn multitude of steps in getting
the assertions to execute. The same
approach of uniformity and ease of use
is carried over to graphical debugging
of problems and deeper analysis. Virsim,
a graphical analyzer for VCS, directly
shows assertion successes and failures
at the same level as their corresponding
assertion specification in a familiar
waveform context.

The ability to detect failures is also
provided by formal methods. OVA spec-
ifications do not enforce what applications
can interpret the precise description of
design behavior. Taking advantage of
this independence, formal methods are
applied to the same description. Even
though the mainstream application of
assertions is to verify designs using
simulation, OVA language extends full
support for formal verification as well.

template general_seq(clk,trig,event1,event2,trig_end,min_time,max_time):{
clock clk {

event seq_e:event1 #[1..] event2;
event timed_e:length [min_time ..max_time ] in (seq_e #1 trig_end);
event timed_seq_e:if (trig)then #1 timed_e;

}
assert timed_seq: check(timed_seq_e);

}
general_seq read_access(mclk,req,read,ack,req_t,1,4);

Figure 7: Example of assertion re-use
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A user can take an OVA specification
that was used for formal verification
over to simulation, and vice versa. This
capability of moving between simulation
and formal verification is extremely
important for two reasons.

1. Given the state of art in formal verifi-
cation, only a subset of assertions
can be applied to formal verification,
with the rest being left for simulation
to validate. It is not always possible
to know in advance through analysis
which assertions can be verified by
formal methods with a given set of
resources. Considering this shortcoming,
OVA allow a user to write assertions
that are independent of the methods
by which the design is verified.

2. More and more semi-formal techniques
are being deployed that co-operate
between formal and simulation
methods to produce more efficient
verification solutions. In such cases,
consistency of results between formal
and simulation methods are essential
for semi-formal techniques to work,
and require a common specification
as provided by OVA.

3.3 Functional Coverage
There are three types of measures that
are critically important for functional
coverage:

• Test plan coverage, where the coverage
indicates whether the expected
behavior corresponding to each test
in the test plan is covered.

• Implementation coverage, where the
coverage indicates whether the
checkers written to ensure correctness
of design implementation are exercised.

• Data and statistics coverage, where
the coverage ensures that in addition
to control, data is adequately exer-
cised and specific statistical counts
are reached.

The OpenVera’ Assertion language
(OVA) is designed specifically to ease
abstracting design functions by providing
language constructs to build a hierarchy
of concise temporal expressions
representing events, sequences and
transactions. Functional coverage is
based on this hierarchy of expressions
that enables the tools to measure
coverage on higher levels of design
functions. The level of abstraction itself
is flexible and is determined by how a
user chooses to compose and build a
hierarchy of smaller sequences
representing functions. Using OVA
specifications, tools can clearly identify
design functions at any level of
abstraction that get covered by tests
and others that need to be covered.

As in OVA support for formal verification,
a user need not re-write complex
expressions for functional coverage.
Assertions that express design func-
tionality, invariants and other behaviors
are taken as the groundwork on which
the coverage measurement is built. For
insight into how each of these assertions
is exercised, a user may augment the
specification with coverage requirements.

For instance, it is not sufficient to know
that a packet that arrived at the input
was received at the output within the
constraints set forth by the design
specification. There may be several
stages of transformation that the packet
travels through before arriving at the
output. Which combinations of those
stages did the packet exercise is a 

more detailed knowledge that the
functional coverage provides to guide
the test plan implementation.

The example presented in Figure 9
uses the events specified in Figure 6,
and supplements with additional cover-
age specification. The coverage data
for APB is collected during the time
window implied by event IdleCycle_4.
All executed paths are accumulated by
the coverage function full_paths. A mark
named idle4_end is introduced in event
IdleCycle_4 to identify a point in time
where address values are to be collected.
Coverage function sample collects the
addresses whenever the marked point
is reached in the sequence.

Functional coverage data is collected
and presented at the level of abstraction
at which the assertions are written, to
minimize the manual work of correlating
data between the signals’ values and
design behavior. Construction of data sets
as abstract data objects operating on
sequences, rather than the signal values
depicted in terms of simulation time, is an
example whereby examining the output
of functional coverage is simplified. Data
sets are sampled at any arbitrary point
specified by the user within a sequence.

3.4 Re-usable Components
One of the great benefits of writing
assertions in OVA is that the specifica-
tion can be reused with no additional
effort. OVA provide features to describe
parameterized descriptions, which means
you can not only customize assertions,
but also the functional coverage

event IdleCycle_4: read #1 idle*[1..10] #1 write (* idle4_end *);
coverage APB: IdleCycle_4{

idle4_paths: full_paths(IdleCycle_4);
idle4_addr: sample(addr,idle4_end);

}

Figure 9: An example of functional coverage specification
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specification. The parameterized descrip-
tion is instantiated to realize the goals,
based on the environment or application
in which the description is used.
Examples of what you can customize are:

• Bind the actual design signals to the
parameters

• Redefine clocking expression to suit
the environment

• Redeclare sizes of variables

• Specialize coverage goals

• Filter coverage data sets to suit the
environmental conditions

4.0 Productivity gains Using
Assertion-Based Methodology
This section presents key points of how
verification productivity is increased by
employing a methodology centered on
assertion specifications.

4.1 Creating a Test Plan with One
Assertion Specification
A design functional specification, created
as the first step in the design process,
lays the groundwork for writing a test
plan. The test plan, written in English, is
a comprehensive plan to ensure that every
identified design function is exercised and
sufficient means exist in the test bench
to selectively exercise a combination of
design functions. Directed tests are then
defined for each identified function, while
random testing is planned for a combi-
nation of design functions. The test plan,
is further enhanced, by inspecting the
design implementation plan and devising
tests to validate design behavior, that
impacts the overall operations of the
system. Thus, the test plan provides for
testing externally visible functions, as
well as any behavior that is known to be
important from the implementation.

This test plan is an English language
document that is manually translated to
the OVA specification. This is obtained
by abstracting the function from each

directed test and writing an OVA event
to check for the correct behavior and
which coverage would adequately indicate
that the design function targeted for the
test is exercised. For example, a read
operation on a bus may involve several
signals, but the relationship between
request, grant and end signals may be
sufficient to indicate that the read oper-
ation was exercised. A series of OVA
specifications would then correspond to
the directed tests in the test plan. For
random tests, a combination of functions
can be expressed by relating individual
OVA events expressing basic functions
to compose more complex interactions.

The verification described here supports
both “black box” and “white box” testing
approaches. Both types of assertions are
expressed in OVA. In black box testing,
no knowledge of the implementation is
assumed. The tests provide stimuli at
the inputs and check the response at the
outputs. Using the input/output pins of
the DUT, the relationships between the
inputs and outputs of the design are
expressed as OVA events. The OVA
specification remains independent of the
intervals of the design and is associated
with the design without any modification
even though the design itself may go
through refinements and quality improve-
ments. Verification engineers check for
the correct system behavior, and write
assertions (or checkers) to detect system-
level bugs. In particular, checking the
adherence of interface controllers to
the interface protocol is important as
these often hide hard to detect errors.

In OVA, the user can also access internal
design signals to define events for the
white box related tests. To verify a
complex design, checkers are written at
various levels of the design. Generally,
designers having intimate knowledge of
their design write assertions to ascertain
that illegal behavior is trapped and

notified as an error. These assertions are
expected to hold true during the exe-
cution of the entire test plan. OVA can
be conveniently specified in the source
code where the assertion is expected
to hold. Coverage of such events ensures
that the corner cases, based on the
detailed design and implementation
knowledge, occur as a result of running
those tests. In this way, module or unit
level verification is accomplished.

4.2 Coupling Test Plan Assertions and
Functional Coverage
Synopsys’ assertion-based verification
tightly couples assertions to check func-
tionality and monitor functional coverage
by using a common OVA specification.
As a result, assertion checking and
coverage run hand in hand to provide a
clear view of the verification status.
Figure10 illustrates the process for creating
a comprehensive test and coverage plan.

Figure 10: Functional Test and
Coverage Plan

Once the system or a design module is
simulated, the assertions must be exer-
cised. The coverage capability monitors
the success/failure of each assertion,
because simply knowing whether an
assertion was exercised is not sufficient.
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The assertion may succeed in multiple
ways by taking certain paths (or branches)
within the assertion. Each path covers a
particular execution scenario. Functional
coverage enumerates the paths and
monitors them. At the end of simulation,
the results give a scorecard against
the enumerated paths to show how
extensively the assertion was exercised.

The primary goal of system testing is to
uncover bugs resulting from the inter-
actions of various components in the
system. During this process, there are
numerous activities of interest to monitor
that may not directly indicate a bug, but
provide guidance into what must be
examined to determine if there’s a bug,
inadequate testing or poor code. These
activities are sequences of events or
data values during a specific period.
Often, statistics about data values and
sequences are gathered as simple
counts or frequency of occurrence.

OVA, supplemented with coverage
constructs directives, provides the
capability to detect a sequence or a
sub-sequence within a sequence, and
mark any point during a sequence for
sampling data values. A sophisticated
mechanism to collect this information
for presentation allows extensive features
for filtering and selecting of coverage
data. A user can also utilize any OVA
description already written for a test by
appending a coverage specification to
gather detailed coverage data.

The user obtains the data at the end of
simulation, and merges the data gathered
from the entire test suite. The data and
statistics are compared against the goals
set for the frequency and counts of data
occurrences to determine if the tests need
improvement, or the code needs a more
thorough examination for possible bugs.

4.3 Test Bench Automation
Assertions written in OVA improve test
bench automation for directed tests

and random tests. A directed test is
devised to address a specific feature,
design functionality or design behavior.
These individual test items addressed
by directed tests are adequately verified
by running a suite of directed tests.

However, many of the common design
behaviors that interplay between multiple
individual features are too numerous to
be included in the suite of directed
tests as coding them manually in the
form of directed tests is not practical.
Also, writing tests for selective interac-
tions between features is not effective,
because it is extremely difficult to predict
which interactions are prone to failure.
To account for testing behaviors resulting
from a combination of features, random
testing is employed, whereby a simulation
run continues with random inputs,
constrained only by the legalities of the
input protocol of the DUT. 

To make directed tests easy to implement,
the test bench obtains feedback from
the occurrence of events and sequences
monitored by the OVA assertion engine.
A test written in Verilog or a hardware
verification language (HVL), such as
Vera, simply initiates a design function
and then waits for its subsequent
completion indicated by an OVA event. 

At the completion of a design function,
the test may verify the resulting data
through an algorithm or by comparing
against a known response. This
automation step is derived from the
same assertion code that is written to
validate a design behavior and obtain
functional coverage. Using this technique,
transaction based test benches are
made simpler to implement because
transaction control is already modeled
by the associated assertions.

Random tests, whose objective is to
exercise a combination of features and
catch corner cases, become significantly
more effective when the knowledge of

which features or functional scenarios
are getting exercised is given to the
randomization algorithm. Taking
advantage of the functional coverage
information as the simulation progresses,
the randomization algorithm modifies
the constraints on the inputs and
adjusts the probabilities of the input
stimuli to improve the chance of
exercising combinations that are
different than previously exercised.

The formation of reactive testbenches
using the functional coverage feedback
is the goal of test bench developers
who need to automate the testing
process to cope with the exponential
growth in the complexity of interactions
between design functions.

OVA, with a systematic approach to
assertions, simplifies fabrication of
reactive testbenches, as the homoge-
nous environment created by the asser-
tions offers direct links to simulation,
functional coverage and checkers.

5.0 Conclusion
Moving verification to the functional level
is necessary as designs grow to multi-
million gates. There are many aspects
of functional verification: assertion
specifications, test bench automation,
coverage, simulation and formal property
checking. Synopsys’ Assertion-based
verification achieves functional verification
by building a common functional level
source to drive these verification tasks.

Assertion-based verification is attractive
because it takes advantage of various
advances that have been made in veri-
fication, such as transaction-based test
benches, temporal assertion checking, and
functional coverage. As a methodology, it
is a comprehensive start-to-finish approach,
which not only integrates various tools,
it executes them intelligently to accomplish
a well specified common goal.
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Synopsys VCS™ Observed
Coverage Technology 
Background
As design size and complexity continue
to grow, designers need to improve the
efficiency of their functional verification
process and the visibility of its results.
In order to gain confidence in the
completeness and the quality of the
verification process, design and verifi-
cation engineers use quantitative metrics.
Some of the early metrics were quantities
such as bug-finding rate, total number
of tests and number of additional tests
after detecting the last bug. Although
primitive, they offered data, which
increased the confidence in the amount
of functional verification.

As designs grew in complexity, these
metrics became insufficient, as they did
not thoroughly report on simulation
activity. Portions of a design could remain
unstimulated, thereby either hiding
bugs or critical functionality. The need
to adequately stimulate the design
became a key challenge. The next
generation of metrics, code coverage
metrics, improved the verification
process by not only measuring how
much of a design was stimulated, but
also provided crucial feedback of what
still needed to be stimulated.

Code coverage metrics are comprised
of several sub-metrics, which address
various simulation aspects of the
design. For example, statement coverage
measures stimulation of unconditionally
executed statements; condition coverage
measures stimulation of branches or
events; toggle coverage measures signal
activity; finite-state-machine coverage
extracts and analyzes state-machine
states, arcs and sequences; and path
coverage does control-path analysis.

Synopsys enhanced VCS to contain full
code coverage metrics. Since it is built

into the VCS engine, comprehensive
coverage is available without much
performance overhead. All of the code
coverage metrics provided by VCS are
now widely accepted in most verification
methodologies.

Limitations of Traditional 
Code Coverage
Traditional code coverage is a valuable
metric that engineers use to see which
parts of a design do not get stimulated,
but there are limitations to the value of
what is actually reported as covered.
Since code coverage tools do not have
the intelligence to understand the context
of what is reported as covered, there is
no way to judge its relevance or value.
There can be many scenarios where
design code was stimulated, but its
effects did not continue to other parts
of a design. This “blockage” could be
caused by design bugs or improper
testbench configurations. For example,
a glitch on a module input would not
add any value to the simulation, yet
would still get reported as covered.
Thus, 100% coverage does not mean
that all of the design has been verified.
Code coverage can give a false sense
of security, making designers think that
they tested all functionality.

Introducing Observed Coverage
Once the coverage metrics engine was
built into VCS, an added benefit arose
by giving the coverage engine access
to the simulator’s entire hierarchy tree.
Since VCS already knows the full
connectivity and can trace the signal
activity, it is a natural extension to provide
that information to the coverage engine.

Synopsys is now announcing the next
generation of code coverage by intro-
ducing a new metric called observed
coverage (OBC). By placing a value on
the reported coverage, this metric extends
traditional coverage by determining if

the stimulus that caused it continued to
a defined observation point. Since all
usable functionality of a design eventually
results in an effect that is visible at an
output, this new metric will ensure that
reported code coverage really did test
the design. High observability means that
the testbench appropriately stimulated
the entire design.

What Prevents Observability
As designs and testbenches grow in
complexity, it becomes harder to write
effective tests. Bugs in the design or
errors in testbench configurations can
mean that anticipated effects are
blocked from achieving their desired
results. If proper monitors and checkers
are not looking for these unexpected
conditions, then bugs could go undetected.

Observed coverage classifies signal-
blocking mechanisms into the following
main categories:

1. Register Overwrite – overwriting a
register value before it is used.

2. Unchanging Assignments – writing
the same value onto a signal.

3. Assignment Insensitive to Value – an
assignment that remains insensitive
to a value change in a sub-expression
on its right hand side.

4. Assignment Occurred Out of
Order – assignments not usually
occurring in the order required to
propagate their effects.

Coverage Flow
Since observed coverage provides
information about the quality of line
coverage, it is recommended that it be
introduced once high line coverage has
been achieved. At this stage in the design
cycle, both the design and test-bench
have reached maturity. Therefore,
observed coverage typically becomes a
part of the traditional coverage flow at
mid- or late stage. A typical coverage
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flow starts with line coverage, making
sure all unconditionally executing code
in a design is stimulated. It then moves
to condition coverage, making sure all
combinations of conditions in the
design are stimulated. Condition coverage
also ensures that design code controlled
by these conditions is stimulated, thereby
further increasing line coverage. For the
highest measurement quality, observed
coverage should be introduced next,
when high line and condition coverage
have been achieved. Observed coverage
can also provide additional visibility to
be used as a diagnosis to improve line
and condition coverage.

The initial effects of using observed
coverage will be to grade the value of
the line and condition coverage. This
will point to areas where high coverage
may be misleading. By analyzing the
blocking mechanisms listed in the OBC
report, improved coverage can be
achieved. Many of the reported blocking
mechanisms may be the result of design
bugs, testbench bugs or inadequate
specs. Debug cycles should be repeated
until high observability is reported on a
clean regression (passes testbench
checkers). Observed coverage can also
be used to check the quality of newly
added tests by comparing how much
additional verification coverage it provides
compared to the existing suite of tests.

OBC Use Model
Using observed coverage requires no
change to the current VCS use model
flow. It is called on by a VCS command
line the same way as coverage metrics.
Observation points default to the
design outputs, but can be configured
for any part of the design. During
simulation, all stimulated signals in the
specified portion are followed to their
appropriate observation points
automatically. Only signal propagation

that is blocked throughout a simulation
is identified and reported. Further fine-
tuning is possible by isolating the
scope of analysis by specifying only
specific signals to be monitored.

For every signal that is stimulated, OBC
provides valuable feedback on whether
or not its propagation was blocked, and
if so, why. Results of observed coverage
can be viewed in the same manner as
VCS Coverage Metrics (VCM). Text-
based reports and an interactive GUI
are available.

Summary
Observed coverage is the next generation
of code coverage technology integrated
into VCS. It ensures that stimulus not
only executes all of the design, but also
causes observable effects — thereby
thoroughly testing the design. By
maximizing the effectiveness of code
coverage, one can uncover bugs or
abnormal functionality that would
otherwise remain hidden from the
verification process. Observed coverage
is a key technology of Synopsys’
Smart Verification.
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Synopsys VCS™ CycleC
Technology Backgrounder
Abstract
VCS™ CycleC is a register transfer level
(RTL) technology based on C++ that is
embedded into the VCS Verilog simulator.
CycleC provides a significant performance
boost for the VCS verification environment
and works in the traditional RTL debug
and synthesis based flow. This paper
outlines the technology, methodology,
and benefits of CycleC.

Background
Many IC design teams model design
blocks using the higher-level data
structures provided by C/C++ to
improve productivity and speed the
verification process. To enable designers
to easily integrate C++ models into
HDL simulation, Synopsys developed
the VCS™ DirectC Interface. With
DirectC, users do not need any pro-
gramming language interface (PLI)
knowledge to integrate their C/C++
models into HDL simulation. The DirectC
interface extends Verilog functionality
for higher performance.

VCS 7.0 extends the power of VCS
DirectC with CycleC, enabling extremely
fast simulation of C/C++ code within a
Verilog environment.

Introducing VCS CycleC
CycleC is a C/C++ coding style for
synchronous RTL, which enables up to
10X accelerated simulation performance.
With CycleC, designers capture their
synchronous RTL blocks in C++, following
the CycleC coding guidelines, and
seamlessly integrate them into the VCS
simulation engine through the DirectC
interface. CycleC in VCS 7.0 is supported
with a style checker to maintain code
quality and consistency. CycleC code
simulates with HDL code effortlessly
without any PLI overhead, and provides
the best of performance and capacity

within an existing Verilog simulation
environment. VCS 7.0 also provides a
utility for translating CycleC-based
code to synthesizable Verilog for use in
a standard RTL synthesis flow.

The mixture of CycleC, DirectC and VCS
makes possible a methodology that
dramatically boosts RTL simulation
performance without modifications to
existing design flows. Some of the
benefits of CycleC are:

• Up to 10X performance improvement
over HDL event simulation

• Up to 4X capacity increase over
HDL simulation

• Flexibility – allows combining CycleC,
Verilog and Algorithmic C/C++

• Productivity through higher abstraction

• Ease-of-use with VCS

• Automated path to synthesizable HDL

Overview of CycleC Flow
Maximum verification throughput is
obtained when a majority of a design is
coded in CycleC. It is recommended that
most regressions be run at this level to gain
the maximum CycleC performance benefit.

The basic steps for using CycleC with
VCS are:

• Identify synchronous design blocks
suitable for CycleC

• Write CycleC description of blocks

• Run the VCS style checker to ensure
compliance to the CycleC coding style

#include "cyclec.h"
class counter4
{
public:

uint4   count;
void    eval(

cc_clock clk,
uint1 rst,
uint1 en0,
uint1 en1,
uint1 *full
)

{
// Pre-Sync Comb Cloud
uint1 en = en0 && en1;

// Sequential Logic
if ( cc_posedge(clk) ||

cc_inferReset(rst) )
if (rst)

count = 0;
else if (en)

count = (count + 1) & 0xf;

// Post-Sync Comb Cloud
* full = (count == 0xf);

}
};

CycleC clock data type

Sized, unsigned integer
CycleC data type

CycleC helper functions
define clock and reset

Figure 1: CycleC Counter Example
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• Compile with VCS – VCS automatically
links CycleC code to the VCS engine
via DirectC

• Run CycleC-based simulation

• Post-process debug with any VCD
base debug utility

• Translate CycleC code to synthesiz-
able Verilog

• Follow standard Verilog-based simulation
flow. VCS supports full debugging of
CycleC including correlation of
Verilog to original CycleC source

Flexibility and Integration
Many verification environments contain
design and testbench elements com-
posed in different languages (e.g.
OpenVera,™ Verilog, algorithmic
C/C++). The CycleC methodology
works efficiently within these existing
VCS based environments.

The hierarchy of an example verification
environment, as shown below,
demonstrates how users might mix
these different components in a single
verification environment using VCS.

Simple Usage Model
During simulation, CycleC and Verilog
code are linked through the VCS DirectC
interface. The interface allows users to
compile the CycleC code, via a wrapper,
directly into the VCS simulation executable,
minimizing performance overhead at
the interface. Above is an example of a
DirectC wrapper that is automatically
generated by VCS for CycleC code.

Incorporating CycleC code into a
Verilog design is a straightforward
process. Below is a top-level module
called “DUT” that uses CycleC models.
Note that without additional information,
it is impossible to distinguish which of
these instantiated modules are CycleC
code and which are Verilog code.

Verilog/OpenVera/C++
Testbench

Behavioral
C/C++ Model 

CycleC Link
Layer

CycleC Leaf
Module

CycleC Leaf
Module

CycleC Link
Layer

Verilog

Verilog

Verilog

CycleC Leaf
Module

Behavioral
C/C++ Model 

CycleC Leaf
Module

CycleC Leaf
Module

CycleC Leaf
Module

Figure 2: Integration of CycleC into Existing Verification Environments

module DUT
(

clock,
rst,
to_open,
to_close,
halt,
finished

);

input clock;
input rst;
input to_open;
input to_close;
output halt;
output finished;

//… some code abbreviated

InstRam iram
(

.clock (clock),

.rst (rst),

.address_in
(program_counter),

.data_out
(instruction_data_bus)

);

DataRam dram
(

.clock (clock),

.rst (rst),

.memory_we (memory_we),

.address_in (memory_address),

.data_in (memory_data_out),

.data_out (memory_data_in)
);

Cpu mmo
(

.clock (clock),

.rst (rst),

.io_data_in (io_data_in),

.memory_data_in (memory_data_in),

.instruction_data(instruction_data_bus),

.halt_cpu (halt_cpu),

.io_we (io_we),

.memory_we (memory_we),

.io_data_out (io_data_out),

.memory_data_out (memory_data_out),

.memory_address (memory_address),

.program_counter (program_counter)
);

endmodule

Figure 3: Verilog-like CycleC Instantiations



www.synopsys.com page 34

The Synopsys technical bulletin for design and verification engineers                                                 issue 5, August 2002

Because VCS automatically generates
DirectC wrappers around the CycleC
code, designers can instantiate

CycleC models the same way Verilog
modules are instantiated. Modules can be
defined using both Verilog and CycleC.
At the VCS command line, the designer
can specify to 1) choose the CycleC
module or 2) choose the Verilog module.
This option makes it easy to swap
equivalent CycleC and Verilog modules.

CycleC Capabilities
The CycleC coding style is suitable for
RTL description of synchronous modules
or designs. Models based on CycleC
ensure simulation performance, cycle-
accuracy and full compatibility when
simulated with Verilog code.

Examples of design styles most suitable
for CycleC are:

• Fully synchronous

• Flop based designs

• Designs without #delay or other
timing constructs

• Minimal instantiations of library
elements to maintain performance

Below are circuit structures and functions
that are supported by CycleC:

• Asynchronous and synchronous resets

• Multiple clocks/edges

• Hierarchy and interconnect

• Tri-state buses

• VCD dumping

Modeling Concurrency in CycleC
CycleC designs are made of leaf
modules and link layer modules. A link
layer module provides interconnects
and concurrency for all the leaf modules
it instantiates. A leaf module provides a
cycle-based model of hardware. Each
signal that passes through a leaf module
will execute within “a single cycle” of 

the model, updating the internal states
according to the inputs and then deriving
the outputs. Several CycleC helper
functions, which are included with VCS,
simplify CycleC coding. These helper

functions invoke various C++ simulation
techniques, making CycleC code easy
to write and yield high performance,
especially when compared to C++
code that does not use such functions.

The CycleC link layers act as
interconnects of leaf modules, which
are instantiated in the form of function
calls. Concurrency is built-in as part of
CycleC link layer, removing the burden
on the user to properly accommodate
the ordering of synchronous leaf
modules to model hardware.

The example below of a three-stage
pipeline model demonstrates the handling
of concurrency in CycleC link layer. The
link layer in the example calls three leaf
modules that make up a pipeline. The out-
put of the one pipeline stage (out_pipe1)
feeds directly into the next stage.

Leaf Cell

Leaf Cell Leaf Cell

Leaf Cell

Leaf Cell

Test-Bench

TOP: Link Layer

Link Layer

Link Layer

Figure 4: Hierarchy in CycleC

class Top {
public:

//Cycle-based function call
void cycle_eval(cc_clock clk1,

uint1 rst,
uint32 din,
uint32 *dout );

cc_wire out_pipe1;
cc_wire out_pipe2;

Pipe1 p1;//pipeline stage1 leaf module
Pipe2 p2;//pipeline stage2 leaf module
Pipe3 p3;//pipeline stage3 leaf module

}

void Top::cycle_eval (cc_clock clk1,
uint1 rst,
uint32 din,
uint32 *dout);

{
uint32 out_pipe3;

//Leaf Module Instantiations
p2.cycle_eval(clk1,rst,out_pipe1, &out_pipe2);
p3.cycle_eval(clk1,rst,out_pipe2, &out_pipe3);
p1.cycle_eval(clk1,rst,din, &out_pipe1);

*dout = out_pipe3;
}

cc_wire as interconnects of
synchronous leaf modules
ensures concurrency.

So the order these leaf 
modules are instantiated 
does not affect simulation.

Figure 5: CycleC Link Layer Template
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A leaf module provides a cycle-based
model of a single hardware object that
may (or may not) contain state. Each
pass-through of the leaf module will
execute “a single cycle” of the model,
updating the states according to the
inputs and then deriving the outputs.
The concept of a leaf module is very
similar to that of a Verilog module. The
only difference is that within the CycleC

leaf module, the code needs to be
broken down into three parts. Each part
corresponds to events taking place
before/at/after the active clock edge.

Note: State variables such as state_reg1
and state_reg2 are the equivalent of
registered signals in hardware. Unless
updated to new values, their states are
preserved from cycle to cycle.

VCS CycleC Summary
CycleC is an RTL performance technol-
ogy for synchronous modules and
designs. It provides significantly higher
performance within the VCS verification
environment and ease of use with the
VCS DirectC interface. VCS also
includes utilities to make using CycleC
easy. In addition, VCS provides a path
from CycleC to the synthesis flow.
CycleC is suitable for engineering
teams that need to significantly boost
their simulation throughput without the
risk of changing current HDL based
methodology.

VCS 7.0 makes it easy to use higher
abstraction C/C++ models within
Verilog HDL. It allows much faster
simulation of design models at a higher
level of abstraction while staying within
the existing RTL verification and
implementation methodology.

OutputInput

Clock

1 2
Step1: Input 
combinatorial logic 
(blocking assignments)

Step2: Sequential logic 
(non-blocking 
assignments of state 
variables)

Step3: Output 
combinatorial logic
(blocking assignments)

3

Figure 6: The Breakdown of CycleC Leaf Module

class Design {

public:
//State variables, registered signals
uint4 state_reg1;
uint8 state_reg2;

…

//Member functions, similar to
//Verilog functions and tasks
void sub_function1(…) {

…
};
//Cycle-based function call
void cycle_eval(cc_clock clk1,

uint1 rst,
uint4 input1,
uint8 input2,
uint4 &output1

…
){

//Step 1, input combinatorial logic
sub_function1(input1, input2, …);

…
//Step 2, sequential logic

if (cc_posedge(clk1) {
//Synchronous Reset
if (cc_inferReset(rst)) {

state_reg1 = RST_REG1;
state_reg2 = RST_REG2;
…

}else {
state_reg1 = …;
state_reg2 = …;
…

}
}
//Step 3, output combinatorial logic
output1 = …;

};
}

Figure 7: CycleC Leaf Module Template



*Share your experiences at SNUG!
SNUG is an open forum that provides Synopsys users
the opportunity to exchange ideas, discuss problems, 
and explore solutions. If you’d like to submit an abstract
for any of the above SNUG events, please visit the
SNUG website.

Customers are encouraged to submit papers for any of the upcoming SNUG events. The following is a list 
of events that users can attend to learn the latest tips & tricks on Synopsys Verification.

Event Dates
Linux World Expo August 12-15
MiniSNUG Dallas August 15
Asia Pacific MiniDAC

Hsinchu, Taiwan August 20-21
Seoul, Korea August 23
Shanghai, China August 27
Beijing, China August 29
Singapore September 4
Bangalore, India September 6

Israel MiniDAC September 3
UK MiniDAC

Reading, UK September 3
Cambridge, UK September 4

Europe MiniDAC
(Saber) Munich October 6
(Nokia) Finland January 2003

SNUG Boston September 23-24
Interoperability Developers Forum with OpenVera October 22
ICCAD November 10
SNUG Tokyo/Osaka November
SNUG Israel December
DesignCon January 27, 2003
Design & Verification Conference (DVC), March 11, 2003
formerly HDLCon NOTE: Call for papers — open August 2002
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news and events
Calendar

http://www.linuxworldexpo.com/linuxworldexpo/v31/index.cvn

http://www.snug-universal.org/
http://asiapac.synopsys.com/events/minidac/2002/minidac02.html
http://europe.synopsys.com/uk/events/minidac02/minidac02.html	
http://www.snug-universal.org/northamerica/na_boston.htm
http://www.synopsys.com/partners/tapin/forum_info.html
http://www.snug-universal.org/asia/asia_japan.htm
http://www.iccad.com/
http://www.snug-universal.org/israel/israel.htm
http://www.snug-universal.org/
http://www.hdlcon.org/hdl2002.html
http://www.designcon.com/2002/
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News and Feedback

Verification Papers at SNUG Boston – September 23-24rd
User papers to be presented:
• A Verification Methodology for Large Mixed Signal SOC Designs Using NanoSim & VCS-ACE

• Analog/Mixed Signal Verification Methodology using NanoSim and VCS 

• Building an Efficient Verification Environment with Synopsys VCS & VERA tools 

• Constrained Random Test Environment for SoC Verification using VERA 

• Packet-Data-Path Functional Verification Testbench: Stimulus Generation and User Interface 

• Verilog Non-blocking Assignments With Delays, Myths and Mysteries 

• Controlling the ASIC Verification Phase using Metrics and Methods 

• RTL X's - Verilog Simulation with the "X" State 

Tutorials to be presented:
• Smarter Verification with OpenVera Assertions, VCS, and VERA

• Techniques and Troubles Verifying Multi-Million Gate Netlists

http://www.snug-universal.org/northamerica/na_boston.htm
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News and Feedback

News
Qualis™ Releases 10G Ethernet and PCI-X Domain Verification Components for OpenVera

Synopsys Donates Key Verification Technologies to Accellera's SystemVerilog 3.1 Standard

Synopsys Redefines VCS To Deliver Smart Verification

Synopsys Accelerates VCS Performance For Verilog and Mixed-HDL Simulator

Join the OpenVera™ Discussion Forum

• Keep abreast of the latest OpenVera developments and solutions

• Ask questions and discuss experiences

• Share new techniques and code

• Interact with OpenVera experts

Documentation
Visit the Smart Verification web site for more information, methodology and technical papers.

Introduction to Assertion-Based NetSeminar – Archived Webcast This technical webcast
shows a powerful new approach to functional verification that dramatically improves the
efficiency of verifying intended design behavior, detecting bugs and fixing bugs throughout
the design process. The webcast will show you how to quickly and easily start using
Assertion-Based Verification on your current designs. 

Order Art of Verification with VERA, a user written book on verifying large SoCs with the
Synopsys VERA automation tool.

Order Reuse Methodology Manual for System-on-a-Chip Designs, Third Edition — outlines
a set of best practices for creating reusable designs for use in an SoC design methodology.

VCS Datasheet

VCS Verilog Simulator 64-Bit Cross Compile Technology Backgrounder

Semiconductor Vendor Support – VCS Library Support

Feedback
We welcome your comments and suggestions to improve future issues of Verification Avenue.
Subscribe, unsubscribe, or let us know what you think.

http://www.qualis.com/sizzle/10GePCIX.2002.04.16.01.html
http://www.synopsys.com/news/announce/press2002/accellera_pr.html
http://www.synopsys.com/news/announce/press2002/vcs70_pr.html 
http://www.synopsys.com/news/announce/press2002/vcs61_pr.html
http://synopsys.infopop.net/1/OpenTopic?a=cfrm&s=7741942603&f=4841942603
http://www.smartverification.com
http://seminar2.techonline.com/~synopsys22/aug1302/
http://www.verificationcentral.com
http://www.wkap.nl/prod/b/1-4020-7141-8
http://www.synopsys.com/products/simulation/vcs_ds.pdf
http://www.synopsys.com/products/simulation/cross_compile_wp.pdf
http://www.synopsys.com/cgi-bin/svp/lib/svp.cgi?screen=1&Gx=all&tools=4&do=List%20Libraries
mailto:vtg-news@synopsys.com?Subject=Verification Ave - SUBSCRIBE
mailto:vtg-news@synopsys.com?Subject=Verification Ave - UNSUBSCRIBE
http://www.synopsys.com/cgi-bin/verif/tb/reg01.cgi

