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OVERVIEW 
 

Assertions are properties or facts describing the required and forbidden behavior of a design. They are 
άŜȄŜŎǳǘŀōƭŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎέ ǘƘŀǘ ŀǊŜ ƳƻƴƛǘƻǊŜŘ ŘǳǊƛƴƎ ǎƛƳǳƭŀǘƛƻƴ ōȅ assertion checkers included in the 
design file.   

¶ Through usage assertion checkers are referred to as assertions for short.  

¶ The term assertions and properties are often used interchangeably. 

¶ The prevalent language for writing assertions is SystemVerilog Assertion (SVA) language, a 
specialized subset of SystemVerilog.   

¶ Assertions written in the SVA language are referred to as SVAs.   

¶ Assertion Based Verification (ABV) is the methodology for including assertions in the functional 
verification process.  

If the assertion fails during simulation the user is notified.  Depending on the severity of the failure, it 
could even stop the simulation.  If the assertion does not detect a problem there are two possibilities.  
The design is behaving correctly or the testbench did not cover the property.  Therefore, cover 
properties typically are included with an assertion.  The default condition used by Zocalo is to 
automatically create a cover property for every assertion.  Throughout this paper, for brevity, the term 
assertion means that a corresponding cover property is included. 

SystemVerilog to include ABV is viewed as the evolving standard that can have major impact on reducing 
verification time and cost.  Various studies have shown that using ABV can reduce debug, now 
representing 60% of the functional verification time and cost, by 50%.   In spite of the promise of ABV, 
wide scale use has not materialized.   ABV is a difficult technology to implement and is perceived as 
marginally cost effective.  If it were easy everyone would have adopted it by now. 

The objective of this paper is to: 

¶ Understand the issues limiting the use of ABV. 

¶ Define how Zocalo is addressing them. 

YŜȅ ǘƻ ǘƘƛǎ ǇŀǇŜǊ ƛǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ ǘŜǊƳǎ άUsing Assertionsέ ŀƴŘ άAssertion Based VerificationέΦ  

¶ Using Assertions is an ad hoc process dependent on the skill and desire of the designer or 
verification engineer to provide assertions as part of the functional verification process.  

¶ Assertion Based Verification (ABV) is a systematic methodology requiring the use of assertions in 
the functional verification flow and the infrastructure to control and manage them. 

Most surveys on using ABV reflect using assertion as opposed to ABV.    

 

ASSERTION USE TODAY 

The prevalent approach today is using assertions on an ad hoc basis by designers at the module or 
ŦǳƴŎǘƛƻƴŀƭ ōƭƻŎƪ ƭŜǾŜƭ ŀƴŘ ǾŜǊƛŦƛŎŀǘƛƻƴ ŜƴƎƛƴŜŜǊΩǎ ŀǘ ǘƘŜ ƘƛƎƘŜǊ ƭŜǾŜƭǎΦ  !ǎǎŜǊǘƛƻƴ ǳǎŜ ŀǘ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ 
block level is more prevalent since bugs at that level showing up during system level verification can 
result in a major schedule hit.   Since designers are intimately familiar with the intent of the design and 
many are capable of coding simple 1 or 2 cycle SVAs, they are more likely to create and add assertions.  
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Since assertion use is at their discretion, they are usually added in-line as part of the design file without 

documentation. 
 

At higher levels up to the system level, the useful SVAs typically require a higher level of complexity than 
at the functional block level.  Temporal (time dependent) properties reflecting concurrency are the 
norm.  Since the verification engineer typically cannot modify the design files, bind files are required.  
Creating and managing bind files is a labor intensive task.  The SVA learning curve can be steep for 
complex temporal expressions; therefore assertion use, even on an ad hoc basis, is sparse. Certainly, 
many companies have SVA coding experts that can be assigned for situations where the need for a 
complex temporal SVA is obvious.   However, the broad base of verifications engineers lack the expertise 
to write this level of assertions.  

Only the larger companies are embracing ABV on a systematic basis focusing on more manageable 
simple assertions at the block level and below.  The broader base of chip design companies recognize 
the promise of ABV, but have not committed because of the effort required.   

 

Per Harry Foster in his paper Assertion-Based Verification: Industry Myths to Realities (Invited 
¢ǳǘƻǊƛŀƭΧнллуύ defines the situation more bluntly.  άΧΦΦƛǘ ƛǎ ŀ ƳȅǘƘ ǘƘŀǘ !.± ƛǎ Ƴŀƛƴ ǎǘǊŜŀƳ ǘŜŎƘƴƻƭƻƎȅΦέ 

    ΧΧέǿƘŀǘ ŘƛŦŦŜǊŜƴǘƛŀǘŜǎ ŀ ǎǳŎŎŜǎǎŦǳƭ ǘŜŀƳ ŦǊƻƳ ŀƴ ǳƴǎǳŎŎŜǎǎŦǳƭ ǘŜŀƳ ƛǎ ǇǊƻŎŜǎǎ ŀƴŘ ŀŘƻǇǘƛƻƴ ƻŦ ƴŜǿ 
verification methods.  Unsuccessful teams tend to approach development in an ad hoc fashion, while 
successful teams employ a more matuǊŜ ƭŜǾŜƭ ƻŦ ƳŜǘƘƻŘƻƭƻƎȅ ǘƘŀǘ ƛǎ ǎȅǎǘŜƳŀǘƛŎέΦ ΧΧ  

Moving from ad hoc assertion use to full scale Assertion Based Verification, as depicted in Figure 1, 
represents a major hurdle.  

 

Figure 1   Enabling ABV 
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CHALLENGES OF ABV TECHNOLOGY 

A systematic methodology for adding assertions requires four steps as shown in Figure 2. 

 

 

Figure 2    Adding Assertions in a Systematic Methodology 
  

Indentify Assertion Candidates  
 

Although designers are in the best position to identify assertions candidates and use them often,   are 
their choices complete and objective?  When using an ad hoc approach, the choices can be skewed to 
simpler assertions based on assertions coding skills.  Also the impact on design time is a major inhibitor 
to a complete assessment of assertion requirements.    

If the designer or verification engineer is unfamiliar with the design as in the case of IP or legacy code, 
becoming familiar enough with the design to identify the assertion candidates becomes even more 
difficult and time consuming.  Dependent on complexity of the design, this task is measured in days or 
weeks. 

A further challenge is if the company or project is considering or already committed to ABV.   How can 
the effectiveness of ABV use be evaluated in relation to the quantity and quality of assertions used? 

Coding Assertions  
 

The user must abstract and code the 'correct' property.  The verification engineer and oftentimes the 
designer must code complex expressions. The SVA language is not intuitive and the temporal expression 
operators and concurrency are difficult to visualize.  The skills required are costly to develop, difficult to 
retain and inhibit the development of these more useful and powerful SVAs. 

Recognizing the difficulty of coding assertions and the requirement for coding consistency for managing 
them, Accellera, the industry standards organization developed Open Verification Library (OVL).  These 
libraries do not cover complex assertions, but do address a major part of assertion requirements at the 
block level.  OVL represents the first effort to bring consistency and structure to assertion use.  Each of 
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the major EDA venŘƻǊǎ Ƙŀǎ άh±[ ƭƛƪŜέ ƭƛōǊŀǊƛŜǎ tuned to their simulation environment and they are 
ǘȅǇƛŎŀƭƭȅ ƛƴŎƭǳŘŜŘ ǿƛǘƘ ǘƘŜ ǾŜƴŘƻǊΩǎ ǎƛƳǳƭŀǘƻǊ ƭƛŎŜƴǎŜΦ  hVL libraries are available from Accellera at no 
charge and are compatible with any of the leading simulators.  

However, making use of assertion libraries tends to be time consuming and error prone thereby limiting 
their acceptance.  Additionally many designers consider assertion libraries as too inflexible.  Since most 
designers are capable of writing SVAs at the OVL level of complexity, in the world of ad hoc assertion use 
(i.e. no bind files, no documentation, minor if any debug), designers will choose to write simple SVAs 
over assertion library use.   

Assertion Debug 
 

After the user codes a complex SVA property, it is still very raw and unproven.  To test the property, the 
user must create a testbench to validate that the property is correct.  For a complex assertion this can 
be a major task and in most cases impractical.  The other approach is to debug the assertion during 
normal simulation.  This places an additional level complexity and lost time.  For this reason, the most 
commonly developed properties continue to be simple 1-2 cycle properties that require minimum 
debug, if any.  Debug is a major factor limiting the development of more useful and powerful SVAs. 
 

Assertion Control    

 Under an ABV methodology, assertion control includes:  

¶ Assertions managed in separate files (bind files) that can be included with the design file during 
simulation and removed.   

¶ Documentation of assertions to be included as part of the verification plan.   

¶  Control of assertions ranging from disabling the SVAs, to changing variables such as severity 
levels preferably from the testbench. 

¶ Reporting error messages/events using the testbench message logger.   

The major requirement to accomplish the preceding is packaging assertions in a consistent manner to 
allow a level of automation. 
  

½!½½ϰ Cwha ½h/![h  Chw 9b!.[LbD !.± 

Zocalo Tech believes that automation is the enabler of Assertion-Based Verification and wide scale 
acceptance is directly proportion to the level of automation.   Automation from Zocalo Tech is provided 
by Zazz that includes the following modules:   

 
¶  Zazz Bird Dog ς Analyzes the design to find the most important candidate signals where 

properties should be added.   Signals that already have legacy properties are recognized and 
automatically listed as assertion candidates.    

 

¶ Zazz Metrics - Shows the progress towards goals and the quality of added properties.   If legacy 
properties are part of the design code, they are automatically included as part of the metrics. 
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¶ Zazz Visual SVA ς Enables creation and debug of any level of SystemVerilog Assertions (SVAs) 
complexity without learning the language. Visual SVA completely eliminates the long learning 
time typically associated with becoming proficient writing properties with the SVA language. 
Debug is completely independent and outside of the simulation environment. Visual SVA also 
provides dynamic controllability of assertions and parameter changes plus automatic bind file 
management and documentation.   

¶ Zazz Migrate ς provides a migration path for legacy designs already populated with assertions to 
assure full compatibility with Zazz.  

 

¶ Assertion Library Support ς including, OVL and libraries from the major EDA and custom 
libraries. 

 

Bird Dog and Metrics 
 

Bird Dog and Metrics provide the first step towards implementing ABV by automatically identifying and 
ranking potential assertion candidates.   A heuristic algorithm is used that was developed on basis of 
how a design or verification engineer would evaluate the need for assertions.   

The prevalent use of assertions today is designers adding simple one or two cycle SVAs on an ad hoc 
ōŀǎƛǎ ƻǊ ŀŘŘƛƴƎ ŎƻƳƳŜƴǘǎ ƻǊ ǇǊŀƎƳŀΩǎ ǘƻ ŜƴŀōƭŜ ŀǳǘƻƳŀǘƛŎ ƛƴŎƭǳǎƛƻƴ ƻŦ ǎƛƳǇƭŜ ŀǎǎŜǊǘƛƻƴǎ ǘƻ ǘƘŜ ŘŜǎƛƎƴΦ  
Using only the Bird Dog and Metrics capabilities can significantly increase the level of productivity and 
results for projects using these approaches.    

Bird Dog  
 

Bird Dog is critical for engineers unfamiliar with ABV since it provides guidance on which modules and 
signals are most likely to benefit from the addition of assertions.  Likewise, engineers experienced with 
assertions are likely to discover new signals as the tool analyzes the signal usage globally versus a 
designer's tendency to focus on the module level. For legacy code, performing a manual assessment of 
assertion requirements for a complex functional block can take days versus minutes with Bird Dog. 
   

Since assertions are rules describing how the design should behave, they are most useful for control 
signals.  As Bird Dog elaborates a design, it automatically analyzes the signals for control and data 
characteristics and further factors in how the signal is used both within the module and across the 
hierarchy.  It assigns a score to each signal and then ranks the signal as an assertion candidate (its Global 
Rank).  They are then placed in buckets of the top 10%, 20%, etc., relative to importance as shown in 
Figure 3.  Typically the top 20 to 30% of the candidates are adequate for populating a design. 

Identifying the assertions candidates and targeting a defined number to populate with 
assertions allows the project to scope the work required.  It is emphasized that Bird Dog is not a 
άƳŀƎƛŎ ƳŀŎƘƛƴŜέΦ   Lǘ ŘƻŜǎ ƴƻǘ ŘŜǘŜǊƳƛƴŜ ǿƘƛŎƘ ŀǎǎŜǊǘƛƻƴ to use or create assertions.  It provides a 
starting point by rigidly analyzing the design and reporting the results to the user.   The user makes the 
decisions on which assertions to provide.    The analogy and thus the name are akin to the role of a bird 
dog.  The bird dog is part of the process of finding, flushing and recovering the birds, but the hunter 
makes the decisions. 
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Once the candidates are identified,   Bird Dog provides several views of the signal rankings.  The 
hierarchy browser includes the number of candidates within each level of the hierarchy, enabling 
engineers to quickly identify the modules that are more control-oriented.   Thus, engineers can quickly 
focus on the portions of the design that benefit from assertions instead of spending time on less critical 
modules. 

After selecting a module from the hierarchy, the user is presented with a list of candidates from within 
that portion of the design in the candidate browser.  Zazz Bird Dog lists each candidate signal along with 
its associated rank and attributes such as whether the signal is a port on the module.  Selecting a 
candidate causes the source view to display the signal to allow the user to further investigate how it is 
used in the design.   

The Candidate Browser has two options that can be used to help filter signal candidates within the 
ƘƛŜǊŀǊŎƘȅΦ  ¢ƘŜ άIƛŜǊŀǊŎƘƛŎŀƭέ ŦƛƭǘŜǊ ǎŜƭŜŎǘǎ ŀƭƭ ŎŀƴŘƛŘŀǘŜǎ ƛƴ ǘƘŜ ƘƛŜǊŀǊŎƘȅ ǿƘƛƭŜ ǘƘŜ άbŜǘ ±ƛŜǿέ ŦƛƭǘŜǊ 
collapses common nets (connected through module ports) into a single instance.  These filters can be 
used to identify the global control signals versus those of interest in the selected module providing 
engineers the ability to quickly identify the signals most likely to benefit from assertions. 

 

 

Figure 3   Bird Dog Viewer 
Metrics 
 

Equally important as identifying assertion candidates is the ability to provide metrics on the number and 
quality of the assertions present in the design.  Metrics provides the project team with an on-going 
progress report about the quantity and quality of the assertions added during the project versus the 
target.    

As Metrics elaborates the assertion populated design, it also counts the number of assertions touching 
each signal within the design as shown in Figure 4.  A summary of the number of assertions found at 
each level of the hierarchy is displayed in the module browser, and a count of how many assertions that 
touch each signal candidate is displayed in the candidate browser.  As a result, engineers can quickly 
identify which modules and signals are in need of further assertions. 
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Bird Dog also detects the quality of the assertions based on the density of the assertions within the 
design and their relationship to the candidate list and complexity.   

On a longer term basis, metric reports associated with completed designs provide a basis to measure 
the value of using assertions.  As the company moves from ad-hoc use of assertions or to higher value 
assertions, Metrics provides a historical base to measure the effectiveness of this ABV growth path.      

 

Figure 4   Metrics Viewer 

Zazz Visual SVAϰ 

Zazz Visual SVA enables design and verification engineers to quickly code and debug assertions without 
having to deal with the complexities of the SVA syntax.  Just as Visual Basic did for the BASIC 
programming language, Visual SVA raises the level of abstraction for describing properties and 
completely hides the complexities of using the SVA language.  Visual SVA provides major productivity 
enhancements for creating and debugging from simple to extremely complex properties reflecting 
concurrency and temporal.  Creating properties in Visual SVA is a combination of visually arranging 
components or controls on a graphical canvas, adding Boolean expressions and then selecting attributes 
and actions of those components. !ŘŘƛǘƛƻƴŀƭƭȅ ŀƭƭ ƻŦ ǘƘŜ άƘƻǳǎŜƪŜŜǇƛƴƎέ ǘŀǎƪǎ ǊŜǉǳƛǊŜŘ ŦƻǊ 
implementing ABV are automated. 

 

A temporal view of the SVA property is created using drag-and-drop techniques. Components and 
controls are selected from a pallet and placed on the property canvas (window).  The property canvas, 
as shown in Figure 5, assumes that time increases from the left side to the right side, just like the 
familiar waveform viewer.  Concurrent execution threads are represented in the vertical direction, again 
as in a waveform viewer. Visual SVA will automatically connect the components and controls, based 
upon how they are arranged on the property canvas.  Boolean expressions are entered into the 
expression field utilizing the same expression builder that exists in Zazz OVL. Components and controls 
have default attributes associated with them, but may be changed by selecting from a dropdown list.    

Visual SVA dynamically creates the correct SVA code to describe the property and displays it in a code 
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view panel.  

Figure 5 is an example of a typical Visual SVA completed code and an example of automatically 
generated SVA code shown in Figure 6. 

 

  

Figure 5   Visual SVA code 

 

 

Figure 6  SVA Code Example 

 


















