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Reflections on Users’
Experiences with SVA -
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During my years of contributions to the
Verification Academy 
Forum, I have seen many trends in real
users’ difficulties in the application of
assertions, and misunderstandings of how
SVA works. In  of this article, I
addressed the difficulties in expressing
requirements for assertions, and clarified
some critical SVA concepts concerning
terminology, threads, and vacuity.
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INTRODUCTION

During my years of contributions to the Verification Academy  Forum, I
have seen many trends in real users’ difficulties in the application of assertions, and
misunderstandings of how SVA works. In  of this article, I addressed the
difficulties in expressing requirements for assertions, and clarified some critical SVA
concepts concerning terminology, threads, and vacuity.

In Part 2 of this article, I will address the usage of these four relationship operators:
throughout, until, intersect, implies.

OPERATORS: THROUGHOUT, UNTIL, INTERSECT, IMPLIES
Sequences that use the keywords throughout and intersect describe the relationship
between sequences. The until (s_until, until_with, s_until_with) describes a tight
relationship between properties. The implies describes a loose relationship between
two properties. However, if those properties are sequences, then we can say that they
too describe relationships between those sequences. Choosing one of these keywords
when handling sequences has caused difficulties with users. For clarity, I’ll briefly
describe each of them and provide recommendations.

Consider the following requirement from an actual user (Figure 1):

Upon a rising of sig2, sig1 must be continuously stable until (and including) the fall of
sig2. In other words, sig1 does not change its value starting from the cycle after the
rise of sig2 until the fall of sig2. During that fall cycle, sig1 is still stable.

Figure 1 - Requirement Diagram (link¹)

SystemVerilog

Part 1

8/24/26, 1:20 PM Reflections on Users’ Experiences with SVA - Part II | Siemens Verification Academy

https://verificationacademy.com/verification-horizons/july-2022-volume-18-issue-2/reflections-on-users-experiences-with-sva-part-2/ 2/12

https://verificationacademy.com/all-content/?tags=Assertions
https://verificationacademy.com/all-content/?tags=Implies
https://verificationacademy.com/all-content/?tags=Intersect
https://verificationacademy.com/all-content/?tags=Operators
https://verificationacademy.com/all-content/?tags=Throughout
https://verificationacademy.com/all-content/?tags=Until
https://verificationacademy.com/all-content/?tags=SystemVerilog
https://verificationacademy.com/all-content/?tags=July+2022+-+Volume+18+Issue+2
https://verificationacademy.com/all-content/?tags=Verification+Horizons
https://verificationacademy.com/all-content/?audience=Beginner
https://verificationacademy.com/f68f94c1-62d1-3b5f-9466-be47ea8a1d81/toggle-marked?page_path=verification-horizons/july-2022-volume-18-issue-2/reflections-on-users-experiences-with-sva-part-2
https://verificationacademy.com/forums/t/systemverilog-or-uvm/39566
https://verificationacademy.com/verification-horizons/march-2022-volume-18-issue-1/reflections-on-users-experiences-with-systemverilog-assertions-sva


Links to full solutions using the until_with, intersect, and throughout are included in
the footnotes² and are discussed below:

ap_sig1_stable_intersect_sig2 : assert property(@(posedge clk)   
     $rose(sig2) |=> ($stable(sig1)[*0:$] ) intersect  !sig2[->1]);     
      // !sig2[->1] is same as (sig2[*0:$] ##1 !sig2) 
 
ap_until_sig1_stable_until_sig2: assert property(@(posedge clk)        
     $rose(sig2) |=> $stable(sig1) until_with !sig2);  
      //  $rose(sig2) ##1 |-> $stable(sig1) until_with !sig2); // Also OK 
 
ap_sig1_stable_throughout_sig2_B : assert property(@(posedge clk)  
     $rose(sig2) |=>  $stable(sig1) throughout (sig2[*0:$] ##1 !sig2));  
      // $rose(sig2) |=>  $stable(sig1) throughout !sig2[->1] // OK

Intersect

The intersect is a length-matching sequence conjunction. It is a sequence operator
used when both operands are expected to match, and the endpoints of the sequences
end in the same cycle. A sequence intersect operator between two sequences starts
two concurrent threads, one for each sequence; each sequence, in turn, can be multi-
threaded.

The syntax for this sequence expression is: sequence_expr intersect sequence_expr. I
see the intersect construct as more hardware-oriented. It emulates a gate or a timing
envelope for another sequence to be a match; it is thus very explicit about the
definition of each of the two sequences. Unlike the other two constructs (until and
throughout), the sequences have an underlying behavior.

With the intersect, that gating envelope where sig1 must be continuously stable until
(and including) the fall of sig2 is represented by the envelope !sig2[->1]). This
specifies a sequence that ends at the first occurrence of the expression !sig2. The
assertion is then:

$rose(sig2) |=> ($stable(sig1)[*1:$] ) intersect !sig2[->1]);

Looking for the coincidence of one matched sequence from the multi-threaded
$stable(sig1)[*1:$] and one matched sequence from the multi-threaded sequence
!sig2[->1].

On a separate but related note, another interesting application of the intersect is
demonstrated in this assertion for a sequence (a valid pulse) completely enclosed
within another sequence (a busy pulse), (link to code³).

ap_busy_valid: assert property (@(posedge clk) 
     $rose(busy)  |-> ##1  //   
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     $rose(valid)[->1] ##1 $fell(valid)[->1] intersect  $fell(busy)[=1] );

Until, until_with

The syntax for this property expression is:

property_expr1 until property_expr2 | property_expr1 until_with property_expr2

An until property of one of the overlapping forms (i.e., until, until_with) evaluates to
true if property_expr1 evaluates to true at every clock tick beginning with the starting
clock tick of the evaluation attempt and continuing until, and including a clock tick at
which property_expr2 evaluates to true. Thus, the difference between non-overlapping
and overlapping is that the until_with form requires that the first expression holds
through the terminating condition. Specifically, (p until_with q) is equivalent to ((p
until (p and q)).

The until_with is more English-like in interpretation, but IMHO, it requires mental
effort to visualize its full meaning. Specifically, the $stable(sig1) until_with !sig2
means that sig1 is stable at every cycle, including its end condition, which is the first
occurrence of !sig2. Thus, the ($stable(sig1)) until .. has an implicit repeat operation
of the expression $stable(sig1).

ap_until_sig1_stable_until_sig2: assert property(@(posedge clk)        
    $rose(sig2) |=> $stable(sig1) until_with !sig2);

Throughout

The syntax for this sequence is: expression_or_dist throughout sequence_expr. The
throughout operator specifies that a signal (expression) must hold throughout a
sequence. ( b throughout R ) is equivalent to ( b [*0:$] intersect R )

This construct is also English-like, but is clearer (IMHO) than the until_with because
there is a clearer definition of the envelope in which the expression is continuously
true. The expression (the $stable(sig1) throughout .. ) has an implicit repeat
operation of sig1.

ap_sig1_stable_throughout_sig2_B : assert property(@(posedge clk)
     $rose(sig2) |=>
        $stable(sig1) throughout (sig2[*0:$] ##1 !sig2));

Figure 2
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The “implies” Though not often used, the implies property operator has merit in many
situations. The implies has the form: property_expr1 implies property_expr2. It
evaluates to true if either property_expr1 evaluates to false or property_expr2
evaluates to true. It is equivalent to: (not property_expr1) or (property_expr2).

There are three differences between the implies and the sequential implication
operators:

The only similarity between the two is vacuity. If the antecedent of the implication
operator is a no-match or if the LHS property of the implies is false, then the whole
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property is vacuous. You can also view the LHS property of the implies as an
assumption. The implies can be interpreted as assuming that p1 holds, property p2
must be non-vacuously or vacuously true.

This operator is helpful when there is a relationship between the properties, but each
addresses a different design characteristic, even using other signals. Consider the
following model that has a front-end interface and a back-end process. Each of these
processes can be described separately.
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GUIDELINE: I generally prefer the intersect construct because it represents the intent.
The throughout is my next alternative, but the reader needs to understand the
underlying operations. The until, and until_with constructs are my next alternatives. In
all cases, the reader must be knowledgeable about the meaning of these constructs.
There are contrarian opinions on this; a LinkedIn survey of usage yielded a surprising
conclusion with 39% in favor of the throughout, 36% preferring the implies, 14% for
the until, and 11% for the intersect.
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The implies is useful when describing two separate independent properties, each
dealing with their aspect of the requirements. Yet, they are related because if the LHS
property is true, it implies that the RHS property must also be true. Using this style
allows the tuning of the properties separately. All properties used in the implies need
to be exercised in separate assertions because they each address smaller pieces of the
combined property.

CONCLUSIONS

The many posts on assertions, many with unusual requirements, clearly indicate that
SVA is now well embedded into our design verification process. The biggest hurdles
that users experience are expressing the requirements that are the baselines to start
SVA. Other issues are the lack of understanding of how SVA works, partitioning the
assertions to simplify them, and selecting the appropriate constructs. Those posts also
demonstrate the influx of junior engineers who are very avid in learning and are
struggling with the language (SVA and SystemVerilog). This article attempted to
address, by example, many of those issues. More articles to follow…
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During my years of contributions to the Verification Academy  Forum, I have seen many trends in
real users’ difficulties in the application of assertions, and misunderstandings of how SVA works. In  of
this article, I addressed the difficulties in expressing requirements for assertions, and clarified some critical
SVA concepts concerning terminology, threads, and vacuity.
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Easy Testbench Speedups SystemVe… Article

As a Doulos ‘techie’, I train over 100 engineers in SystemVerilog and UVM each year. I do believe quite soundly,
that the effort of simulation verification is an art, supported by the language. So, regardless of the language, I
have a ready list of useful testbench coding strategies to achieve faster regression CPU cycle execution. This
means more regression tests executed in the same amount of ‘wall-clock’ time!

Functional Safety Verification Challenges for Automotive ICs Function… Article

In a semiconductor world, functional safety is all about data storage and data movement through the system.
Electrical or magnetic interference inside hardware systems can cause a single bit to flip to the opposite state
spontaneously. And this is a typical case for random failure, which we desperately need to analyze and see its
effects on the functional behavior of the system we are verifying.

The Path to a Safety Mechanism on an Unsafe PCIe® Sub-… Function… Article

This article illustrates the implementation of Safety Mechanisms on an unsafe PCIe® sub-module and
demonstrates the use of Siemens EDA Austemper tools to generate Alarms for fault list detection and ensure
Safety using a Duplication Mechanism.
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