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Dmitry’s notes

Checkers (reference Dmitry’s presentation):

· Why no parameters?: checkers have ports but they are not the same as module ports in that there exists inline semantics, so the meaning of parameters goes away.  Checker ports adopt the context in which they are instantiated, unlike modules.

· Do checkers allow (.*)?  Make sure that whether or not the default wins when there is a default is consistent with SV-BC proposals.  Need to specify whether (.*) or default name binding wins?  The current wording of SV-BC is something like “In the presence of (.*) then if there is a matching name, then it is used, but if not, then the default is used.”
I added the following explanation (from 1619):

“Named port connection using a .* wildcard syntax associates all formal arguments with the objects from the instantiation context whose name matches the formal argument name and their data types are equivalent (see also 22.3.2.4). In case of untyped formal arguments there is no restriction on the actual argument types. When a formal argument has a default value this default value will be used only when no implicit connection exists.” 

· Why new keywords for always and initial – because long term HDL will likely be allowed in a checker.

· Deterministic free variables with an automatic on the RHS of the assignment is a problem. Continuous assigns cannot be done with automatic variables. May need to constrain the variables in checkers to static variables.  Is a checker allowed in a fork-join_none, because that will also have many of the same issues?  In general, checkers are envisioned anywhere a concurrent assertion is. We need to look at where concurrent assertions are currently allowed and make sure that they don’t have these same issues. If we can fix the existing issues with concurrent assertions, then it will be fixed for checkers. 
Changed the checker instantiation description to:

The checkers may be instantiated where concurrent assertions may be specified (see 16.14):

· An always procedure or initial procedure as a statement, wherever these procedures appear

· A module

· An interface

· A program

and opened a new Mantis item 2091 for clarification about concurrent assertion placement.
Also, added a statement:

“Checker actual arguments cannot reference automatic variables.”
· Primary phase – definition is one tick of a global clock. 
This is relevant for the presentation only; this term is not used in the proposal

· What is the rule that defines what is legal and what is illegal.  The rule is that each bit can be assigned only once. This is weaker than the rules in the language, which are at a packet boundary??  The proposal says that you cannot define different bits using different rules. (this needs to be checked)
I think that the intension is about packed boundary, and not packet.
The proposal states: “It shall be an error to have a packed structure or array type written with a mixture of procedural and continuous assignments. Thus, an unpacked structure or array can have one element assigned procedurally and another element assigned continuously.” which is the same rule as for the regular variables. SAR adds further restrictions.

· If you have a constant 0 ternary operation, then do you have to analyze the data flow or is it just structurally possible?  Analysis needs to be bitwise.

This note is not clear.

· There are typos on some slides where “ free” should be “freevar” (slide 20 for example)

Fixed.
· Slide 22: issue in that string cannot be passed to a property or sequence. It needs to be stated that checkers allow more data types than properties or sequences.
Modified a sentence about checker formal arguments to:

“Checker formal arguments are processed is a similar way as property formal arguments (see 16.12), but the data types of checker formal arguments are not necessary limited to those legal for a property.”

· If a var is initialized and then assigned via a non-blocking assignment, it holds the initial value until it is re-assigned. It is the assignment that determines whether it holds it value and not the type or initialization.
The proposal explicitly states:

“If a free variable has been both initialized and assigned (see 16.18.5.1) it preserves its value from initialization to the first assignment and between two consecutive assignments.”

· It is confusing that continuous freevar assigns use current values and design variables use sampled values. Consider using “let” instead on continuous free variables(I think we decided against this later!). Freevar has type and let does not.  From a debug perspective, you need to see the continuously assigned variable, so if it is used only once, then the tool needs to figure that out and display the values on the waveform. (More from Erik’s notes:  Eliminating continuous free variable assignments:  I think the main objections were that some debugging tools might be harder to implement, and that they simplify cases where we want to connect multiple sub-checkers.  On the other hand, if it simplifies the proposal, it might be worth dropping them, due to the overall proposal complexity.  I think we were leaning towards keeping them in at the end, but I’m not sure a clear decision was made.)
· Instantiation semantics (being at the end of the module) may result in name clashes(discussed more later). It is not clear what the hierarchical name looks like and what is legally permissible to do with that scope.  Need to specify visibility and legalities of things the rest of the language deals with. Does outside HDL need to access things inside the checker? It is important that one checker needs to be able to access the free variables within another checker (thinking in terms of hierarchical reference). This needs to be elaborated more in the text. How do you get to it in VPI?  How does it show up in VCD?  
· We need to minimally allow a cross-connect between checkers. Consider declaring the checkers in sequential code within a checker(2 ways to consider):
· Checker                        // more like what we do with local var
freevar integer x;
checker1 c1(x, ..);
checker2 c2(x, ..);
· Checker                        
checker1 c1(...);
checker2 c2(...);
always @(..)c1.x = c2.x;   // illegal due to read only ref.
There would be fewer issues if there is only visibility allowed.  

Dmitry sees two main uses of checkers, 1) grouping of related assertions and cover statements.  2) usage of checkers among formal verification people to build an abstract model, and the abstract model cannot be too big.

There is agreement to accept the limitation of having checkers contained within another checker in order to communicate between checkers.  
Should we allow hierarchical references to variables in checkers or do we allow output ports?

1. should we be able to pass freevar as a type for an output type?

2. should we be able to have an output? One solution would be to say that any signal that is assigned in a checker is an output and cannot be typed. Also hierarchical references within a checker (including sub-checkers) is allowed but not outside of checkers.  (check defparams definition!)

Assume that hierarchical reference is relative to its declaration (so references in packages and $unit can be an issue).  Packages are not an issue since you would not cross reference values between checkers in a package.  $unit does not have a location in the hierarchy so you cannot have a hierarchical ref in $unit. A checker that uses hierarchical references from where it is declared would have to be defined in a module, but this is not desired because modules are part of the design and checkers do not.   Too complicated – don’t allow hierarchical ref’s outside of the checker boundary or that are not automatic.  Any reference to an automatic variable in a checker instantiation is illegal.
Added the following sentences:
"Variables used in a checker that are neither formal arguments to the checker nor internal variables of the checker are resolved according to the scoping rules from the scope in which the checker is declared."
“Checkers may assign values to their formal arguments. One formal argument may be assigned a value either in a checker body or in checker action blocks. If a formal argument is written in the checker body, its corresponding actual argument shall be a free variable or a formal argument in another checker. If a formal argument is assigned a value in a checker, it shall be untyped.”
· Remove that checkers can be bound into other checkers.
Done

· Instantiation semantics:  say that in the “conceptually re-written” code the name references are as they are from the sequential context.
Added the following explanation:

“When the checker is instantiated its contents is conceptually inserted at its instantiation point: if a checker is instantiated in a procedure, its contents is inserted after this procedure, otherwise it is inserted in place. Note that the checker rewriting is only conceptual since the code allowed in a checker is not legal outside of it. The variables referenced in a checker are resolved according to the checker declaration context.”

· VPI access to checker instances and sequence and properties in procedural code is an issue that needs to be addressed so we will open an independent MANTIS item that is assigned to SV-CC (get help from Bassam).
· Single assignment rule: need to clearly specify how this is different than the existing rules in the rest of the language. Rule b sounds like it is trying to be more precise and if not it should just say why it is special.  Reference draft3a section 11.5.3 and section 9.2.2 for how they interact.
Rewrote a) and b) as follows:

a) Multiple assignments made to independent elements of a variable are examined individually. An assignment where the left-hand side contains a slice is treated as a single assignment to the entire slice. It shall be an error to have a packed structure or array type written with a mixture of procedural and continuous assignments. Thus, an unpacked structure or array can have one element assigned procedurally and another element assigned continuously. And elements of a packed structure or array can be assigned with multiple continuous assignments, provided that each bit is covered by no more than a single continuous assignment. These rules coincide with the assignment rules to regular variables (see 6.5). These rules imply that if a free bit (bit of a free variable) is assigned a value in a continuous assignment, it cannot assign its value in a non-blocking assignment, and vice versa. A free bit assigned a value in a continuous assignments is referred to as a continuous free bit, all other free bits are referred to as sequential free bits.

b) Single Assignment Rule (SAR): any free bit may be a target of at most one assignment statement. In particular, when the left hand side of the assignment is not a longest static prefix of a select (see 11.5.3), there shall be no other assignment to all the bits belonging to the longest static prefix containing the left hand side of the assignment.

Added an example:

Example 4



freevar bit [3:0] counter;



freevar bit [1:0] i;



assign counter[0] = 4’b0;



always_check @clk




counter[i] <= !counter[i]; // Illegal: SAR violation

This is illegal because there are two assignment statements to counter[0] – one direct and one through a variable select indexing counter[i].

· Add free variables in events to the cyclic dependency rules
Added the following bullet to f)

· circular dependency between sequential free variables and events containing free variables
Added an example:
Example 8.



freevar bit clk = 1’b0;



freevar bit v1 = 1’b0, v2 = 1’b0, v3 = 1’b0;



always_check @$global_clock




clk <= !clk;



always_check @clk begin



v1 <= !v1;




v2 <= v1 && v3;



end



always_check @v2




v3 <= !v3; // Illegal: AAR violation

In this example there is a circular dependency: v2 depends on v3, and v3 depends on v2 since the assignment of v3 is controlled by v2.

· Open another MANTIS item for adding covergroups to checkers.
Tom opened Mantis 2088
· Signal references inside a checker must resolve from the declaration and not from the instance of the checker. 
This is addressed in one of the above comments:

“Variables used in a checker that are neither formal arguments to the checker nor internal variables of the checker are resolved according to the scoping rules from the scope in which the checker is declared.”

You can use the (.*) notation when you instantiate it to avoid having to list the ports.
This question overlaps with one of the above questions. See my answer there.

 A nested checker, as with a nested module, can reference its parents variables if it is not in the local declaration. 
This follows from the first part of this question.

· Generates inside of checkers are allowed.  (Make sure there are no statements in the proposal that say only freevars are allowed.)
It is written explicitly in 16.18.1:

“The checkers may contain concurrent assertions, free variable declarations, and their assignments, structural procedures, function declarations, let declarations, sequences and properties, and generate regions.”

In 16.18.2 it is written:

Checker body may contain the following elements:

· Declaration of let, sequences, properties and functions.

· Concurrent assertions. 

· Free variables and their assignments (see 16.18.5).

· Default clocking and disable declarations.

· initial_check and always_check procedures (see 16.18.4).

· Generate blocks, containing any of the above elements.

And the BNF is also consistent.

· Do we need “let” if we have checkers? Let can be a sub-expression while a checker cannot.
I agree with the answer.

· Assumption modeling: a freevar is essentially a primary input.  Assume property says the simulator should check that stimulus complies.  A simulator is not required to deal with non-deterministic variables.  Other committees have found it is important to be able to reproduce results from run to run and across simulators.
We agreed to state that using non-deterministic free variables should be illegal in the simulation. I replaced the previous text about non-deterministic variable simulation to:

“If targeted for simulation the checker shall not contain non-deterministic free variables.”

· What if you want to have the simulator generate inputs based on assumptions?  There can be 3 applications of assumptions: use in formal, observers during integration, and automatic testbench generation. randmode and randconstraint allow for specifying what are targets for randomization. Conclude that this is beyond the scope of checker definition. (More from Erik’s notes: I think there was a little miscommunication about the constrained random stuff.  I don’t think we were talking about using “rand” or an explicit keyword:  the idea was that if there is an unassigned (and thus nondeterministic) free var, the simulator is responsible for driving it with random values consistent with all assumptions that involve that signal.  (Or reporting that the assumption cannot be satisfied in sim due to complexity.)
See my previous comment.

· Need to clarify whether a freevar with no assignment at all is considered continuous or sequential.

It is considered sequential. The text explicitly states it (16.18.5.1):

“A free bit assigned a value in a continuous assignments is referred to as a continuous free bit, all other free bits are referred to as sequential free bits.”

· Some confusion about what a free var does between initialization & first assign:  if it will ultimately get a nonblocking assign, its values are sticky, but if it will never be assigned, it gets a new nondet value each time step.  Need to be very explicit in LRM.

This has already been addressed in one of the above comments. See my answer there.

· When describing a checker instantiation, maybe treating it similar to an anonymous generate block would work rather than direct inlining.

This cannot be done straightforwardly: the checker may be instantiated in a procedure.

· Looks like there is an existing VPI issue—properties in procedural code do not seem to exist according to the object diagrams in that section.  This is a bigger issue beyond the scope of checkers.

Need to be addressed by SV-CC. See the corresponding comment above.

· SAR:  The important thing about describing this rule is to say what’s new beyond the current language rules.

See one of the above comments and my answer there.

· Using freevar-based events as clks:  we may get this for free from the AAR rule, if we treat clks like any other dependency.  There should be an example illustrating.

See my comments to this issue above.

- Does .* binding win over default actual argument if the formal

  name matches in the instantiation context?

See my comments above. 
- Suppose that you instantiate a checker in a context where there

  are automatics.  What does the continuous assignment mean?

I added to the proposal the following note:

Checker actual arguments cannot reference automatic variables.

Since the checker cannot see directly its instantiation environment, this should not be an issue.

- Is it required only to reference static variables in checkers?

It is written in the proposal:

Type and data declarations within the checker are local to the checker scope and are static.
- Can a checker be instantiated in an always with fork/join/none?

  Fork/join/none can reference a task automatic.  It is possible for

  the automatic to outlive the task.

Same problem exists for all concurrent assertions, and should be addressed separately.

- What is the semantics of a constant freevar in simulation?

This is not relevant anymore. The non-deterministic free variables are now illegal in simulation. If they are deterministic the answer is trivial.

- What is the granularity of determination of continuous vs. non-continuous

  assignment?  Is it at the packed boundary, as in the rest of the language?

Yes, it is at the packed boundary and is stated explicitly in the proposal.

- Bitwise data flow analysis needs to be well defined.  This could be

  expensive.

It may be done on the atom level. Atoms are groups of bits that behave the same way (atoms are related to uninterpreted functions).
- We should allow more types to be passed to checkers.

See my answer to Lisa’s comment about using strings in a checker

- An example:

     always_check@(clk) a <= b;  

  behaves "like" 

     a <= clk != $next_gclk(clk) ? b : a;

- Should strings be allowed as arguments to checkers?  What about properties?

  What limitations should be made?

See my previous comment.

- There is a possibility of omitting the continuous freevar.
See discussion in Lisa’s comments

- TT:  What about using ordinary modeling constructs?  DK:  This is non-trivial.

- There are special rules about hierarchical references; name must begin with

  a scope.

- What about putting the declaration of a checker in a sequential context?  Is

  this allowed?  Is it feasible?  Is it desirable?

It is not allowed currently. What are the advantages of doing it?

- How does cross connect between checkers work?  There is language limiting

  defparams that may be useful in limiting cross connect between checkers.

     "a hierarchical reference to a checker shall not pass outside the

      checker hierarchy"

I introduced output arguments to a checker. See my answer to Lisa’s comments above.

- Are hierarchical names in a checker declaration resolved from the declaration?

  If not, then checkers diverge from sequences and properties, which may be

  bad.

The hierarchical names are resolved from the declaration

- $unit does not have a location in the hierarchy.

- Possible restriction:

    "It shall be illegal to reference an automatic variable in a checker 

    instance"

- There are troubles with using rewriting to define checker instantiation.

  Name referencing is problematic in comparing the rewrite to the original.

  There are rules about referencing anonymous generate blocks, e.g.

- VPI traversal needs to be understood.  VPI may descend into sequential

  statement where there is a checker instance.  Currently sequential blocks

  only lead to sequential structure.  SV-CC needs to look at this.

- SAR (single assignment rule) has a higher degree of precision than other

  assignment rules.  Checkers are proposing this at bit level.  Rules for 

  the rest of the language are at packed level.  What does SAR do with

  a reference like b[a+:5] ?  The rule needs to be defined carefully for

  indexed part selects.  See 11.5.3, 9.2.2.2.

- Are genvars allowed in checkers?

- GV:  Does the functionality of checkers subsume the functionality of let?

  DK:  No.

- The behavior of a tool option may be defined even though mechanisms by 

  which the option is specified are not defined.

- Possibly one can map to fork/join/none threads; see Mantis 1336, 1615.

  Thread creation is not permitted in a function called in a continuous

  assignment.

LTL Operators

· Add ranged forms to eventually

· Eventually should be s_eventually

· We will not define a simple subset because different technologies have different restrictions.
· Might also want to have an implicit local variable that shows what iteration it is on.

· There was a lot of discussion on weak/strong defaults. The conclusion was no change. Add an example of strong sequence under not
· Clock rewrite: use PSL-like format for the presentations – B.5 page 138 of PSL spec.
Glitch Handling
· Fork-join can spawn processing from functions (Mantis 1336 and 1615)

· Two issues:
· Glitches on immediate assertions (zero time)

· Glitch through the time period of the clock (clock synchronization)

· Want to solve both by allowing an optional clock.

· General feeling was that mucking with concurrent assertions (as in existing proposal) makes people nervous, and we shouldn’t do it.  Concentrate on our goal to define some type of usable glitch-free assert.

· We need to define a new type of assertion (using “assert defer” as placeholder, since lots of objection to “assert final” as being misleading name), similar to an immediate assertion, that will only be checked at most once per time step in each process, with no glitching on temporary values.

· Some discussion on whether we care about intermediate points, such as a 0-delay drive by a TB after model is settled.  Decision was that this is a glitch; if we really do care, use an existing immediate assertion.

· When any process (always_comb, continuous assign, always @, etc) is executed, execute the assert defers during the process similar to current immediate asserts.  But if an assert defer fails, the following happens:

· Rather than being reported right away, the info on the failure is saved.

· The action block for an assert defer can only contain constant functions or system functions.  The values of all args to the functions are saved at the time of failure.

· If the process is executed again, all stored assert defer results are thrown away; only new failures are saved.

· When we reach the postponed reason, the saved failures for the most recent execution of each process finally get their action blocks executed.

· By describing with the process-centered view, we avoid having to specify all the explicit details of what types of code & structures support an assert defer.  All code that currently allows immediate asserts will also support it.

· One more usage mode for an assert defer:  may be placed outside proc code.  In these cases, it is treated as if it were inside an always_comb.

· Some discussion on whether to optionally allow @clk in the new asserts.  Decision was that this introduces many complications, and it’s better to leave off for this version of the std.
· We need to be able print some string, but perhaps not the full action block. The action block may cause problems for functions and automatics. 

· Could use $tick clock. Could trigger $tick in post-poned region so it is out of the looping regions, but it cannot cause a loop back. The only thing you can do in post-poned region is to write a message.   (There was a lot of discussion on what region to sample in due to the looping, but in the end, we agreed to evaluate the assertion in the post-poned region using the current values, so you only test the last value.)  New syntax is needed since the action blocks can contain messaging only.
· $past and other sampled valued functions outside of concurrent assertions (that use sampled values) need to be defined. NEW MANTIS ITEM
· Glitch free assertions in loops 
· Loops have to have constant bounds (inner loop can use outer loop as bound)

· No dynamic objects

· Static functions only (so all terms will exist in post-poned region)
Must separate out all the hierarchy restrictions
Solution:  think about 0 time glitches in combinatorial logic, including functions.  The idea of how to describe this is:  if you consider there exists a set of assertion violations, when the process runs at a given time, you collect up the set of assertions that were violated, and you remember them relative to the process.  If the process evaluates again, then the previous failures are thrown out for that process and a new set is collected. At the post-poned region you report any failures.  Issues with loops go away because it is not until the end of the process that you make the decision.  Because it is evaluated in the post-poned region, the only thing you can do in the action block is messaging.

Side issue:  NEW MANTIS ITEM for naming assertions. For example, how do you turn off assertions in a function.  For now, the user will have to use %m or something to tag it for identification.

Controlling events in functions:


function f(num);

event ev = (posedge clk);

assert deferred (!ev.triggered) || !bad_thing(num)

endfunction

Proposal should include the glitch free only.  Other MANTIS items can be opened for checker/library issues.
1898:  Mapping Assertion system tasks to callbacks
· swap last entry in first table

· cbAssertionEnableVacuousAction -> cbAssertionEnableNonVacuousAction

· add system callbacks 

Coverage:
· user should write assertions for correctness or for coverage

· coverage is positive, you look for a property weakness
· add something to allow the user to find a non-vacuous trace

