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CHANGE

6.20.2.1 $ as a parameter value

The value $ can be assigned to parameters of integer types. A parameter to which $ is assigned shall only be used wherever $ can be specified as a literal constant. 
For example, $ represents unbounded range specification, where the upper index can be any integer.

parameter r2 = $;

property inq1(r1,r2);

@(posedge clk) a ##[r1:r2] b ##1 c |=> d;

endproperty

assert inq1(3);

A system function is provided to test whether a constant is a $. The syntax of the system function is

$isunbounded(constant_expression);

$isunbounded returns true if constant_expression is unbounded. Typically, $isunbounded would be used as a condition in the generate statement.

The example below illustrates the benefit of using $ in writing properties concisely where the range is

parameterized. The checker in the example ensures that a bus driven by signal en remains 0, i.e, quiet for the specified minimum (min_quiet) and maximum (max_quiet) quiet time.

NOTE—The function $isunbounded is used for checking the validity of the actual arguments.

interface quiet_time_checker #(parameter min_quiet = 0, 
                               parameter max_quiet = 0)

                              (input logic clk, reset_n, logic [1:0] en);

generate

if (max_quiet == 0) begin
property quiet_time;

@(posedge clk) reset_n |-> ($countones(en) == 1);

endproperty

a1: assert property (quiet_time);

end

else begin

property quiet_time;

@(posedge clk)

(reset_n && ($past(en) != 0) && en == 0)

|->(en == 0)[*min_quiet:max_quiet]

##1 ($countones(en) == 1);

endproperty

a1: assert property (quiet_time);

end

if ((min_quiet == 0) && ($isunbounded(max_quiet))

$display(warning_msg);

endgenerate

endinterface

quiet_time_checker #(0, 0) quiet_never (clk,1,enables);

quiet_time_checker #(2, 4) quiet_in_window (clk,1,enables);

quiet_time_checker #(0, $) quiet_any (clk,1,enables);

Another example below illustrates that by testing for $, a property can be configured according to the requirements. When parameter max_cks is unbounded, it is not required to test for expr to become false.

interface width_checker #(parameter min_cks = 1, parameter max_cks = 1)
                         (input logic clk, reset_n, expr);

generate

if ($isunbounded(max_cks)) begin

property width;

@(posedge clk)

(reset_n && $rose(expr)) |-> (expr [* min_cks]);

endproperty

a2: assert property (width);

end

else begin

property assert_width_p;

@(posedge clk)

(reset_n && $rose(expr)) |-> (expr[* min_cks:max_cks])

##1 (!expr);

endproperty

a2: assert property (width);

end

endgenerate

endinterface

width_checker #(3, $) max_width_unspecified (clk,1,enables); 
width_checker #(2, 4) width_specified (clk,1,enables);
TO

6.20.2.1 $ as a parameter value

The value $ can be assigned to untyped or integer typed parameters of integer types. A parameter to which $ is assigned shall only be used wherever $ can be specified as a literal constant. This includes:

- Upper or lower bound on ranges in the inside set membership operator (see 11.4.13) 

- Upper or lower bound on ranges in bin specifications in covergroups (see 18.5 and 18.6)
- Upper bounds on delay and repetition ranges in assertions (see 16.6, 16.7, and 16.12)

- An actual argument to a property or sequence (see 16.7 and 16.12)
- Assignment to another untyped or integer typed parameter

When $ is assigned to a parameter, it stays as $ and is not converted to a numeric value. The meaning of $ depends on the context in which it is used. Thus, the same parameter with a value of $ can be used in different contexts with different meanings.

For example, $ can represents an unbounded range specification, where the upper index can be any integer.

parameter r2 = $;

property inq1(r1,r2);

@(posedge clk) a ##[r1:r2] b ##1 c |=> d;

endproperty

assert inq1(3);

A system function is provided to test whether a constant parameter is a $ (see 19.6.3). The syntax of the system function is

$isunbounded(constant_param_expression);

$isunbounded returns true if constant_param_expression is $ unbounded. Typically, $isunbounded would be used as a condition in the generate statement.

The example below illustrates the benefit of using $ in writing properties concisely where the range is

parameterized. The checker in the example ensures that a bus driven by signal en remains 0, i.e, quiet for the specified minimum (min_quiet) and maximum (max_quiet) quiet time.

NOTE—The function $isunbounded is used for checking the validity of the actual arguments.

interface quiet_time_checker #(parameter min_quiet = 0, 

                               parameter max_quiet = 0)

                              (input logic clk, reset_n, logic [1:0] en);

generate

    if (!$isunbounded(max_quiet))
if (max_quiet == 0) begin

property quiet_time;

@(posedge clk) reset_n |-> ($countones(en) == 1);

endproperty

a1: assert property (quiet_time);

end

else begin

property quiet_time;

@(posedge clk)

(reset_n && ($past(en) != 0) && en == 0)

|->(en == 0)[*min_quiet:max_quiet]

##1 ($countones(en) == 1);

endproperty

a1: assert property (quiet_time);

end

    else

if ((min_quiet == 0) && ($isunbounded(max_quiet))
    initial
$display(warning_msg);

endgenerate

endinterface

quiet_time_checker #(0, 0) quiet_never (clk,1,enables);

quiet_time_checker #(2, 4) quiet_in_window (clk,1,enables);

quiet_time_checker #(0, $) quiet_any (clk,1,enables);

Another example below illustrates that by testing for $, a property can be configured according to the requirements. When parameter max_cks is unbounded, it is not required to test for expr to become false.

interface width_checker #(parameter min_cks = 1, parameter max_cks = 1)

                         (input logic clk, reset_n, expr);

generate

if ($isunbounded(max_cks)) begin

property width;

@(posedge clk)

(reset_n && $rose(expr)) |-> (expr [* min_cks]);

endproperty

a2: assert property (width);

end

else begin

property assert_width_p;

@(posedge clk)

(reset_n && $rose(expr)) |-> (expr[* min_cks:max_cks])

##1 (!expr);

endproperty

a2: assert property (width);

end

endgenerate

endinterface

width_checker #(3, $) max_width_unspecified (clk,1,enables); 
width_checker #(2, 4) width_specified (clk,1,enables);

11.4.13 Set membership operator

...

A range can be specified with a low and high bound enclosed by square braces [ ] and separated by a colon ( : ), as in [low_bound:high_bound]. A bound specified by $ shall represent the lowest or highest value for the type of the expression on the left-hand side.

...
16.6 Sequences

...

cycle_delay_const_range_expression ::=

constant_expression : constant_expression

| constant_expression : $

Syntax 16-3—Sequence concatenation syntax (excerpt from Annex A)

In this syntax, the following statements apply:

— constant_expression is computed at compile time and must result in an integer value.

— constant_expression can only be 0 or greater.

— The $ token is used to indicate the end of simulation. For formal verification tools, $ is used to indicate

a finite, but unbounded, range.

— When a range is specified with two expressions, the second expression must be greater than or equal

to the first expression.
...

The time window can extend to a finite, but unbounded, range by using $ as in the example below.

req ##[4:$] gnt

...

16.7 Declaring sequences

...

A formal argument may be referenced in the body of the declaration of the named sequence. A

reference to a formal argument may be written in place of various syntactic entities, such as the

following:

— identifier

— expression

— sequence_expr

— event_expression

— the terminal $ in a cycle_delay_const_range_expression

...

The terminal $ may be an actual argument in an instance of a named sequence, either declared

as a default actual argument or passed in the list of arguments of the instance. If $ is an actual

argument, then the corresponding formal argument shall be untyped and each of its references

either shall be an upper bound in a cycle_delay_const_range_expression or shall itself be an

actual argument in an instance of a named sequence.

...

The substitution of an actual argument for a reference to the corresponding formal argument in

the rewriting algorithm shall preserve the integrity of the actual argument. An actual

argument shall be enclosed in parentheses before being substituted for a reference to the

corresponding formal argument unless one of the following conditions holds:

— The entire actual argument is $.

...

16.12 Declaring properties
...

If $ is an actual argument to an instance of a named property, then the corresponding formal

argument shall be untyped and each of its references either shall be an upper bound in a

cycle_delay_const_range_expression or shall itself be an actual argument in an instance of a

named sequence or property

...

18.5 Defining coverage points
...

The bins construct allows creating a separate bin for each value in the given range list or a single bin for the entire range of values. To create a separate bin for each value (an array of bins), the square brackets, [], must follow the bin name. To create a fixed number of bins for a set of values, a number can be specified inside the square brackets. The open_range_list used to specify the set of values associated with a bin shall be constant expressions (see 11.2.1), instance constants (for classes only), or non-ref arguments to the coverage group. It shall be legal to use the $ primary in an open_value_range of the form [ expression : $ ] or [ $ : expression ].

...

18.6 Defining cross coverage

...

The open_value_range syntax can specify a single value, a range of values, or an open range, which

denotes the following:

[ $ : value ] => The set of values less than or equal to value

[ value : $ ] => The set of values greater or equal to value
...

CHANGE

19.6.3 Range system function

The $isunbounded system function returns true if the argument is $. 
range_function ::= 
$isunbounded ( constant_expression )
Syntax 19-7—Range function syntax (not in Annex A)

Given the declaration:

parameter int foo = $;

then $isunbounded(foo) shall return true. Otherwise, it shall return false. True and false are defined in 19.12. 
TO

19.6.3 Range system function

The $isunbounded system function returns true if the argument is $. See 6.20.2.1. The return type of $isunbounded is bit.
range_function ::= 

$isunbounded ( constant_param_expression )
Syntax 19-7—Range function syntax (not in Annex A)

Given the declaration:

parameter int foo = $;

then $isunbounded(foo) shall return true. Otherwise, it shall return false. True and false are defined in 19.12. 

Typically, $isunbounded(constant_param_expression) would be used as a condition in a generate construct. 

Annex A

open_value_range ::= value_range19
A.8.3 Expressions
CHANGE
constant_param_expression ::=

constant_mintypmax_expression | data_type | $
param_expression ::= mintypmax_expression | data_type
TO

constant_param_expression ::=

constant_mintypmax_expression | data_type | $

param_expression ::= mintypmax_expression | data_type | $
A.8.4

primary ::=


...


| $21


...

19) It shall be legal to use the $ primary in an open_value_range of the form [ expression : $ ] or [ $ : expression ].

21) The $ primary shall be legal only in a select for a queue variable, or in an open_value_range, or as an entire

sequence_actual_arg or property_actual_arg.
