Proposal for Mantis 2476

Motivation:  The main purpose of this proposal was to clarify that global clocking past sampled value functions and boolean system functions can be used in general procedural code.  While touching these sections, I also thought it would make sense to reduce the redundancy where these functions are defined multiple times within the LRM, instead defining once & using references afterwards.  While doing this, it made sense to move the bit vector functions to chapter 20 and fix many associated minor Mantises.  As of the 2/11 revisions, we believe this covers the following items, which should all be closed as duplicates: 3037, 3036, 1559, 3008, 1675, 2387.

In 16.9.3 (Sampled value functions)
CHANGE

$past ( expression [, [number_of_ticks ] [, [expression2 ] [, [clocking_event]]] ] )

TO:

$past ( expression1 [, [number_of_ticks ] [, [expression2 ] [, [clocking_event]]] ] )


In 16.9.4 (Global clocking past and future sampled value functions)
CHANGE

The global clocking sampled value functions may be invoked only in property_expr or in sequence_expr; this implies that they shall not be used in assertion action blocks.  The global clocking past sampled value
functions are a special case of the sampled value functions, and therefore the regular restrictions imposed on the sampled value function arguments apply (see 16.9.3).

TO

The global clocking future sampled value functions may be invoked only in property_expr or in sequence_expr; this implies that they shall not be used in assertion action blocks.  The global clocking past sampled value functions are a special case of the sampled value functions, and therefore the regular restrictions imposed on the sampled value functions and their arguments apply (see 16.9.3).  In particular, the past sampled value functions are usable in general procedural code and action blocks.	Comment by ECS: Should be ‘global clocking past sampled value functions’


DELETE SECTION 16.12 (System functions)  COMPLETELY

16.12 System Functions

 Assertions are commonly used to evaluate certain specific characteristics of a design implementation, such as whether a particular signal is “one-hot”. The following system functions are included to facilitate such common assertion functionality: 
— $onehot (<expression>) returns true if only 1 bit of the expression is high. 
— $onehot0 (<expression>) returns true if at most 1 bit of the expression is high. 
— $isunknown (<expression>) returns true if any bit of the expression is X or Z. This is equivalent to ^(<expression>) === 1'bx. 

All of the above system functions have a return type of bit. A return value of 1’b1 indicates true, and a 
return value of 1’b0 indicates false. 
Another useful function provided for the Boolean expression is $countones, to count the number of ones in a bit vector expression. 
$countones ( expression) 

A bit with value X or Z is not counted towards the number of ones.   



In 20.13 (Assertion system functions)
REPLACE

20.13  Assertion System Functions


assert_boolean_function ::=
assert_function ( expression )
assert_function ::=
$onehot
| $onehot0
| $isunknown

Syntax 20-13—Assertion system function syntax (not in Annex A)
Assertions are commonly used to evaluate certain specific characteristics of a design implementation, such
as whether a particular signal is “one-hot”. The following system functions are included to facilitate such
common assertion functionality:
— $onehot returns true if 1 and only 1 bit of expression is high.
— $onehot0 returns true if at most 1 bit of expression is high.
— $isunknown returns true if any bit of the expression is X or Z. This is equivalent to
^expression === ’bx.
All of the above system functions shall have a return type of bit. A return value of 1’b1 shall indicate true,
and a return value of 1’b0 shall indicate false.
A function is provided to return the sampled value of an expression.
$sampled ( expression )
The following functions are provided for assertions to detect changes in values between two adjacent clock
ticks:
$rose ( expression [, [clocking_event] ] )
$fell ( expression [, [clocking_event] ] )
$stable ( expression [, [clocking_event] ] )
$changed ( expression [ , [ clocking_event ] ] )
The past values can be accessed with the $past function.
$past ( expression [, [number_of_ticks ] [, [expression2 ] [, [clocking_event]]] ] )
Functions $sampled, $rose, $fell, $stable, $changed, and $past are discussed in 16.9.3.
The number of ones in a bit vector expression can be determined with the $countones function.
$countones ( expression )
$countones is discussed in 16.12.
The following functions allow to access the sampled value of an expression at the immediate past and future
ticks of the global clock and to detect changes in the sampled value from the past (resp. current) tick of the
global clock to its current (resp. next) tick.
Global clocking past sampled value functions:
$past_gclk ( expression )
$rose_gclk ( expression )
$fell_gclk ( expression )
$stable_gclk ( expression )
$changed_gclk ( expression )
Global clocking future sampled value functions:
$future_gclk ( expression )
$rising_gclk ( expression )
$falling_gclk ( expression )
$steady_gclk ( expression )
$changing_gclk ( expression )
These functions are discussed in 16.9.4.


WITH

20.13  Assertion System Functions Sampled Value System Functions

assert_boolean_function ::=
assert_function ( expression )

sampled_value_function ::=
	  $sampled(expression)
	| $rose(expression [, [clocking_event] ])
	| $fell(expression [, [clocking_event] ])
	| $stable(expression [, [clocking_event] ] )
	| $changed(expression [, [ clocking_event ] ])
	| $past(expression1 [, [number_of_ticks ] [, [expression2 ] [, [clocking_event]]] ])
global_clocking_past_function ::=
	  $past_gclk(expression)
	| $rose_gclk(expression)
	| $fell_gclk(expression)
	| $stable_gclk(expression)
	| $changed_gclk(expression)
global_clocking_future_function ::=
	  $future_gclk(expression)
	| $rising_gclk(expression)
	| $falling_gclk(expression)
	| $steady_gclk(expression)
	| $changing_gclk(expression)

Syntax 20-13—Sampled value system function syntax (not in Annex A)

System functions based on sampled values (16.5) and global clocking (14.14) are provided to perform various temporal calculations.  These functions are fully described in other clauses as follows:
· Sampled value functions $sampled, $rose, $fell, $stable, $changed, and $past are described in 16.9.3.
· Global clocking functions $past_gclk, $rose_gclk, $fell_gclk, $stable_gclk, $changed_gclk, $future_gclk, $rising_gclk, $falling_gclk, $steady_gclk, and $changing_gclk are described in 16.9.4.

Assertions are commonly used to evaluate certain specific characteristics of a design implementation, such
as whether a particular signal is “one-hot”.  The following system functions are included to facilitate such
common assertion functionality:
— $onehot returns true if 1 and only 1 bit of expression is high.
— $onehot0 returns true if at most 1 bit of expression is high.
— $isunknown returns true if any bit of the expression is X or Z. This is equivalent to
^expression === ’bx.
All of the above system functions shall have a return type of bit. A return value of 1’b1 shall indicate true,
and a return value of 1’b0 shall indicate false.
A function is provided to return the sampled value of an expression.
$sampled ( expression )
The following functions are provided for assertions to detect changes in values between two adjacent clock
ticks:
$rose ( expression [, [clocking_event] ] )
$fell ( expression [, [clocking_event] ] )
$stable ( expression [, [clocking_event] ] )
$changed ( expression [ , [ clocking_event ] ] )
The past values can be accessed with the $past function.
$past ( expression [, [number_of_ticks ] [, [expression2 ] [, [clocking_event]]] ] )
Functions $sampled, $rose, $fell, $stable, $changed, and $past are discussed in 16.9.3.
The number of ones in a bit vector expression can be determined with the $countones function.
$countones ( expression )
$countones is discussed in 16.12.
The following functions allow to access the sampled value of an expression at the immediate past and future
ticks of the global clock and to detect changes in the sampled value from the past (resp. current) tick of the
global clock to its current (resp. next) tick.
Global clocking past sampled value functions:
$past_gclk ( expression )
$rose_gclk ( expression )
$fell_gclk ( expression )
$stable_gclk ( expression )
$changed_gclk ( expression )
Global clocking future sampled value functions:
$future_gclk ( expression )
$rising_gclk ( expression )
$falling_gclk ( expression )
$steady_gclk ( expression )
$changing_gclk ( expression )
These functions are discussed in 16.9.4.

ADD section 20.9 (BEFORE existing 20.9 Severity Tasks), pushing following section & syntax numbers forward as appropriate

20.9  Bit Vector System Functions
bit_vector_function ::=
	  $countbits(expression, control_bits)
	| $countones(expression)
| $onehot(expression)
	| $onehot0(expression)
| $isunknown(expression)

    Syntax 20-9 – Bit vector system function syntax (not in Annex A)

A useful function provided for dealing with bit vectors is $countbits, to count the number of bits having a specific value.   

 — $countbits (expression, control_bits) 
The function $countbits returns an int equal to the number of bits in expression whose values are contained in control_bits.   For example:

· $countbits (expression, 1’b1) returns the number of bits in expression having value 1. 
· $countbits (expression, 2’b1) returns the number of bits in expression having values 1 or 0. 
· $countbits (expression, 2’bxz) returns the number of bits in expression having values X or Z. 


The argument control_bits shall be a packed bit vector.  Each bit represents one of the values being counted in the vector.   If any individual bit value appears more than once, it is treated exactly as if it had appeared once.

The expression argument to $countbits shall be of a bit-stream type .  For the purpose of calculating the return value,  the argument is treated as a vector of equal size assigned from {>>expression} (see 11.4.14).   If the function is used in an assertion, then all arguments shall be of types legal in assertions.  For example, $countbits(A,1’b1) shall not be used in an assertion if A is a dynamic array.	Comment by ECS: No need to say this. It is true for all system tasks.

For convenience and backwards-compatibility, the following related functions are also provided:
· $onehot(expression) returns true iff $countbits(expression,1’b1)==1, otherwise it returns false.
· $onehot0(expression) returns true iff $countbits(expression,1’b1)<=1, otherwise it returns false.
· $countones(expression) is equivalent to $countbits(expression,1’b1). 

The return type of $onehot and $onehot0 is bit.	Comment by ECS: It will be good to make it clear that the return type of countones is int and arguments for $onehot, $onehot0 and $countones are also bit sream type.

The following examples show how $countbits can be used to replicate common one-hot and related checks, with special handling possible for 4-valued logic:

// Simple one-hot function, equivalent to $onehot
function my_one_hot(logic [31:0] myvec);	Comment by ECS: Show return type for these functions.
    my_one_hot = ($countones(myvec) == 1);
endfunction

// Variant one-hot function that fails on any X or Z
function my_one_hot_known(logic [31:0] myvec);
    my_one_hot_known = ($countones(myvec) == 1) && 
                       ($countbits(myvec,2’bzx) == 0);
endfunction

// One-cold function, looking for a vec of all 1s except one 0.
function my_one_cold_known(logic [31:0] myvec);
    my_one_cold = ($countbits(myvec,1’b0) == 1) &&
                  ($countbits(myvec,2’bzx) == 0);
endfunction

The control_bits argument to $countbits is not required to be a compile-time constant.   Here is an example of using a variable for this value:

logic [1:0] bad_bits; 
logic [31:0] myvec; 
logic design_initialization_done; 
… 
always_comb begin  
    if (!design_initialization_done) begin 
        bad_bits = 2’bxx; // repeated bits OK 
    end else begin 
        bad_bits = 2’bzx; 
    end 

	 // Z allowed during init, but no Z or X allowed afterwards.
    a1: assert ($countbits(myvec,bad_bits) == 0); 
end

In addition, the function $isunknown is provided to check for any X or Z bits in an expression.  $isunknown takes a single expression as an argument, following the same rules as the expression argument to $countbits.  $isunknown has a return type of bit, and returns true if any bit of the expression passed in is X or Z.  

· $isunknown(expression) is equivalent to (^({>>expression}) === 1'bx).   


In section 20.1 (General)

INSERT in large table of functions, before Severity tasks (20.9):

Bit vector system functions (20.9)
$countbits				$countones
$onehot				$onehot0
$isunknown

PUSH down numberings of subsequent blocks of 20.1 by .1, based on insertion of new 20.9.

REPLACE 

Assertion functions (20.13)
$onehot 			$onehot0
$isunknown 		$sampled
$rose				$fell
$stable 			$changed
$past 				$countones
$past_gclk 		$rose_gclk
$fell_gclk 			$stable_gclk
$changed_gclk 	$future_gclk
$rising_gclk 		$falling_gclk
$steady_gclk 		$changing_gclk

WITH

Assertion functions  Sampled Value System Functions (20.13 20.14)
$onehot 			$onehot0
$isunknown 		$sampled
$rose				$fell
$stable 			$changed
$past 				$countones
$past_gclk 		$rose_gclk
$fell_gclk 			$stable_gclk
$changed_gclk 	$future_gclk
$rising_gclk 		$falling_gclk
$steady_gclk 		$changing_gclk

