Proposal for Mantis 1667:  Local Variable Arguments
Part I:  Changes outside Annex F
NOTE:  This is the first part of a two-part proposal.  The second part appears in a separate document.

NOTE:  This proposal is dependent on 1549 and 1668.
NOTE:  All LRM references are to P1800-2008-draft4-PROTECTED.pdf.

The goal of this proposal is to allow arguments of sequences and properties to serve as local variable declarations.  The direction specifications “input”, “inout”, and “output” for a local variable argument indicate how that argument interacts with the instantiation context.  Property evaluations do not return local variable values to the instantiation context, so only input may be specified for local variable arguments of a property.  For local variable arguments to a sequence, any of these three directions may be specified.  The directions inout and output both indicate that the sequence will ensure that the local variable argument is assigned and flows out of a match of the underlying sequence expression.  The directions input and inout indicate the instantiation context is expected to provide an initial value for the local variable argument.  Since the initial assignment of the actual argument value to a local variable argument of direction input or inout behaves like a declaration assignment to a local variable in an assertion_variable_declaration, the term “initialization assignment” is used to refer to either of these assignments.
The formal semantics of local variable arguments and proposed changes to Annex F are described in a separate document.

16.7, Syntax 16-4, and Annex A.2.10.  CHANGE

sequence_port_item ::=


{ attribute_instance } sequence_formal_type port_identifier {variable_dimension}


[ = sequence_actual_arg ]

TO

sequence_port_item ::=


{ attribute_instance } [ local [ sequence_lvar_port_direction ] ] sequence_formal_type port_identifier 
{variable_dimension} [ = sequence_actual_arg ]

sequence_lvar_port_direction ::= input | inout | output
16.7, CHANGE 
[Note to Editor:  The text in magenta is added in 1549 part 1.]

A formal argument may be typed by specifying the type prior to the port_identifier of the formal argument. A type shall apply to all formal arguments whose identifiers both follow the type and precede the next type, if any, specified in the port list. Rules particular to the specification and use of typed formal arguments are discussed in 16.7.1.

TO

A formal argument may be typed by specifying the type prior to the port_identifier of the formal argument. A type shall apply to all formal arguments whose identifiers both follow the type and precede the next type, if any, specified in the port list. Rules particular to the specification and use of typed formal arguments are discussed in 16.7.1.

Rules particular to the specification and use of local variable formal arguments are discussed in 16.7.2.
16.7.1, CHANGE 
[Note to Editor:  The text in magenta is added in 1549 part 1.]

A reference to a typed formal argument within a sequence_match_item (see 16.9) shall not stand as the variable_lvalue in either an operator_assignment or an inc_or_dec_expression.

TO

A reference to a typed formal argument within a sequence_match_item (see 16.9) shall not stand as the variable_lvalue in either an operator_assignment or an inc_or_dec_expression unless the formal argument is a local variable argument (see 16.7.2, 16.12.2).

ADD the following new section after 16.7.1:
16.7.2 Local variable formal arguments in sequence declarations
A formal argument of a sequence may be designated as a local variable argument by specifying the keyword local in the port item, followed optionally by one of the directions input, inout, or output.  If no direction is specified explicitly, then the direction input shall be inferred.  If the keyword local is specified in a port item, then the type of that argument shall be specified explicitly in that port item and shall not be inferred from a previous argument.  The type of a local variable argument shall be one of the types allowed in 16.5.1.  If one of the directions input, inout, or output is specified in a port item, then the keyword local shall be specified in that port item.

The designation of a formal argument as a local variable argument of a given direction and type shall apply to subsequent identifiers in the port list as long as none of the subsequent port items specifies the keyword local or an explicit type.  In other words, if a port item consists only of an identifier and if the nearest preceding argument with an explicitly specified type also specifies the keyword local, then the port item is a local variable argument with the same direction and type as that preceding argument.
If a local variable formal argument has direction input, then a default actual argument may be specified for that argument in the optional declaration assignment in the port item, subject to the rules for default actual arguments described in 16.7.  A default actual argument for an input local variable formal argument may reference another formal argument provided that there are no cyclic dependencies as described in 16.7.  However, it shall be illegal for a default actual argument for an input local variable formal argument to reference either an output local variable formal argument or a local variable declared in an assertion_variable_declaration (see 16.9).  It shall be illegal to specify a default actual argument for a local variable argument of direction inout or output.
Below is an example showing legal declaration of a named sequence using local variable formal arguments:
sequence legal_loc_var_formal (

   local inout logic a,

   local logic b = a, // input inferred, default actual argument a
   c,                 // local input logic inferred, no default actual argument

   d = e,             // local input logic inferred, default actual argument e
   logic e, f         // e and f are not local variable formal arguments
);

logic g = c, h = g || d;

...

endsequence

Below is an example showing illegal declaration of a named sequence using local variable formal arguments:

sequence illegal_loc_var_formal (

   output logic a,      // illegal:  local must be specified with direction

   local inout logic b,

   c = 1’b0,            // default actual argument illegal for inout

   local d = expr,      // illegal:  type must be specified explicitly

   local event e,       // illegal:  event is a type disallowed in 16.5.1

   local logic f = g    // default actual argument reference to g is illegal 

);

logic g = b;

...
endsequence

In general, a local variable formal argument behaves in the same way as a local variable declared in an assertion_variable_declaration.  The rules in 16.9 for assigning to and referencing local variables, including the rules of local variable flow, apply to local variable formal arguments with the following provisions:
· Without further specification, the term “local variable” shall mean either a local variable formal argument or a local variable declared in an assertion_variable_declaration.  

· At the beginning of each evaluation attempt of an instance of a named sequence, a new copy of each of its local variable formal arguments shall be created.

· A local variable formal argument with direction input or inout shall be treated like a local variable declared in an assertion_variable_declaration with a declaration assignment.  The initial value for the local variable formal argument is provided by the associated actual argument for the instance.  The self-determined result type of the actual argument shall be cast compatible (see 6.22.4) with the type of the local variable formal argument.  The value of the actual argument shall be cast to the type of the local variable formal argument before being assigned as initial value to the local variable formal argument.  This assignment is referred to as the “initialization assignment” of the local variable formal argument.  Initialization of all input and inout local variable formal arguments shall be performed before initialization of any local variable declared in an assertion_variable_declaration.  The expression of a declaration assignment to a local variable declared in an assertion_variable_declaration may refer to a local variable formal argument of direction input or inout.
· If a local variable formal argument of direction input or inout is bound to an actual argument in the argument list of an instance and if the actual argument references a local variable, then it shall be an error if that local variable is unassigned at the point of the reference in the context of the instance.

· A local variable formal argument of direction output shall be unassigned at the beginning of the evaluation attempt of the instance.
· The entire actual argument expression bound to an inout or output local variable formal argument shall itself be a reference to a local variable whose scope includes the instance and with whose type the type of the local variable formal argument is cast compatible.  It shall be an error if the local variable formal argument is unassigned at the completion of a match of the instance of the named sequence.  At the completion of a match of the instance of the named sequence, the value of the inout or output local variable formal argument shall be cast to the type of and assigned to the local variable whose reference is the associated actual argument.
· It shall be an error for an instance of a named sequence with an inout or output local variable formal argument to admit an empty match.

· It shall be an error to apply any of the sequence methods ended (see 16.8.10), matched (see 16.13.5), or triggered (see 16.13.6) to an instance of a named sequence with an input or inout local variable formal argument. 

The example below illustrates legal usage of a local variable formal argument:

sequence sub_seq2(local inout int lv);

   (a ##1 !a, lv += data_in)
   ##1 !b[*0:$] ##1 b && (data_out == lv);

endsequence

sequence seq2;

   int v1;

   (c, v1 = data)

   ##1 sub_seq2(v1) // lv is initialized by assigning it the value of v1; when 

                    // the instance sub_seq2(v1) matches, v1 is assigned the 
                    // value of lv 
   ##1 (do1 == v1);

endsequence

The matching behavior of seq2 is equivalent to that of seq2_inlined below: 
sequence seq2_inlined;

   int v1, lv;

   (c, v1 = data) ##1

   (

      (1, lv = v1) ##0

      (a ##1 !a, lv += data_in)

      ##1 (!b[*0:$] ##1 b && (data_out == lv), 

      v1 = lv

   )

   ##1 (do1 == v1);

endsequence

16.9, CHANGE 
[Note to Editor:  This change is consistent with 1668 part 1.  The red stricken text is also stricken in 1668 part 1, and the text in magenta is added in 1668 part 1.  The text in blue is added by the current proposal.]

The dynamic creation of a variable and its assignment is achieved by using the local variable declaration in a sequence or property declaration and making an assignment in the sequence.

TO

The dynamic creation of a local variable is achieved either by using a local variable formal argument declaration (see 16.7.2, 16.12.2) or by using the local variable declaration in a sequence or property declaration and making an assignment in the sequence an assertion variable declaration within the declaration of a named sequence or property (see 16.12).  Without further specification, the term “local variable” shall mean either a local variable formal argument or a local variable declared in an assertion_variable_declaration.  Without further specification, the term “local variable initialization assignment” shall mean either an initialization assignment to a local variable formal argument of direction input or inout of the value of the corresponding actual argument or a declaration assignment to a local variable declared in an assertion_variable_declaration.
16.9, CHANGE 
[Note to Editor:  This change is relative to 1668 part 1.  The text in magenta is added in 1668 part 1.  The red stricken text is stricken from the additions specified by 1668 part 1.  The text in blue is added by the current proposal.]

At the beginning of each evaluation attempt of an instance of a named sequence or property, a new copy of each of

its local variables shall be created and, if present, the corresponding declaration assignment shall be performed.  Declaration assignments shall be performed in the Observed region in the order that they appear in the sequence or

property declaration. Non-local variables appearing in the expression of a declaration assignment to a local variable

shall be evaluated using the Preponed values from the time slot in which the evaluation attempt begins. The expression of a declaration assignment to a given local variable may refer to a previously declared local variable. In

this case the previously declared local variable shall itself have a declaration assignment, and the initial value assigned to the previously declared local variable shall be used in the evaluation of the expression assigned to the

given local variable. Local variables do not have default initial values. A local variable without a declaration assignment shall be unassigned at the beginning of the evaluation attempt.

TO

At the beginning of each evaluation attempt of an instance of a named sequence or property, a new copy of each of

its local variables shall be created and, if present, the corresponding declaration initialization assignment shall be performed.  Declaration Initialization assignments shall be performed in the Observed region in the order that they appear in the sequence or property declaration.  For the purposes of this rule, all initialization assignments to local variable formal arguments shall be performed before any initialization assignment to a local variable declared in an assertion_variable_declaration.  Non-local variables appearing in the expression of a declaration an initialization assignment to a local variable shall be evaluated using the Preponed values from the time slot in which the evaluation attempt begins. The expression of a declaration an initialization assignment to a given local variable may refer to a previously declared local variable.  In this case the previously declared local variable shall itself have a declaration an initialization assignment, and the initial value assigned to the previously declared local variable shall be used in the evaluation of the expression assigned to the given local variable. Local variables do not have default initial values. A local variable without a declaration an initialization assignment shall be unassigned at the beginning of the evaluation attempt.

16.9, CHANGE 
[Note to Editor:  This change is relative to 1668 part 1.  The text in magenta is added in 1668 part 1.  The red stricken text is stricken from the additions specified by 1668 part 1.  The text in blue is added by the current proposal.]

A local variable may be referenced within the sequence or property in which it is declared. The structure of the sequence or property shall guarantee that the local variable be assigned a value prior to the point at which the reference is made. The prior assignment may be a declaration assignment or an assignment attached to a subsequence.

TO

A local variable may be referenced within the sequence or property in which it is declared. The structure of the sequence or property shall guarantee that the local variable be assigned a value prior to the point at which the reference is made. The prior assignment may be a declaration an initialization assignment or an assignment attached to a subsequence.

16.9, CHANGE 
[Note to Editor:  This change is consistent with 1549 part 1.  The red stricken text is also stricken in 1549 part 1, and the text in magenta is added in 1549 part 1.  The text in blue is added by the current proposal.]

The example below illustrates this usage.

sequence sub_seq2(lv);

   (a ##1 !a, lv = data_in) ##1 !b[*0:$] ##1 b && (data_out == lv);

endsequence

sequence seq2;

   int v1;

   c ##1 sub_seq2(v1) ##1 (do1 == v1); // v1 is now bound to lv

endsequence
TO

The example below illustrates this usage.

sequence sub_seq2(lv);

   (a ##1 !a, lv = data_in) ##1 !b[*0:$] ##1 b && (data_out == lv);

endsequence

sequence seq2;

   int v1;

   c ##1 sub_seq2(v1) ##1 (do1 == v1); // v1 is now bound to lv

   c ##1 sub_seq2(v1) // v1 is bound to lv

   ##1 (do1 == v1); // v1 holds the value that was assigned to lv

endsequence
An alternative way to achieve a similar capability is by using local variable formal arguments (see 16.7.2).
16.9, CHANGE 
[Note to Editor:  This change is relative to 1668 part 1.  The text in magenta is added in 1668 part 1.  The red stricken text is stricken from the additions specified by 1668 part 1.  The text in blue is added by the current proposal.]

A local variable may have been assigned a value before the start of the evaluation of the composite sequence, either from an initial declaration assignment or from an assignment attached to a preceding subsequence. Such a local variable is said to flow in to each of the operand sequences.

TO

A local variable may have been assigned a value before the start of the evaluation of the composite sequence, either from an initial declaration initialization assignment or from an assignment attached to a preceding subsequence. Such a local variable is said to flow in to each of the operand sequences.

16.12, Syntax 16-14, and Annex A.2.10.  CHANGE

property_port_item ::=


{ attribute_instance } property_formal_type port_identifier {variable_dimension}


[ = property_actual_arg ]

TO

property_port_item ::=


{ attribute_instance } [ local [ property_lvar_port_direction ] ] property_formal_type port_identifier 
{variable_dimension} [ = property_actual_arg ]

property_lvar_port_direction ::= input
16.12, CHANGE 
[Note to Editor:  The text in magenta is added in 1549 part 1.]

Except as described below, in 16.12.1, and in 16.12.4, the rules for declaring formal arguments and default actual arguments in named properties and for instantiating named properties with actual arguments are the same as those for named sequences as described in 16.7 and 16.7.1.  

Rules particular to the specification and use of typed formal arguments in named properties are discussed in 16.12.1.

TO

Except as described below, in 16.12.1, in 16.12.2, and in 16.12.4, the rules for declaring formal arguments and default actual arguments in named properties and for instantiating named properties with actual arguments are the same as those for named sequences as described in 16.7 and 16.7.1 16.7, 16.7.1, and 16.7.2.  

Rules particular to the specification and use of typed formal arguments in named properties are discussed in 16.12.1.

Rules particular to the specification and use of local variable formal arguments in named properties are discussed in 16.12.2.
ADD the following new section after 16.12.1:
[Note to Editor:  Shift the numbering of the subsequent subclauses.]

16.12.2 Local variable formal arguments in property declarations
The rules in 16.7.2 for local variable formal arguments and their corresponding actual arguments apply to named properties, except as described below.
A local variable formal argument of a named property shall have direction input, either specified explicitly or inferred.  It shall be illegal to declare a local variable formal argument of a named property with direction inout or output.

16.12.4, CHANGE:
RESTRICTION 4: For every recursive instance of property q in the declaration of property p, each actual argument expression e of the instance satisfies one of the following conditions:

— e is itself a formal argument of p.

— No formal argument of p appears in e.

For example:

property fibonacci1 (int a, b, n, fib_sig);

   int l_a, l_b, l_n;

   (n > 0, l_a = a, l_b = b, l_n = n)

   |->

   (

      (fib_sig == l_a)

      and

      (1'b1 |=> fibonacci1(l_b, l_a + l_b, l_n - 1, fib_sig))

   );

endproperty

is a legal declaration, but

property fibonacci2 (int a, b, n, fib_sig);

   (n > 0)

   |->

   (

      (fib_sig == a)

      and

      (1'b1 |=> fibonacci2(b, a + b, n - 1, fib_sig))

   );

endproperty
is not legal because, in the recursive instance fibonacci2(b, a+b, n-1, fib_sig), the actual argument expressions a+b, n-1 are not themselves formal arguments of fibonacci2 and yet formal arguments of fibonacci2 appear in these expressions.
TO

RESTRICTION 4: For every recursive instance of property q in the declaration of property p, each actual argument expression e of the instance satisfies at least one of the following conditions:

— e is itself a formal argument of p.

— No formal argument of p appears in e.

— e is bound to a local variable formal argument of q.

For example:

property fibonacci1 (int a, b, n, fib_sig);

   int l_a, l_b, l_n;

   (n > 0, l_a = a, l_b = b, l_n = n)

   |->

   (

      (fib_sig == l_a)

      and

      (1'b1 |=> fibonacci1(l_b, l_a + l_b, l_n - 1, fib_sig))

   );

endproperty

property fibonacci1 (local input int a, b, n, int fib_sig);

   (n > 0)
   |->

   (

      (fib_sig == a)

      and

      (1'b1 |=> fibonacci1(b, a + b, n - 1, fib_sig))

   );

endproperty

is a legal declaration, but

property fibonacci2 (int a, b, n, fib_sig);

   (n > 0)

   |->

   (

      (fib_sig == a)

      and

      (1'b1 |=> fibonacci2(b, a + b, n - 1, fib_sig))

   );

endproperty
is not legal because, in the recursive instance fibonacci2(b, a+b, n-1, fib_sig), the actual argument expressions a+b, n-1 are not themselves formal arguments of fibonacci2, are not bound to local variable formal arguments, and yet formal arguments of fibonacci2 appear in these expressions.
16.12.4, CHANGE:
property check_write_data_beat

(

   logic [0:127] expected_data,

   logic [3:0] tag,

   logic [3:0] i

);

   logic [3:0] l_i;

   (1'b1, l_i = i) ##0

   (

      (data_valid && (data_valid_tag == tag))

      ||

      (retry && (retry_tag == tag))

   )[->1]

   |->

   (

      (

         (data_valid && (data_valid_tag == tag))

         |->

         (data == expected_data[l_i*8+:8])

      )

      and

      (

         if (retry && (retry_tag == tag))

         (

            1'b1 |=> check_write_data_beat(tag, expected_data, 4'h0)

         )

         else if (!last_data_valid)

         (

            1'b1 |=> check_write_data_beat(tag, expected_data, l_i+4'h1)

         )

         else

         (

            ##1 (retry && (retry_tag == tag))

            |=>

            check_write_data_beat(tag, expected_data, 4'h0)

         )

      )

   );

endproperty
TO

property check_write_data_beat

(

   logic local input logic [0:127] expected_data,

   logic local input logic [3:0] tag, i
   logic [3:0] i
);

   logic [3:0] l_i;

   (1'b1, l_i = i) ##0

   (

      (data_valid && (data_valid_tag == tag))

      ||

      (retry && (retry_tag == tag))

   )[->1]

   |->

   (

      (

         (data_valid && (data_valid_tag == tag))

         |->

         (data == expected_data[l_i i*8+:8])

      )

      and

      (

         if (retry && (retry_tag == tag))

         (

            1'b1 |=> check_write_data_beat(tag, expected_data, tag, 4'h0)

         )

         else if (!last_data_valid)

         (

            1'b1 |=> check_write_data_beat(tag, expected_data, tag, l_i i+4'h1)

         )

         else

         (

            ##1 (retry && (retry_tag == tag))

            |=>

            check_write_data_beat(tag, expected_data, tag, 4'h0)

         )

      )

   );

endproperty
In Subclause 16.13, CHANGE:
[Note to Editor:  This change is relative to 1668 part 1.  The text in magenta is added in 1668 part 1.  The red stricken text is stricken from the additions specified by 1668 part 1.  The text in blue is added by the current proposal.]

16.13.7 Local variable declaration assignments
For singly-clocked sequences and properties, a local variable declaration assignment for an evaluation attempt of an instance of a named sequence or property is performed when the evaluation attempt begins.  Such an evaluation attempt always begins in a timestep in which there is a tick of the single governing clock. 
For multiclock sequences and properties, a local variable declaration assignment for an evaluation attempt of an instance of a named sequence or property with a single semantic leading clock (see 16.15.1) shall be performed at the earliest tick of the semantic leading clock that is at or after the beginning of the evaluation attempt.  If there are two or more distinct semantic leading clocks for an instance of a named property, then a separate copy of the local variable shall be created for each semantic leading clock.  For each copy of the local variable, the declaration assignment shall be performed at the earliest tick of the corresponding semantic leading clock that is at or after the beginning of the evaluation attempt, and that copy of the local variable shall be used in the evaluation of the subproperty associated with the corresponding semantic leading clock.   

TO

16.13.7 Local variable declaration initialization assignments

For singly-clocked sequences and properties, a local variable declaration initialization assignment (see 16.9) for an evaluation attempt of an instance of a named sequence or property is performed when the evaluation attempt begins.  Such an evaluation attempt always begins in a timestep in which there is a tick of the single governing clock. 

For multiclock sequences and properties, a local variable declaration initialization assignment for an evaluation attempt of an instance of a named sequence or property with a single semantic leading clock (see 16.15.1) shall be performed at the earliest tick of the semantic leading clock that is at or after the beginning of the evaluation attempt.  If there are two or more distinct semantic leading clocks for an instance of a named property, then a separate copy of the local variable shall be created for each semantic leading clock.  For each copy of the local variable, the declaration initialization assignment shall be performed at the earliest tick of the corresponding semantic leading clock that is at or after the beginning of the evaluation attempt, and that copy of the local variable shall be used in the evaluation of the subproperty associated with the corresponding semantic leading clock.   

