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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DESIGN AUTOMATION -

Part 1: VHDL language reference manual

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international co-operation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes Intérnational Standards.
Their preparation is entrusted to technical committees; any IEC National Com
subject dealt with may participate in this preparatory work. International and non-
governmental organizations liaising with the IEC also participate in this preparation. TR aborates
closely with the International Organization for Standardization (ISO) i ¢ € conditions
determined by agreement between the two organizations.

2) The formal decisions or agreements of the IEC on technical matters expres
international consensus of opinion on the relevant subjects
representation from all interested National Committees.

3) The documents produced have the form of recommendations fo
4) In order to promote international unification IEC Natig

5) The IEC provides no marklng procedure

6) Attentlon is drawn to the pSS|b|I|ty that §

International Standa
Design autom@
This standard b
Manual (1993).

IEC 61691

This standard~does
Part 3 of the I1SO,

ot follow the rules for the structure of international standards given in
ZC Directives.

The text of this standard is based on the following documents:

FDIS Report on voting

93/42/FDIS 93/45/RVD

Full information on the voting for the approval of this standard can be found in the report
on voting indicated in the above table.

Annexes A, B, C, D, and E are for information only.

1) To be published Documents
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Design automation — VHDL language
reference manual

Section 0: General

The object of this international standakd isf define accurately. Its primary audiences are the

prior to reading this st
a VHDL-complia i
At the time of its i

publication gnd_rexpalr ine
revised.

t untirsuperseded by subsequent standards, or until the standard is officially

0.2 Structure andterm

This standard is organized into sections, each of which focuses on some particular area of the language.
Within each section, individual constructs or concepts are discussed in each clause.

Each clause describing a specific construct begins with an introductory paragraph. Next, the syntax of the
construct is described using one or more grammatical “productions.”

A set of paragraphs describing the meaning and restrictions of the construct in narrative form then follow.
Unlike many other IEEE standards, which use the verb “shall’ to indicate mandatory requirements of the
standard and “may” to indicate optional features, the verb “is” is used uniformly throughout this standard.
In all cases, “is” is to be interpreted as having mandatory weight.
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Additionally, the word “must” is used to indicate mandatory weight. This word is preferred over the more
common “shall,” as “must” denotes a different meaning to different readers of this standard.

a) To the developer of tools that process VHDL, “must” denotes a requirement that the
standard imposes. The resulting implementation is required to enforce the requirement and
to issue an error if the requirement is not met by some VHDL source text.

b) To the VHDL model developer, “must” denotes that the characteristics of VHDL are
natural consequences of the language definition. The model developer is required to
adhere to the constraint implied by the characteristic.

c) To the VHDL model user, “must” denotes that the characteristics of the models are natural
consequences of the language definition. The model user can depend on the characteristics
of the model implied by its VHDL source text.

Finally, each clause may end with examples, notes, and references to other pe \clauses.

0.2.1 Syntactic description

a)

b)

d)

” or_digit ::= letter | digit

choices ::= choice {| choice }

In the first instance, an occurrence of “letter_or_digit” can be replaced by either “letter” or
“digit.” In the second case, “choices” can be replaced by a list of “choice,” separated by vertical
bars [see item f) for the meaning of braces].

e) Square brackets enclose optional items on the right-hand side of a production; thus the two
following productions are equivalent:
return_statement ::return [ expression ] ;

return_statement ::return ; | return expression ;

Note, however, that the initial and terminal square brackets in the right-hand side of the
production for signatures (in 2.3.2) are part of the syntax of signatures and do not indicate that
the entire right-hand side is optional.
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f)  Braces enclose a repeated item or items on the right-hand side of a production. The items may
appear zero or more times; the repetitions occur from left to right as with an equivalent left-
recursive rule. Thus, the following two productions are equivalent:

term ::= factor { multiplying_operator factor }
term ::= factor | term multiplying_operator factor

g) If the name of any syntactic category starts with an italicized part, it is equivalent to the category
name without the italicized part. The italicized part is intended to convey some semantic
information. For exampleype name andubtypename are both syntactically equivalent to
name alone.

h) The term simple_name is used for any occurrence of an identifier that already denotes some
declared entity.

0.2.2 Semantic description

The meaning and restrictions of a particular construct are describ p
immediately following the syntactic productions. In these rules, af italicizeo Y } s the definition
of that term and identifiers appearing entirely in uppercase r i i
(see clause 14.2).

meant to guide the user to other relevant clauses of the standard. Examples, notes, and cross-references are
not part of the definition of the language.

0.2.4 Normative reference

The following normative document contains provisions which, through reference in this text, constitute
provisions of this International Standard. At the time of publication, the edition indicated was valid. All
normative documents are subject to revision, and parties to agreements based on this International Standard
are encouraged to investigate the possibility of applying the most recent edition of the normative document
indicated below. Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 8859-1: 1987nformation processing — 8-bit single-byte coded graphic character sets — Part 1: Latin
alphabet No. 1
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Section 1: Design entities and configurations

The design entity is the primary hardware abstraction in VHDL. It represents a portion of a hardware
design that has well-defined inputs and outputs and performs a well-defined function. A design entity may
represent an entire system, a subsystem, a board, a chip, a macro-cell, a logic gate, or any level of
abstraction in between. A configuration can be used to describe how design entities are put together to
form a complete design.

A design entity may be described in terms of a hierarchy of blocks, each of which represents a portion of
the whole design. The top-level block in such a hierarchy is the design enfity itself; such a block is an
external block that resides in a library and may be used as a component of other~designs. Nested blocks in

A design entity may also be described in terms of interconnected 9 5. Bach somponent of a design
entity may be bound to a lower-level design entity in order tg

representing a complete design. Such a collection g
bindings necessary to identify a design hierarchy can
in the hierarchy.

This section describes the way in whic
defined by an entity declaration togeth
defined by a configuration declaration.

AN

1.1 Entity declaratioqs

An entity declaratiqn de
used. It may @ o
declaration may be

entity declaratio

end|[ entity ] [ entity simple_name ] ;

The entity header and entity declarative part consist of declarative items that pertain to each design entity
whose interface is defined by the entity declaration. The entity statement part, if present, consists of
concurrent statements that are present in each such design entity.

If a simple name appears at the end of an entity declaration, it must repeat the identifier of the entity
declaration.
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1.1.1 Entity header
The entity header declares objects used for communication between a design entity and its environment.
entity _header ::=
[ formal_generic_clause ]

[ formal_port_clause ]

generic_clause ::=
generic( generic_list) ;

port_clause ::=
port ( port_list) ;

The generic list in the formal generic clause defines generic constants whgse| valuesgay be determined by
the environment. The port list in the formal port clause defines the inpu output parts of the design
entity.

In certain circumstances, the names of generic constants and p S ntity header become

visible outside the design entity (see clauses 10.2 and 10.3).
Examples:

—An entity declaration with port declarations only:

entity Full_Adderis

port (X, Y, Cin:in Bit; Cout, Su

end Full_Adder ;

—An entity declaration wi

entity AndGateis
generic

1.1.1.1 Generics

Generics provide a channel for static information to be communicated to a block from its environment.
The following applies to both external blocks defined by design entities and to internal blocks defined by
block statements.

generic_list ::=generic interface_list

The generics of a block are defined by a generic interface list; interface lists are described in 4.3.2.1. Each
interface element in such a generic interface list declares a formal generic.
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The value of a generic constant may be specified by the corresponding actual in a generic association list.
If no such actual is specified for a given formal generic (either because the formal generic is unassociated
or because the actual apen), and if a default expression is specified for that generic, the value of this
expression is the value of the generic. It is an error if no actual is specified for a given formal generic and
no default expression is present in the corresponding interface element. It is an error if some of the
subelements of a composite formal generic are connected and others are either unconnected or
unassociated.

NOTE—Generics may be used to control structural, dataflow, or behavioural characteristics of a block, or may simply

be used as documentation. In particular, generics may be used to specify the size of ports; the number of
subcomponents within a block; the timing characteristics of a block; or even the physical characteristics of a design
such as temperature, capacitance, location, etc.

1.1.1.2 Ports
Ports provide channels for dynamic communication between a block 2
applies to both external blocks defined by design entities and  to
statements, including those equivalent to component instantiation
clause 9.7).

port_list ::= port_interface_list

After a given d@
actual that is itself a

formal port:

the associated actual may only be a port of noader inout.

C) For a formal port of modiaout,
the associated actual may only be a port of nioaoiet.

d) For a formal port of modeuffer,
the associated actual may only be a port of nidter.

e) For a formal port of modankage,
the associated actual may be a port of any mode.

A buffer port may have at most one source (see 4.3.1.2 and 4.3.2). Furthermore, after a description is

completely elaborated (see section 12), any actual associated with a formal buffer port may have at most
one source.
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If a formal port is associated with an actual port, signal, or expression, then the formal port is said to be
connected If a formal port is instead associated with the reserved amed then the formal is said to be
unconnected A port of modein may be unconnected or unassociated (see 4.3.2.2) only if its declaration
includes a default expression (see 4.3.2). A port of any mode otheinthaay be unconnected or
unassociated as long as its type is not an unconstrained array type. Itis an error if some of the subelements
of a composite formal port are connected and others are either unconnected or unassociated.

1.1.2 Entity declarative part

The entity declarative part of a given entity declaration declares items that are common to all design entities

whose interfaces are defined by the given entity declaration.

entity_declarative_part ::=
{ entity_declarative_item }

entity_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration

| shared variable_declaration
| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| disconnection_specification
| use_clause

Names declarede
within the bodies o

Example:

—Ane ty declarative items:

port Addr: in  Word,
Data: out Word;
Sel: in Bit);
type Instructionis array (1 to 5) of Natural;
type Programis array (Naturalrange <>) of Instruction;
use Work.OpCodesll, Work.RegisterNamesll;
constant ROM_Code: Program :=
(
(STM, R14, R12, 12, R13),
(LD, R7, 32, 0, R1),
(BAL, R14, 0O, 0, R7),
. -- etc.
)

end ROM;

Full document details: IEC 61691-11997
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NOTE—The entity declarative part of a design entity whose corresponding architecture is decorated with the
'FOREIGN attribute is subject to special elaboration rules. See 12.3.

1.1.3 Entity statement part

The entity statement part contains concurrent statements that are common to each design entity with this
interface.

entity_statement_part ::=
{ entity_statement }

entity _statement ::=
concurrent_assertion_statement
| passiveconcurrent_procedure_call
| passiveprocess_statement

Example:

—An entity declaration with statements:

entity Latchis
port ( Din:
Dout:
Load:

An architecture body defines the body of a design entity. It specifies the relationships between the inputs
and outputs of a design entity and may be expressed in terms of structure, dataflow, or behaviour. Such
specifications may be partial or complete.

architecture_body ::=
architecture identifier of entity_name is
architecture_declarative_part
begin
architecture_statement_part
end[ architecture ] [ architecture simple_name ] ;

The identifier defines the simple name of the architecture body; this simple name distinguishes architecture
bodies associated with the same entity declaration.
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The entity name identifies the name of the entity declaration that defines the interface of this design entity.
For a given design entity, both the entity declaration and the associated architecture body must reside in the
same library.

If a simple name appears at the end of an architecture body, it must repeat the identifier of the architecture body.
More than one architecture body may exist corresponding to a given entity declaration. Each declares a
different body with the same interface; thus, each together with the entity declaration represents a different

design entity with the same interface.

NOTE—Two architecture bodies that are associated with different entity declarations may have the same simple name,
even if both architecture bodies (and the corresponding entity declarations) reside in the same library.

1.2.1 Architecture declarative part

The architecture declarative part contains declarations of items that
defined by the design entity.

architecture_declarative_part ::=
{ block_declarative_item }

block declarative_item ::=
subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared variable

The varion g ecfaration are described in section 4, and the various kinds of specification are
described in section 3, The use clause, which makes externally defined names visible within the block, is
described in section40.

NOTE—The declarative part of an architecture decorated with the 'FOREIGN attribute is subject to special elaboration
rules. See clause 12.3.

1.2.2 Architecture statement part

The architecture statement part contains statements that describe the internal organization and/or operation
of the block defined by the design entity.

architecture_statement_part ::=
{ concurrent_statement }
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All of the statements in the architecture statement part are concurrent statements, which execute
asynchronously with respect to one another. The various kinds of concurrent statements are described in
section 9.

Examples:
—A body of entity Full_Adder:

architecture DataFlowof Full_Adderis
signal A,B: Bit;
begin
A<= XxorY,;
B <= Aand Cin;
Sum <= Axor Cin;
Cout <= Bor (X and Y);
end architecture DataFlow ;

—A body of entity TestBench:

library Test;
use Test.Componenddl;
architecture Structureof TestBenchis
componentFull_Adder
port (X, Y, Cin: Bit; Cout, Sumout Bit):
end component

signal A,B,C,D,E,F,G: Bit;
signal OK: Boolean;
begin
UUT: FullL Adder
Generator: Add

nputs(i) = 'Othen

Temp :='0%
exit;
endif;
endloop;
Result <= Tempfter 10 ns;

end process
end Behavior;

NOTE—The statement part of an architecture decorated with the 'FOREIGN attribute is subject to special elaboration
rules. See clause 12.4.
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1.3 Configuration declarations

The binding of component instances to design entities is performed by configuration specifications (see
clause 5.2); such specifications appear in the declarative part of the block in which the corresponding
component instances are created. In certain cases, however, it may be appropriate to leave unspecified the
binding of component instances in a given block and to defer such specification until later. A configuration
declaration provides the mechanism for specifying such deferred bindings.

configuration_declaration ::=
configuration identifier of entity name is
configuration_declarative_part
block_configuration
end [ configuration ] [ configuration simple_name ] ;

configuration_declarative_part ::=
{ configuration_declarative_item }

configuration_declarative_item ::=
use_clause
| attribute_specification
| group_declaration

The entity name identifies the name of the entity decl
design hierarchy. For a configuration of a given [
corresponding entity declaration must resSide in the,

If a simple nhame appears at the end o
configuration declaration.

NOTES

1 A configuration decla There are no

behavioural semantics

2 Agiven confi

Examples:

—An archite

begin
Al: ALU port map (**) ;
M1: MUX port map (e ) ;
M2: MUX port map (e ) ;
M3: MUX port map (e ) ;
L1: Latchport map (e ) ;
L2: Latchport map (e ) ;

end Structure_View ;
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—A configuration of the microprocessor:

library TTL, Work ;
configuration V4_27_ 87of Processor is
use Work.all;
for Structure_View
for Al: ALU
useconfiguration TTL.SN74LS181 ;
endfor ;
for M1,M2,M3: MUX
useentity Multiplex4 (Behavior) ;
endfor ;
for all: Latch
— use defaults
endfor ;
endfor ;
end configuration V4_27_87 ;

1.3.1 Block configuration

A block configuration defines the configuration of a blogK. ‘ e either an internal block
defined by a block statement or an external block definegdhy a“design . If the block is an internal

block_configuration ::=
for block_specification

_specification ) ]

| component_configuration
The block specification identifies the internal or external block to which this block configuration applies.

If a block configuration appears immediately within a configuration declaration, then the block
specification of that block configuration must be an architecture name, and that architecture name must
denote a design entity body whose interface is defined by the entity declaration denoted by the entity name
of the enclosing configuration declaration.

If a block configuration appears immediately within a component configuration, then the corresponding
components must be fully bound (see 5.2.1.1), the block specification of that block configuration must be
an architecture name, and that architecture name must denote the same architecture body as that to which
the corresponding components are bound.
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If a block configuration appears immediately within another block configuration, then the block
specification of the contained block configuration must be a block statement or generate statement label,
and the label must denote a block statement or generate statement that is contained immediately within the
block denoted by the block specification of the containing block configuration.

If the scope of a declaration (see clause 10.2) includes the end of the declarative part of a block
corresponding to a given block configuration, then the scope of that declaration extends to each
configuration item contained in that block configuration, with the exception of block configurations that
configure external blocks. Similarly, if a declaration is visible (either directly or by selection) at the end of
the declarative part of a block corresponding to a given block configuration, then the declaration is visible
in each configuration item contained in that block configuration, with the exception of block configurations
that configure external blocks. Additionally, if a given declaration is a homograph of a declaration that a
use clause in the block configuration makes potentially directly visible, then the given declaration is not
directly visible in the block configuration or any of its configuration items. lause 10.3 for more
information.

generated by that generate statement.
discrete range, then the block configurat

ted by the corresponding generate statement, if and only if the
ment has a generation scheme including the reserierd word

No mplicitMor explicit blocks, if and only if the corresponding generate statement has a
generation” scheme including the reserved wibrdnd the condition in the generate scheme
evaluates to FALSE

If the block specification of a block configuration contains a generate statement label, and if this label
contains an index specification, then it is an error if the generate statement denoted by the label does not
have a generation scheme including the reserved foord

Within a given block configuration, whether implicit or explicit, an implicit block configuration is assumed

to appear for any block statement that appears within the block corresponding to the given block
configuration, if no explicit block configuration appears for that block statement. Similarly, an implicit
component configuration is assumed to appear for each component instance that appears within the block
corresponding to the given block configuration, if no explicit component configuration appears for that
instance. Such implicit configuration items are assumed to appear following all explicit configuration
items in the block configuration.

Documents

Document Sharing Hub

Full document details: IEC 61691-11997


http://avadocuments2026.com/doc/iec-61691-1-1997
http://avadocuments2026.com/doc/iec-61691-1-1997

61691-1 © IEC: 1997 (E) —21-

It is an error if, in a given block configuration, more than one configuration item is defined for the same
block or component instance.

NOTES

1 As a result of the rules described in the preceding paragraphs and in Section 10, a simple name that is visible by
selection at the end of the declarative part of a given block is also visible by selection within any configuration item
contained in a corresponding block configuration. If such a name is directly visible at the end of the given block
declarative part, it will likewise be directly visible in the corresponding configuration items, unless a use clause for
a different declaration with the same simple name appears in the corresponding configuration declaration, and the
scope of that use clause encompasses all or part of those configuration items. If such a use clause appears, then the
name will be directly visible within the corresponding configuration items except at tlaass phat fall within the
scope of the additional use clause (at which places neither name will be directly visible).

2 If an implicit configuration item is assumed to appear within a block configuration, that i
will never contain explicit configuration items.

plicit configuration item

3 If the block specification in a block configuration specifies a generate statefne thisYabel contains an
index specification that is a discrete range, then the direction specifigd. or \mph sgréte range has no
{ th e statement parameter

for Adders(31downto O) ssend for;

for Adders(Oto 31) seeend for;

-- An architecture name.

-- A block label.

-- for blqcks and components
-- within block B1.
endfor ;

1.3.2 Component configuration

A component configuration defines the configuration of one or more component instances in a
corresponding block.

component_configuration ::=
for component_specification
[ binding_indication ; ]
[ block_configuration ]
endfor ;
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The component specification (see clause 5.2) identifies the component instances to which this component
configuration applies. A component configuration that appears immediately within a given block
configuration applies to component instances that appear immediately within the corresponding block.

Itis an error if two component configurations apply to the same component instance.

If the component configuration contains a binding indication (see 5.2.1), then the component configuration
implies a configuration specification for the component instances to which it applies. This implicit
configuration specification has the same component specification and binding indication as that of the
component configuration.

If a given component instance is unbound in the corresponding block, then any explicit component
configuration for that instance that does not contain an explicit binding indication will contain an implicit,
default binding indication (see 5.2.2). Similarly, if a given component i eg is unbound in the
corresponding block, then any implicit component configuration for that insta ilf¢ontain an implicit,
default binding indication.

block configuration is
assumed for the design entity to which the corresponding co ig bound, if no explicit block

endfor ;

—A componen@ﬁg 5

end for ;
endfor ;

NOTE—The requirement that all component instances corresponding to a block configuration be bound to the same
design entity makes the following configuration illegal:

architecture A of Eis
componentCis end componentC;
for L1: Cuseentity E1(X);
for L2: Cuseentity E2(X);
begin
L1: C;
L2: C;
end architecture A;
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configuration lllegal of Work.Eis
for A
forall: C
for X -- Does not apply to the same design entity in all instances of C.
endfor; -- X
endfor; -- C
endfor; -- A
endconfiguration lllegal ;

Section 2: Subprograms and packages

value each time they are called with the
may return a different value each time

Packages may ais
package; a pac
subprograms declare

subprogram~declaration ::=
subprogram_specification ;

subprogram_specification ::=
proceduredesignator [ ( formal_parameter_list) ]
| [ pure |impure ] function designator [ ( formal_parameter_list) ]
return type_mark
designator ::= identifier | operator_symbol

operator_symbol ::= string_literal
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The specification of a procedure specifies its designator and its formal parameters (if any). The
specification of a function specifies its designator, its formal parameters (if any), the subtype of the
returned value (theesult subtypg and whether or not the function is pure. A functiommpure if its
specification contains the reserved worngbure; otherwise, it is said to hgure A procedure designator is

always an identifier. A function designator is either an identifier or an operator symbol. A designator that

is an operator symbol is used for the overloading of an operator (see 2.3.1). The sequence of characters
represented by an operator symbol must be an operator belonging to one of the classes of operators defined
in 7.2. Extra spaces are not allowed in an operator symbol, and the case of letters is not significant.

NOTE—AIl subprograms can be called recursively.

2.1.1 Formal parameters

The formal parameter list in a subprogram specification defines the formal p of the subprogram.
formal_parameter_list ::9parameter interface_list

Formal parameters of subprograms may be constants, variables, ¢ sy files. e first three cases, the
mode of a parameter determines how a given formal paramete

modein (whether this mode is specifie
signal, orfile. If no object [ i

In a subprogram call,
must be a signal. Th

actual designat
associated with

For parameters of\classnstant or variable, only the values of the actual or formal are transferred into or
out of the subprogram call. The manner of such transfers, and the accompanying access privileges that are
granted for constant and variable parameters, are described in this subclause.

For a nonforeign subprogram having a parameter of a scalar type or an access type, the parameter is passed
by copy. At the start of each call, if the mod&i®r inout, the value of the actual parameter is copied into

the associated formal parameter; it is an error if, after applying any conversion function or type conversion
present in the actual part of the applicable association element (see 4.3.2.2), the value of the actual
parameter does not belong to the subtype denoted by the subtype indication of the formal. After
completion of the subprogram body, if the modeénisut or out, the value of the formal parameter is

copied back into the associated actual parameter; it is similarly an error if, after applying any conversion
function or type conversion present in the formal part of the applicable association element, the value of the
formal parameter does not belong to the subtype denoted by the subtype indication of the actual.

Documents

Document Sharing Hub

Full document details: IEC 61691-11997


http://avadocuments2026.com/doc/iec-61691-1-1997
http://avadocuments2026.com/doc/iec-61691-1-1997

61691-1 © IEC: 1997 (E) -25-

For a nonforeign subprogram having a parameter whose type is an array or record, an implementation may
pass parameter values by copy, as for scalar types. If a parameter auh@lpassed by copy, then the

range of each index position of the actual parameter is copied in, and likewise for its subelements or slices.
Alternatively, an implementation may achieve these effects by reference; that is, by arranging that every
use of the formal parameter (to read or update its value) be treated as a use of the associated actual
parameter throughout the execution of the subprogram call. The language does not define which of these
two mechanisms is to be adopted for parameter passing, nor whether different calls to the same subprogram
are to use the same mechanism. The execution of a subprogram is erroneous if its effect depends on which
mechanism is selected by the implementation.

For a formal parameter of a constrained array subtype of moaldnout, it is an error if the value of the
associated actual parameter (after application of any conversion function or type conversion present in the
actual part) does not contain a matching element for each element of the formal. For a formal parameter

subprogram. It is also an error if, in either case, the value of each gfement okthe™
applying any conversion function or type conversion present in the &

etet of nmudesor out, the shared variable may not be
urthermore, a formal variable parameter with modes

al, references to the signal, the driver of the signal, or both, are passed

For a signa ) mode or inout, the actual signal is associated with the corresponding formal
e e start of each call. Thereafter, during the execution of the subprogram body, a
reference to the formal signal parameter within an expression is equivalent to a reference to the actual

signal.

It is an error if signal-valued attributes 'STABLE, 'QUIET, 'TRANSACTION, and 'DELAYED of formal
signal parameters of any mode are read within a subprogram.

A process statement contains a driver for each actual signal associated with a formal signal parameter of
modeout or inout in a subprogram call. Similarly, a subprogram contains a driver for each formal signal
parameter of modeut or inout declared in its subprogram specification.

For a signal parameter of modeout or out, the driver of an actual signal is associated with the
corresponding driver of the formal signal parameter at the start of each call. Thereafter, during the
execution of the subprogram body, an assignment to the driver of a formal signal parameter is equivalent to
an assignment to the driver of the actual signal.

Documents

Document Sharing Hub

Full document details: IEC 61691-11997


http://avadocuments2026.com/doc/iec-61691-1-1997
http://avadocuments2026.com/doc/iec-61691-1-1997

-26- 61691-1 © IEC: 1997 (E)

If an actual signal is associated with a signal parameter of any mode, the actual must be denoted by a static
signal name. It is an error if a conversion function or type conversion appears in either the formal part or
the actual part of an association element that associates an actual signal with a formal signal parameter.

If an actual signal is associated with a signal parameter of any mode, and if the type of the formal is a scalar
type, then it is an error if the bounds and direction of the subtype denoted by the subtype indication of the
formal are not identical to the bounds and direction of the subtype denoted by the subtype indication of the
actual.

If an actual signal is associated with a formal signal parameter, and if the formal is of a constrained array
subtype, then it is an error if the actual does not contain a matching element for each element of the formal.
If an actual signal is associated with a formal signal parameter, and if the subtype denoted by the subtype
indication of the declaration of the formal is an unconstrained array type, then the subtype of the formal in
any call to the subprogram is taken from the actual associated with thg pal in the call to the
subprogram. It is also an error if the mode of the formal @& inout and if the »g
the actual array does not belong to the element subtype of the formal.

A formal signal parameter is a guarded signal if and only if it is a actiat'signal that is a
guarded signal. It is an error if the declaration of a formal signal param i ¢ e reseness word
(see 4.3.2).

effect. Assignments to the driver of a formal signal paral
contained in the process calling the procedurg,

ll/both the access mode of and external file associated with (see 3.4.1)
ame as, respectively, the access mode of and the external file associated

execution of a givep/subprogram call, the access mode of and the external file associated with an open
actual file object associated with a given file parameter are the same as, respectively, the access mode of
and the external file associated with the associated formal parameter.

2.2 Subprogram bodies
A subprogram body specifies the execution of a subprogram.

subprogram_body ::=
subprogram_specificatida
subprogram_declarative_part
begin
subprogram_statement_part
end [ subprogram_kind ] [ designator ] ;
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subprogram_declarative_part ::=
{ subprogram_declarative_item }

subprogram_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| variable_declaration
| file_declaration
| alias_declaration
| attribute_declaration
| attribute_specification
| use_clause
| group_template_declaration
| group_declaration

subprogram_statement_part ::=
{ sequential_statement }

subprogram_kind ::=procedure | function

statements that apgears in the subprogram statement part. For a foreign subprogram, the algorithm
performed is implementation defined.

The execution of a subprogram body is invoked by a subprogram call. For this execution, after establishing
the association between the formal and actual parameters, the sequence of statements of the body is
executed if the subprogram is not a foreign subprogram; otherwise, an implementation-defined action
occurs. Upon completion of the body or implementation-dependent action, return is made to the caller (and
any necessary copying back of formal to actual parameters occurs).

A process or a subprogram is said to bgaeentof a given subprogram S if that process or subprogram
contains a procedure call or function call for S or for a parent of S.
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An explicit signalis a signal other than an implicit signal GUARD or other than one of the implicit signals
defined by the predefined attributes 'DELAYED, 'STABLE, 'QUIET, or 'TRANSACTION. @&kglicit
ancestorof an implicit signal is found as follows. The implicit signal GUARD has no explicit ancestor.
An explicit ancestor of an implicit signal defined by the predefined attributes 'DELAYED, 'STABLE,
'‘QUIET, or "'TRANSACTION is the signal found by recursively examining the prefix of the attribute. If the
prefix denotes an explicit signal, a slice, or a member (see section 3) of an explicit signal, then that is the
explicit ancestor of the implicit signal. Otherwise, if the prefix is one of the implicit signals defined by the
predefined attributes 'DELAYED, 'STABLE, 'QUIET, or TRANSACTION, this rule is recursively applied.

If the prefix is an implicit signal GUARD, then the signal has no explicit ancestor.

If a pure function subprogram is a parent of a given procedure and if that procedure contains a reference to
an explicitly declared signal or variable object, or a slice or subelement (or slice thereof) of an explicit
signal, then that object must be declared within the declarative region formed by the function (see
clause 10.1) or within the declarative region formed by the procedure; this ryte atso holds for the explicit
ancestor, if any, of an implicit signal and also for the implicit signal GUARR). If a pyre function is the

1 It follows from sibility rules that a subprogram declaration must be given if a call of the subprogram occurs
textually before the Subprogram body, and that such a declaration must occur before the call itself.

2 The preceding rules concerning pure functiobbpsograms, together with the fact that function parameters may
only be of modén, imply that a pure function has no effect other than the computation of the returned value. Thus,
a pure function invoked explicitly as part of the elaboration of a declaration, or one invoked implicitly as part of the
simulation cycle, is guaranteed to have no effect on other objects in the description.

3 VHDL does not define the parameter-passing mechanisms for foreign subprograms.

4 The declarative parts and statement parts of subprograms decorated with the 'FOREIGN attribute are subject to
special elaboration rules. See clauses 12.3 and 12.4.

5 A pure function subprogram may not reference a shared variable. This prohibition esdstseba shared variable

may not be declared in a subprogram declarative part and a pure function may not reference any variable declared
outside its declarative region.
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2.3 Subprogram overloading

Two formal parameter lists are said to have the saanameter type profiléf and only if they have the

same number of parameters, and if at each parameter position the corresponding parameters have the same
base type. Two subprograms are said to have the g@maeter and result type profileand only if both

have the same parameter type profile, and if either both are functions with the same result base type, or
neither of the two is a function.

A given subprogram designator can be used in several subprogram specifications. The subprogram
designator is then said to be overloaded; the designated subprograms are also said to be overloaded and to
overload each other. If two subprograms overload each other, one of them can hide the other only if both
subprograms have the same parameter and result type profile.

A call to an overloaded subprogram is ambiguous (and therefore is an error) i same of the subprogram,

|;signal C: Clock);
; signalD: Data);

NOTES

1 The notion of parameter and result type profile does not include parameter names, parameter classes, parameter
modes, parameter subtypes, or default expressions, or their presence or absence.

2 Ambiguities may (but need not) arise when actual parameters of the call of an overloaded subprogram are
themselves overloaded function calls, literals, or aggregates. Ambiguities may also (but need not) arise when
several overloaded subprograms belonging to different packages are visible. These ambiguities can usually be
solved in two ways: qualified expressions can be used for some or all actual parameters and for the result, if any; or
the name of the subprogram can be expressed more explicitly as an expanded name (see clause 6.3).
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2.3.1 Operator overloading

The declaration of a function whose designator is an operator symbol is used to overload an operator. The
sequence of characters of the operator symbol must be one of the operators in the operator classes defined
in clause 7.2.

The subprogram specification of a unary operator must have a single parameter. The subprogram
specification of a binary operator must have two parameters; for each use of this operator, the first
parameter is associated with the left operand, and the second parameter is associated with the right operand.

For each of the operators “+"” and “—", overloading is allowed both as a unary operator and as a binary
operator.

NOTES

Examples:

type MVL is ('0', '1','Z', 'X") ;
function "not" (V Iue.
signal Q, ,i
Q<=Xor

R <="or" (OA\ZX
S<=

their parameter and result type profiles. A signature can be used in an attribute name, entity designator, or

alias declaration.

signature ::= [[type_mark {, type_mark } y¢turn type_mark ] ]
(Note that the initial and terminal brackets are part of the syntax of signatures and do not indicate that the
entire right-hand side of the production is optional.) A signature is sachtchthe parameter and result

type profile of a given subprogram if and only if all of the following conditions hold:

— The number of type marks prior to the reserved wetdrn, if any, matches the number of
formal parameters of the subprogram.

— At each parameter position, the base type denoted by the type mark of the signature is the same
as the base type of the corresponding formal parameter of the subprogram.
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— If the reserved wordeturn is present, the subprogram is a function and the base type of the
type mark following the reserved word in the signature is the same as the base type of the return
type of the function, or the reserved woedurn is absent and the subprogram is a procedure.

Similarly, a signature is said to match the parameter and result type profile of a given enumeration literal if
the signature matches the parameter and result type profile of the subprogram equivalent to the enumeration
literal defined in 3.1.1.

Example:
attribute Builtin of "or" [MVL, MVL return MVL]: function is TRUE;

-- Because of the presence of the signature, this attribute specification
-- decorates only the "or" function defined in the previous section.

attribute Mapping of JMP freturn OpCode] :literal is “001”;

2.4 Resolution functions

of the signal or in the
n function is called a resolved

The resolution functio i i S signal determinesstiigedvalue of the signal as a
function of the collecti \ M | sources. If a resolved signal is of a composite type,
and if subelem@ ' ~

effect on the pro

declared with the signhal kinous), a resolution function may thus be invoked with an input parameter that
is a null array; this occurs when all sources of the bus are drivers, and they are all off. In such a case, the
resolution function returns a value representing the value of the bus when no source is driving it.
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Example:

function WIRED_OR (Inputs: BIT_VECTOR)eturn BIT is
constant FloatValue: BIT :='0";
begin
if Inputs'Length = @hen
-- This is a bus whose drivers are all off.
return FloatValue;
else
for I in Inputs’'Rangéoop
if Inputs(l) ='1then
return '1';
end if;
end loop
return '0';
end if;
end function WIRED_OR;

2.5 Package declarations

A package declaration defines the interface to a packagé aration within a package can

be extended to other design units.

package_declaration ::=
packageidentifieris

package_declarative_part

end [ package] [ package simp

package declar
sua
| type_dleC

| attribute~specification
| disconnection_specification
| use_clause

| group_template_declaration
| group_declaration

If a simple name appears at the end of the package declaration, it must repeat the identifier of the package
declaration.

Items declared immediately within a package declaration become visible by selection within a given design
unit wherever the name of that package is visible in the given unit. Such items may also be made directly
visible by an appropriate use clause (see clause 10.4).

NOTE—Not all packages will have a package body. In particular, a package bodgéessary if no subprograms or
deferred constants are declared in the package declaration.
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Examples:
—A package declaration that needs no package body:

packageTimeConstantss

constant tPLH : Time := 10 ns;
constant tPHL : Time := 12 ns;
constant tPLZ : Time ;=7 ns;
constant tPZL : Time := 8 ns;
constant tPHZ : Time := 8 ns;
constant tPZH : Time := 9 ns;

end TimeConstants ;
—A package declaration that needs a package body:

packageTriStateis
type Triis ('0', '1', 'Z', 'E");
function BitVal (Value: Tri)return Bit ;
function TriVal (Value: Bit)return Tri;
type TriVectoris array (Naturalrange <>) of Tri ;
function Resolve (Sources: TriVecta®turn Tri ;
end packageTriState ;

2.6 Package bodies

A package body defines the bodies of subprogr
interface to the package.

d thewaldes of deferred constants declared in the

package body ::=

| shared vdriable_declaration
| file_declaration

| alias_declaration

| use_clause

| group_template_declaration
| group_declaration

The simple name at the start of a package body must repeat the package identifier. If a simple name
appears at the end of the package body, it must be the same as the identifier in the package declaration.

In addition to subprogram body and constant declarative items, a package body may contain certain other

declarative items to facilitate the definition of the bodies of subprograms declared in the interface. Items
declared in the body of a package cannot be made visible outside of the package body.
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If a given package declaration contains a deferred constant declaration (see 4.3.1.1), then a constant
declaration with the same identifier must appear as a declarative item in the corresponding package body.
This object declaration is called thel declaration of the deferred constant. The subtype indication given

in the full declaration must conform to that given in the deferred constant declaration.

Within a package declaration that contains the declaration of a deferred constant, and within the body of
that package (before the end of the corresponding full declaration), the use of a name that denotes the
deferred constant is only allowed in the default expression for a local generic, local port, or formal
parameter. The result of evaluating an expression that references a deferred constant before the elaboration
of the corresponding full declaration is not defined by the language.

Example:
packagebody TriStateis

function BitVal (Value: Tri)return Bit is
constant Bits : Bit_Vector := "0100";
begin
return Bits(Tri'Pos(Value));
end;

function TriVal (Value: Bit)return Tri is
begin
return Tri'Val(Bit'Pos(Value));

end;

function Resolve (Sources: Tri
variable V: Tri :='Z";

2.7 Conformance rules

Whenever the language rules either require or allow the specification of a given subprogram to be provided
in more than one place, the following variations are allowed at each place:

— A numeric literal can be replaced by a different numeric literal if and only if both have the same
value.

— A simple name can be replaced by an expanded name in which this simple name is the selector
if and only if at both places the meaning of the simple name is given by the same declaration.

Two subprogram specifications are saidctmformif, apart from comments and the allowed variations

above, both specifications are formed by the same sequence of lexical elements, and if corresponding
lexical elements are given the same meaning by the visibility rules.
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Conformance is likewise defined for subtype indications in deferred constant declarations.
NOTES

1 A simple name can be replaced by an expanded name even if the simple name is itself the prefix of a selected name.
For example, Q.R can be replaced by P.Q.R if Q is declared immediately within P.

2 The subprogram specification of an impure function is never conformant to a subprogram specification of a pure
function.

3 The following specifications do not conform, since they are not formed by the same sequence of lexical elements:
procedure P (X,Y : INTEGER)

procedure P (X: INTEGER; Y : INTEGER)
procedure P (X,Y :in INTEGER)

Section 3: Types

of a type are the basig\Qpera
implicitly declared for a gi

A qualifieation (in a qualified expression), an explicit type conversion, a formal or actual part in
the form of a type conversion, or an implicit type conversion of a value of type
universal_integeor universal_reato the corresponding value of another numeric type

— A numeric literal (for a universal type), the literalll (for an access type), a string literal, a bit
string literal, an aggregate, or a predefined attribute

There are four classes of typeScalartypes are integer types, floating point types, physical types, and
types defined by an enumeration of their values; values of these types have no el€uopmssitetypes

are array and record types; values of these types consist of element vatuessypes provide access to
objects of a given typeFile types provide access to objects that contain a sequence of values of a given

type.
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The set of possible values for an object of a given type can be subjected to a condition that is called a
constraint(the case where the constraint imposes no restriction is also included); a value isatsflyt
constraint if it satisfies the corresponding condition.subtypeis a type together with a constraint. A

value is said tdoelong to a subtypef a given type if it belongs to the type and satisfies the constraint; the
given type is called thkase typeof the subtype. A type is a subtype of itself; such a subtype is said to be
unconstrained (it corresponds to a condition that imposes no restriction). The base type of a type is the
type itself.

The set of operations defined for a subtype of a given type includes the operations defined for the type;
however, the assignment operation to an object having a given subtype only assigns values that belong to
the subtype. Additional operations, such as qualification (in a qualified expression) are implicitly defined
by a subtype declaration.

instead.
A given type must not have a subelement whose type is the given t
A memberf an object is either

— Aslice of the object,

— A subelement of the object, or

the class considered. For example, the, tenr
similarly, the term access yakg

ypes, integer types, physical typasd floating point types
are callisdretetypes. Integer types, floating point types, and

ftion_type_definition | integer_type_definition
| floating_type_definition | physical_type_definition

range_constraint ::¥ange range
range ::=
range attribute_name
| simple_expression direction simple_expression

direction ::=to | downto

A range specifies a subset of values of a scalar type. A range is said toubaange if the specified
subset is empty.
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The range Lto R is called arascendingrange; if L > R, then the range is a null range. The range L
downto R is called alescendingange; if L < R, then the range is a null range. The smaller of L and R is
called thelower bound and the larger, thepper boundof the range. The value V is saidaelong to the

range if the relationsigwer bound<= V) and (V <=upper bounjiare both true and the range is not a null
range. The operators >, <, and <= in the preceding definitions are the predefined operators of the
applicable scalar type.

For values of discrete or physical types, a value V1 is said to tee left ofa value V2 within a given

range if both V1 and V2 belong to the range and either the range is an ascending range and V2 is the
successor of V1, or the range is a descending range and V2 is the predecessor of V1. A list of values of a
given range is iteft to right orderif each value in the list is to the left of the next value in the list within

that range, except for the last value in the list.

If a range constraint is used in a subtype indication, the type of the expressiong (likewise, of the bounds of a
range attribute) must be the same as the base type of the type mark of the
constraint iscompatiblewith a subtype if each bound of the range belong

constraint defines a null range. Otherwise, the range constraint is not g

The direction of a range constraint is the same as the direction of

NOTE—Indexing and iteration rules use values of discrete types.

3.1.1 Enumeration types

An enumeration type definition define

enumeration_type_definition ::=
( enumeration_literal { , enumierati

litera
enumeration_literalx; ifi aracter’ lite

The identifiers and charas - iSte an enumeration type definition must be distinct within the
enumeration ty fin 9
literal; for the p

An enumer
literal.

Each enumeration literalyields a different enumeration value. The predefined order relations between
enumeration values follow the order of corresponding position numbers. The position number of the value
of the first listed enufmeration literal is zero; the position number for each additional enumeration literal is
one more than that of its predecessor in the list.

If the same identifier or character literal is specified in more than one enumeration type definition, the
corresponding literals are said to beerloaded At any place where an overloaded enumeration literal
occurs in the text of a program, the type of the enumeration literal is determined according to the rules for
overloaded subprograms (see clause 2.3).

Each enumeration type definition defines an ascending range.
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Examples:
type MULTI_LEVEL_LOGIC is (LOW, HIGH, RISING, FALLING, AMBIGUOUS) ;
type BIT is ('0','1") ;

type SWITCH_LEVELis ('0',1',X’) ; -- Overloads '0' and '1'

3.1.1.1 Predefined enumeration types

The predefined enumeration types are CHARACTER, BIT, BOOLEAN, SEVERITY_LEVEL,
FILE_OPEN_KIND, and FILE_OPEN_STATUS.

The predefined type CHARACTER is a character type whose values axg 56 characters of the
ISO 8859-1 character set. Each of the 191 graphic characters of thj dcte is denoted by the
corresponding character literal.

The declarations of the predefined types CHARACTER, BN A RITY_LEVEL,
FILE_OPEN_KIND, and FILE_OPEN_STATUS appear in packa N i

NOTES

1 The first 17 nongraphic elements of the predefined

2 Type BOOLEAN can be used to modgl eit Qr active low logic, depending on the particular

3.1.2 Integer types

An integer type i 3 de whose set of values includes those of the specified range.

both a type and a subtype of that type. The type is an anonymous type,
the implementation; this range must be such that it wholly contains the

Each bound of a range constraint that is used in an integer type definition must be a locally static
expression of some integer type, but the two bounds need not have the same integer type (negative bounds
are allowed).

Integer literals are the literals of an anonymous predefined type that is oalleztsal_integerin this
standard. Other integer types have no literals. However, for each integer type there exists an implicit
conversion that converts a value of typeiversal_integerinto the corresponding value (if any) of the
integer type (see 7.3.5).

The position number of an integer value is the corresponding value of theniypesal_integer
The same arithmetic operators are predefined for all integer types (see clause 7.2). It is an error if the

execution of such an operation (in particular, an implicit conversion) cannot deliver the correct result (that
is, if the value corresponding to the mathematical result is not a value of the integer type).
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An implementation may restrict the bounds of the range constraint of integer types other than type
universal_integer However, an implementation must allow the declaration of any integer type whose
range is wholly contained within the bounds —2147483647 and +2147483647 inclusive.
Examples:

type TWOS_COMPLEMENT_INTEGERS range —32768to 32767,

type BYTE_LENGTH_INTEGERIs range 0 to 255;

type WORD_INDEX s range 31 downto O;

subtype HIGH_BIT_LOW is BYTE_LENGTH_INTEGERrange 0 to 127;

3.1.2.1 Predefined integer types

plementation
dependent, but it is guaranteed to include the range —214748364 t is defined with an

ascending range.

NOTE—The range of INTEGER in a particular implementafi6
attributes.

3.1.3 Physical types

A physical type definition defines both a type and a subtype of that type. The type is an anonymous type,
the range of which is selected by the implementation; this range must be such that it wholly contains the
range given in the physical type definition. The subtype is a named subtype of this anonymous base type,
where the name of the subtype is that given by the corresponding type declaration and the range of the
subtype is the given range.

Each bound of a range constraint that is used in a physical type definition must be a locally static
expression of some integer type, but the two bounds need not have the same integer type (negative bounds
are allowed).

Each unit declaration (either the primary unit declaration or a secondary unit declaration) deifiites a
name Unit names declared in secondary unit declarations must be directly or indirectly defined in terms of
integral multiples of the primary unit of the type declaration in which they appear. The position numbers
of unit names need not lie within the range specified by the range constraint.
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If a simple name appears at the end of a physical type declaration, it must repeat the identifier of the type
declaration in which the physical type definition is included.

The abstract literal portion (if present) of a physical literal appearing in a secondary unit declaration must
be an integer literal.

A physical literal consisting solely of a unit name is equivalent to the integer 1 followed by the unit name.

There is a position number corresponding to each value of a physical type. The position number of the
value corresponding to a unit name is the number of primary units represented by that unit name. The
position number of the value corresponding to a physical literal with an abstract literal part is the largest
integer that is not greater than the product of the value of the abstract literal and the position number of the
accompanying unit name.

The same arithmetic operators are predefined for all physical types (see glquse 7. It is an error if the
execution of such an operation cannot deliver the correct result (that is ¥ the Yale coxresponding to the

mathematical result is not a value of the physical type).

al type. However, an
vholly’contained within the

An implementation may restrict the bounds of the range cons
implementation must allow the declaration of any physical typg’w
bounds —2147483647 and +2147483647 inclusive.

Examples:

type DURATION is range —1E18tg
units

fs;
ps
ns =
us =
ms =
sec =

-- angstrom
0 A; -- hanometer
1000 nm; -- micrometer (or micron)
mm 1000 um; -- millimeter
cm = 10 mm; -- centimeter
m = 1000 mm; -- meter
km = 1000 m; -- kilometer
-- English lengths:

mil = 254000 A; -- mil
inch = 1000 mil; -- inch
ft = 12inch; -- foot
yd = 3ft -- yard
fm = 6ft -- fathom
mi = 5280 ft; -- mile
Ig = 3mi -- league

end units DISTANCE;
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variable x: distance; variable y: duration; variable z: integer;

x:=5A+ 13 ft — 27 inch;
y :=3ns + 5 min;

zZ:=ns/ps;
X 1=z *mi;
y :=y/10;

z:=39.34 inch / m;
NOTES
1 The 'POS and 'VAL attributes may be used to convert between abstract values and physical values.

2 The value of a physical literal whose abstract literal is either the integer value zero erthe floating point value zero

is the same value (specifically zero primary units) no matter what unit name follows|

3.1.3.1 Predefined physical types

The only predefined physical type is type TIME. The range of isi op/dependent, but it is
guaranteed to include the range —2147483647 to +2147483647. T i ith an ascending range. All

By default, the primary unit of type TIME (one f lutign limitfor type TIME. Any

TIME value whose absolute value i pCated to zero (0) time units.  An
implementation may allow a given execution of axnode ¢ 12.6) to select a secondary unit of type
TIME as the resolution limit. Furthemmore, anN\ entafion may restrict the precision of the
representation of values of type TIME wessions of type TIME, provided that values as
small as the resolution limit~are represe osefestrictions. It is an error if a given unit of type
TIME appears anywhere ining a model to be executed, and if the position
number of that unit isless y unit selected as the resolution limit for type TIME

MIE as the resolution limit for type TIME, it may be possible to
ith redwssgiracy, or to simulate with greater accuracy for a shorter

NOTE—BYy sele
simulate for a longer pé

period of simulated

Floating point types provide approximations to the real numbers. Floating point types are useful for models
in which the precise characterization of a floating point calculation is not important or not determined.

floating_type_definition ::= range_constraint

A floating type definition defines both a type and a subtype of that type. The type is an anonymous type,

the range of which is selected by the implementation; this range must be such that it wholly contains the

range given in the floating type definition. The subtype is a hamed subtype of this anonymous base type,
where the name of the subtype is that given by the corresponding type declaration and the range of the
subtype is the given range.
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Each bound of a range constraint that is used in a floating type definition must be a locally static expression
of some floating point type, but the two bounds need not have the same floating point type (negative
bounds are allowed).

Floating point literals are the literals of an anonymous predefined type that iswalledsal_realin this
standard. Other floating point types have no literals. However, for each floating point type there exists an
implicit conversion that converts a value of typgversal_realinto the corresponding value (if any) of the
floating point type (see 7.3.5).

The same arithmetic operations are predefined for all floating point types (see clause 7.2). A design is
erroneous if the execution of such an operation cannot deliver the correct result (that is, if the value
corresponding to the mathematical result is not a value of the floating point type).

many host systems.

3.1.4.1 Predefined floating point types

The only predefined floating point typeCis tf . Be-0f REAL is host-dependent, but it is
guaranteed to include the range —1.0E38 NOE38 i ive, Itig/defined with an ascending range.

Composite typeg’ate Us t of values. These include both arrays of values (collections
of values of a h ecords of values (collections of values of potentially heterogeneous
types).

object. A composite\ type may only contain elements that are of scalar, composite, or access types;
elements of file typeg are not allowed in a composite type. Thus an object of a composite type ultimately
represents a collection of objects of scalar or access types, one for each honcomposite subelement of the
composite object.

3.2.1 Array types
An array object is a composite object consisting of elements that have the same subtype. The name for an
element of an array uses one or more index values belonging to specified discrete types. The value of an

array object is a composite value, consisting of the values of its elements.

array_type_definition ::=
unconstrained_array_definition | constrained_array_definition
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unconstrained_array_definition ::=
array ( index_subtype_definition {, index_subtype_definition })
of elementsubtype_indication

constrained_array_definition ::=
array index_constraindf elementsubtype_indication

index_subtype_definition ::= type_mamknge <>
index_constraint ::= ( discrete_range {, discrete_range })

discrete_range ::=iscrete subtype_indication | range

An unconstrained array definition defines an array typ
has the array type, the number of indices, the t
elements are as in the type definition. At

index, and the subtype of the
position is, by definition, the
definition. The values of the left and

The direction of a discrete range is the same as the direction of the range or the discrete subtype indication
that defines the discrete range. If a subtype indication appears as a discrete range, the subtype indication
must not contain a resolution function.

Examples:

—Examples of constrained array declarations:

type MY_WORD isarray (0 to 31)of BIT ;
-- A memory word type with an ascending range.

type DATA_IN isarray (7 downtoO) of FIVE_LEVEL_LOGIC ;
-- An input port type with a descending range.
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—Example of unconstrained array declarations:

type MEMORY is array (INTEGERrange <>) of MY_WORD ;
-- A memory array type.

—Examples of array object declarations:

signal DATA_LINE : DATA_IN ;
-- Defines a data input line.

variable MY_MEMORY : MEMORY (0 to 2**n-1) ;
-- Defines a memory of'232-bit words.

NOTE—The rules concerning constrained type declarations mean that a type decl
definition such as

OR_With a constrained array

type Tisarray (POSITIVErange MINIMUM to MAX) of ELEMENT;
is equivalent to the sequence of declarations
subtypeindex_subtypés POSITIVErange MINIMUM to MAX;
type array_typeis array (index_subtypeange <>) of ELEMENT
subtypeT is array_type (index_subtype)

whereindex_subtypandarray_typeare both anonymous{" Gokse iS\the name of a subtype and all objects

3.2.1.1 Index constraints and discrete rgnges

An index constraint dete i o- for~every index of an array type and, thereby, the

For a discrete range used h ace ANEs y definition and defined by a range, an implicit conversion to
the predefined 8 ach bound is either a numeric literal or an attribute, and if the
type of both bouvds conversion) is the typeersal_integer Otherwise, both

bounds must be o 8_di pe, other uharersal_integer this type must be determined
independently of th using the fact that the type must be discrete and that both bounds must

the type ma ustk not” already impose an index constraint. The type mark must denote either an
unconstrained array type or an access type whose designated type is such an array type. In either case, the
index constraint must provide a discrete range for each index of the array type, and the type of each discrete
range must be the same as that of the corresponding index.

An index constraint icompatiblewith the type denoted by the type mark if and only if the constraint
defined by each discrete range is compatible with the corresponding index subtype. If any of the discrete
ranges defines a null range, any array thus constrainedu#i array, having no components. An array
valuesatisfiesan index constraint if at each index position the array value and the index constraint have the
same index range. (Note, however, that assignment and certain other operations on arrays involve an
implicit subtype conversion.)
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The index range for each index of an array object is determined as follows:

— For a variable or signal declared by an object declaration, the subtype indication of the
corresponding object declaration must define a constrained array subtype (and thereby, the
index range for each index of the object). The same requirement exists for the subtype
indication of an element declaration, if the type of the record element is an array type, and for
the element subtype indication of an array type definition, if the type of the array element is
itself an array type.

— For a constant declared by an object declaration, the index ranges are defined by the initial
value, if the subtype of the constant is unconstrained; otherwise, they are defined by this subtype
(in which case the initial value is the result of an implicit subtype conversion).

The directio
high and loy bou
mini valtes of the

4l port of a design entity or of a block statement that is of an
that is associated in whole, the index ranges are obtained from the
lement in the generic map aspect (in the case of a formal generic), or
he case of a formal port) of the applicable (implicit or explicit) binding

The directions of the index ranges of the formal generic or formal port are that of the type of the
formal; the high and low bounds of the index ranges are respectively determined from the
maximum and minimum values of the indices given in the association elements corresponding
to the formal.

— For alocal generic or a local port of a component that is of an unconstrained array type and that
is associated in whole, the index ranges are obtained from the corresponding association element
in the generic map aspect (in the case of a local generic) or port map aspect (in the case of a
local port) of the applicable component instantiation statement.
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— For a local generic or a local port of a component that is of an unconstrained array type and
whose subelements are associated individually, the index ranges are obtained as follows:

The directions of the index ranges of the local generic or local port are that of the type of the
local; the high and low bounds of the index ranges are respectively determined from the
maximum and minimum values of the indices given in the association elements corresponding
to the local.

If the index ranges for an interface object or member of an interface object are obtained from the
corresponding association element (when associating in whole) or elements (when associating
individually), then they are determined either by the actual part(s) or by the formal part(s) of the association
element(s), depending upon the mode of the interface object, as follows:

index ranges are obtained from this constrained subtype
obtained from the object or value denoted by the actual desig

— For an interface object or member of an interface ghbj te istffér, inout, or
linkage, if the formal part includes a conversiorkfun ' o 8 conversion, then the
: conversion must be a

constant A Worok
-- Thainde

signal A, B: Word (1to 4);
signal C: Word (5downto 0);

Instance: entityE
genericmap ((1to 2) => (others=>"'0")
port map (A, Op2(3to 4) => B (1 to 2), Op2(2) => B (3), Result => Cd8wnto 1));
-- In this instance, the index range of ROM i® 2 (matching that of the actual),
-- The index range of Opl istd 4 (matching the index range of A), the index range
-- of Op2 is 20 4, and the index range of Result igd(8vnto 1)
-- (again matching the index range of the actual).
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3.2.1.2 Predefined array types
The predefined array types are STRING and BIT_VECTOR, defined in package STANDARD in section 14.

The values of the predefined type STRING are one-dimensional arrays of the predefined type
CHARACTER, indexed by values of the predefined subtype POSITIVE:

subtype POSITIVE is INTEGER rangd. to INTEGER'HIGH ;
type STRINGis array (POSITIVErange <>) of CHARACTER ;

The values of the predefined type BIT_VECTOR are one-dimensional arrays of the predefined type BIT,
indexed by values of the predefined subtype NATURAL:

subtype NATURAL is INTEGER rangeO to INTEGER'HIGH ;
type BIT_VECTORIis array (NATURAL range <>) of BIT ;

Examples:
variable MESSAGE : STRING(10 17) := "THIS IS A MESSA(

signal LOW_BYTE : BIT_VECTOR (00 7) ;

3.2.2 Record types

A record type is a composite type, ob ed elements. The value of a record

element_
identifier, 4

The use of a name that denotes a record element is not allowed within the record
clares the element.

type must be d
type definition that™

An element declaration with several identifiers is equivalent to a sequence of single element declarations.
Each single element declaration declares a record element whose subtype is specified by the element
subtype definition.

If a simple name appears at the end of a record type declaration, it must repeat the identifier of the type
declaration in which the record type definition is included.

A record type definition creates a record type; it consists of the element declarations in the order in which
they appear in the type definition.
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Example:
type DATE is
record
DAY . INTEGERrange 1 to 31;
MONTH : MONTH_NAME;
YEAR : INTEGERrange 0 to 4000;
endrecord;

3.3 Access types

An object declared by an object declaration is created by the elaboration of the object declaration and is
denoted by a simple name or by some other form of name. In contrast, o that are created by the
evaluation of allocators (see 7.3.6) have no simple name. Access to such 3 achiegeddsg an

valuereturned by an allocator; the access value is salddmnatehe object.

access_type_definition ::accessubtype_indication

J by an allocator can be assigned to several variables of thendimgesccess type.
object created by an allocator to be designated by more than one variable of the access
type. An acsess valye can only designate an object created by an allocator; in particulantitiesignate an
object declared by.an object declaration.

2 If the type of the object designated by the access value is an array type, this object is constrained with the array
bounds supplied implicitly or explicitly for the corresponding allocator.

3.3.1 Incomplete type declarations

The designated type of an access type can be of any type except a file type (see clause 3.3). In particular,

the type of an element of the designated type can be another access type or even the same access type. This

permits mutually dependent and recursive access types. Declarations of such types require a prior

incomplete type declaration for one or more types.

incomplete_type_declaration :type identifier ;
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