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Introduction

(Thisintroduction is not part of IEEE Std 1076.1-1999, |EEE Standard VHDL Analog and Mixed-Signal Extensions.)

The IEEE 1076.1 language, informally known as VHDL-AMS, is a superset of IEEE Std 1076-1993
(VHDL) that provides capabilities for describing and simulating analog and mixed-signal systems with
conservative and nonconservative semantics for the analog portion of the system. The language supports
many abstraction levels in electrical and nonelectrical energy domains. The modeled analog systems are
lumped systems that can be described by ordinary differential equations and algebraic equations. The
language does not specify any particular technique to solve the equations, but it rather defines the results that
must be achieved. The solution of the equations may include discontinuities. Interaction between the digital
part of a model and its analog part is supported in a flexible and efficient manner. Finaly, support for
frequency domain small-signal and noise simulation is provided.

The extension of VHDL to support analog and mixed-signal systems began in 1989, as part of the second
revision of |IEEE Std 1076 targeted for a 1993 release. A large number of requirements to support analog and
mixed-signal systems were submitted, and it soon became apparent that the complexity of the topic required
the formation of a separate working group. The design of the IEEE 1076.1 language formally began in 1993,
when the |EEE 1076.1 Working Group was formed under the auspices of the Design Automation Standards
Committee of the IEEE Computer Society, under Project Authorization Request (PAR) 1076.1. Its charter
was to extend the IEEE 1076 (VHDL) language to support the requirements for the description and
simulation of analog and mixed-signal systems. The IEEE 1076.1 Working Group approved the draft
standard in June 1997. The first release of the draft of IEEE Std 1076.1-1999 was approved by the IEEE
Standards Board on 18 March 1999.

The development of the IEEE 1076.1 language has been supported by the European ESPRIT Project 8370
ESIP (EDA Standards Integration and Promation), the U.S. Air Force Rome Laboratory (contract No.
F30602-93-C-0209), the U.S. Air Force Wright Patterson Laboratory (contract No. F33615-96-C-1908), and
the employers of participating engineers. The IEEE 1076.1 Working Group was led by an executive
committee whose members were: Jean-Michel Bergé (chair until June 1996), Ernst Christen (vice chair),
and Alain Vachoux (secretary, and also chair since June 1996). In addition, several subcommittees were
formed to handle the various phases of the language devel opment:

— The Requirements and Objectives Committee was chaired by Hazem El-Tahawy and Dan
Fitzpatrick. Kevin Nolan, Mart Altmae, Hazem EI-Tahawy, Jean-Michel Bergé, Denis Rouquier, and
Dominique Rodriguez consolidated the requirements from North America and Europe. Hazem El-
Tahawy, Robert Cottrell, Richard Shi, Dan Fitzpatrick, and Alain Vachoux developed the Design
Objective Document (DOD) that was the base for the design of the IEEE 1076.1 language.

— The Language Design Committee was chaired by Ernst Christen. Ken Bakalar and Ernst Christen
were the main architects of the extended language. They developed a series of white papers that
constituted the base for writing the draft of IEEE Std 1076.1-1999. Consistency with |EEE Std 1076-
1993 (VHDL) was ensured by VHDL experts Doug Dunlop, Paul Menchini, and John Willis.

— The Documentation Committee was initially chaired by David Smith and later by Dave Barton. Its
charter was to coordinate the writing of IEEE Std 1076.1-1999. Dave Barton also wrote the draft of
IEEE Std 1076.1-1999, and carefully managed the development of the document to satisfy the
differing needs of both the |EEE balloting process and the end user.

— The Ballot Resolution Committee managed the various IEEE ballots required to achieve |IEEE
approval. It was responsible for resolving the comments and suggestions submitted during the
balloting process, and to update the draft of IEEE Std 1076.1-1999 accordingly. The Ballot
Resolution Committee was chaired by Alain Vachoux. Ernst Christen and Ken Bakalar were the
technical experts and Serge Garcia-Sabiro, Ken Kundert, and Richard Shi acted as reviewers for the
resolutions. Last, but not least, Dave Barton carefully integrated the changes into the draft of |IEEE
Std 1076.1-1999.
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The IEEE 1076.1 Working Group is continuing to maintain the IEEE 1076.1 language, and information on
the effort may be found at the following URL :

http://www.eda.org/vhdl-ams

The following individuals contributed to the design of the IEEE 1076.1 language:

Mart Altméae Doug Dunlop Siep Onneweer
Kenneth Bakalar Hazem El-Tahawy Joannis Papanuskas
Jim Barby Joerg-Oliver Fischer-Binder Steffen Rochel
David Barton Dan Fitzpatrick Dominique Rodriguez
Ingrid Bausch-Gall Serge Garcia-Sabiro Jacques Rouillard
William Bell Joe Gwinn Denis Rouquier
Jean-Michel Bergé Tom J. Kazmierski Hisashi Sasaki
Mark Brown Howard Ko C.-J. Richard Shi
Harold W. Carter Ken Kundert David W. Smith

Ed Cheng S. Peter Liebmann Richard Trihy

Ernst Christen Jean-José Mayol Alain Vachoux
Robert A. Cottrell Paul Menchini Kevin Walsh

Dan Damon Eduard Moser John C. Willis
Raphaél Dorado Kevin Nolan LunYe
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When the IEEE-SA Standards Board approved this standard on 18 March 1999, it had the following
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IEEE Standard VHDL Analog and
Mixed-Signal Extensions

0. Overview

This clause describes the purpose, scope, and organization of this standard.

0.1 Purpose and scope

This standard defines the IEEE 1076.1 language, a hardware description language for the description and the
simulation of analog, digital, and mixed-signal systems. The language, also informally known as VHDL-
AMS, is built on the IEEE Std 1076-1993 (VHDL) langauge, and extends it to provide capabilities of
writing and simulating anal og and mixed-signal models.

This document contains the complete reference of the IEEE 1076.1 VHDL language, including the
unchanged portions of the base language and the extensions. Formally, |IEEE Std 1076.1-1999 defines the
extensions only, and portions of text marked with change bars are either exclusively part of IEEE Std
1076.1-1999, or define changes compared to |EEE Std 1076-1993. Portions of text not marked with change
bars are identical in this document and in |EEE Std 1076-1993.

The primary audience of this document are implementors of tools supporting the language and advanced
users of the language. The document is not intended to provide any introductory or tutorial information. It
rather provides formal definitions of language elements and language constructs.

The IEEE 1076.1 language is a superset of the IEEE 1076 language (VHDL). As such, any legal IEEE Std
1076-1993 model isalegal |IEEE Std 1076.1-1999 model, and any |EEE 1076.1 tool must provide the same
simulation results as obtained with an |EEE 1076 tool. |EEE Std 1076-1993 and | EEE Std 1076.1-1999 will
remain separate standards. This means that when IEEE Std 1076-1993 isrevised, | EEE Std 1076.1-1993 will
not be automatically revised accordingly. A separate effort will be required to keep both standards
synchronized and to avoid inconsistencies.

0.2 Standards used as references

This standard is dependent upon IEEE Std 1076-1993. In addition, certain definitions in this document
depend upon |EEE Std 1076.2-1996, which describes via standard packages and definitions mathematical
functions that can be used within VHDL design units.

|EEE Std 1076-1993, |EEE Standard VHDL Language Reference Model 1

|EEE Std 1076.2-1996, |EEE Standard VHDL Mathermatical Packages.

1| EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, PO. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.iece.org/).
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0.3 Structure and terminology of this document

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

Each clause that describes 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 |EEE standards that 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 document.
In al cases, “is’ isto be interpreted as having mandatory weight. 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, as described by the following:

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.

¢) 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 itsVHDL source text.

Finally, each clause may end with examples, notes, and references to other pertinent clauses.
0.3.1 Syntactic description

The form of a VHDL description is described by means of context-free syntax, using a simple variant of
backus naur form; in particular:

@) Lowercased words in roman font, some containing embedded underlines, are used to denote
syntactic categories. For example:

formal_port_list

Whenever the name of a syntactic category is used, apart from the syntax rules themselves, spaces
take the place of underlines (thus, “formal port list” would appear in the narrative description when
referring to the above syntactic category).

b) Boldface words are used to denote reserved words. For example:
array

Reserved words must be used only in those places indicated by the syntax.

¢) A production consists of aleft-hand side, the symbol “::=" (which is read as “can be replaced by”),
and a right-hand side. The left-hand side of a production is always a syntactic category; the right-
hand side is a replacement rule.

The meaning of a production is a textual-replacement rule: any occurrence of the left-hand side may
be replaced by an instance of the right-hand side.

2 Copyright © 1999 |IEEE. All rights reserved.
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d)

e

f)

9)

h)

A vertical bar separates aternative items on the right-hand side of a production unless it occurs
immediately after an opening brace, in which case it stands for itself:

letter_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).

Square brackets enclose optional items on the right-hand side of a production; thus the two follow-
ing 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.

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

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 example, type name and subtype name are both syntactically equivalent to name
alone.

Theterm simple_nameis used for any occurrence of an identifier that already denotes some declared
entity.

0.3.2 Semantic description

The meaning and restrictions of a particular construct are described with a set of narrative rulesimmediately
following the syntactic productions. In these rules, an italicized term indicates the definition of that term, and
identifiers appearing entirely in uppercase refer to definitions in package STANDARD (see 14.2).

The following terms are used in these semantic descriptions with the following meaning:

erroneous: The condition thus described represents an ill-formed description; however, implementations are
not required to detect and report this condition. Conditions are deemed erroneous only when it isimpossible
in general to detect the condition during the processing of the language.

error: The condition thus described represents an ill-formed description; implementations are required to
detect the condition and report an error to the user of the tool. Synonym: illegal.

illegal: See: error.

legal: The condition thus described represents a well-formed description.
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0.3.3 Front matter, examples, notes, references, and annexes

Prior to this clause are several pieces of introductory material; following the final clause are five annexes and
an index. The front matter, annexes, and index serve to orient and otherwise aid the user of this manual but
are not part of the definition of VHDL.

Some clauses of this standard contain examples, notes, and cross-references to other clauses of the manual;
these parts always appear at the end of a clause. Examples are meant to illustrate the possible forms of the
construct described. Illegal examples are italicized. Notes are meant to emphasi ze consequences of the rules
described in the clause or elsewhere. In order to distinguish notes from the other narrative portions of this
standard, notes are set as enumerated paragraphs in afont smaller than the rest of the text. Cross-references

are meant to guide the user to other relevant clauses of the manual. Examples, notes, and cross-references
are not part of the definition of VHDL.
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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 awell-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 entity itself; such a block is an external
block that residesin alibrary and may be used as a component of other designs. Nested blocks in the hierar-
chy areinternal blocks, defined by block statements (see 9.1).

A design entity may also be described in terms of interconnected components. Each component of a design
entity may be bound to a lower-level design entity in order to define the structure or behavior of that
component. Successive decomposition of adesign entity into components, and binding those components to
other design entities that may be decomposed in like manner, results in a hierarchy of design entities
representing a complete design. Such a collection of design entities is called a design hierarchy. The
bindings necessary to identify a design hierarchy can be specified in a configuration of the top-level entity in
the hierarchy.

This clause describes the way in which design entities and configurations are defined. A design entity is
defined by an entity declaration together with a corresponding architecture body. A configuration is defined
by a configuration declaration.

1.1 Entity declarations

An entity declaration defines the interface between a given design entity and the environment in which it is
used. It may also specify declarations and statements that are part of the design entity. A given entity
declaration may be shared by many design entities, each of which has a different architecture. Thus, an
entity declaration can potentially represent a class of design entities, each with the same interface.

entity_declaration ::=
entity identifier is
entity header
entity declarative part
[ begin
entity statement_part |
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.

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 ]
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generic_clause::=

generic ( generic_list) ;
port_clause ::=

port ( port_list) ;

The generic list in the formal generic clause defines generic constants whose values may be determined by
the environment. The port list in the formal port clause defines the ports of the design entity, and their
direction, if any.

In certain circumstances, the names of generic constants and ports declared in the entity header become
visible outside of the design entity (see 10.2 and 10.3).

Examples:

— An entity declaration with port declarations only:
entity Full_Adder is
port (X, Y, Cin: in Bit; Cout, Sum: out Bit) ;
end Full_Adder ;

— An entity declaration with generic declarations also:
entity AndGateis
generic
(N: Natural :=2);
port
(Inputs. in Bit_Vector (1to N);
Result: out Bit) ;
end entity AndGate ;

— An entity declaration with neither:
entity TestBenchis
end TestBench ;

— An entity with both signal and quantity declarations:
entity Multiplier is
generic (Bound: REAL);
port ( quantity Inputl, Input2: in REAL;
quantity Output: out REAL;
signal  OutOfBound: out BOOLEAN);
end entity multiplier;

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 aformal generic.

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 is open), and if adefault expression is specified for that generic, the value of this expres-
sion isthe value of the generic. It isan error if no actual is specified for agiven formal generic and no default
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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 behavioral characteristics of ablock, 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 ablock; 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 and its environment. The following
appliesto both external blocks defined by design entities and to internal blocks defined by block statements,
including those equivalent to component instantiation statements and generate statements (see 9.7).

port_list ::= port_interface list

The ports of ablock are defined by a port interface list; interface lists are described in 4.3.2.1. Each interface
element in the port interface list declares aformal port. A formal port may be asignal port, aquantity port or
aterminal port.

To communicate with other blocks, the signal ports, terminal ports, or quantity ports of a block can be
associated with signals, terminals, or quantities, respectively, in the environment in which the block is used.
Moreover, the signa ports and quantity ports of a block may be associated with an expression in order to
provide these ports with constant driving values; such ports must be of mode in. A signal port is itself a
signal (see 4.3.1.2); atermina port is itself aterminal (see 4.3.1.5); and a quantity port is itself a quantity
(see 4.3.1.6); thus, a formal port of a block may be associated as an actual with a formal port of an inner
block. The port, signal, quantity, terminal, or expression associated with a given formal port is called the
actual corresponding to the formal port (see 4.3.2.2). The actual, if not an expression, must be denoted by a
static name (see 6.1). The actual, if an expression, must be a globally static expression (see 7.4). Terminal
ports may not be associated with an expression.

After a given description is completely elaborated (see Clause 12), if a formal port is associated with an
actual that isitself a port, then the following restrictions apply depending upon the mode (see 4.3.2), if any,
of the formal port:

a) Foraformal port of modein,

— If the formal port is a signal port, the associated actual may only be a signal port of mode in,
inout, or buffer.

— If theformal port is a quantity port, the associated actual may only be a quantity port of mode
in or out.
b) Foraformal port of mode out,

— If theformal port isasignal port, the associated actual may only be asignal port of mode out, or
inout.

— If the formal port is a quantity port, the associated actual may only be a quantity port of mode
out.
¢) Foraformal port of mode inout, the associated actual may only be a port of mode inout.
d) For aformal port of mode buffer, the associated actual may only be a port of mode buffer.
e) For aformal port of mode linkage, 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 Clause 12), any actual associated with aformal buffer port may have at most one
source.
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If aformal port is associated with an actual port, signal, terminal, quantity, or expression, then the formal
port is said to be connected. If a formal port is instead associated with the reserved word open, then the
formal is said to be unconnected. A signal port or quantity port of mode in may be unconnected or
unassociated (see 4.3.2.2) only if its declaration includes a default expression (see 4.3.2). A signa port or
quantity port of any mode other than in may be unconnected or unassociated as long as its type is not an
unconstrained array type. A terminal port may be unconnected or unassociated as long as its nature is not an
unconstrained array nature. It is an error if some of the subelements of a composite formal port are
connected and others are either unconnected or unassociated. It is an error if any quantity is associated as an
actual with more than one formal of mode out.

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
| step_limit_specification
| use_clause
| group_template declaration
| group_declaration
| nature_declaration
| subnature_declaration
| quantity declaration
| terminal_declaration

Names declared by declarative items in the entity declarative part of a given entity declaration are visible
within the bodies of corresponding design entities, as well as within certain portions of a corresponding
configuration declaration.

Example:

— An entity declaration with entity declarative items:

entity ROM is
port ( Addr: in Word;
Data:  out Word,;
Sdl: in Bit);
type Instructionisarray (1to5) of Natural;
type Program isarray (Natural range <>) of Instruction;

use Work.OpCodes.all, Work.RegisterNames.all;
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constant ROM_Code: Program :=

(
(STM, R14, R12, 12, R13),
(LD, R7, 32, 0, R1),
(BAL, R14, 0, 0, R7),
. -- dtc.
)
end ROM;

NOTE—The entity declarative part of a design entity whose corresponding architecture is decorated with the 'FOREIGN
attribute is subject to specia 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
| passive_concurrent_procedure_call
| passive_process statement

Only concurrent assertion statements, concurrent procedure call statements, or process statements may
appear in the entity statement part. All such statements must be passive (see 9.2). Such statements may be
used to monitor the operating conditions or characteristics of adesign entity.

Example:

— Anentity declaration with statements:

entity Latchis
port ( Din: in Word;
Dout: out Word;
Load: in Bit;
Clk: in Bit);

constant Setup: Time := 12 ns,
constant PulseWidth: Time := 50 ns;
use Work. TimingMonitors.all;
begin
assert Clk="1' or Clk'Delayed'Stable (PulseWidth);
CheckTiming (Setup, Din, Load, CIK);
end ;

NOTE—The entity statement part of a design entity whose corresponding architecture is decorated with the 'FOREIGN
attribute is subject to special elaboration rules. See 12.4.
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1.2 Architecture bodies

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

architecture_body ::=
architecture identifier of entity nameis
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.

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 are available for use within the block
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 declaration
| file_declaration
| alias_declaration
| component_declaration
| attribute_declaration
| attribute_specification
| configuration_specification
| disconnection_specification
| step_limit_specification
| use_clause
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| group_template declaration
| group_declaration

| nature_declaration

| subnature_declaration

| quantity declaration

| terminal_declaration

The various kinds of declaration are described in Clause 4, and the various kinds of specification are
described in Clause 5. The use clause, which makes externally defined names visible within the block, is
described in Clause 10.

NOTE—The declarative part of an architecture decorated with the 'FOREIGN attribute is subject to special elaboration
rules. See 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 ::=
{ architecture_statement }
architecture_statement ::= simultaneous_statement | concurrent_statement

All of the statements in the architecture statement part are either concurrent or simultaneous statements,
which execute asynchronously with respect to one another. The various kinds of concurrent statements are
described in Clause 9; the various kinds of simultaneous statements are described in Clause 15.

Examples:

— A body of entity Full_Adder:
architecture DataFlow of Full_Adder is
signal A,B: Bit;
begin
A<=XXxorY;
B <= A and Cin;
Sum <= A xor Cin;
Cout<=Bor (X andY);
end architecture DataFlow ;

— A body of entity TestBench:

library Test;

use Test.Components.all;

architecture Structure of TestBenchis
component Full_Adder

port (X,Y, Cin: Bit; Cout, Sum: out Bit);

end component;
signal A,B,C,D,E,FG: Bit;
signal OK: Boolean;

begin
UUT: Full_Adder port map (A,B,C,D,E);
Generator: AdderTest port map (A,B,C,FG);

Comparator: AdderCheck port map (D,E,F,G,0K);
end Structure;
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— A body of entity AndGate:
architecture Behavior of AndGateis
begin

process (Inputs)
variable Temp: Bit;
begin
Temp :='1,
for i in InputsRange loop
if Inputs(i) ='0" then

Temp :="'0,
exit;
end if;
end loop;
Result <= Temp after 10 ns;
end process,
end Behavior;

— A body of entity Multiplier:
architecture Sample of Multiplier is
begin
Output == Inputl * Input2;
OutOfBound <= Output'Above(Bound) or not Output'Above(-Bound);
end architecture Sample;

NOTE—The statement part of an architecture decorated with the 'FOREIGN attribute is subject to specia elaboration
rules. See 12.4.

1.3 Configuration declarations

The binding of component instances to design entitiesis performed by configuration specifications (see 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_nameis
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 declaration that defines the design entity at the apex of the

design hierarchy. For a configuration of a given design entity, both the configuration declaration and the
corresponding entity declaration must reside in the same library.
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If a simple name appears at the end of a configuration declaration, it must repeat the identifier of the
configuration declaration.

NOTES

1—A configuration declaration achieves its effect entirely through elaboration (see Clause 12). There are no behavioral
semantics associated with a configuration declaration.

2—A given configuration may be used in the definition of another, more complex configuration.
Examples:

— Anarchitecture of a microprocessor:

architecture Structure_View of Processor is
component ALU port (s ); end component;
component MUX port ( *e); end component;
component Latch port (*e¢); end component;

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

end Structure View ;

— A configuration of the microprocessor:
library TTL, Work ;
configuration V4 _27 87 of Processor is
use Work.all ;
for Structure View
for A1: ALU
use configuration TTL.SN74LS181 ;
end for ;
for M1,M2,M3: MUX
use entity Multiplex4 (Behavior) ;

end for ;
for all: Latch
— use defaults
end for ;
end for ;

end configuration V4_27 87;
1.3.1 Block configuration

A block configuration defines the configuration of a block. Such a block may be either an internal block
defined by a block statement or an external block defined by a design entity. If the block isan internal block,
the defining block statement may be either an explicit block statement or an implicit block statement that is
itself defined by a generate statement.

block_configuration ::=
for block_specification
{ use clause}
{ configuration_item }
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end for ;
block_specification ::=

architecture_name

| block_statement_label

| generate_statement label [ ( index_specification) |
index_specification ::=

discrete_range

| static_expression
configuration_item ::=

block_configuration

| component_configuration

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

If ablock 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.

If a block configuration appears immediately within another block configuration, then the block
specification of the contained block configuration must be ablock 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 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 externa
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. See 10.3 for more information.

For any name that is the label of a block statement appearing immediately within a given block, a
corresponding block configuration may appear as a configuration item immediately within a block configu-
ration corresponding to the given block. For any collection of names that are labels of instances of the same
component appearing immediately within a given block, a corresponding component configuration may
appear as a configuration item immediately within ablock configuration corresponding to the given block.

For any name that is the label of a generate statement immediately within a given block, one or more corre-
sponding block configurations may appear as configuration items immediately within a block configuration
corresponding to the given block. Such block configurations apply to implicit blocks generated by that gen-
erate statement. If such ablock configuration contains an index specification that is a discrete range, then the
block configuration applies to those implicit block statements that are generated for the specified range of
values of the corresponding generate parameter; the discrete range has no significance other than to define
the set of generate statement parameter values implied by the discrete range. If such a block configuration
contains an index specification that is a static expression, then the block configuration applies only to the
implicit block statement generated for the specified value of the corresponding generate parameter. If no
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index specification appears in such ablock configuration, then it applies to exactly one of the following sets
of blocks:

— All implicit blocks (if any) generated by the corresponding generate statement, if and only if the
corresponding generate statement has a generation scheme including the reserved word for

— Theimplicit block generated by the corresponding generate statement, if and only if the correspond-
ing generate statement has a generation scheme including the reserved word if and if the condition in
the generate scheme evaluates to TRUE

— No implicit or explicit blocks, if and only if the corresponding generate statement has a generation
scheme including the reserved word if and 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 word for.

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.

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 aresult of the rules described in the preceding paragraphs and in Clause 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 anameisdirectly visible at the end of the given block declara-
tive part, it will likewise be directly visible in the corresponding configuration items, unless a use clause for a different
declaration with the same simple hame 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 those places that 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 implicit configuration item
will never contain explicit configuration items.

3—If the block specification in a block configuration specifies a generate statement label, and if this label contains an
index specification that is a discrete range, then the direction specified or implied by the discrete range has no signifi-
cance other than to define, together with the bounds of the range, the set of generate statement parameter values denoted
by the range. Thus, the following two block configurations are equivalent:

for Adders(31 downto 0) * end for;
for Adders(0 to 31) e« end for;

4—A block configuration may appear immediately within a configuration declaration only if the entity declaration
denoted by the entity name of the enclosing configuration declaration has associated architectures. Furthermore, the
block specification of the block configuration must denote one of these architectures.

Examples:

— A block configuration for a design entity:
for ShiftRegStruct -- An architecture name.
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-- Configuration items
-- for blocks and components
-- within ShiftRegStruct.

end for ;

— A block configuration for ablock statement:
for B1 -- A block label.
-- Configuration items
-- for blocks and components
-- within block B1.
end for ;

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 ]
end for ;

The component specification (see 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.

Itisan 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 configu-
ration 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 instance is unbound in the corresponding
block, then any implicit component configuration for that instance will contain an implicit, default binding
indication.

It is an error if a component configuration contains an explicit block configuration and the component
configuration does not bind all identified component instances to the same design entity.

Within a given component configuration, whether implicit or explicit, an implicit block configuration is
assumed for the design entity to which the corresponding component instance is bound, if no explicit block
configuration appears and if the corresponding component instance is fully bound.

Examples:

— A component configuration with binding indication:
for all: IOPort
use entity StdCells.PadTriState4 (DataFlow)
port map (Pout=>A, Pin=>B, 10=>Dir, Vdd=>Pwr, Gnd=>Gnd) ;
end for ;
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— A component configuration containing block configurations:
for D1: DSP
for DSP_STRUCTURE
-- Binding specified in design entity or else defaults.
for Filterer
-- Configuration items for filtering components.
end for ;
for Processor
-- Configuration items for processing components.
end for ;
end for ;
end for ;

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

architectureA of Eis
component C isend component C;
for L1: C use entity E1(X);
for L2: C use entity E2(X);
begin
L1: C;
L2: C;
end architectureA;

configuration Illegal of Work.E is

for A
for all: C
for X -- Doesnot apply to the same design entity in all instances of C.
end for; -- X
endfor; --C
endfor; -- A

end configuration Illegal ;
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2. Subprograms and packages

Subprograms define algorithms for computing values or exhibiting behavior. They may be used as computa-
tional resources to convert between values of different types, to define the resolution of output values driving
a common signal, or to define portions of a process. Packages provide a means of defining these and other
resourcesin away that allows different design units to share the same declarations.

There are two forms of subprograms: procedures and functions. A procedure call is a statement; a function
call is an expression and returns a value. Certain functions, designated pure functions, return the same value
each time they are called with the same values as actual parameters; the remainder, impure functions, may
return a different value each time they are called, even when multiple calls have the same actual parameter
values. In addition, impure functions can update objects outside of their scope and can access a broader class
of values than can pure functions. The definition of a subprogram can be given in two parts. a subprogram
declaration defining its calling conventions, and a subprogram body defining its execution.

Packages may also be defined in two parts. A package declaration defines the visible contents of a package;
a package body provides hidden details. In particular, a package body contains the bodies of any subpro-
grams declared in the package declaration.

2.1 Subprogram declarations

A subprogram declaration declares a procedure or afunction, as indicated by the appropriate reserved word.

subprogram_declaration ::=
subprogram_specification ;

subprogram_specification ::=
procedure designator [ (formal_parameter_list) ]
| [ pure|impure] function designator [ ( formal_parameter_list) ]
return type_mark

designator ::= identifier | operator_symbol

operator_symbol ::= string_literal
The specification of a procedure specifiesits designator and its formal parameters (if any). The specification
of afunction specifies its designator, its formal parameters (if any), the subtype of the returned value (the
result subtype), and whether or not the function is pure. A function isimpure if its specification contains the
reserved word impure; otherwise, it is said to be pure. 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 |ettersis not significant.
NOTE—AII subprograms can be called recursively.

2.1.1 Formal parameters

The formal parameter list in a subprogram specification defines the formal parameters of the subprogram.

formal_parameter_list ::= parameter_interface list
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Formal parameters of subprograms may be constants, variables, signals, or files. In the first three cases, the
mode of a parameter determines how a given formal parameter may be accessed within the subprogram. The
mode of aformal parameter, together with its class, may also determine how such accessisimplemented. In
the fourth case, that of files, the parameters have no mode.

For those parameters with modes, the only modes that are allowed for formal parameters of a procedure are
in, inout, and out. If the mode isin and no object class is explicitly specified, constant is assumed. If the
mode isinout or out, and no object classis explicitly specified, variableis assumed.

For those parameters with modes, the only mode that is allowed for formal parameters of a function is the
mode in (whether this mode is specified explicitly or implicitly). The object class must be constant, signal,
or file. If no object classis explicitly given, constant is assumed.

In a subprogram call, the actual designator (see 4.3.2.2) associated with a formal parameter of class signal
must be a signal. The actual designator associated with a formal of class variable must be a variable. The
actual designator associated with a formal of class constant must be an expression. The actual designator
associated with aformal of class file must be afile.

NOTE—Attributes of an actual are never passed into a subprogram: references to an attribute of aformal parameter are
legal only if that formal has such an attribute. Such references retrieve the value of the attribute associated with the
formal.

2.1.1.1 Constant and variable parameters

For parameters of class constant 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 modeisin or 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 mode isinout or out, the value of the formal parameter is copied back into the asso-
ciated 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.

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 of mode out is passed by copy, then the
range of each index position of the actual parameter is copied in, and likewise for its subelements or dlices.
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 mecha
nisms 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 erroneousiif its effect depends on which mechanism
is selected by the implementation.

For a formal parameter of a constrained array subtype of mode in or inout, 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
whose declaration contains a subtype indication denoting an unconstrained array type, the subtype of the
formal in any call to the subprogram is taken from the actual associated with that formal in the call to the
subprogram. It isalso an error if, in either case, the value of each element of the actual array (after applying
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any conversion function or type conversion present in the actual part) does not belong to the element subtype
of the formal. If the formal parameter is of mode out or inout, it isalso an error if, at the end of the subpro-
gram call, the value of each element of the formal (after applying any conversion function or type conversion
present in the formal part) does not belong to the element subtype of the actual.

NOTES

1—For parameters of array and record types, the parameter passing rulesimply that if no actual parameter of such atype
is accessible by more than one path, then the effect of a subprogram call is the same whether or not the implementation
uses copying for parameter passing. If, however, there are multiple access paths to such a parameter (for example, if
another formal parameter is associated with the same actual parameter), then the value of the formal is undefined after
updating the actual other than by updating the formal. A description using such an undefined value is erroneous.

2—As a consequence of the parameter passing conventions for variables, if a procedure is called with a shared variable
(see 4.3.1.3) as an actua to aformal variable parameter of modes inout or out, the shared variable may not be updated
until the procedure completes its execution. Furthermore, a formal variable parameter with modes in or inout may not
reflect updates made to a shared variable associated with it as an actual during the execution of the subprogram, includ-
ing updates made to the actual during the execution of await statement within a procedure.

2.1.1.2 Signal parameters

For a formal parameter of class signal, references to the signal, the driver of the signal, or both, are passed
into the subprogram call.

For asignal parameter of modein or inout, the actual signal is associated with the corresponding formal sig-
nal parameter at the 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 areference to the actual signal.

Itisan error if signal-valued attributes 'STABLE, '‘QUIET, ' TRANSACTION, and 'DELAY ED of formal sig-
nal parameters of any mode are read within a subprogram; similarly, it is an error if quantity-valued
attributes'RAMP or 'SLEW are read within a subprogram.

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

For asignal parameter of mode inout or out, the driver of an actual signal is associated with the correspond-
ing 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 aformal signal parameter is equivalent to an assignment to
the driver of the actual signal.

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

If an actual signal is associated with asignal 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 that formal in the call to the subprogram.
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Itisalso an error if the mode of the formal isin or inout and if the value of each element of 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 associated with an actual signal that is a
guarded signal. It is an error if the declaration of aformal signal parameter includes the reserved word bus
(see 4.3.2).

NOTE—It is a consequence of the preceding rules that a procedure with an out or inout signal parameter called by a
process does not have to complete in order for any assignments to that signal parameter within the procedure to take
effect. Assignments to the driver of aformal signal parameter are equivalent to assignments directly to the actual driver
contained in the process calling the procedure.

2.1.1.3 File parameters

For parameters of class file, references to the actual file are passed into the subprogram. No particular
parameter-passing mechanism is defined by the language, but a reference to the formal parameter must be
equivalent to areference to the actual parameter. It is an error if an association element associates an actual
with aformal parameter of a file type and that association element contains a conversion function or type
conversion. Itisalso an error if aformal of afile typeisassociated with an actual that is not of afile type.

At the beginning of a given subprogram call, afile parameter is open (see 3.4.1) if and only if the actual file
object associated with the given parameter in a given subprogram call is also open. Similarly, at the begin-
ning of a given subprogram call, both the access mode of and externa file associated with (see 3.4.1) an
open file parameter are the same as, respectively, the access mode of and the external file associated with the
actual file object associated with the given parameter in the subprogram call.

At the completion of the execution of a given subprogram call, the actual file object associated with a given
file parameter is open if and only if the formal parameter is also open. Similarly, at the completion of the
execution of a given 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_specification is
subprogram_declarative part
begin
subprogram_statement_part
end [ subprogram_kind ] [ designator ] ;

subprogram_declarative part ::=
{ subprogram_declarative item }

subprogram_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| variable_declaration
| file_declaration
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| alias_declaration

| attribute_declaration

| attribute _specification

| use_clause

| group_template declaration
| group_declaration

subprogram_statement_part ::=
{ sequentia_statement }

subprogram_kind ::= procedure | function

The declaration of a subprogram is optional. In the absence of such a declaration, the subprogram
specification of the subprogram body acts as the declaration. For each subprogram declaration, there must be
a corresponding body. If both a declaration and a body are given, the subprogram specification of the body
must conform (see 2.7) to the subprogram specification of the declaration. Furthermore, both the declaration
and the body must occur immediately within the same declarative region (see 10.1).

If asubprogram kind appears at the end of a subprogram body, it must repeat the reserved word given in the
subprogram specification. If a designator appears at the end of a subprogram body, it must repeat the
designator of the subprogram.

Itisan error if avariable declaration in a subprogram declarative part declares ashared variable. (See 4.3.1.3
and 8.1.4.)

A foreign subprogram is one that is decorated with the attribute 'FOREIGN, defined in package STAN-
DARD (see 14.2). The STRING value of the attribute may specify implementation-dependent information
about the foreign subprogram. Foreign subprograms may have non-VHDL implementations. An implemen-
tation may place restrictions on the allowable modes, classes, and types of the formal parametersto aforeign
subprogram; such restrictions may include restrictions on the number and allowable order of the parameters.

Excepting foreign subprograms, the algorithm performed by a subprogram is defined by the sequence of
statements that appears in the subprogram statement part. For a foreign subprogram, the agorithm
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 be a parent of a given subprogram S if that process or subprogram
contains a procedure call or function call for S or for a parent of S.

An explicit signal is asignal other than an implicit signal GUARD or other than one of the implicit signals
defined by the predefined attributes 'ABOVE, 'DELAYED, 'STABLE, 'QUIET, or TRANSACTION. The
explicit ancestor of an implicit signal is found as follows. All implicit GUARD signals and any signa
defined by the predefined attribute 'ABOV E have no explicit ancestor. An explicit ancestor of an implicit sig-
nal defined by the predefined attributes 'DELAYED, 'STABLE, 'QUIET, or 'TRANSACTION is the signad
found by recursively examining the prefix of the attribute. If the prefix denotes an explicit signal, adlice, or a
member (see Clause 3) of an explicit signal, then that is the explicit ancestor of the implicit signal. Other-
wise, if the prefix is one of the implicit signals defined by the predefined attributes 'DELAY ED, 'STABLE,
'QUIET, or TRANSACTION, thisruleisrecursively applied. If the prefix isan implicit signal GUARD, or a
signal defined by the predefined attribute ‘"ABOVE, then the signal has no explicit ancestor.
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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 dice or subelement (or slice thereof) of an explicit sig-
nal, then that object must be declared within the declarative region formed by the function (see 10.1) or
within the declarative region formed by the procedure; this rule aso holds for the explicit ancestor, if any, of
an implicit signal and also for the implicit signal GUARD. If a pure function is the parent of a given
procedure, then that procedure must not contain a reference to an explicitly declared file object (see 4.3.1.4)
or to ashared variable (see 4.3.1.3).

Similarly, if a pure function subprogram 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; this rule also holds for the explicit ancestor, if any, of
an implicit signal and also for the implicit signal GUARD. A pure function must not contain a reference to
an explicitly declared file object.

A pure function must not be the parent of an impure function.

The rules of the preceding four paragraphs apply to all pure function subprograms. For pure functions that
are not foreign subprograms, violations of any of these rules are errors. However, since implementations
cannot in general check that such rules hold for pure function subprograms that are foreign subprograms, a
description calling pure foreign function subprograms not adhering to these rulesis erroneous.

Example:

— Thedeclaration of aforeign function subprogram:
packagePis

function Freturn INTEGER,;

attribute FOREIGN of F: function is "implementation-dependent information”;
end package P,

NOTES

1—1It follows from the visibility rulesthat a subprogram declaration must be given if acall of the subprogram occurs tex-
tually before the subprogram body, and that such a declaration must occur before the call itself.

2—The preceding rules concerning pure function subprograms, together with the fact that function parameters may only
be of mode in, 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
specia elaboration rules. See 12.3 and 12.4.5. A pure function subprogram may not reference a shared variable. This
prohibition exists because a shared variable may not be declared in a subprogram declarative part and a pure function
may not reference any variable declared outside of its declarative region.

2.3 Subprogram overloading

Two formal parameter lists are said to have the same parameter type profile if 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 same parameter and result type profile if and 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 afunction.
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A given subprogram designator can be used in several subprogram specifications. The subprogram designa-
tor 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) if the name of the subprogram,
the number of parameter associations, the types and order of the actual parameters, the names of the formal
parameters (if named associations are used), and the result type (for functions) are not sufficient to identify
exactly one (overloaded) subprogram specification.

Similarly, areference to an overloaded resolution function name in a subtype indication isambiguous (and is
therefore an error) if the name of the function, the number of formal parameters, the result type, and the rela-
tionships between the result type and the types of the formal parameters (as defined in 2.4) are not sufficient
to identify exactly one (overloaded) subprogram specification.

Examples:

— Declarations of overloaded subprograms:
procedure Dump(F: inout Text; Vaue: Integer);
procedure Dump(F: inout Text; Value: String);

procedure Check (Setup: Time; signal D: Data; signal C: Clock);
procedure Check (Hold: Time; signal C: Clock; signal D: Data);

— Callsto overloaded subprograms:
Dump (Sys Output, 12) ;
Dump (Sys_Error, "Actual output does not match expected output") ;

Check (Setup=>10 ns, D=>DataBus, C=>Clk1);
Check (Hold=>5 ns, D=>DataBus, C=>Clk2);
Check (15 ns, DataBus, CIK) ;
-- Ambiguousiif the base type of DataBus is the same type as the base type of CIk.

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 them-
selves overloaded function calls, literals, or aggregates. Ambiguities may also (but need not) arise when severa over-
loaded 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 subpro-
gram can be expressed more explicitly as an expanded name (see 6.3).

2.3.1 Operator overloading

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

The subprogram specification of a unary operator must have a single parameter. The subprogram

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

NOTES

1—Overloading of the equality operator does not affect the selection of choices in a case statement in a selected signal
assignment statement, nor does it have an affect on the propagation of signal values.

2—A user-defined operator that has the same designator as a short-circuit operator (that is, that overloads the short-
circuit operator) is not invoked in a short-circuit manner. Specifically, calls to the user-defined operator always evaluate
both arguments prior to the execution of the function.

3—Functions that overload operator symbols may also be called using function call notation rather than operator nota-
tion. This statement is a so true of the predefined operators themselves.

Examples:

typeMVL is('0,'1,'Z','X");

function "and" (Left, Right: MVL) return MVL ;
function "or" (Left, Right: MVL) return MVL ;
function "not" (Value: MVL) return MVL ;

signal QRS MVL ;

Q <: IXI Or Ill;
R <: Ilorll (IOI,IZI);
S<=(QandR)or not S

2.3.2 Signatures

A signature distinguishes between overloaded subprograms and overloaded enumeration literals based on
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} ][ returntype 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 said to match the parameter and result
type profile of agiven subprogram if and only if all of the following conditions hold:

— The number of type marks prior to the reserved word return, 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 isthe same asthe
base type of the corresponding formal parameter of the subprogram.
— If the reserved word return 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 word return is absent and the subprogram is a procedure.

Similarly, asignature 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.
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Example:

attribute Builtln 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 clause.
attribute Mapping of IMP [return OpCode] : literal is"001";

2.4 Resolution functions

A resolution function is afunction that defines how the values of multiple sources of agiven signal are to be
resolved into a single value for that signal. Resolution functions are associated with signals that require res-
olution by including the name of the resolution function in the declaration of the signal or in the declaration
of the subtype of the signal. A signal with an associated resolution function is called a resolved signal (see
4.3.1.2).

A resolution function must be a pure function (see 2.1); moreover, it must have a single input parameter of
class constant that is aone-dimensional, unconstrained array whose element type isthat of the resolved sig-
nal. The type of the return value of the function must also be that of the signal. Errors occur at the place of
the subtype indication containing the name of the resolution function if any of these checksfail (see 4.2).

The resolution function associated with a resolved signal determines the resolved value of the signal as a
function of the collection of inputs from its multiple sources. If aresolved signal is of a composite type, and
if subelements of that type also have associated resolution functions, such resolution functions have no effect
on the process of determining the resolved value of thesignal. It isan error if aresolved signal has more con-
nected sources than the number of elements in the index type of the unconstrained array type used to define
the parameter of the corresponding resolution function.

Resolution functions are implicitly invoked during each simulation cycle in which corresponding resolved
signals are active (see 12.6.1). Each time a resolution function is invoked, it is passed an array value, each
element of which is determined by a corresponding source of the resolved signal, but excluding those
sourcesthat are drivers whose values are determined by null transactions (see 8.4.1). Such drivers are said to
be off. For certain invocations (specifically, those involving the resolution of sources of a signal declared
with the signal kind bus), 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 val ue representing the value of the bus when no source is driving it.

Example:

function WIRED_OR (Inputs: BIT_VECTOR) return BIT is
constant FloatValue: BIT :='0';
begin
if InputsLength = 0 then
-- Thisisabuswhose drivers are all off.
return FloatValue;
else
for I in InputsRange loop
if Inputs(l) ='1" then
return 'l
end if;
end loop;
return 'O,
end if;
end function WIRED_OR;
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2.5 Package declarations

A package declaration defines the interface to a package. The scope of a declaration within a package can be
extended to other design units.

package declaration ::=
packageidentifier is
package declarative part
end [ package] [ package simple name] ;

package declarative part ::=
{ package_declarative item}

package declarative item ::=
subprogram_declaration
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared_variable_declaration
| file_declaration
| dias_declaration
| component_declaration
| attribute_declaration
| attribute_specification
| disconnection_specification
| use_clause
| group_template_declaration
| group_declaration
| nature_declaration
| subnature_declaration
| terminal_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 10.4).

NOTE—Not all packages will have a package body. In particular, a package body is unnecessary if no subprograms or
deferred constants are declared in the package declaration.

Examples:

— A package declaration that needs no package body:
package TimeConstantsis

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

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

typeTriis('0,'1,'Z','E);

function BitVval (Vaue: Tri) return Bit ;

function Triva (Vaue: Bit) return Tri;

type TriVector isarray (Natural range <>) of Tri ;

function Resolve (Sources: TriVector) return Tri ;
end package TriState ;

2.6 Package bodies

A package body defines the bodies of subprograms and the values of deferred constants declared in the
interface to the package.

package body ::=
package body package simple nameis
package body declarative part
end [ package body ] [ package simple name] ;

package body_ declarative part ::=
{ package body_declarative item}

package body declarative item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| shared_variable_declaration
| file_declaration
| dias_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.

If a given package declaration contains a deferred constant declaration (see 4.3.1.1), then a constant declara-
tion with the same identifier must appear as a declarative item in the corresponding package body. This
object declaration is called the full 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 alocal generic, local port, or formal parameter. The
result of evaluating an expression that references a deferred constant before the elaboration of the corre-
sponding full declaration is not defined by the language.
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Example:

package body TriState is
function BitVa (Vaue: Tri) return Bit is
constant Bits: Bit_Vector := "0100";
begin
return Bits(Tri'Pos(Value));
end;
function Trival (Vaue: Bit) return Tri is
begin
return Tri'Val(Bit'Pos(Value));
end;

function Resolve (Sources: TriVector) return Tri is
variableV: Tri :='Z";
begin
for i in SourcesRange loop
if Sources(i) /="Z' then
if V="2"then
V = Sources(i);
else
return'E’,
end if;
end if;
end loop;
returnV,
end;
end package body TriState ;

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 nameis 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 said to conform if, apart from comments and the above allowed varia-
tions, 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.

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 isitself the prefix of a selected name.
For example, Q.R can bereplaced by PQ.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—Thefollowing 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)
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3.Types and natures

This clause describes the various categories of types and natures that are provided by the language as well as
those specific types that are predefined. The declarations of all predefined types are contained in package
STANDARD, the declaration of which appearsin Clause 14.

A typeis characterized by a set of values and a set of operations. The set of operations of atype includes the
explicitly declared subprograms that have a parameter or result of the type. The remaining operations of a
type are the basic operations and the predefined operators (see 7.2). These operations are each implicitly
declared for a given type declaration immediately after the type declaration and before the next explicit
declaration, if any.

A basic operation is an operation that isinherent in one of the following:

— Anassignment (in assignment statements and initializations)
— An alocator
— A selected name, an indexed name, or aslice name

— A quadlification (in a qualified expression), an explicit type conversion, aformal or actual part in the
form of a type conversion, or an implicit type conversion of a value of type universal_integer or
universal_real to the corresponding value of another numeric type

— A numeric literal (for auniversal type), the literal null (for an accesstype), astring literal, abit string
literal, an aggregate, or a predefined attribute

There are four classes of types. Scalar types are integer types, floating point types, physical types, and types
defined by an enumeration of their values; values of these types have no elements. Composite types are array
and record types; values of these types consist of element values. Access types provide access to objects of a
given type. File types provide access to objects that contain a sequence of values of a given type.

The set of possible values for an object of a given type can be subjected to a condition that is called a con-
straint (the case where the constraint imposes no restriction is also included); a value is said to satisfy a
congtraint if it satisfies the corresponding condition. A subtype is atype together with aconstraint. A valueis
said to belong to a subtype of agiven typeif it belongs to the type and satisfies the constraint; the given type
is called the base type of the subtype. A typeis a subtype of itself; such a subtypeis said to be unconstrained
(it corresponds to a condition that imposes no restriction). The base type of atypeisthe typeitself.

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.

The term subelement is used in this manual in place of the term element to indicate either an element, or an
element of another element or subelement. Where other subelements are excluded, the term element is used
instead.

A given type must not have a subelement whose type is the given type itself. Similarly, a given nature must
not have a subelement whose nature is the given nature itself. Natures are introduced in 3.5.

A member of an object is either

— A dlice of the object,
— A subelement of the object, or
— A dlice of asubelement of the object.
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The name of aclass of types or naturesis used in thismanual as a qualifier for objects and values that have a
type or nature of the class considered. For example, the term array object is used for an object whose typeis
an array type, or whose nature is an array nature; similarly, the term access value is used for a value of an
access type.

NOTE—The set of values of a subtypeis a subset of the values of the base type. This subset need not be a proper subset.

3.1 Scalar Types

Scalar types consist of enumeration types, integer types, physical types, and floating point types. Enumera-
tion types and integer types are called discrete types. Integer types, floating point types, and physical types
are called numeric types. All scalar types are ordered; that is, all relational operators are predefined for their
values. Each value of adiscrete or physical type has a position number that is an integer value.

scalar_type definition ;=

enumeration_type definition | integer_type_definition

| floating_type_definition | physical_type definition
range_constraint ::= range range
range ::=

range_attribute_name

| smple_expression direction simple_expression
direction ::= to| downto

A range specifies a subset of values of a scalar type. A rangeis said to be anull range if the specified subset
is empty.

Therange L to R is called an ascending range; if L > R, then the range is a null range. The range L downto
R iscalled a descending range; if L < R, then the range is anull range. The smaller of L and R is called the
lower bound, and the larger, the upper bound, of the range. The valueV is said to belong to the range if the
relations (lower bound <=V) and (V <= upper bound) are 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, avalueV1issaid to beto the left of avalueV2 within agiven 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 therange is adescending range and V2 is the predecessor of V1. A list of values of agiven rangeisin
left to right order if each valueinthelist isto the left of the next valuein the list within that range, except for
thelast valuein thelist.

If arange constraint is used in a subtype indication, the type of the expressions (likewise, of the bounds of a
range attribute) must be the same as the base type of the type mark of the subtype indication. A range
constraint is compatible with a subtype if each bound of the range bel ongs to the subtype or if the range con-
straint defines a null range. Otherwise, the range constraint is not compatible with the subtype.

The direction of arange constraint is the same as the direction of its range.

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

3.1.1 Enumeration types

An enumeration type definition defines an enumeration type.

enumeration_type definition ::=
(enumeration_literal { , enumeration literal } )
enumeration _literal ::= identifier | character_literal
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The identifiers and character literals listed by an enumeration type definition must be distinct within the
enumeration type definition. Each enumeration literal is the declaration of the corresponding enumeration
literal; for the purpose of determining the parameter and result type profile of an enumeration literal, this
declaration is equivalent to the declaration of a parameterless function whose designator is the same as the
enumeration literal and whose result type is the same as the enumeration type.

An enumeration type is said to be a character type if at least one of its enumeration literals is a character
literal.

Each enumeration literal yields a different enumeration value. The predefined order relations between enu-
meration values follow the order of corresponding position numbers. The position number of the value of the
first listed enumeration 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 litera is specified in more than one enumeration type definition, the corre-
sponding literals are said to be overloaded. At any place where an overloaded enumeration literal occursin
the text of a program, the type of the enumeration literal is determined according to the rules for overloaded
subprograms (see 2.3).

Each enumeration type definition defines an ascending range.

Examples:

type MULTI_LEVEL_LOGIC is (LOW, HIGH, RISING, FALLING, AMBIGUOUS) ;
type BIT is(0,'1) ;
type SWITCH_LEVEL is(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 are the 256 characters of the ISO
8859-1. 1997 [B4]2 character set. Each of the 191 graphic characters of this character set is denoted by
the corresponding character literal.

The declarations of the predefined types CHARACTER, BIT, BOOLEAN, SEVERITY_LEVEL,
FILE_OPEN_KIND, and FILE_OPEN_STATUS appear in package STANDARD in Clause 14.

NOTES

1—The first 17 nongraphic elements of the predefined type CHARACTER (from NUL through DEL) are the ASCII
abbreviations for the nonprinting charactersin the ASCI| set (except for those noted in Clause 14). The ASCII names are
chosen as SO 8859-1: 1987 [B4] does not assign them abbreviations. The next 16 (C128 through C159) are also not
assigned abbreviations, so names unique to VHDL are assigned.

2—Type BOOLEAN can be used to model either active high or active low logic depending on the particular conversion
functions chosen to and from type BIT.

3.1.2 Integer types
An integer type definition defines an integer type whose set of values includes those of the specified range.

2The numbersin brackets correspond to those of the bibliography in Annex E.
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integer_type _definition ::= range_constraint

Aninteger 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 integer 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 arange constraint that is used in an integer type definition must be alocally 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 called universal_integer in this stan-
dard. Other integer types have no literals. However, for each integer type there exists an implicit conversion
that converts a value of type universal_integer into 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 the type universal_integer.

The same arithmetic operators are predefined for all integer types (see 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 avalue of the integer type).

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
iswholly contained within the bounds —2147483647 and +2147483647 inclusive.

Examples:

type TWOS_COMPLEMENT_INTEGER isrange—32768 to 32767;

type BYTE_LENGTH_INTEGER isrange 0 to 255;

type WORD_INDEX isrange 31 downto O;

subtype HIGH_BIT_LOW isBYTE_LENGTH_INTEGER range 0 to 127;

3.1.2.1 Predefined integer types

The only predefined integer type is the type INTEGER. The range of INTEGER is implementation depen-
dent, but it is guaranteed to include the range —2147483647 to +2147483647. It is defined with an ascending
range.

NOTE—The range of INTEGER in a particular implementation may be determined from the 'LOW and 'HIGH
attributes.

3.1.3 Physical types

Values of a physical type represent measurements of some quantity. Any value of a physica type is an
integral multiple of the primary unit of measurement for that type.

physica_type definition ::=
range_constraint
units
primary_unit_declaration
{ secondary_unit_declaration }
end units[ physical_type simple name]
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primary_unit_declaration ::= identifier
secondary_unit_declaration ::= identifier = physical_litera ;
physical_literal ::= [ abstract_literal ] unit_name

A physical type definition defines both a type and a subtype of that type. The typeis an anonymoustype, 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 anamed 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 arange constraint that is used in a physical type definition must be alocally 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) defines a unit
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.

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 isincluded.

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

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

Thereisaposition 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 accompany-
ing unit name.

The same arithmetic operators are predefined for al physical types (see 7.2). It isan error if the execution of
such an operation cannot deliver the correct result (that is, if the value corresponding to the mathematical
result is not avalue of the physical type).

An implementation may restrict the bounds of the range constraint of a physical type. However, an imple-
mentation must allow the declaration of any physical type whose range is wholly contained within the
bounds —2147483647 and +2147483647 inclusive.

Examples:

type DURATION isrange—1E18to 1E18

units
fs; -- femtosecond
ps = 1000fs; -- picosecond
ns = 1000 ps -- nanosecond
us = 1000ns, -- microsecond
ms = 1000 us; -- millisecond
sec = 1000 ms; -- second
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min = 60 sec; -- minute
end units;
type DISTANCE isrange O to 1E16
units
-- primary unit:
A; -- angstrom
-- metric lengths:
nm = 10A; -- nanometer
um = 1000 nm; -- micrometer (or micron)
mm = 1000 um; -- millimeter
cm = 10mm; -- centimeter
m = 1000 mm; -- meter
km = 1000 m; -- kilometer
-- English lengths:
mil = 254000A; -- mil
inch = 1000 mil; -- inch
ft = 12inch; -- foot
yd = 3ft; -- yard
fm = 6ft -- fathom
mi = 5280 ft; - mile
lg = 3mi -- league

end units DISTANCE;

variable x: distance; variabley: duration;

variable z: integer;

X:=5A +13ft—27inch;
y:=3ns+5min;

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

z:=39.34inch/ m;

NOTES
1— The'POS and 'VAL attributes may be used to convert between abstract values and physical values.

2— Thevalue of aphysical literal whose abstract litera is either the integer value zero or the floating point value zero is
the same value (specifically zero primary units) no matter what unit name follows the abstract literal.

3.1.3.1 Predefined physical types

The only predefined physical typeistype TIME. The range of TIME is implementation dependent, but it is
guaranteed to include the range —2147483647 to +2147483647. It is defined with an ascending range. All
specifications of delays and pulse rejection limits must be of type TIME. The declaration of type TIME
appears in package STANDARD in Clause 14.

By default, the primary unit of type TIME (1 femtosecond) is the resolution limit for type TIME. Any TIME
value whose absolute value is smaller than this limit is truncated to zero (0) time units. An implementation
may allow a given execution of amodel (see 12.6) to select a secondary unit of type TIME as the resolution
limit. Furthermore, an implementation may restrict the precision of the representation of values of type
TIME and the results of expressions of type TIME, provided that values as small as the resolution limit are
representable within those restrictions. It is an error if a given unit of type TIME appears anywhere within
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the design hierarchy defining a model to be executed, and if the position number of that unit is less than that
of the secondary unit selected as the resolution limit for type TIME during the execution of the model.

NOTE—BY selecting a secondary unit of type TIME as the resolution limit for type TIME, it may be possible to simu-
late for a longer period of simulated time, with reduced accuracy, or to simulate with greater accuracy for a shorter
period of simulated time.

Cross-references: Delay and rejection limit in a signal assignment, 8.4; disconnection, delay of a guarded
signal, 5.3; function NOW, 14.2; predefined attributes, functions of TIME, 14.1; simulation time, 12.6.2 and
12.6.3; type TIME, 14.2; Updating a projected waveform, 8.4.1; wait statements, timeout clausein, 8.1.

3.1.4 Floating point types

Floating point types provide approximations to the real numbers. Floating point types are useful for models
in which the precise characterization of afloating point calculation is hot 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 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. Thetolerance group of the subtype (see 4.2) isavalue of type STRING equal to an empty string
literal.

Each bound of arange constraint that is used in afloating type definition must be alocally 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 is called universal_real in 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 type universal_real into 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 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 avalue of the floating point type).

An implementation may restrict the bounds of the range constraint of floating point types other than type
universal_real. However, an implementation must allow the declaration of any floating point type whose
range is wholly contained within the bounds —1.0E38 and +1.0E38 inclusive. The representation of floating
point types must include a minimum of six decimal digits of precision.

NOTE—An implementation is not required to detect errors in the execution of a predefined floating point arithmetic
operation, since the detection of overflow conditions resulting from such operations may not be easily accomplished on
many host systems.

3.1.4.1 Predefined floating point types

The only predefined floating point type is the type REAL. The range of REAL is host-dependent, but it is
guaranteed to include the range —1.0E38 to +1.0E38 inclusive. It is defined with an ascending range.

NOTE—Therange of REAL in a particular implementation may be determined from the 'LOW and 'HIGH attributes.
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3.2 Composite types

Composite types are used to define collections of values. These include both arrays of values (collections of
values of a homogeneous type) and records of values (collections of values of potentially heterogeneous

types).

composite type definition ::=
array_type_definition
| record_type_definition

An object of a composite type represents a collection of objects, one for each element of the composite
object. A composite type may only contain elements that are of scalar, composite, or access types; elements
of file types are not alowed 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 noncomposite 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
unconstrained_array definition ::=
array (index_subtype definition { , index_subtype definition} )
of element_subtype indication

constrained_array_definition ::=
array index_constraint of element_subtype_indication

index_subtype_definition ::= type mark range <>
index_constraint ::= ( discrete_range{ , discrete range} )
discrete range ::= discrete_subtype indication | range

An array aobject is characterized by the number of indices (the dimensionality of the array); the type, posi-
tion, and range of each index; and the type and possible constraints of the elements. The order of the indices
is significant.

A one-dimensional array has a distinct element for each possible index value. A multidimensional array has
adistinct element for each possible sequence of index values that can be formed by selecting one value for
each index (in the given order). The possible values for agiven index are all the values that belong to the cor-
responding range; this range of valuesis called the index range.

An unconstrained array definition defines an array type and a name denoting that type. For each object that
has the array type, the number of indices, the type and position of each index, and the subtype of the ele-
ments are as in the type definition. The index subtype for a given index position is, by definition, the subtype
denoted by the type mark of the corresponding index subtype definition. The values of the left and right
bounds of each index range are not defined but must belong to the corresponding index subtype; similarly,
the direction of each index range is not defined. The symbol <> (called abox) in an index subtype definition
stands for an undefined range (different objects of the type need not have the same bounds and direction).
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A constrained array definition defines both an array type and a subtype of this type:

— Thearray typeisan implicitly declared anonymous type; this type is defined by an (implicit) uncon-
strained array definition, in which the element subtype indication is that of the constrained array
definition and in which the type mark of each index subtype definition denotes the subtype defined
by the corresponding discrete range.

— Thearray subtype is the subtype obtained by imposition of the index constraint on the array type.

If aconstrained array definition is given for atype declaration, the simple name declared by this declaration
denotes the array subtype.

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 (0to31) of BIT ;
-- A memory word type with an ascending range.

type DATA INisarray (7 downto 0) of FIVE_LEVEL _LOGIC;
-- Aninput port type with a descending range.

— Example of unconstrained array declarations:

type MEMORY isarray (INTEGER range<>) of MY_WORD ;
-- A memory array type.

— Examples of array object declarations:

signal DATA_LINE : DATA_IN ;
-- Definesadatainput line.
variableMY_MEMORY : MEMORY (0to 2**n-1) ;

-- Defines amemory of 2" 32-bit words.

NOTE—The rules concerning constrained type declarations mean that a type declaration with a constrained array
definition such as

type T isarray (POSITIVE range MINIMUM to MAX) of ELEMENT;
is equivalent to the sequence of declarations

subtype index_subtype is POSITIVE range MINIMUM to MAX;

typearray_typeisarray (index_subtype range <>) of ELEMENT;

subtype T isarray_type (index_subtype);

where index_subtype and array_type are both anonymous. Consequently, T is the name of a subtype and all objects
declared with this type mark are arrays that have the same index range.

3.2.1.1 Index constraints and discrete ranges

An index constraint determines the index range for every index of an array type and, thereby, the
corresponding array bounds.
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For adiscrete range used in aconstrained array definition and defined by arange, animplicit conversion to the
predefined type INTEGER is assumed if each bound is either anumeric literal or an attribute, and if the type
of both bounds (prior to the implicit conversion) is the type universal_integer. Otherwise, both bounds must
be of the same discrete type, other than universal_integer; this type must be determined independently of the
context, but using the fact that the type must be discrete and that both bounds must have the same type. These
rules apply also to a discrete range used in an iteration scheme (see 8.9) or a generation scheme (see 9.7).

If an index constraint appears after atype mark in a subtype indication, then the type or subtype denoted by
the type mark must not already impose an index constraint. The type mark must denote either an uncon-
strained 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.

Anindex constraint is compatible with 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 anull range, any array thus constrained is a null array, having no components. An array value satis-
fiesan 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.)

The index range for each index of an array object is determined as follows:

— For avariable, signal, or quantity declared by an object declaration, the subtype indication of the cor-
responding 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 isitself an array type.

— For aterminal declared by an object declaration, the subnature indication of the corresponding object
declaration must define a constrained array subnature (and thereby, the index range for each index of
the abject). The same requirement exists for the subnature indication of an element declaration, if the
nature of the record element is an array nature, and for the element subnature indication of an array
nature definition, if the nature of the array element isitself an array nature.

— For aconstant 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
casetheinitial valueisthe result of an implicit subtype conversion).

— For an attribute whose value is specified by an attribute specification, the index ranges are defined by
the expression given in the specification, if the subtype of the attribute is unconstrained; otherwise,
they are defined by this subtype (in which case the value of the attribute is the result of an implicit
subtype conversion).

— For an array object designated by an access value, the index ranges are defined by the allocator that
creates the array object (see 7.3.6).

— For an interface object declared with a subtype or subnature indication that defines a constrained
array subtype or subnature, the index ranges are defined by that subtype or subnature.

— For aformal parameter of a subprogram that is of an unconstrained array type and that is associated
in whole (see 4.3.2.2), the index ranges are obtained from the corresponding association element in
the applicable subprogram call.

— For a formal parameter of a subprogram that is of an unconstrained array type and whose
subelements are associated individually (see 4.3.2.2), the index ranges are obtained as follows. The
directions of the index ranges of the formal parameter 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.
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For a formal generic or a formal port of a design entity or of a block statement that is of an
unconstrained array type and that is associated in whole, the index ranges are obtained from the cor-
responding association element in the generic map aspect (in the case of a formal generic) or port
map aspect (in the case of aformal port) of the applicable (implicit or explicit) binding indication.
For aformal generic or aformal port of a design entity or of a block statement that is of an uncon-
strained array type and whose subelements are associated individually, the index ranges are obtained
asfollows: 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 alocal 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 alocal generic) or port map aspect (in the case of aloca port) of
the applicable component instantiation statement.

For alocal generic or alocal 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 corre-
sponding association element (when associating in whole) or elements (when associating individually), then
they are determined either by the actual part(s) or by the forma part(s) of the association element(s),
depending upon the mode of the interface object, as follows:

For an interface object or member of an interface object whose mode isin, inout, or linkage, if the
actual part includes a conversion function or atype conversion, then the result type of that function or
the type mark of the type conversion must be a constrained array subtype, and the index ranges are
obtained from this constrained subtype; otherwise, the index ranges are obtained from the object or
value denoted by the actual designator(s).

For an interface object or member of an interface object whose mode is out, buffer, inout, or
linkage, if the formal part includes a conversion function or a type conversion, then the parameter
subtype of that function or the type mark of the type conversion must be a constrained array subtype,
and the index ranges are obtained from this constrained subtype; otherwise, the index ranges are
obtained from the object denoted by the actual designator(s).

For an interface object of mode inout or linkage, the index ranges determined by the first rule must be
identical to the index ranges determined by the second rule.

Examples:

typeWord isarray (NATURAL range <>) of BIT;
type Memory isarray (NATURAL range <>) of Word (31 downto 0);

constant A_Word: Word :="10011";

-- Theindex range of A_Word isOto 4

entity Eis

generic (ROM: Memory);
port (Opl, Op2: in Word; Result: out Word);

end entity E;

-- Theindex ranges of the generic and the ports are defined by the actual s associated
-- with an instance bound to E; these index ranges are accessible via the predefined
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-- array attributes (see 14.1).

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

Instance: entity E
generic map ((1to 2) => (others=>"'0"))
port map (A, Op2(3to 4) => B (1to 2), Op2(2) => B (3), Result => C (3 downto 1));
-- Inthisinstance, the index range of ROM is 1 to 2 (matching that of the actual),
-- Theindex range of Oplis1 to 4 (matching the index range of A), the index range
-- of Op2is2to 4, and the index range of Result is (3 downto 1)
-- (again matching the index range of the actual).

3.2.1.2 Predefined array types

The predefined array types are STRING, REAL_VECTOR, and BIT_VECTOR, defined in package
STANDARD in Clause 14.

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

subtype POSITIVE isINTEGER range 1to INTEGER'HIGH ;
type STRING isarray (POSITIVE range <>) of CHARACTER ;

The values of the predefined type BIT VECTOR and REAL_VECTOR are one-dimensiona arrays of the
predefined type BIT and REAL, respectively, indexed by values of the predefined subtype NATURAL:

subtype NATURAL isINTEGER range 0to INTEGER'HIGH ;
typeBIT_VECTOR isarray (NATURAL range <>) of BIT ;
type REAL_VECTOR isarray (NATURAL range <>) of REAL;

Examples:

variable MESSAGE : STRING(1to 17) :="THISISA MESSAGE" ;

signal LOW _BYTE: BIT_VECTOR (0to7);
3.2.2 Record types

A record type is a composite type, objects of which consist of named elements. The value of arecord object
is acomposite value consisting of the values of its elements.

record_type definition ::=
record
element_declaration
{ element_declaration }
end record [ record_type simple_name]

element_declaration ::=
identifier_list : element_subtype definition ;

identifier_list ::= identifier { , identifier }

element_subtype definition ::= subtype_indication
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Each element declaration declares an element of the record type. The identifiers of all elements of a record
type must be distinct. The use of a name that denotes arecord element is not allowed within the record type
definition that declares the element.

An element declaration with several identifiers is equivalent to a sequence of single element declarations.
Each single element declaration declares arecord 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.

Example:
type DATE is
record
DAY . INTEGER range1to 31;
MONTH : MONTH_NAME;
YEAR . INTEGER range 0 to 4000;
end record;

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, objects that are created by the evalu-
ation of alocators (see 7.3.6) have no simple name. Access to such an object is achieved by an access value
returned by an allocator; the access value is said to designate the object.

access type definition ::= access subtype_indication

For each accesstype, thereisaliteral null that has a null access value designating no object at all. The null
value of an access type is the default initial value of the type. Other values of an access type are obtained by
evaluation of aspecia operation of the type, called an allocator. Each such access value designates an object
of the subtype defined by the subtype indication of the access type definition. This subtype is called the
designated subtype and the base type of this subtypeis called the designated type. The designated type must
not be afile type.

An object declared to be of an access type must be an object of class variable. An object designated by an
access value is always an object of class variable.

The only form of constraint that is allowed after the name of an access type in a subtype indication is an
index constraint. An access value belongs to a corresponding subtype of an access type either if the access
valueisthe null value or if the value of the designated object satisfies the constraint.

Examples:

type ADDRESS is access MEMORY;
type BUFFER_PTR is access TEMP_BUFFER,;
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NOTES

1—An access value delivered by an alocator can be assigned to severa variables of the corresponding access type.
Hence, it is possible for an object created by an allocator to be designated by more than one variable of the access type.
An access value can only designate an object created by an allocator; in particular, it cannot designate 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 accesstype can be of any type except afile type (see 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 ::= typeidentifier ;
For each incompl ete type declaration there must be a corresponding full type declaration with the same iden-
tifier. This full type declaration must occur later and immediately within the same declarative part as the
incomplete type declaration to which it corresponds.
Prior to the end of the corresponding full type declaration, the only allowed use of a name that denotes atype
declared by an incomplete type declaration is as the type mark in the subtype indication of an access type
definition; no constraints are allowed in this subtype indication.
Example of arecursive type:

type CELL; -- Anincompl ete type declaration.

typeLINK isaccess CELL;

type CELL is
record
VALUE . INTEGER,
SUCC - LINK;
PRED : LINK;

end record CELL;
variable HEAD : LINK :=new CELL'(0, null, null);
variable: LINK := HEAD.SUCC;

Examples of mutually dependent access types.

type PART; -- Incomplete type declarations.
type WIRE;

type PART_PTR is access PART;

type WIRE_PTR isaccess WIRE;

type PART _LIST isarray (POSITIVE range <>) of PART_PTR;
typeWIRE_LIST isarray (POSITIVE range <>) of WIRE_PTR,;

type PART _LIST PTRisaccess PART_LIST;
typeWIRE_LIST PTRisaccessWIRE_LIST;
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type PART is
record
PART_NAME : STRING (1to MAX_STRING_LEN);
CONNECTIONS: WIRE_LIST PTR;
end record;

typeWIRE is
record
WIRE_NAME: STRING (1to MAX_STRING_LEN);
CONNECTS: PART_LIST PTR;
end record;

3.3.2 Allocation and deallocation of objects
An object designated by an access value is alocated by an alocator for that type. An alocator is a primary
of an expression; allocators are described in 7.3.6. For each access type, a deallocation operation isimplic-
itly declared immediately following the full type declaration for the type. This deall ocation operation makes
it possible to deallocate explicitly the storage occupied by a designated object.
Given the following access type declaration:

typeAT isaccessT;
the following operation isimplicitly declared immediately following the access type declaration:

procedure DEALLOCATE (P: inout AT) ;
Procedure DEALLOCATE takes as its single parameter a variable of the specified access type. If the value
of that variable is the null value for the specified access type, then the operation has no effect. If the value of
that variable is an access value that designates an object, the storage occupied by that object is returned to
the system and may then be reused for subsequent object creation through the invocation of an allocator. The

access parameter Pis set to the null value for the specified type.

NOTE—If apointer is copied to a second variable and is then deallocated, the second variable is not set to null and thus
references invalid storage.

3.4 File types

A file type definition defines a file type. File types are used to define objects representing files in the host
system environment. The value of afile object is the sequence of values contained in the host system file.

file_type definition ::= file of type_mark
The type mark in afile type definition defines the subtype of the values contained in the file. The type mark
may denote either a constrained or an unconstrained subtype. The base type of this subtype must not be afile
type nor an access type. If the base type is a composite type, it must not contain a subelement of an access
type. If the base type is an array type, it must be a one-dimensional array type.

Examples:

fileof STRING

Defines afile type that can contain

an indefinite number of strings of arbitrary length.
Defines afile type that can contain

only nonnegative integer values.

file of NATURAL

44 Copyright © 1999 |IEEE. All rights reserved.



IEEE
AND MIXED-SIGNAL EXTENSIONS Std 1076.1-1999

3.4.1 File operations

The language implicitly defines the operations for objects of a file type. Given the following file type
declaration:

type FT isfile of TM;

where type mark TM denotes a scalar type, a record type, or a constrained array subtype, the following
operations are implicitly declared immediately following the file type declaration:

procedure FILE_OPEN (fileF: FT;
Externa_Name: in STRING;
Open_Kind: in FILE_OPEN_KIND := READ_MODE);

procedure FILE_OPEN (Status: out FILE_OPEN_STATUS;
fileF: FT;
Externa_Name: in STRING;
Open_Kind: in FILE_OPEN_KIND := READ_MODE);

procedure FILE_CLOSE (file F: FT);

procedure READ (file F: FT; VALUE: out TM);
procedure WRITE (file F: FT; VALUE: in TM);
function ENDFILE (file F: FT) return BOOLEAN;

The FILE_OPEN procedures open an external file specified by the External_Name parameter and associate
it with the file object F. If the call to FILE_OPEN is successful (see below), the file object is said to be open
and the file object has an access mode dependent on the value supplied to the Open_Kind parameter (see
14.2).

— If the value supplied to the Open_Kind parameter is READ_MODE, the access mode of the file
object isread-only. In addition, thefile object isinitialized so that a subsequent READ will return the
first value in the external file. Values are read from the file object in the order that they appear in the
external file.

— If the value supplied to the Open_Kind parameter is WRITE_MODE, the access mode of the file
object is write-only. In addition, the external file is made initially empty. Values written to the file
object are placed in the external file in the order in which they are written.

— If the value supplied to the Open_Kind parameter is APPEND_MODE, the access mode of the file
object iswrite-only. In addition, the file object isinitialized so that values written to it will be added
to the end of the external file in the order in which they are written.

In the second form of FILE_OPEN, the value returned through the Status parameter indicates the results of
the procedure call:

— A vaue of OPEN_OK indicates that the call to FILE OPEN was successful. If the call to
FILE_OPEN specifies an external file that does not exist at the beginning of the call, and if the access
mode of the file object passed to the call iswrite-only, then the external file is created.

— A valueof STATUS ERROR indicates that the file object already has an external file associated with
it.
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— A vaue of NAME_ERROR indicates that the external file does not exist (in the case of an attempt to
read from the external file) or the external file cannot be created (in the case of an attempt to write or
append to an externa file that does not exist). Thisvalue is also returned if the external file cannot be
associated with the file object for any reason.

— A vaue of MODE_ERROR indicates that the externa file cannot be opened with the requested
Open_Kind.

The first form of FILE_OPEN causes an error to occur if the second form of FILE_OPEN, when called
under identical conditions, would return a Status value other than OPEN_OK.

A call to FILE_OPEN of the first form is successful if and only if the call does not cause an error to occur.
Similarly, a call to FILE_OPEN of the second form is successful if and only if it returns a Status value of
OPEN_OK.

If afile object F isassociated with an external file, procedure FILE_CL OSE terminates access to the external
file associated with F and closes the externa file. If F is not associated with an externa file, then
FILE_CLOSE has no effect. In either case, the file object is no longer open after acall to FILE_CLOSE that
associates the file object with the formal parameter F.

An implicit cal to FILE CLOSE exists in a subprogram body for every file object declared in the
corresponding subprogram declarative part. Each such call associates a unique file object with the formal
parameter F and is called whenever the corresponding subprogram compl etes its execution.

Procedure READ retrieves the next value from afile; it is an error if the access mode of the file object is
write-only or if the file object is not open. Procedure WRITE appends avalueto afile; it issimilarly an error
if the access mode of the file object is read-only or if the fileis not open. Function ENDFILE returns FALSE
if asubsequent READ operation on an open file object whose access mode is read-only can retrieve another
value from the file; otherwise, it returns TRUE. Function ENDFILE always returns TRUE for an open file
object whose access mode iswrite-only. Itisan error if ENDFILE is called on afile object that is not open.

For afile type declaration in which the type mark denotes an unconstrained array type, the same operations
areimplicitly declared, except that the READ operation is declared as follows:

procedure READ (fileF: FT; VALUE: out TM; LENGTH: out Natura);

The READ operation for such atype performs the same function as the READ operation for other types, but
inaddition it returns avalue in parameter LENGTH that specifies the actual length of the array value read by
the operation. If the object associated with formal parameter VALUE is shorter than this length, then only
that portion of the array value read by the operation that can be contained in the object is returned by the
READ operation, and the rest of the value is lost. If the object associated with formal parameter VALUE is
longer than this length, then the entire value is returned and remaining elements of the object are unaffected
by the READ operation.

An error will occur when a READ operation is performed on file F if ENDFILE(F) would return TRUE at
that point.

NOTE—~Predefined package TEXTIO is provided to support formatted human-readable I/O. It definestype TEXT (afile
type representing files of variable-length text strings) and type LINE (an access type that designates such strings). READ
and WRITE operations are provided in package TEXTIO that append or extract datafrom a single line. Additional oper-
ations are provided to read or write entire lines and to determine the status of the current line or of the file itself. Package
TEXTIO isdefined in Clause 14.
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3.5 Natures

A nature defines values that may be accessed through the attributes of aterminal. These attributes include its
compatibility with other terminals, the reference terminal of the nature, and its across type and through type
(together, the branch types of the nature), which are used indirectly to define the types of branch quantities.
Only terminals may be declared as being of a given nature. Natures may be scalar or composite.

3.5.1 Scalar Natures
A scalar nature definition defines a scalar nature, its branch types, and the name of its reference terminal.
scalar_nature definition ::=
type_mark across
type_mark through

identifier reference

The two type marks define, respectively, the across type and through type of the scalar nature. The type
marks must denote floating point types. The simple nature of a scalar nature is the nature itself.

Examples:
A nature declaration for electrical systems
subtype Voltage is REAL tolerance "voltage'”;

subtype Current is REAL tolerance "current”;
nature Electrical is

Voltage across -- across type isVoltage
Current through -- through typeis Current
Ground reference; -- reference terminal is named Ground

A nature declaration for thermal systems

subtype Temperature is REAL tolerance "temp";
subtype Heatflow is REAL tolerance "heat";
nature thermal is

Temperature across -- across type is Temperature
Heatflow through -- through type is Heatflow
Th_ref reference; -- reference terminal is named Th_ref

3.5.2 Composite Natures

Composite natures are used to define collections of terminals. These include arrays of terminals and records
of terminals.

composite_nature definition ::=
array_nature_definition | record_nature_definition

A terminal of a composite nature represents a collection of scalar terminals, one for each scalar subelement

of the composite nature. The scalar subelements of a composite nature must all have the same simple nature,
which is also the simple nature of the composite nature.
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3.5.2.1 Array Natures

An array nature is a composite nature. Terminal objects of an array nature consist of identical elements, each
associated with some index value. The branch types defined by an array nature definition are array types. A
terminal object of an array nature is referred to as an array object, just asis an object of an array type.

array_nature_definition ::=
unconstrained_nature_definition | constrained_nature_definition

unconstrained nature_definition ::=
array ( index_subtype definition { , index_subtype definition } )
of subnature_indication

constrained_nature_definition ::=
array index_constraint of subnature_indication

The across type defined by an unconstrained nature definition is equivaent to a type defined by an uncon-
strained array definition. The list of index subtype definitions of the unconstrained array definition is the list
of index subtype definitions of the unconstrained nature definition. The across type defined by a constrained
nature definition is equivalent to the type defined by a constrained type definition. The index constraint of
the constrained type definition is the index constraint of the constrained nature definition. In each case, the
element subtype indication of the equivalent type definition isthat of the across type defined by the nature of
the subnature indication, together with the index constraint of the subnature indication.

The through type defined by an unconstrained nature definition is equivalent to a type defined by an uncon-
strained array definition. The list of index subtype definitions of the unconstrained array definition is the list
of index subtype definitions of the unconstrained nature definition. The through type defined by a
constrained nature definition is equivalent to the type defined by a constrained type definition. The index
constraint of the constrained type definition is the index constraint of the constrained nature definition. In
each case, the element subtype indication of the equivalent type definition is that of the through type defined
by the nature of the subnature indication, together with the index constraint of the subnature indication.

Example:
A one-dimensional array nature:

nature Electrical_vector isarray (NATURAL range <>) of Electrical;
3.5.2.2 Record Natures

A record nature is a composite nature. Terminal objects of a record nature consist of named terminals. The
branch types defined by arecord nature definition are record types.

record_nature_definition ::=
record
nature_element_declaration
{ nature_element_declaration }
end record [ record_nature_simple_name]

nature_element_declaration ::=
identifier_list : element_subnature_definition

element_subnature_definition ::=
subnature_indication
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Each nature element declaration declares an element of the record nature. All e ements must have the same
simple nature. The identifiers of all elements of a record nature must be distinct. The use of a name that
denotes arecord element is not allowed within the record nature definition itself.

A nature element declaration with severa identifiers is equivalent to a sequence of single nature element
declarations. Each single nature element declaration declares a record element whose subnature is specified
by the element subnature definition.

The across type defined by arecord nature definition is equivalent to the type defined by arecord type defini-
tion in which there is a matching element declaration for each nature element declaration. For each element
declaration of the record type definition, the identifier list is the same as the identifier list of the matching
nature element declaration, and the subtype indication of the element subtype definition is the across type
defined by the nature of the subnature indication of the nature element declaration, together with the index
constraint of the subnature indication of the nature element declaration.

The through type defined by a record nature definition is equivalent to the type defined by a record type
definition in which there is a matching element declaration for each nature element declaration. For each
element declaration of the record type definition, the identifier list is the same as the identifier list of the
matching nature element declaration, and the subtype indication of the element subtype definition is the
through type defined by the nature of the subnature indication of the nature element declaration, together
with the index constraint of the subnature indication of the nature element declaration.

Examples:

A record nature

nature Electrical_busis
record
Strobe: Electrical;
Databus: Electrical_vector (0to 7);
end record;

A mixed record nature
naturemixed is

record
ElJunction: Electrical;
Thdunction: Thermal; -- lllegal: Thermal and Electrical do not have the same
-- simple nature.
end record;
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The language defines several kinds of entities that are declared explicitly or implicitly by declarations.

declaration ::=
type_declaration
| subtype_declaration
| object_declaration
| interface_declaration
| alias_declaration
| attribute_declaration
| component_declaration
| group_template_declaration
| group_declaration
| entity_declaration
| configuration_declaration
| subprogram_declaration
| package declaration
| nature_declaration
| subnature_declaration
| quantity declaration
| terminal_declaration

For each form of declaration, the language rules define a certain region of text called the scope of the decla-
ration (see 10.2). Each form of declaration associates an identifier with a named entity. Only within its
scope, there are placeswhereit is possible to use the identifier to refer to the associated declared entity; these
places are defined by the visibility rules (see 10.3). At such places the identifier is said to be a name of the

entity; the nameis said to denote the associated entity.

This clause describes type and subtype declarations, nature and subnature declarations, the various kinds of
object declarations, alias declarations, attribute declarations, component declarations, and group and group
template declarations. The other kinds of declarations are described in Clause 1 and Clause 2.

A declaration takes effect through the process of elaboration. Elaboration of declarations is discussed in

Clause 12.

4.1 Type declarations
A type declaration declares atype.

type _declaration ::=
full_type declaration
| incomplete _type declaration

full_type declaration ::=
typeidentifier istype definition ;

type _definition ::=
scalar_type_definition
| composite type definition
| access_type definition
| file_type_definition
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Thetypes created by the elaboration of distinct type definitions are distinct types. The elaboration of the type
definition for a scalar type or aconstrained array type creates both a base type and a subtype of the base type.

The simple name declared by a type declaration denotes the declared type, unless the type declaration
declares both a base type and a subtype of the base type, in which case the simple name denotes the subtype
and the base type is anonymous. A type is said to be anonymous if it has no simple name. For explanatory
purposes, this standard sometimes refers to an anonymous type by a pseudo-name, written in italics, and
uses such pseudo-names at places where the syntax normally requires an identifier.

NOTES

1—Two type definitions always define two distinct types, even if they are lexically identical. Thus, the type definitionsin
the following two integer type declarations define distinct types:

typeA isrange 1to 10;
typeB isrange 1 to 10;

This appliesto type declarations for other classes of types as well.

2—The various forms of type definition are described in Clause 3. Examples of type declarations are also given in that
clause.

4.2 Subtype declarations
A subtype declaration declares a subtype.

subtype declaration ::=
subtype identifier is subtype indication ;

subtype indication ::=
[ resolution_function_name] type_mark [ constraint ] [ tolerance_aspect |

type mark ::=
type_name
| subtype _name

constraint ::=
range_constraint
| index_constraint

tolerance_aspect ::=
tolerance string_expression

A type mark denotes atype or asubtype. If atype mark isthe name of atype, the type mark denotesthistype
and also the corresponding unconstrained subtype. The base type of a type mark is, by definition, the base
type of the type or subtype denoted by the type mark.

A subtype indication defines a subtype of the base type of the type mark.

If a subtype indication includes a resolution function name, then any signal declared to be of that subtype
will be resolved, if necessary, by the named function (see 2.4); for an overloaded function name, the mean-
ing of the function name is determined by context (see 2.3 and 10.5). It is an error if the function does not
meet the requirements of a resolution function (see 2.4). The presence of a resolution function name has no
effect on the declarations of objects other than signals or on the declarations of files, aliases, attributes, or
other subtypes.
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If the subtype indication does not include a constraint, the subtype is the same as that denoted by the type
mark. The condition imposed by aconstraint is the condition obtained after evaluation of the expressions and
ranges forming the constraint. The rules defining compatibility are given for each form of constraint in the
appropriate clause. These rules are such that if a constraint is compatible with a subtype or subnature, then
the condition imposed by the constraint cannot contradict any condition aready imposed by the subtype or
subnature on its values. An error occurs if any check of compatibility fails.

If the subtype indication includes a tolerance aspect, then the string expression of the tolerance aspect must
be a static expression, and the tolerance group of each scalar subelement of the subtype is the value of the
string expression of the tolerance aspect. It is an error if in this case the subtype is not a nature type (see
4.3.1.6 for the definition of a nature type). If a subtype indication does not include atol erance aspect, and the
base type of the subtype is a nature type, then the tolerance group of each scalar subelement of the subtypeis
the same as that of the matching scalar subelement of the type denoted by the type mark.

The direction of adiscrete subtype indication is the same as the direction of the range constraint that appears
as the constraint of the subtype indication. If no constraint is present, and the type mark denotes a subtype,
the direction of the subtype indication is the same as that of the denoted subtype. If no constraint is present,
and the type mark denotes atype, the direction of the subtype indication is the same asthat of the range used
to define the denoted type. The direction of a discrete subtype is the same as the direction of its subtype indi-
cation.

A subtype indication denoting an access type or afile type may not contain a resolution function. Further-
more, the only allowable constraint on a subtype indication denoting an access type is an index constraint
(and then only if the designated type is an array type).

NOTES
1—A subtype declaration does not define a new type.

2—The tolerance group of a subtype is a string value that may used by a model to group quantities that have similar
reguirements concerning the accuracy and tolerance of the quantity values.

4.3 Objects

An object is a named entity that isaterminal or that contains (has) avalue of atype. An object is one of the
following:

— An object declared by an object declaration (see 4.3.1)

— A loop or generate parameter (see 8.9 and 9.7)

— A formal parameter of a subprogram (see 2.1.1)

— A formal port (see1.1.1.2 and 9.1)

— A formal generic (see1.1.1.1and 9.1)

— Allocal port (see 4.5)

— Alocal generic (see 4.5)

— Animplicit signal GUARD defined by the guard expression of ablock statement (see 9.1)

In addition, the following are objects, but are not named entities:

— An implicit signa defined by any of the predefined attributes '"ABOVE, 'DELAYED, 'STABLE,
'QUIET, and TRANSACTION (see 14.1)

— Animplicit quantity defined by any of the predefined attributes 'DOT, 'INTEG, 'DELAYED, 'ZOH,
'LTF, 'ZTF, 'REFERENCE, 'CONTRIBUTION, 'RAMP, and 'SLEW (see 14.1)
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— Anelement or dlice of another object (see 6.3, 6.4, and 6.5)
— An object designated by a value of an access type (see 3.3)

There are six classes of objects: constants, signals, variables, quantities, terminals, and files. The variable
class of objects also has an additional subclass: shared variables. The class of an explicitly declared object is
specified by the reserved word that must or may appear at the beginning of the declaration of that object. For
a given object of a composite type or nature, each subelement of that object is itself an object of the same
class and subclass, if any, as the given object. The value (if any) of a composite object is the aggregation of
the values of its subelements.

Objects declared by object declarations are available for use within blocks, processes, subprograms, or pack-
ages. Loop and generate parameters are implicitly declared by the corresponding statement and are available
for use only within that statement. Other objects, declared by interface declarations, create channels for the
communication of values between independent parts of a description.

4.3.1 Object declarations

An object declaration declares an object of a specified type. Such an object is called an explicitly declared
object.

object_declaration ::=
constant_declaration
| signal_declaration
| variable_declaration
| file_declaration
| terminal _declaration
| quantity declaration

An object declaration other than a branch quantity declaration is called a single-object declaration if its
identifier list has a single identifier; it is caled a multiple-object declaration if the identifier list has two or
more identifiers. A multiple-object declaration is equivaent to a sequence of the corresponding number of
single-object declarations. For each identifier of the list, the equivalent sequence has a single-object declara-
tion formed by this identifier, followed by a colon and by whatever appears at the right of the colon in the
multiple-object declaration; the equivalent sequenceisin the same order asthe identifier list. A branch quan-
tity declaration can be amultiple object declaration; however, it is not governed by the transformation in this
paragraph (see 4.3.1.6 for the rules governing the creation of objects by a branch quantity declaration).

A similar equivalence applies also for interface object declarations (see 4.3.2).
NOTE—The subelements of a composite, declared object are not declared objects.

4.3.1.1 Constant declarations

A constant declaration declares a constant of the specified type. Such a constant is an explicitly declared
constant.

constant_declaration ::=
constant identifier_list : subtype indication [ := expression] ;

If the assignment symbol ":=" followed by an expression is present in a constant declaration, the expression

specifies the value of the constant; the type of the expression must be that of the constant. The value of a
constant cannot be modified after the declaration is elaborated.
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If the assignment symbol ":=" followed by an expression is not present in a constant declaration, then the
declaration declares a deferred constant. Such a constant declaration may only appear in a package declara-
tion. The corresponding full constant declaration, which defines the value of the constant, must appear in the
body of the package (see 2.6).

Formal parameters of subprograms that are of mode in may be constants, and local and formal generics are
aways constants; the declarations of such objects are discussed in 4.3.2. A loop parameter is a constant
within the corresponding loop (see 8.9); similarly, a generate parameter is a constant within the correspond-
ing generate statement (see 9.7). A subelement or dlice of a constant is a constant.

Itisan error if aconstant declaration declares a constant that is of afile type, an access type, or a composite
type that has a subelement that is afile type or an access type.

NOTE—T he subelements of a composite, declared constant are not declared constants.
Examples:

constant TOLER : DISTANCE := 1.5 nm;

constant Pl : REAL :=3.141592 ;

constant CYCLE_TIME : TIME := 100 ns;

constant Propagation_Delay : DELAY _LENGTH; -- A deferred constant.

4.3.1.2 Signal declarations
A signal declaration declares asignal of the specified type. Such asignal isan explicitly declared signal.

signal_declaration ::=
signal identifier_list : subtype_indication [ signal_kind ] [ := expression] ;

signal_kind ::= register | bus

If the name of aresolution function appears in the declaration of asignal or in the declaration of the subtype
used to declare the signal, then that resolution function is associated with the declared signal. Such a signal
is called aresolved signal.

If asignal kind appearsin asigna declaration, then the signals so declared are guarded signals of the kind
indicated. For aguarded signal that is of acomposite type, each subelement is likewise a guarded signal. For
aguarded signal that is of an array type, each dice (see 6.5) is likewise a guarded signal. A guarded signal
may be assigned values under the control of Boolean-valued guard expressions (or guards). When a given
guard becomes False, the drivers of the corresponding guarded signals are implicitly assigned a null transac-
tion (see 8.4.1) to cause those drivers to turn off. A disconnection specification (see 5.3) is used to specify
the time required for those driversto turn off.

If the signal declaration includes the assignment symbol followed by an expression, it must be of the same
type as the signal. Such an expression is said to be a default expression. The default expression defines a
default value associated with the signal or, for acomposite signal, with each scalar subelement thereof. For a
signal declared to be of a scalar subtype, the value of the default expression is the default value of the signal.
For asignal declared to be of a composite subtype, each scalar subelement of the value of the default expres-
sion is the default value of the corresponding subelement of the signal.

In the absence of an explicit default expression, an implicit default value is assumed for asignal of a scalar

subtype or for each scalar subelement of a composite signal, each of which isitself asignal of a scalar sub-
type. The implicit default value for asignal of a scalar subtype T is defined to be that given by T'LEFT.
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Itisan error if asignal declaration declares asignal that is of afile type or an accesstype. It isaso an error
if aguarded signal of ascalar typeis neither aresolved signal nor a subelement of aresolved signal.

A signal may have one or more sources. For a signal of a scalar type, each source is either a driver (see
12.6.1) or an out, inout, buffer, or linkage port of a component instance or of ablock statement with which
the signal is associated. For a signal of a composite type, each composite source is a collection of scalar
sources, one for each scalar subelement of the signal. It isan error if, after the elaboration of a description, a
signal has multiple sources and it is not a resolved signal. It is aso an error if, after the elaboration of a
description, aresolved signal has more sources than the number of elementsin the index range of the type of
the formal parameter of the resolution function associated with the resolved signal.

If asubelement or slice of aresolved signal of composite type is associated as an actual in a port map aspect
(either in a component instantiation statement or in a binding indication), and if the corresponding formal is
of mode out, inout, buffer, or linkage, then every scalar subelement of that signa must be associated
exactly once with such aformal in the same port map aspect, and the collection of the corresponding formal
parts taken together constitute one source of the signal. If aresolved signal of composite type is associated
as an actual in a port map aspect, that is equivalent to each of its subelements being associated in the same

port map aspect.

If asubelement of aresolved signal of composite type has a driver in a given process, then every scalar sub-
element of that signal must have a driver in the same process, and the collection of all of those drivers taken
together constitute one source of the signal.

The default value associated with a scalar signal defines the value component of a transaction that is the
initial contents of each driver (if any) of that signal. The time component of the transaction is not defined,
but the transaction is understood to have already occurred by the start of simulation.

Examples:

signal S: STANDARD.BIT_VECTOR (1t0 10) ;
signal CLK1, CLK2: TIME ;
signal OUTPUT : WIRED_OR MULTI_VALUED_LOGIC;

NOTES

1—Signal ports of any mode are also signals. The term signal is used in this standard to refer to objects declared either
by signal declarations or by signal port declarations (or to subelements, slices, or aliases of such objects). It dso refersto
theimplicit signal GUARD (see 9.1), and to implicit signals defined by the predefined attributes '"ABOVE, 'DELAYED,
'STABLE, 'QUIET, and ' TRANSACTION. The term signal port is used to refer to objects declared by port declarations
only.

2—Signals are given initia values by initializing their drivers. The initial values of drivers are then propagated through
the corresponding net to determine theinitial values of the signals that make up the net (see 12.6.3).

3—Thevalue of asigna may be indirectly modified by a signal assignment statement (see 8.4); such assignments affect
the future values of the signal.

4—The subelements of a composite, declared signal are not declared signals.

Cross-references: disconnection specifications, 5.3; disconnection statements, 9.5; guarded assignment, 9.5;
guarded blocks, 9.1; guarded targets, 9.5; signal guard, 9.1.
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4.3.1.3 Variable declarations

A variable declaration declares avariable of the specified type. Such avariableis an explicitly declared vari-
able.

variable declaration ::=
[ shared ] variable identifier_list : subtype indication [ := expression] ;

A variable declaration that includes the reserved word shared is a shared variable declaration. A shared
variable declaration declares a shared variable. Shared variables are a subclass of the variable class of
objects. More than one process may access a given shared variable; however, if more than one process
accesses a given shared variable during the same simulation cycle (see 12.6.4), neither the value of the
shared variable after the access nor the value read from the shared variable is defined by the language. A
description is erroneous if it depends on whether or how an implementation sequentializes access to shared
variables.

If the variable declaration includes the assignment symbol followed by an expression, the expression speci-
fiesan initial value for the declared variable; the type of the expression must be that of the variable. Such an
expression is said to be an initial value expression.

If aninitial value expression appears in the declaration of avariable, then the initial value of the variableis
determined by that expression each time the variable declaration is elaborated. In the absence of an initial
value expression, a default initial value applies. The default initial value for avariable of a scalar subtype T
is defined to be the value given by T'LEFT. The default initial value of a variable of a composite type is
defined to be the aggregate of the default initial values of al of its scalar subelements, each of which isitself
avariable of a scalar subtype. The default initial value of a variable of an access type is defined to be the
value null for that type.

NOTES

1—The value of avariable may be modified by a variable assignment statement (see 8.5); such assignments take effect
immediately.

2—The variables declared within a given procedure persist until that procedure completes and returns to the caller. For
procedures that contain wait statements, a variable may therefore persist from one point in simulation time to another,
and the value in the variable is thus maintained over time. For processes, which never complete, all variables persist from
the beginning of simulation until the end of simulation.

3—The subelements of a composite, declared variable are not declared variables.

4—Since the language does not guarantee the synchronization of accesses to shared variables by multiple processes in
the same simulation cycle, the use of shared variables in this manner is nonportable and nondeterministic. For example,
consider the following architecture:

architecture UseSharedVariables of SomeEntity is
subtype ShortRange is INTEGER range 0to 1;
shared variable Counter: ShortRange :=0;

begin
PROC1.: process
begin
Counter := Counter + 1; -- The subtype check may or may not fail.
wait;

end process PROC1;

PROC2: process
begin
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Counter := Counter — 1; -- The subtype check may or may not fail.
wait;

end process PROC2;
end architecture UseSharedVariables;

In particular, the value of Counter after the execution of both processes is not guaranteed to be either 0 or 1, even if
Counter is declared to be of type INTEGER.

5—Variables declared immediately within entity declarations, architecture bodies, packages, package bodies, and blocks
must be shared variables. Variables declared immediately within subprograms and processes must not be shared vari-
ables.

Examples:

variable INDEX : INTEGER range0t099:=0;

-- Initial value is determined by theinitial value expression
variable COUNT : POSITIVE;

-- Initial value is POSITIVE'LEFT; that is,1.
variable MEMORY : BIT_MATRIX (0to 7, 0to 1023) ;

-- Initial valueis the aggregate of theinitial values of each element

4.3.1.4 File declarations
A file declaration declares afile of the specified type. Such afileisan explicitly declared file.

file_declaration ::=
fileidentifier_list : subtype indication [ file_open information] ;

file_open_information ::= [ open file_open_kind_expression] isfile_logical_name
file_logica_name::= string_expression

The subtype indication of afile declaration must define afile subtype.

If file open information is included in a given file declaration, then the file declared by the declaration is
opened (see 3.4.1) with an implicit call to FILE_OPEN when thefile declaration is elaborated (see 12.3.1.4).
This implicit call is to the FILE_OPEN procedure of the first form, and it associates the identifier with the
file parameter F, the file logical name with the External_Name parameter, and the file open kind expression
with the Open_Kind parameter. If afile open kind expression is not included in the file open information of
agiven file declaration, then the default value of READ_MODE is used during elaboration of the file decla-
ration.

If file open information is not included in a given file declaration, then the file declared by the declaration is
not opened when the file declaration is elaborated.

The file logical name must be an expression of predefined type STRING. The value of this expression is
interpreted as a logical name for a file in the host system environment. An implementation must provide
some mechanism to associate a file logical name with a host-dependent file. Such a mechanism is not
defined by the language.

The file logical name identifies an external file in the host file system that is associated with the file object.
This association provides a mechanism for either importing data contained in an external file into the design
during simulation or exporting data generated during simulation to an external file.

If multiple file objects are associated with the same external file, and each file object has an access mode that
isread-only (see 3.4.1), then values read from each file object are read from the external file associated with
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the file object. The language does not define the order in which such values are read from the external file,
nor does it define whether each value is read once or multiple times (once per file object).

The language does not define the order of and the relationship, if any, between values read from and written
to multiple file objects that are associated with the same external file. An implementation may restrict the
number of file objects that may be associated at one time with a given externa file.

If aformal subprogram parameter is of the classfile, it must be associated with an actual that is afile object.

Examples:

type IntegerFileisfile of INTEGER,;

file F1: IntegerFile; No implicit FILE_OPEN is performed

during elaboration.

file F2: IntegerFileis "test.dat";

At elaboration, an implicit call is performed:
FILE_OPEN (F2, "test.dat");

The OPEN_KIND parameter defaults to

-- READ_MODE.

file F3: IntegerFile open WRITE_MODE is "test.dat";
-- At elaboration, an implicit cal is performed:
-- FILE_OPEN (F3, "test.dat", WRITE_MODE);

NOTE—AII file objects associated with the same external file should be of the same base type.

4.3.1.5 Terminal Declaration

A terminal declaration declares aterminal, and also the reference quantity and contribution quantity of the
terminal.

termina_declaration ::=
terminal identifier_list : subnature indication ;

Each terminal of a scalar nature and each scalar subelement of aterminal of composite natureis ascalar ter-
minal.

The acrosstype implied by aterminal nameis determined as follows. The across type implied by a name that
denotes a terminal is the across type of the nature of the terminal. The across type implied by a terminal
name that is aslice name is the base type of the across type of the nature of the terminal together with a con-
straint that is the range of the slice name. The across type implied by aterminal name that is a selected name
denoting an element of a record or by a termina name that is an indexed name is the across type of the
nature of the denoted element.

The through type implied by aterminal name is determined as follows. The through type implied by a name
that denotes aterminal isthe through type of the nature of the terminal. The through type implied by atermi-
nal namethat is a slice name is the base type of the through type of the nature of the terminal together with a
constraint that is the range of the slice name. The through type implied by aterminal name that is a selected
name denoting an element of arecord or by atermina name that is an indexed name is the through type of
the nature of the denoted element.

The simple nature of aterminal isidentical to the simple nature of the nature of the terminal.
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Each attribute name T'Reference, where T is a termina name, denotes the reference quantity of terminal T.
T'Reference is an across quantity of the across type implied by T whose plusterminal is T and whose minus
terminal isthe reference terminal of the ssimple nature of T. If T is composite, then each scalar subelement of
T'Reference is the reference quantity of the matching scalar subelement of T.

Each attribute name T'Contribution, where T is a terminal name, denotes the contribution quantity of
terminal T. T'Contribution is a through quantity of the through type implied by T. If T is composite, then
each scalar subelement of T'Contribution is the contribution quantity of the matching scalar subelement of T.
See 12.4.1 for more information on expressions of the form T'Contribution.

Examples:

terminal Anode, Cathode: Electrical;
terminal T3, T4: Electrical_bus,

4.3.1.6 Quantity Declaration
A quantity declaration declares one or more quantities.

quantity_declaration ::=
free_quantity_declaration
| branch_quantity_declaration
| source_quantity declaration

free_quantity declaration ::=

quantity identifier_list : subtype indication [ := expression] ;
branch_quantity declaration ::=

quantity [ across aspect | [ through_aspect ] terminal_aspect ;
source_quantity declaration ::=

quantity identifier_list : subtype indication source aspect ;
across_aspect ::=

identifier_list [ tolerance_aspect ] [ := expression ] across
through_aspect ::=

identifier_list [ tolerance_aspect ] [ := expression ] through
terminal_aspect ::=

plus_terminal_name[ to minus_terminal_name]
source_aspect ::=

spectrum magnitude_simple_expression , phase_simple_expression
| noise power_simple_expression

Each quantity of ascalar type and each scalar subelement of a quantity of composite typeisascalar quantity.
A free quantity declaration declares one or more quantities of the specified type. Similarly, abranch quantity
declaration declares one or more quantities whose type(s) are determined by the rules given below. A nature
type is afloating-point type or a composite type whose elements are of a nature type. The type of a quantity
must be a nature type.

Itisan error if abranch quantity declaration includes neither an across aspect nor a through aspect.

A terminal aspect that does not include an explicit minus terminal name is equivalent to a terminal aspect

with the given plus terminal name and the name of the reference terminal of the ssmple nature of its nature as
the minus terminal name.
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If the terminals denoted by the terminal names of aterminal aspect are both of composite natures, then they
must be of the same nature, and for each element of the plus terminal there must be a matching element of
the minus terminal. If one terminal is atermina of a composite nature and the other of a scalar nature, then
the scalar nature must be the nature of the scalar subelements of the composite terminal. If both terminals are
of ascalar nature then they must be of the same scalar nature.

A quantity named in an across aspect is an across quantity, and similarly a quantity named in a through
aspect is athrough quantity. A branch quantity is either an across quantity or a through quantity.

The type of an across quantity is determined as follows. If both terminals denoted by the terminal aspect are
of ascalar nature, then the type is the across type implied by the plus terminal name. If only one terminal
denoted by the terminal aspect is of a composite nature, then the type is the across type implied by that ter-
minal name. If both terminals denoted by the terminal aspect are of composite natures, then the type is the
across type implied by the plus terminal name.

The type of athrough quantity is determined as follows. If both terminals denoted by the terminal aspect are
of a scalar nature, then the type is the through type implied by the plus terminal name. If only one terminal
denoted by the terminal aspect is of a composite nature, then the type is the through type implied by that ter-
minal name. If both terminals denoted by the terminal aspect are of composite natures, then the type is the
through type implied by the plus terminal name.

The plusterminal and the minus terminal of a branch quantity are determined as follows:

a) If both terminals of the terminal aspect are scalar, then the plus and minus terminals of the quantity
are, respectively, the plus and minus terminals of the terminal aspect.

b) If both terminals of the terminal aspect are composite, then the plus and minus terminals of each sca-
lar subelement of the quantity are, respectively, the matching scalar subelements of the plus and
minus terminals of the terminal aspect.

c) If the plusterminal is composite and the minus termina is scalar, then the plus and minus terminals
of each scalar subelement of the quantity are, respectively, the matching scalar subelement of the
plusterminal and the scalar minus terminal of the terminal aspect.

d) If theplusterminal is scalar and the minus terminal is composite, then the plus and minus terminals
of each scalar subelement of the composite quantity are, respectively, the scalar plus terminal and
the matching scalar subelement of the minus terminal of the terminal aspect.

A source quantity declaration declares one or more source quantities. A source quantity whose source aspect
includes the reserved word spectrum is a spectral source quantity. A source quantity whose source aspect
includes the reserved word noise is a noise source quantity. The type of the magnitude simple expression,
phase simple expression, and power simple expression in a source aspect must be that of the source quantity.
Itisan error if the name of a source quantity appears in an expression in a source aspect.

If the quantity declaration includes the assignment symbol followed by an expression, the expression is said
to be aninitial value expression. The expression specifies an initial value for the declared quantity. The type
of the expression must be that of the quantity. The initial value of the quantity is determined by the expres-
sion when the quantity is elaborated. In the absence of an initial value expression, a default initial value
applies. The default initial value for a quantity of a scalar type T is the value of the expression T(0.0). The
default initial value of a quantity of composite type is the aggregate of the initial values of its scalar subele-
ments.

The tolerance group of a scalar free quantity or a scalar source quantity is the tolerance group of its subtype.
The tolerance group of a scalar across or through quantity is the tolerance group of its subtype or, if the
across or through aspect respectively includes atol erance aspect, the value of the string expression of thetol-
erance aspect.
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Examples:
quantity Isense: Current; -- afree quantity
quantity Power: REAL tolerance "power"”; -- afree quantity
-- whose tolerance group is " power"
quantity Vd across Id, Ic through Anode to Cathode; -- ascalar

-- across quantity and two scalar through quantities
-- with plus terminal Anode and minus termina Cathode.
-- The type of Vd isVoltage, thetype of Id and Ic
-- is Current
quantity V2 across T3to T4, -- acomposite across
-- quantity with plustermina T3 and minus terminal
-- T4. Itstypeis Electrical_busAcross, its
-- elements are V2.Strobe and VV2.Databus
guantity I3 through T4; -- acomposite through
-- quantity with plustermina T4 and minus terminal
-- Ground. Itstypeis Electrica_busThrough. Its
-- elements are 13.Strobe and 13.Databus
guantity Ac: Voltage spectrum 1.0, 0.0; -- aspectral source
-- quantity of type Voltage whose magnitude is 1.0
-- and whose phase is 0.0 radians
constant Kf: REAL := 1.0e-14;
quantity FIns: REAL noise Kf*Id/FREQUENCY; -- anoise source
-- quantity describing flicker noisein adiode

4.3.2 Interface declarations

An interface declaration declares an interface object of a specified type. Interface objects include interface
constants that appear as generics of a design entity, a component, or a block, or as constant parameters of
subprograms; interface signals that appear as signal ports of a design entity, component, or block, or as sig-
nal parameters of subprograms; interface variables that appear as variable parameters of subprograms; inter-
face files that appear asfile parameters of subprograms; and interface terminals and interface quantities that
appear as ports of a design entity, a component, or a block.

interface_declaration ::=
interface_constant_declaration
| interface_signal_declaration
| interface_variable declaration
| interface file declaration
| interface_terminal_declaration
| interface_quantity _declaration

interface_constant_declaration ::=
[constant] identifier_list: [ in] subtype_indication [ := static_expression ]

interface_signal_declaration ::=
[signal] identifier_list : [ mode] subtype indication [ bus] [ := static_expression ]

interface variable declaration ::=
[variable] identifier_list : [ mode] subtype indication [ := static_expression ]

interface file declaration ::=
fileidentifier_list : subtype indication
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mode ::= in | out | inout | buffer | linkage

interface_termina_declaration ::=
terminal identifier_list : subnature_indication

interface_quantity declaration ::=
quantity identifier_list: [ in|out ] subtype indication [ := static_expression ]

If no mode is explicitly given in an interface declaration other than an interface file declaration, modein is
assumed.

For an interface constant declaration or an interface signal declaration, the subtype indication must define a
subtype that is neither afile type nor an access type.

For an interface file declaration, it is an error if the subtype indication does not denote a subtype of afile
type.

For an interface quantity declaration, the subtype indication must define a subtype whose base type denotes
anature subtype. See 12.6.6 for adiscussion of the effect of modesin and out in an interface quantity decla-
ration.

If an interface signal declaration includes the reserved word bus, then the signal declared by that interface
declaration isaguarded signal of signal kind bus.

If an interface declaration contains a":=" symbol followed by an expression, the expression is said to be the
default expression of the interface object. The type of adefault expression must be that of the corresponding
interface object. It is an error if a default expression appears in an interface declaration and any of the fol-
lowing conditions hold:

— Themodeislinkage
— Theinterface object isaformal signal parameter
— Theinterface object is aformal variable parameter of mode other thanin

In an interface signal declaration appearing in a port list, the default expression defines the default value(s)
associated with the interface signal or its subelements. In the absence of a default expression, an implicit
default value is assumed for the signal or for each scalar subelement, as defined for signal declarations (see
4.3.1.2). The value, whether implicitly or explicitly provided, is used to determine the initial contents of
drivers, if any, of the interface signal as specified for signal declarations.

An interface object provides a channel of communication between the environment and a particular portion
of a description. The value of an interface object may be determined by the value of an associated object or
expression in the environment; similarly, the value of an object in the environment may be determined by the
value of an associated interface object. The manner in which such associations are made is described in
4.32.2.

The value of an object is said to be read when one of the following conditions is satisfied:

— When the object is evaluated, and also (indirectly) when the object is associated with an interface
object of the modesin, inout, or linkage

— When the object isasignal and a name denoting the object appears in a sensitivity list in await state-
ment or a process statement

— When the object is a signal and the value of any of its predefined attributes 'SLEW, 'RAMP, 'STA-
BLE, 'QUIET, 'DELAYED, 'TRANSACTION, 'EVENT, 'ACTIVE, 'LAST_EVENT,
'LAST_ACTIVE, or 'LAST_VALUE isread
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— When the object is a quantity and its predefined attribute ' ABOVE isread
— When one of its subelementsis read
— When the object isafile and aREAD operation is performed on the file

The value of an object is said to be updated when one of the following conditions is satisfied:

— When it is the target of an assignment, and also (indirectly) when the object is associated with an
interface object of the modes out, buffer, inout, or linkage

— When one of its subelementsis updated
— When the object isafile and aWRITE operation is performed on thefile
— When the object is a quantity and the analog solver determines an analog solution point

Only signal, variable, quantity, or file objects may be updated.
An interface object of class signal, variable, or constant has one of the following modes:

in. The value of the interface object may only be read. In addition, any attributes of the interface
object may be read, except that attributes 'STABLE, 'QUIET, 'DELAYED, 'RAMP, 'SLEW, and
"TRANSACTION of a subprogram signal parameter may not be read within the corresponding sub-
program. For afile object, operation ENDFILE is allowed.

out. The value of the interface object may be updated. Reading the attributes of the interface ele-
ment, other than the predefined attributes 'STABLE, 'QUIET, 'DELAYED, 'RAMP 'SLEW,
"TRANSACTION, 'EVENT, 'ACTIVE, 'LAST_EVENT, 'LAST_ACTIVE, and 'LAST_VALUE, is
allowed. No other reading is alowed.

inout. The value of the interface object may be both read and updated. Reading the attributes of the
interface object, other than the attributes 'STABLE, 'QUIET, 'DELAYED, 'RAMP, 'SLEW, and
"TRANSACTION of a signal parameter, is also permitted. For a file object, all file operations (see
3.4.1) are allowed.

buffer. The value of the interface object may be both read and updated. Reading the attributes of the
interface object is also permitted.

linkage. The value of the interface object may be read or updated, but only by appearing as an actual
corresponding to an interface object of mode linkage. No other reading or updating is permitted.

NOTES

1—AIlthough signals of modes inout and buffer have the same characteristics with respect to whether they may be read
or updated, a signal of mode inout may be updated by zero or more sources, whereas a signal of mode buffer must be
updated by at most one source (see 1.1.1.2).

2—A subprogram parameter that is of afile type must be declared as afile parameter.

3—Since shared variables are a subclass of variables, a shared variable may be associated as an actual with aformal of
classvariable.

4.3.2.1 Interface lists

An interface list contains the declarations of the interface objects required by a subprogram, a component, a
design entity, or ablock statement.

interface list ::=
interface_element { ; interface_element }

interface_element ::= interface declaration
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A generic interface list consists entirely of interface constant declarations. A port interface list consists
entirely of interface signal declarations, interface terminal declarations, interface quantity declarations, or
any combination thereof. A parameter interface list may contain interface constant declarations, interface
signal declarations, interface variable declarations, interface file declarations, or any combination thereof.

A name that denotes an interface object may not appear in any interface declaration within the interface list
containing the denoted interface object except to declare this object.

NOTE—The above restriction makes the following three interface listsillegal:

entity E is
generic (GL INTEGER,; G2: INTEGER := G1); -- lllegal
port (PL: STRING; P2: STRING(P1'RANGE)); -- Illegal
procedure X (Y1, Y2: INTEGER; Y3: INTEGERrangeY1ltoY2); --lllegal
end E;

However, the following interface lists are legal:

entity E is
generic (G1, G2, G3, G4: INTEGER);
port (P1, P2: STRING (G1to G2));
procedure X (Y3: INTEGER range G3 to G4);
end E;

4.3.2.2 Association lists

An association list establishes correspondences between formal or local generic, port, or parameter names
on the one hand and local or actual names or expressions on the other.

association list ::=
association_element { , association_element }

association_element ::=
[ forma_part =>] actual_part

formal_part ::=
formal_designator
| function_name ( formal _designator )
| type_mark ( formal_designator )

formal_designator ::=
generic_name
| port_name
| parameter_name

actual_part ::=
actual_designator
| function_name ( actual_designator )
| type_mark ( actual_designator )

actual_designator ::=
expression
| signal_name
| variable_name
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| file_name

| terminal_name
| quantity_name
| open

Each association element in an association list associates one actual designator with the corresponding inter-
face element in the interface list of a subprogram declaration, component declaration, entity declaration, or
block statement. The corresponding interface element is determined either by position or by name.

An association element is said to be named if the formal designator appears explicitly; otherwise, it issaid to
be positional. For a positional association, an actual designator at a given position in an association list cor-
responds to the interface element at the same position in the interface list.

Named associations can be given in any order, but if both positional and named associations appear in the
same association list, then all positional associations must occur first at their normal position. Hence once a
named association is used, the rest of the association list must use only named associations.

In the following, the term actual refers to an actual designator, and the term formal refers to a formal
designator.

The formal part of a named element association may be in the form of afunction call, where the single argu-
ment of the function is the formal designator itself, if and only if the mode of the formal is out, inout,
buffer, or linkage, and if the actual is not open. In this case, the function name must denote a function
whose single parameter is of the type of the formal and whose result is the type of the corresponding actual.
Such a conversion function provides for type conversion in the event that data flows from the formal to the
actual.

Alternatively, the formal part of a named element association may be in the form of atype conversion, where
the expression to be converted is the formal designator itself, if and only if the mode of the formal is out,
inout, buffer, or linkage, and if the actual is not open. In this case, the base type denoted by the type mark
must be the same as the base type of the corresponding actual. Such atype conversion provides for type con-
version in the event that data flows from the formal to the actual. It is an error if the type of the formal is not
closely related to the type of the actual. (See 7.3.5.)

Similarly, the actual part of a (hamed or positional) element association may be in the form of a function
call, where the single argument of the function is the actual designator itself, if and only if the mode of the
formal isin, inout, or linkage, and if the actual is not open. In this case, the function name must denote a
function whose single parameter is of the type of the actual, and whose result is the type of the correspond-
ing formal. In addition, the formal must not be of class constant for this interpretation to hold (the actual is
interpreted as an expression that is afunction call if the class of the formal is constant). Such a conversion
function provides for type conversion in the event that data flows from the actual to the formal.

Alternatively, the actua part of a (named or positional) element association may be in the form of a type
conversion, where the expression to be type converted is the actual designator itself, if and only if the mode
of theformal isin, inout, or linkage, and if the actual is not open. In this case, the base type denoted by the
type mark must be the same as the base type of the corresponding formal. Such a type conversion provides
for type conversion in the event that data flows from the actual to the formal. It is an error if the type of the
actual is not closely related to the type of the formal.

The type of the actual (after applying the conversion function or type conversion, if present in the actual
part) must be the same as the type of the corresponding formal, if the mode of the formal isin, inout, or
linkage, and if the actual is not open. Similarly, if the mode of the formal is out, inout, buffer, or linkage,
and if the actual is not open, then the type of the formal (after applying the conversion function or type con-
version, if present in the formal part) must be the same as the corresponding actual .
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If the formal designator of aformal part isatermina name, then the formal part must be the formal designa-
tor itself (neither atype conversion function nor a conversion is allowed). Similarly, if the actual designator
of an actual part is aterminal name, then the actual part must be the actual designator itself.

The association of terminalsis allowed only if the formal and actual are of the same nature or if the actual is
open. The association of aformal of a given composite nature with an actual of the same nature is equivalent
to the association of each scalar subelement of the formal with the matching scalar subelement of the actual.

For the association of quantities with corresponding formal quantity ports, association of aformal of agiven
composite type with an actual of the same type is equivalent to the association of each scalar subelement of
the formal with the matching subelement of the actual.

If aquantity interface element in an interface list includes a default expression, then any corresponding asso-
ciation list need not include an association element for that interface element. Its value is determined as
given below.

For the association of signals with corresponding formal ports, association of aformal of a given composite
type with an actual of the same type is equivalent to the association of each scalar subelement of the formal
with the matching subelement of the actual, provided that no conversion function or type conversion is
present in either the actual part or the formal part of the association element. If a conversion function or type
conversion is present, then the entire formal is considered to be associated with the entire actual .

Similarly, for the association of actuals with corresponding formal subprogram parameters, association of a
formal parameter of a given composite type with an actual of the same type is equivalent to the association
of each scalar subelement of the formal parameter with the matching subelement of the actual. Different
parameter passing mechanisms may be required in each case, but in both cases the associations will have an
equivalent effect. This equivalence applies provided that no actual is accessible by more than one path (see
21.11).

A formal may be either an explicitly declared interface object or member (see Clause 3) of such an interface
object. In the former case, such a formal is said to be associated in whole. In the latter cases, hamed
association must be used to associate the formal and actual; the subelements of such aformal are said to be
associated individually. Furthermore, every scalar subelement of the explicitly declared interface object
must be associated exactly once with an actual (or subelement thereof) in the same association list, and all
such associations must appear in a contiguous sequence within that association list. Each association ele-
ment that associates a slice or subelement (or dlice thereof) of an interface object must identify the formal
with alocally static name.

If an interface element in an interface list includes a default expression for a formal generic, for a formal
signal port of any mode other than linkage, or for aformal variable or constant parameter of mode in, then
any corresponding association list need not include an association element for that interface element. If the
association element is not included in the association list, or if the actual is open, then the value of the
default expression is used as the actual expression or signal value in an implicit association element for that
interface element. If a quantity port of mode in has a default expression and the association element is not
included in the association list, or if the actual isopen, then the value of the default expression is used as the
value of the quantity; this is equivalent to a simple simultaneous statement setting the quantity port to the
value of the default expression.

Itisanerror if an actual of open isassociated with aformal that is associated individually. An actual of open

counts as the single association allowed for the corresponding formal but does not supply a constant, signal,
or variable (asis appropriate to the object class of the formal) to the formal.
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NOTES

1—It is a consequence of these rules that, if an association element is omitted from an association list in order to make
use of the default expression on the corresponding interface element, all subsequent association elementsin that associa-
tion list must be named associations.

2—In the case of a port of kind signal, although a default expression can appear in an interface element that declares a
(local or formal) port, such a default expression is not interpreted as the value of an implicit association element for that
port. Instead, the value of the expression is used to determine the effective value of that port during simulation if the port
is left unconnected (see 12.6.2).

3—Named association may not be used when invoking implicitly defined operations, since the forma parameters of
these operators are not named (see 7.2).

4—Since information flows only from the actual to the forma when the mode of the formal is in, and since a function
cal isitself an expression, the actual associated with aformal of object class constant is never interpreted as a conver-
sion function or atype conversion converting an actual designator that is an expression. Thus, the following association
element islegal:

Param => F (open)

under the conditions that Param is a constant formal and F is a function returning the same base type as that of Param
and having one or more parameters, all of which may be defaulted.

5—No conversion function or type conversion may appear in the actual part when the actual designator is open.
4.3.3 Alias declarations

An dlias declaration declares an alternate name for an existing named entity.

dlias declaration ::=
aliasalias designator [ : alias_indication ] isname|[ signature] ;

dlias designator ::= identifier | character_literal | operator_symbol
dlias_indication ::= subtype_indication | subnature_indication

An object aliasis an alias whose alias designator denotes an object (that is, a constant, avariable, asignal, a
guantity, a terminal, or a file). A nonobject alias is an alias whose alias designator denotes some named
entity other than an object. An alias can be declared for all named entities except for labels, loop parameters,
and generate parameters.

The alias designator in an alias declaration denotes the named entity specified by the name and, if present,
the signature in the alias declaration. An alias of a signal denotes a signal; an alias of a variable denotes a
variable; an alias of a constant denotes a constant; an alias of a quantity denotes a quantity; an alias of ater-
minal denotes aterminal; and an alias of afile denotes afile. Similarly, an alias of a subprogram (including
an operator) denotes a subprogram, an alias of an enumeration literal denotes an enumeration literal, and so
forth.

NOTES
1—Since, for example, the alias of avariableisavariable, every reference within this document to a designator (a name,
character literal, or operator symbol) that requires the designator to denote a named entity with certain characteristics

(for example, to be a variable) alows the designator to denote an alias, so long as the aliased name denotes a named
entity having the required characteristics. This situation holds except where aliases are specifically prohibited.

2—Thealias of an overloadable object isitself overloadable.
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4.3.3.1 Object aliases

The following rules apply to object aliases:

a)
b)

0
d)

A signature may not appear in adeclaration of an object alias.

The name must be a static name (see 6.1) that denotes an object. The base type of the name specified
in an adias declaration must be the same as the base type of the type mark in the subtype indication
(if the subtype indication is present); this type must not be a multidimensional array type. When the
object denoted by the name is referenced via the alias defined by the alias declaration, the following
rules apply:

1) If thesubtypeindication isabsent or if it is present and denotes an unconstrained array type:

— If the dias designator denotes a dlice of an object, then the subtype of the object is
viewed asif it were of the subtype specified by the dlice.

— Otherwise, the object isviewed asif it were of the subtype specified in the declaration of
the object denoted by the name.

2) If the subtype indication is present and denotes a constrained array subtype, then the object is
viewed as if it were of the subtype specified by the subtype indication; moreover, the subtype
denoted by the subtype indication must include a matching element (see 7.2.2) for each element
of the object denoted by the name;

3) If the subtype indication denotes a scalar subtype, then the object is viewed as if it were of the
subtype specified by the subtype indication; moreover, it is an error if this subtype does not
have the same bounds and direction as the subtype denoted by the object name.

The same applies to attribute references where the prefix of the attribute name denotes the alias.

A reference to an element of an object adiasisimplicitly areference to the matching element of the
object denoted by the alias. A reference to a slice of an object alias consisting of the elements e, e,
..., &, isimplicitly areference to a slice of the object denoted by the alias consisting of the matching
elements corresponding to each of e; through e,

The preceding rules apply to object aliases for terminals as well, with appropriate substitutions of nature for
type, and subnature for subtype, respectively.

4.3.3.2 Nonobject aliases

The following rules apply to nhonobject aliases:

68

a)
b)

0)

d)

An aliasindication may not appear in a nonobject alias.

A signatureisrequired if the name denotes a subprogram (including an operator) or enumeration lit-
era. In this case, the signature is required to match (see 2.3) the parameter and result type profile of
exactly one of the subprograms or enumeration literals denoted by the name.

If the name denotes an enumeration type, then one implicit alias declaration for each of the literals
of the type immediately follows the alias declaration for the enumeration type; each such implicit
declaration has, as its alias designator, the simple name or character literal of the literal and has, as
its name, a name constructed by taking the name of the alias for the enumeration type and substitut-
ing the simple name or character literal being aliased for the simple name of the type. Each implicit
dias has a signature that matches the parameter and result type profile of the literal being aliased.
Alternatively, if the name denotes a physical type, then one implicit alias declaration for each of the
units of the type immediately follows the alias declaration for the physical type; each such implicit
declaration has, as its name, a name constructed by taking the name of the alias for the physical type
and substituting the simple name of the unit being aliased for the simple name of the type.
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e) Findly, if the name denotes a type, then implicit alias declarations for each predefined operator for
the type immediately follow the explicit alias declaration for the type and, if present, any implicit
dias declarationsfor literals or units of the type. Each implicit alias has a signature that matches the
parameter and result type profile of the implicit operator being aliased.

Examples:
variable REAL_NUMBER : BIT_VECTOR (0to 31);

alias SIGN : BIT isREAL_NUMBER (0);
-- SIGN isnow ascalar (BIT) value

aliasMANTISSA : BIT_VECTOR (23 downto 0) isREAL_NUMBER (8 to 31);
-- MANTISSA is a24b value whose range is 23 downto 0.
-- Note that the ranges of MANTISSA and REAL_NUMBER (8 to 31)
-- have opposite directions. A referenceto MANTISSA (23 downto 18)
-- isequivalent to areferenceto REAL_NUMBER (8to 13).

alias EXPONENT : BIT_VECTOR (1to 7) isREAL_NUMBER (1to 7);
-- EXPONENT isa7-bit value whoserangeis1to 7.

aliasSTD_BIT isSTD.STANDARD.BIT; -- explicit dias

-- alias'0 isSTD.STANDARD.'0" -- implicit aliases...
-- [return STD.STANDARD.BIT];
--alias'l' is STD.STANDARD.'1'

-- [return STD.STANDARD.BIT];

-- alias"and" is STD.STANDARD."and"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BIT];

-- alias"or" isSTD.STANDARD."or"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BIT];

-- alias "nand" is STD.STANDARD."nand"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BIT];

-- alias "nor" is STD.STANDARD."nor"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BIT];

-- alias"xor" is STD.STANDARD."xor"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BIT];

-- alias"xnor" is STD.STANDARD."xnor"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BIT];

-- alias "not" is STD.STANDARD."not"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BIT];

-- alias"=" isSTD.STANDARD."="

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BOOLEAN];

-- alias"/=" isSTD.STANDARD."/="

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BOOLEAN];
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-- alias"<" is STD.STANDARD."<"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BOOLEAN];

-- alias"<=" is STD.STANDARD."<="

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BOOLEAN];

-- alias">" is STD.STANDARD.">"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BOOLEAN];

-- alias">=" is STD.STANDARD.">="

-- [STD.STANDARD.BIT, STD.STANDARD.BIT
-- return STD.STANDARD.BOOLEAN];

NOTE—An dlias of an explicitly declared object is not an explicitly declared object, nor is the alias of a subelement or
slice of an explicitly declared object an explicitly declared object.

4 .4 Attribute declarations

An attribute is avalue, function, type, range, signal, quantity, or constant that may be associated with one or
more named entities in a description. There are two categories of attributes: predefined attributes and user-
defined attributes. Predefined attributes provide information about named entitiesin a description. Clause 14
contains the definition of all predefined attributes. Predefined attributes that are signals may not be updated.

User-defined attributes are constants of arbitrary type. Such attributes are defined by an attribute declaration.

attribute_declaration ::=
attribute identifier: type_mark ;

Theidentifier is said to be the designator of the attribute. An attribute may be associated with an entity dec-
laration, an architecture, a configuration, a procedure, a function, a package, a type, a subtype, a nature, a
subnature, a constant, a signal, a variable, a quantity, a terminal, a component, a label, a literal, a unit, a
group, or afile.

The type mark must denote a subtype that is neither an access type nor afile type. The subtype need not be
constrained.

Examples:
type COORDINATE isrecord X,Y: INTEGER; end record;
subtype POSITIVE isINTEGER range 1 to INTEGER'HIGH;

attribute LOCATION: COORDINATE;
attribute PIN_NO: POSITIVE;
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NOTES

1—A given named entity E will be decorated with the user-defined attribute A if and only if an attribute specification for
the value of attribute A exists in the same declarative part as the declaration of E. In the absence of such a specification,
an attribute name of the form E'A isillegal.

2—A user-defined attribute is associated with the named entity denoted by the name specified in a declaration, not with
the name itself. Hence, an attribute of an object can be referenced by using an dias for that object rather than the
declared name of the object as the prefix of the attribute name, and the attribute referenced in such a way is the same
attribute (and therefore has the same value) as the attribute referenced by using the declared name of the object as the
prefix.

3—A user-defined attribute of a port, signal, variable, quantity, terminal, or constant of some composite type or nature is
an attribute of the entire port, signal, variable, quantity, terminal, or constant, not of its elements. If it is necessary to
associate an attribute with each element of some composite object, then the attribute itself can be declared to be of a
composite type such that for each element of the object, there is a corresponding element of the attribute.

4.5 Component declarations

A component declaration declares a virtual design entity interface that may be used in a component
instantiation statement. A component configuration or a configuration specification can be used to associate
a component instance with adesign entity that residesin alibrary.

component_declaration ::=
component identifier [ is]
[ local_generic_clause]
[ local_port_clause]
end component [ component_simple_name] ;

Each interface object in the local generic clause declares a local generic. Each interface object in the local
port clause declares alocal port.

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

4.6 Group template declarations

A group template declaration declares a group template, which defines the allowable classes of named
entities that can appear in a group.

group_template_declaration ::=
group identifier is ( entity_class entry list) ;

entity_class_entry_list ::=
entity_class _entry { , entity_class _entry }

entity_class_entry ::= entity class[ <>]

A group template is characterized by the number of entity class entries and the entity class at each position.
Entity classes are described in 5.1.

An entity class entry that is an entity class defines the entity class that may appear at that position in the
group type. An entity class entry that includes abox (<>) allows zero or more group constituentsto appear in
this position in the corresponding group declaration; such an entity class entry must be the last one within
the entity class entry list.
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Examples:

group PIN2PIN is (signal, signal);

Groups of thistype consist of two signals.

group RESOURCE is (label <>); Groups of thistype consist of any number

of labels.

group DIFF_CYCLESIs(group <>); A group of groups.

4.7 Group declarations

A group declaration declares a group, a named collection of named entities. Named entities are described in
5.1.

group_declaration ::=
group identifier : group_template_name ( group_constituent_list ) ;

group_constituent_list ::= group_constituent { , group_constituent }

group_constituent ::= name | character_literal

It is an error if the class of any group constituent in the group constituent list is not the same as the class
specified by the corresponding entity class entry in the entity class entry list of the group template.

A name that is a group constituent may not be an attribute name (see 6.6), nor, if it contains a prefix, may
that prefix be afunction call.

If agroup declaration appears within a package body, and a group constituent within that group declaration
is the same as the simple name of the package body, then the group constituent denotes the package declara-
tion and not the package body. The same rule holds for group declarations appearing within subprogram
bodies containing group constituents with the same designator as that of the enclosing subprogram body.

If a group declaration contains a group constituent that denotes a variable of an access type, the group
declaration declares a group incorporating the variable itself, and not the designated object, if any.

Examples:

group G1: RESOURCE (L1, L2); A group of two labels.

group G2: RESOURCE (L3, L4, L5);

A group of three labels.

group C2Q: PIN2PIN (PROJECT.GLOBALS.CK, Q);

Groups may associate named
entitiesin different declarative
parts (and regions).

A group of groups.

group CONSTRAINT1: DIFF_CYCLES (G1, G3);

4.8 Nature declaration
A nature declaration declares a hature and defines the across and through types of the nature. A scalar nature

declaration also declares the reference terminal of its ssimple nature denoted by the identifier of its scalar
nature definition.
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nature_declaration ::=
nature identifier is nature_definition ;

nature_definition ::=
scalar_nature_definition | composite_nature_definition

subnature_declaration ::=
subnatureidentifier is subnature_indication ;

subnature_indication ::=

nature_mark [ index_constraint |

[ tolerance string_expression acr oss string_expression through |
nature_mark ::=

nature_name | subnature_name

For any nature name N an attribute name of the form N'Across denotes the across type of the nature denoted
by N, and an attribute name of the form N'Through denotes the through type of the nature denoted by N.

The natures created by the elaboration of distinct nature definitions are distinct natures. The elaboration of
the nature definition for a scalar nature or a constrained array nature creates both a nature and a subnature of
the nature.

The simple name declared by a nature declaration denotes the declared nature, unless the nature declaration
declares both a nature and a subnature of the nature, in which case the simple name denotes the subnature
and the nature is anonymous.

A subnature declaration declares a subnature. A condition imposed by an index constraint is said to be com-
patible with a nature if it is compatible with the across and through types of the nature. The condition
imposed by the index constraint of a subnature indication must be compatible with the nature denoted by the
nature mark. If a subnature indication does not include a constraint, the subnature is the same as that denoted
by the nature mark.

If asubnature indication includes a tol erance specification, then the tolerance group of the acrosstype of the
subnature is the value of the string expression preceding the reserved word across. Similarly, the tolerance
group of the through type of the subnature is the value of the string expression preceding the reserved word
through. Both string expressions in the tol erance specification must be static expressions.

If the subnature indication does not include an index constraint, the subnature is the same as that denoted by
the nature mark. The condition imposed by an index constraint is the condition obtained after the evaluation
of the expressions and ranges forming the constraint. The rules defining compatibility are given in 3.2.1.1.
These rules are such that if an index constraint is compatible with a subnature, then the condition imposed
by the index constraint cannot contradict any condition already imposed by the subnature. An error occurs if
any check for compatibility fails.

5. Specifications

This clause describes specifications, which may be used to associate additional information with aVHDL
description. A specification associates additiona information with a named entity that has been previously
declared. There are four kinds of specifications: attribute specifications, configuration specifications, discon-
nection specifications, and step limit specifications.

A specification always relates to named entities that already exist; thus a given specification must either fol-
low or (in certain cases) be contained within the declaration of the entity to which it relates. Furthermore, a
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specification must always appear either immediately within the same declarative part as that in which the
declaration of the named entity appears, or (in the case of specifications that relate to design units or the
interface objects of design units, subprograms, or block statements) immediately within the declarative part
associated with the declaration of the design unit, subprogram body, or block statement.

5.1 Attribute specification

An attribute specification associates a user-defined attribute with one or more named entities and defines the
value of that attribute for those entities. The attribute specification is said to decorate the named entity.

attribute_specification ::=
attribute attribute_designator of entity specification is expression ;

entity specification ::=
entity_name_list : entity_class

entity class::=
entity | architecture | configuration
| procedure | function | package
| type | subtype | constant
| signal | variable | component
| 1abel |literal | units
| group | file | nature
| subnature | quantity | terminal

entity_name_list ::=
entity _designator { , entity_designator }
| others
|all

entity _designator ::= entity tag [ signature]
entity tag::= simple_name | character_literal | operator_symbol

The attribute designator must denote an attribute. The entity name list identifies those named entities, both
implicitly and explicitly defined, that inherit the attribute, as described below:

— If alist of entity designatorsis supplied, then the attribute specification applies to the named entities
denoted by those designators. It is an error if the class of those namesis not the same as that denoted
by the entity class.

— If the reserved word others is supplied, then the attribute specification applies to named entities of
the specified class that are declared in the immediately enclosing declarative part, provided that each
such entity is not explicitly named in the entity name list of a previous attribute specification for the
given attribute.

— If thereserved word all is supplied, then the attribute specification applies to all named entities of the
specified class that are declared in the immediately enclosing declarative part.

An attribute specification with the entity name list others or all for a given entity class that appearsin a
declarative part must be the last such specification for the given attribute for the given entity class in that
declarative part. No named entity in the specified entity class may be declared in a given declarative part
following such an attribute specification.

If aname in an entity name list denotes a subprogram or package, it denotes the subprogram declaration or
package declaration. Subprogram and package bodies cannot be attributed.
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An entity designator that denotes an alias of an object is required to denote the entire object, not amember of
an object.

The entity tag of an entity designator containing a signature must denote the name of one or more subpro-
grams or enumeration literals. In this case, the signature must match (see 2.3.2) the parameter and result type
profile of exactly one subprogram or enumeration literal in the current declarative part; the enclosing
attribute specification then decorates that subprogram or enumeration literal.

The expression specifies the value of this attribute for each of the named entities inheriting the attribute as a
result of this attribute specification. The type of the expression in the attribute specification must be the same
as (or implicitly convertible to) the type mark in the corresponding attribute declaration. If the entity name
list denotes an entity interface, architecture body, or configuration declaration, then the expression is
required to be locally static (see 7.4).

An attribute specification for an attribute of a design unit (i.e., an entity interface, an architecture, a configu-
ration, or a package) must appear immediately within the declarative part of that design unit. Similarly, an
attribute specification for an attribute of an interface object of a design unit, subprogram, or block statement
must appear immediately within the declarative part of that design unit, subprogram, or block statement. An
attribute specification for an attribute of a procedure, a function, atype, a subtype, a nature, a subnature, an
object (i.e., aconstant, afile, asignal, a quantity, aterminal, or a variable), a component, literal, unit name,
group, or a labeled entity must appear within the declarative part in which that procedure, function, type,
subtype, nature, subnature, object, component, literal, unit name, group, or label, respectively, isexplicitly or
implicitly declared.

For a given named entity, the value of a user-defined attribute of that entity is the value specified in an
attribute specification for that attribute of that entity.

It is an error if a given attribute is associated more than once with a given named entity. Similarly, it is an
error if two different attributes with the same simple name (whether predefined or user-defined) are both
associated with a given named entity. The single exception to thisis the predefined attribute LAST_EVENT,
where the two different attributes are disambiguated by the return type of the attribute.

An entity designator that is a character literal is used to associate an attribute with one or more character
literals. An entity designator that is an operator symbol is used to associate an attribute with one or more
overloaded operators.

The decoration of a named entity that can be overloaded attributes all named entities matching the
specification already declared in the current declarative part.

If an attribute specification appears, it must follow the declaration of the named entity with which the
attribute is associated, and it must precede all referencesto that attribute of that named entity. Attribute spec-
ifications are allowed for all user-defined attributes, but are not allowed for predefined attributes.

An attribute specification may reference a named entity by using an alias for that entity in the entity name
list, but such a reference counts as the single attribute specification that is allowed for a given attribute and
therefore prohibits a subsequent specification that uses the declared name of the entity (or any other aias) as
the entity designator.

An attribute specification whose entity designator contains no signature and identifies an overloaded subpro-
gram has the effect of associating that attribute with each of the designated overloaded subprograms
declared within that declarative part.

Examples:

attribute PIN_NO of CIN: signal is 10;
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attribute PIN_NO of COUT: signal is5;

attribute LOCATION of ADDERZ1: label is (10,15);
attribute LOCATION of others: label is (25,77);

attribute CAPACITANCE of all: signal is 15 pF;

attribute IMPLEMENTATION of G1: group is"74LS152";
attribute RISING_DELAY of C2Q: group is7.2 ns;

NOTES

1—User-defined attributes represent local information only and cannot be used to pass information from one description
to another. For instance, assume some signal X in an architecture body has some attribute A. Further, assume that X is
associated with some local port L of component C. Cin turn is associated with some design entity E(B), and L is associ-
ated with E’sformal port P. Neither L nor P has attributes with the simple name A, unless such attributes are supplied via
other attribute specifications; in this latter case, the values of PA and X'A are not related in any way.

2—The local ports and generics of a component declaration cannot be attributed, since component declarations lack a
declarative part.

3—If an attribute specification applies to an overloadable named entity, then declarations of additional named entities
with the same simple name are allowed to occur in the current declarative part unless the aforementioned attribute spec-
ification has as its entity name list either of the reserved words othersor all.

4—Attribute specifications supplying either of the reserved words others or all never apply to the interface objects of
design units, block statements, or subprograms.

5—An attribute specification supplying either of the reserved words other s or all may apply to none of the named enti-
tiesin the current declarative part, in the event that none of the named entities in the current declarative part meet all of
the requirements of the attribute specification.

5.2 Configuration specification

A configuration specification associates binding information with component labels representing instances
of agiven component declaration.

configuration_specification ::=
for component_specification binding_indication;

component_specification ::=
instantiation_list : component_name

instantiation_list ::=
instantiation_label { , instantiation_label }
| others
|all

The instantiation list identifies those component instances with which binding information is to be associ-
ated, as defined below:

— If aligt of instantiation labels is supplied, then the configuration specification applies to the corre-
sponding component instances. Such labels must be (implicitly) declared within the immediately
enclosing declarative part. It is an error if these component instances are not instances of the compo-
nent declaration named in the component specification. It isalso an error if any of the labels denote a
component instantiati on statement whose corresponding instantiated unit does not name acomponent.

— If the reserved word others is supplied, then the configuration specification applies to instances of
the specified component declaration whose labels are (implicitly) declared in the immediately
enclosing declarative part, provided that each such component instance is not explicitly named in the
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instantiation list of a previous configuration specification. This rule applies only to those component
instantiation statements whose corresponding instantiated units name components.

— If thereserved word all is supplied, then the configuration specification appliesto al instances of the
specified component declaration whose labels are (implicitly) declared in the immediately enclosing
declarative part. This rule applies only to those component instantiation statements whose corre-
sponding instantiated units name components.

A configuration specification with the instantiation list others or all for a given component name that
appears in a declarative part must be the last such specification for the given component name in that declar-
ative part.

The elaboration of a configuration specification results in the association of binding information with the
labelsidentified by the instantiation list. A label that has binding information associated with it is said to be
bound. It is an error if the elaboration of a configuration specification results in the association of binding
information with a component label that is already bound.

NOTE—A configuration specification supplying either of the reserved words others or all may apply to none of the
component instances in the current declarative part. Thisisthe case when none of the component instances in the current
declarative part meet all of the requirements of the given configuration specification.

5.2.1 Binding indication

A binding indication associates instances of a component declaration with a particular design entity. It may
also associate actuals with formals declared in the entity interface.

binding_indication ::=
[ use entity_aspect ]
[ generic_map_aspect |
[ port_map_aspect ]

The entity aspect of abinding indication, if present, identifies the design entity with which the instances of a
component are associated. If present, the generic map aspect of a binding indication identifies the expres-
sions to be associated with formal genericsin the design entity interface. Similarly, the port map aspect of a
binding indication identifies the signal's, terminals, quantities, or values to be associated with formal portsin
the design entity interface.

When a binding indication is used in a configuration specification, it is an error if the entity aspect is absent.

A binding indication appearing in a component configuration need not have an entity aspect under the
following condition: The block corresponding to the block configuration in which the given component con-
figuration appears is required to have one or more configuration specifications that together configure all
component instances denoted in the given component configuration. Under this circumstance, these binding
indications are the primary binding indications. It is an error if a binding indication appearing in a compo-
nent configuration does not have an entity aspect and there are no primary binding indications. It is also an
error if, under these circumstances, the binding indication has neither a generic map aspect nor a port map
aspect. Thisform of binding indication is the incremental binding indication, and it is used to incrementally
rebind the ports and generics of the denoted instance(s) under the following conditions:

— For each formal generic appearing in the generic map aspect of the incremental binding indication
and denoting a formal generic that is unassociated or associated with open in any of the primary
binding indications, the given formal generic is bound to the actual with which it is associated in the
generic map aspect of the incremental binding indication.

— For each formal generic appearing in the generic map aspect of the incremental binding indication
and denoting aformal generic that is associated with an actual other than open in one of the primary
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binding indications, the given formal generic is rebound to the actual with which it is associated in
the generic map aspect of the incremental binding indication. That is, the association given in the pri-
mary binding indication has no effect for the given instance.

— For each formal port appearing in the port map aspect of the incremental binding indication and
denoting a formal port that is unassociated or associated with open in any of the primary binding
indications, the given formal port is bound to the actual with which it is associated in the port map
aspect of the incremental binding indication.

— ltisanerrorif aformal port appearsin the port map aspect of the incremental binding indication and
itisaformal port that is associated with an actual other than open in one of the primary binding indi-
cations.

If the generic map aspect or port map aspect of a binding indication is not present, then the default rules as
described in 5.2.2 apply.

Examples:

entity AND_GATE is
generic (11to0, 12toO: DELAY_LENGTH :=4ns);
port (11,12:in BIT; O: out BIT);

end entity AND_GATE;

entity XOR_GATE is
generic (11to0O, 12toO : DELAY_LENGTH := 4 ns);
port (11,12:in BIT; O: out BIT);

end entity XOR_GATE;

package MY_GATESis
component AND_GATE is
generic (11to0, 12toO: DELAY_LENGTH :=4ns);
port (11,12:inBIT;  O: out BIT);
end component AND_GATE;

component XOR_GATE is
generic (11toO, 12to0: DELAY_LENGTH :=4ns);
port (11,12:in BIT; O: out BIT);
end component XOR_GATE;
end package MY_GATES;

entity Half_Adder is
port (X,Y:inBIT,
Sum, Carry: out BIT);
end entity Half_Adder;

use WORK.MY_GATES.all;
architecture Structure of Half_Adder is
for L1: XOR_GATE use
entity WORK.XOR_GATE(Behavior)
generic map (3 ns, 3 ns)
port map (I1=>11,12=>12,0=>0);

The primary binding indication
for instance L1.

for L2: AND_GATE use
entity WORK.AND_GATE(Behavior)
generic map (3 ns, 4 ns)

The primary binding indication
for instance L2.
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port map (11, open, O);

begin
L1: XOR_GATE port map (X,Y, Sum);
L2: AND_GATE port map (X, Y, Carry);
end architecture Structure;

use WORK.GLOBAL_SIGNALS.ll;
configuration Different of Half_Adder is
for Structure
for L1: XOR_GATE
generic map (2.9 ns, 3.6 ns);
end for;

The incremental binding
indication of L1; rebinds its generics.

for L2: AND_GATE
generic map (2.8 ns, 3.25 ns)
port map (12 =>Tied_High);
end for;
end for;
end configuration Different;

The incremental binding
indication L2; rebinds its generics
and binds its open port.

5.2.1.1 Entity aspect

An entity aspect identifies a particular design entity to be associated with instances of a component. An
entity aspect may also specify that such abinding is to be deferred.

entity_aspect ::=
entity entity _name [ ( architecture identifier) |
| configur ation configuration_name
| open

The first form of entity aspect identifies a particular entity declaration and (optionally) a corresponding
architecture body. If no architecture identifier appears, then the immediately enclosing binding indication is
said to imply the design entity whose interface is defined by the entity declaration denoted by the entity name
and whose body is defined by the default binding rules for architecture identifiers (see 5.2.2). If an architec-
ture identifier appears, then the immediately enclosing binding indication is said to imply the design entity
consisting of the entity declaration denoted by the entity name together with an architecture body associated
with the entity declaration; the architecture identifier defines a simple name that is used during the
elaboration of a design hierarchy to select the appropriate architecture body. In either case, the correspond-
ing component instances are said to be fully bound.

At the time of the analysis of an entity aspect of the first form, the library unit corresponding to the entity
declaration denoted by the entity name is required to exist; moreover, the design unit containing the entity
aspect depends on the denoted entity declaration. If the architecture identifier is also present, the library unit
corresponding to the architecture identifier is required to exist only if the binding indication is part of acom-
ponent configuration containing explicit block configurations or explicit component configurations; only in
this case does the design unit containing the entity aspect also depend on the denoted architecture body. In
any case, the library unit corresponding to the architecture identifier is required to exist at the time that the
design entity implied by the enclosing binding indication is bound to the component instance denoted by the
component configuration or configuration specification containing the binding indication; if the library unit
corresponding to the architecture identifier was required to exist during anaysis, it is an error if the
architecture identifier does not denote the same library unit as that denoted during analysis. The library unit
corresponding to the architecture identifier, if it exists, must be an architecture body associated with the
entity declaration denoted by the entity name.
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The second form of entity aspect identifies a design entity indirectly by identifying a configuration. In this
case, the entity aspect is said to imply the design entity at the apex of the design hierarchy that is defined by
the configuration denoted by the configuration name.

At the time of the analysis of an entity aspect of the second form, the library unit corresponding to the
configuration name is required to exist. The design unit containing the entity aspect depends on the configu-
ration denoted by the configuration name.

The third form of entity aspect is used to specify that the identification of the design entity isto be deferred.
In this case, the immediately enclosing binding indication is said to not imply any design entity. Further-
more, the immediately enclosing binding indication must not include a generic map aspect or a port map
aspect.

5.2.1.2 Generic map and port map aspects

A generic map aspect associates values with the formal generics of a block. Similarly, a port map aspect
associates signals, quantities, terminals, or values with the formal ports of a block. The following applies to
both external blocks defined by design entities and to internal blocks defined by block statements.

generic_map_aspect ::=
generic map ( generic_association list)

port_map_aspect ::=
port map ( port_association list)

Both named and positional association are allowed in aport or generic association list.
The following definitions are used in the remainder of this subclause:

— Theterm actual refers to an actual designator that appears either in an association element of a port
association list or in an association element of a generic association list.

— Theterm formal refers to aformal designator that appears either in an association element of a port
association list or in an association el ement of a generic association list.

The purpose of port and generic map aspectsis as follows:

— Generic map aspects and port map aspects appearing immediately within a binding indication
associate actuals with the formals of the design entity interface implied by theimmediately enclosing
binding indication. No scalar formal may be associated with more than one actual. No scalar subele-
ment of any composite formal may be associated more than once in the same association list.

Each scalar subelement of every local port of the component instances to which an enclosing config-
uration specification or component configuration applies must be associated as an actual with at least
one formal or with a scalar subelement thereof. The actuals of these associations for a given local
port may be the entire local port or any slice or subelement (or slice thereof) of the local port. The
actuals in these associations must be locally static names.

— Generic map aspects and port map aspects appearing immediately within a component instantiation
statement associate actuals with the formals of the component instantiated by the statement. No
scalar formal may be associated with more than one actual. No scalar subelement of any composite
formal may be associated with more than one scalar subelement of an actual.

— Generic map aspects and port map aspects appearing immediately within a block header associate
actuals with the formals defined by the same block header. No scalar formal may be associated with
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more than one actual. No scalar subelement of any composite formal may be associated with more
than one actual or with a scalar subelement thereof.

An actual associated with a formal generic in a generic map aspect must be an expression or the reserved
word open; an actual associated with aformal port in a port map aspect must be asignal, a quantity, atermi-
nal, an expression, or the reserved word open.

Certain restrictions apply to the actual associated with aformal port in a port map aspect; these restrictions
aredescribed in 1.1.1.2.

A formal that is not associated with an actual is said to be an unassociated formal.

NOTE—A generic map aspect appearing immediately within a binding indication need not associate every formal
generic with an actual. These formals may be left unbound so that, for example, acomponent configuration within acon-
figuration declaration may subsequently bind them.

Example:

entity Buf is

generic (Buf_Delay: TIME := 0 ns);

port (Input_pin: in Bit; Output_pin: out Bit);
end Buf;

architecture DataFlow of Buf is
begin

Output_pin <= Input_pin after Buf_Delay;
end DataFlow;

entity Test Benchis
end Test_Bench;

architecture Structure of Test Benchis
component Buf is
generic (Comp_Buf_Delay: TIME);
port (Comp_l: in Bit; Comp_O: out Bit);
end component;

-- A binding indication; generic and port map aspects within a binding indication
-- associate actuals (Comp_I, etc.) with formals of the design entity interface
-- (Input_pin, etc.):
for UUT: Buf
use entity Work.Buf(DataFl ow)
generic map (Buf_Delay => Comp_Buf_Delay)
port map (Input_pin => Comp_I, Output_pin=> Comp_O);

signal S1,S2: Bit;
begin

-- A component instantiation statement; generic and port map aspects within a
-- component instantiation statement associate actuals (S1, etc.) with the
-- formals of a component (Comp_I, etc.):
UUT: Buf
generic map(Comp_Buf_Delay => 50 ns)
port map(Comp_| => S1, Comp_O => S2);
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-- A block statement; generic and port map aspects within the block header of a block
-- statement associate actuals (4, etc.) with the formals defined in the block header:
B: block
generic (G: INTEGER);
generic map(G => 4);
begin
end block;
end Structure;

NOTE—A local generic (from a component declaration) or formal generic (from a block statement or from the entity
declaration of the enclosing design entity) may appear as an actual in a generic map aspect. Similarly, alocal port (from
a component declaration) or formal port (from a block statement or from the entity declaration of the enclosing design
entity) may appear as an actual in a port map aspect.

5.2.2 Default binding indication

In certain circumstances, a default binding indication will apply in the absence of an explicit binding indica-
tion. The default binding indication consists of a default entity aspect, together with a default generic map
aspect and a default port map aspect, as appropriate.

If no visible entity declaration has the same simple name as that of the instantiated component, then the
default entity aspect is open. A visible entity declaration is either

a) Anentity declaration that has the same simple name as that of the instantiated component and that is
directly visible (see 10.3), or

b)  An entity declaration that has the same simple name as that of the instantiated component and that
would be directly visible in the absence of a directly visible (see 10.3) component declaration with
the same simple name as that of the entity declaration.

These visibility checks are made at the point of the absent explicit binding indication that causes the default
binding indication to apply.

Otherwise, the default entity aspect is of the form
entity entity_name ( architecture_identifier )

where the entity name is the simple name of the instantiated component, and the architecture identifier is the
same as the simple name of the most recently analyzed architecture body associated with the entity declara-
tion. If thisruleis applied either to a binding indication contained within a configuration specification or to a
component configuration that does not contain an explicit inner block configuration, then the architecture
identifier is determined during elaboration of the design hierarchy containing the binding indication. Like-
wise, if a component instantiation statement contains an instantiated unit containing the reserved word
entity but does not contain an explicitly specified architecture identifier, thisrule is applied during the elab-
oration of the design hierarchy containing a component instantiation statement. In all other cases, thisruleis
applied during analysis of the binding indication.

It is an error if there is no architecture body associated with the entity interface denoted by an entity name
that isthe simple name of the instantiated component.

The default binding indication includes a default generic map aspect if the design entity implied by the entity

aspect contains formal generics. The default generic map aspect associates each local generic in the corre-
sponding component instantiation (if any) with aformal of the same simple name. It isan error if such afor-
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mal does not exist or if its mode and type are not appropriate for such an association. Any remaining
unassociated formals are associated with the actual designator open.

The default binding indication includes a default port map aspect if the design entity implied by the entity
aspect contains formal ports. The default port map aspect associates each local port in the corresponding
component instantiation (if any) with aformal of the same simple name. It is an error if such aforma does
not exist or if its mode and type are not appropriate for such an association. Any remaining unassociated for-
mals are associated with the actual designator open.

If an explicit binding indication lacks a generic map aspect, and if the design entity implied by the entity
aspect contains formal generics, then the default generic map aspect is assumed within that binding indica-
tion. Similarly, if an explicit binding indication lacks a port map aspect, and the design entity implied by the
entity aspect contains formal ports, then the default port map aspect is assumed within that binding indica-
tion.

5.3 Disconnection specification

A disconnection specification defines the time delay to be used in the implicit disconnection of drivers of a
guarded signal within a guarded signal assignment.

disconnection_specification ::=
disconnect guarded _signal_specification after time_expression;

guarded_signal_specification ::=
guarded signal_list : type mark

signal_list ::=
signal_name{ , signal_name}
| others
|all

Each signal namein asignal list in a guarded signal specification must be alocally static name that denotes
aguarded signal (see 4.3.1.2). Each guarded signal must be an explicitly declared signal or member of such
asignal.

If the guarded signal is a declared signal or a dlice thereof, the type mark must be the same as the type mark
indicated in the guarded signal specification (see 4.3.1.2). If the guarded signal is an array element of an
explicitly declared signal, the type mark must be the same as the element subtype indication in the (explicit
or implicit) array type declaration that declares the base type of the explicitly declared signal. If the guarded
signal is arecord element of an explicitly declared signal, then the type mark must be the same as the type
mark in the element subtype definition of the record type declaration that declares the type of the explicitly
declared signal. Each signal must be declared in the declarative part enclosing the disconnection specifica-
tion.

Subject to the af orementioned rules, a disconnection specification appliesto the drivers of aguarded signal S
of whose type mark denotes the type T under the following circumstances:
— Forascaar signa S, if an explicit or implicit disconnection specification of the form
disconnect S: T after time_expression;
exists, then this disconnection specification applies to the drivers of S.

— For acompositesignal S, an explicit or implicit disconnection specification of the form
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disconnect S: T after time_expression;

is equivalent to a series of implicit disconnection specifications, one for each scalar subelement of
the signal S. Each disconnection specification in the seriesis created as follows: it has, asits single
signal nameinitssignal list, aunique scalar subelement of S. Itstype mark isthe same as the type of
the same scalar subelement of S. Itstime expression is the same as that of the original disconnection
specification.

The characteristics of the disconnection specification must be such that each implicit disconnection
specification in the seriesis alegal disconnection specification.

If the signal list in an explicit or implicit disconnection specification contains more than one signa
name, the disconnection specification is equivalent to a series of disconnection specifications, one for
each signal name in the signa list. Each disconnection specification in the series is created as fol-
lows: It has, asits single signal name in its signal list, a unique member of the signal list from the
original disconnection specification. Its type mark and time expression are the same as those in the
original disconnection specification.

The characteristics of the disconnection specification must be such that each implicit disconnection
specification in the seriesis alegal disconnection specification.

An explicit disconnection specification of the form
disconnect others. T after time_expression;

is equivalent to an implicit disconnection specification where the reserved word others is replaced
with asignal list comprised of the simple names of those guarded signals that are declared signals
declared in the enclosing declarative part, whose type mark is the same as T, and that do not
otherwise have an explicit disconnection specification applicable to its drivers; the remainder of the
disconnection specification is otherwise unchanged. If there are no guarded signals in the enclosing
declarative part whose type mark is the same as T and that do not otherwise have an explicit
disconnection specification applicable to its drivers, then the above disconnection specification has
no effect.

The characteristics of the explicit disconnection specification must be such that the implicit discon-
nection specification, if any, isalegal disconnection specification.

An explicit disconnection specification of the form
disconnect all: T after time_expression;

is equivalent to an implicit disconnection specification where the reserved word all is replaced with
a signal list comprised of the simple names of those guarded signals that are declared signals
declared in the enclosing declarative part and whose type mark is the same as T; the remainder of the
disconnection specification is otherwise unchanged. If there are no guarded signals in the enclosing
declarative part whose type mark is the same as T, then the above disconnection specification has no
effect.

The characteristics of the explicit disconnection specification must be such that the implicit
disconnection specification, if any, isalegal disconnection specification.

A disconnection specification with the signal list others or all for a given type that appears in a declarative
part must be the last such specification for the given type in that declarative part. No guarded signal of the
given type may be declared in a given declarative part following such a disconnection specification.

The time expression in a disconnection specification must be static and must evaluate to a non-negative

value.

Itisan error if more than one disconnection specification applies to drivers of the same signal.
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If, by the aforementioned rules, no disconnection specification applies to the drivers of aguarded, scalar sig-
nal Swhose type mark is T (including a scalar subelement of a composite signal), then the following default
disconnection specification is implicitly assumed:

disconnect S: T after Ons;

A disconnection specification that appliesto the drivers of aguarded signal Sisthe applicable disconnection
specification for the signal S.

Thus the implicit disconnection delay for any guarded signal is aways defined, either by an explicit
disconnection specification or by an implicit one.

NOTES

1—A disconnection specification supplying either the reserved words others or all may apply to none of the guarded
signalsin the current declarative part, in the event that none of the guarded signals in the current declarative part meet all
of the requirements of the disconnection specification.

2—Since disconnection specifications are based on declarative parts, not on declarative regions, ports declared in an
entity interface cannot be referenced by a disconnection specification in a corresponding architecture body.

Cross-references: disconnection statements, 9.5; guarded assignment, 9.5; guarded blocks, 9.1; guarded
signals, 4.3.1.2; guarded targets, 9.5; signal guard, 9.1.

5.4 Step limit specification

A step limit specification specifies a maximum amount of time that is permitted to elapse between the
determination of the values of a quantity and the next determination of the value of that quantity.

step_limit_specification ::=
limit quantity_specification with real_expression ;

quantity specification ::=
quantity _list : type mark

quantity_list ::=
quantity_name { , quantity_name}
| others
|all

Each quantity name in aquantity list in a step limit specification must be alocally static name that denotes a
guantity. Each quantity must be an explicitly declared quantity or a member of such a quantity.

If the quantity isadeclared quantity or a dlice thereof, the type mark must be the same as the type mark indi-
cated in the quantity declaration for that quantity. If the quantity is an array element of an explicitly declared
guantity, the type mark must be the same as the element subtype indication in the (explicit or implicit) array
type declaration that declares the base type of the explicitly declared quantity. If the quantity isarecord ele-
ment of an explicitly declared quantity, then the type mark must be the same as the type mark in the element
subtype definition of the record type declaration that declares the type of the explicitly declared quantity.
Each quantity must be declared in the declarative part enclosing the step limit specification.

Subject to the aforementioned rules, a step limit specification applies to a quantity Q whose type mark
denotes the type T under the following circumstances:
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— For ascaar quantity Q, if an explicit or implicit step limit specification of the form
limit Q: T with real_expression;
exists, then this step limit specification appliesto Q.

— For acomposite quantity Q, an explicit or implicit step limit specification of the form
limit Q: T with real_expression;

is equivalent to a series of implicit step limit specifications, one for each scalar subelement of the
quantity Q. Each step limit specification in the series is created as follows: it has, asits single quan-
tity nameinits quantity list, aunique scalar subelement of Q. Itstype mark isthe same as the type of
the same scalar subelement of Q. Its real expression is the same as that of the original step limit
specification.

The characteristics of the step limit specification must be such that each implicit step limit
specification in the seriesis alegal step limit specification.

— If the quantity list in an explicit or implicit step limit specification contains more than one quantity
name, the step limit specification is equivalent to a series of step limit specifications, one for each
guantity name in the quantity list. Each step limit specification in the series is created as follows: It
has, asits single quantity namein its quantity list, a unique member of the quantity list from the orig-
inal step limit specification. Its type mark and time expression are the same as those in the original
step limit specification.

The characteristics of the step limit specification must be such that each implicit step limit
specification in the seriesis alegal step limit specification.

— Anexplicit step limit specification of the form
limit others: T with real_expression;

isequivalent to an implicit step limit specification where the reserved word other sis replaced with a
quantity list comprised of the simple names of those quantities that are declared quantities declared
in the enclosing declarative part, whose type mark is the same as T, and that do not otherwise have
an explicit step limit specification applicableto it; the remainder of the step limit specification is oth-
erwise unchanged. If there are no quantities in the enclosing declarative part whose type mark is the
same as T and that do not otherwise have an explicit step limit specification applicable to them, then
the above step limit specification has no effect.

The characteristics of the explicit step limit specification must be such that the implicit step limit
specification, if any, isalegal step limit specification.

— Anexplicit step limit specification of the form
limit all: T with real_expression;

is equivalent to an implicit step limit specification where the reserved word all is replaced with a
quantity list comprised of the simple names of those quantities that are declared quantities declared
in the enclosing declarative part and whose type mark is the same as T; the remainder of the step
limit specification is otherwise unchanged. If there are no quantities in the enclosing declarative part
whose type mark is the same as T, then the above step limit specification has no effect.

The characteristics of the explicit step limit specification must be such that the implicit step limit
specification, if any, isalegal step limit specification.

A step limit specification with the quantity list othersor all for agiven type that appears in a declarative part
must be the last such specification for the given type in that declarative part. No quantity of the given type
may be declared in a given declarative part following such a step limit specification.

Itisan error if more than one step limit specification applies to the same quantity.
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If, by the aforementioned rules, no step limit specification applies to a scalar quantity Q whose type mark is
T (including a scalar subelement of a composite quantity), then the following default step limit specification
isimplicitly assumed:

limit Q: T with X;
where X isthe universal time corresponding to REAL'HIGH.

Thusthe step limit expression for any quantity is always defined, either by an explicit step limit specification
or by an implicit one. If the value of a quantity is determined at time T, it is an error if the value of that
quantity is next determined at a time greater than the value of T plus the value of the step limit expression
evaluated at time T (see 12.6.6 for the process by which the analog solver determines the values of quanti-
ties, and 12.6.4 for the role that the analog solver playsin the simulation cycle).

Example:

library IEEE;

use leee.Math_real.all;

entity sourceis
generic (Amplitude: REAL; Freg: REAL);
port (quantity Sine: out REAL);

end entity source;

architecture Sinusoid of sourceis
limit Sine: REAL with 0.05/Freq; -- ensures that there are at least 20 analog
-- solution points per period of the sine wave
begin
Sine==Amplitude* sin (Math_2 pi * Freq* NOW );
end architecture Sinusoid;

NOTES

1—A step limit specification supplying either the reserved words others or all may apply to none of quantities in the
current declarative part, in the event that none of the quantitiesin the current declarative part meet all of the requirements
of the step limit specification.

2—Since step limit specifications are based on declarative parts, not on declarative regions, quantity ports declared in an
entity interface cannot be referenced by a step limit specification in a corresponding architecture body.

Cross-references: quantity declarations, 4.3.1.6; the analog solver, 12.6.6.
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6. Names

The rules applicable to the various forms of name are described in this clause.

6.1 Names
Names can denote declared entities, whether declared explicitly or implicitly. Names can aso denote

— Objects denoted by access values
— Subelements of composite objects
— Subelements of composite values
— Slices of composite objects

— Slices of composite values

— Attributes of any named entity

name ;=

simple_name

| operator_symbol
| selected_name

| indexed_name

| dlice_name

| attribute_name

prefix ::=
name

| function_call

Certain forms of name (indexed and selected names, dices, and attribute names) include a prefix that is a
name or afunction call. If the prefix of anameisafunction call, then the name denotes an element, adlice,
or an attribute, either of the result of the function call, or (if the result is an access value) of the object desig-
nated by the result. Function calls are defined in 7.3.3.

If the type of aprefix isan accesstype, then the prefix must not be a name that denotes aformal parameter of
mode out or a member thereof.

A prefix is said to be appropriate for atype or nature in either of the following cases:

— Thetypeor nature of the prefix is the type or nature considered
— Thetype of the prefix is an access type whose designated type is the type considered

The evaluation of a name determines the named entity denoted by the name. The evaluation of a name that
has a prefix includes the evaluation of the prefix, that is, of the corresponding name or function call. If the
type of the prefix is an access type, the evaluation of the prefix includes the determination of the object des-
ignated by the corresponding access value. In such a casg, it is an error if the value of the prefix is a null
accessvalue. It isan error if, after all type analysis (including overload resolution) the name is ambiguous.

A nameis said to be a static name if and only if one of the following conditions holds:
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— Thenameisasimple name or selected name (including those that are expanded names) that does not
denote a function call or an object or value of an access type and (in the case of a selected name)
whose prefix is a static name.

— Thenameisan indexed name whose prefix is a static name, and every expression that appears as part
of the name is a static expression.

— The name is a dice name whose prefix is a static name and whose discrete range is a static discrete
range.

Furthermore, anameis said to be alocally static name if and only if one of the following conditions hold:

— Thenameisasimple name or selected name (including those that are expanded names) that is not an
aias and that does not denote a function call or an object or avalue of an accesstype and (in the case
of a selected name) whose prefix isalocally static name.

— The name is a simple name or selected hame (including those that are expanded names) that is an
alias, and that the aliased name given in the corresponding alias declaration (see 4.3.3) is a locally
static name, and (in the case of a selected name) whose prefix is alocally static name.

— Thenameisan indexed name whose prefix isalocally static name, and every expression that appears
as part of the nameisalocaly static expression.

— The nameis adlice name whose prefix is alocally static name and whose discrete range is a localy
static discrete range.

A dtatic signal name is a static name that denotes a signal. The longest static prefix of a signal name is the
name itself, if the name is a static signal name; otherwise, it is the longest prefix of the name that is a static
signal name. Similarly, a static variable name is a static name that denotes a variable, and the longest static
prefix of avariable name isthe name itself, if the name is a static variable name; otherwise, it is the longest
prefix of the name that is a static variable name. The terms static quantity name and its longest static prefix,
and static terminal name and its longest static prefix are defined similarly.

Examples:
S(C,2) --A static name: C is a static constant.
R(Jto 16) --A nonstatic name: Jisasignal.
--Risthelongest static prefix of R(Jto 16).
T(n) --A static name; n is a generic constant.
T(2) --A locally static name.

6.2 Simple names

A simple name for a named entity is either the identifier associated with the entity by its declaration, or
another identifier associated with the entity by an alias declaration. In particular, the simple name for an
entity interface, a configuration, a package, a procedure, or afunction isthe identifier that appearsin the cor-
responding entity declaration, configuration declaration, package declaration, procedure declaration, or
function declaration, respectively. The simple name of an architecture is that defined by the identifier of the
architecture body.

simple_name::= identifier

The evaluation of asimple name has no other effect than to determine the named entity denoted by the name.
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6.3 Selected names

A selected name is used to denote a named entity whose declaration appears either within the declaration of
another named entity or within adesign library.

selected_name ::= prefix . suffix

suffix ::=
simple_name
| character_literal
| operator_symbol
|all

A selected name may be used to denote an element of arecord, an object designated by an access value, or a
named entity whose declaration is contained within another named entity, particularly within alibrary or a
package. Furthermore, a selected name may be used to denote all named entities whose declarations are con-
tained within alibrary or a package.

For a selected name that is used to denote a record element, the suffix must be a simple name denoting an
element of arecord object or value. The prefix must be appropriate for the type or nature of this object or
value.

For a selected name that is used to denote the object designated by an access value, the suffix must be the
reserved word all. The prefix must belong to an access type.

The remaining forms of selected names are called expanded names. The prefix of an expanded name may
not be a function call.

An expanded name denotes a primary unit contained in adesign library if the prefix denotes the library and
the suffix is the simple name of a primary unit whose declaration is contained in that library. An expanded
name denotes all primary units contained in a library if the prefix denotes the library and the suffix is the
reserved word all. An expanded name is not allowed for a secondary unit, particularly for an architecture
bodly.

An expanded name denotes a named entity declared in a package if the prefix denotes the package and the
suffix is the simple name, character literal, or operator symbol of a named entity whose declaration occurs
immediately within that package. An expanded name denotes all named entities declared in a package if the
prefix denotes the package and the suffix is the reserved word all.

An expanded name denotes a named entity declared immediately within a named construct if the prefix
denotes a construct that is an entity interface, an architecture, a subprogram, a block statement, a process
statement, a simultaneous procedural statement, a generate statement, or a loop statement, and the suffix is
the simple name, character literal, or operator symbol of a named entity whose declaration occurs immedi-
ately within that construct. This form of expanded nameis only alowed within the construct itself.

If, according to the visibility rules, thereis at |east one possible interpretation of the prefix of a selected name
as the name of an enclosing entity interface, architecture, subprogram, block statement, process statement,
simultaneous procedural statement, generate statement, or loop statement, then the only interpretations
considered are those of the immediately preceding paragraph. In this case, the selected nameis always inter-
preted as an expanded name. In particular, no interpretations of the prefix as afunction call are considered.
Examples:

-- Given the following declarations:
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typeINSTR _TYPE is
record
OPCODE: OPCODE_TYPE;
end record;
signal INSTRUCTION: INSTR_TYPE;
-- Thename"INSTRUCTION.OPCODE" isthe name of arecord element.
-- Given the following declarations:

type INSTR_PTR isaccess INSTR_TYPE;
variable PTR: INSTR_PTR,;

-- Thename"PTR.all" is the name of the object designated by PTR.
-- Given the following library clause:
library TTL, CMOS;

-- Thename"TTL.SN74LS221" is the name of adesign unit contained in alibrary
-- and the name "CMOS.all" denotes all design units contained in alibrary.

-- Given the following declaration and use clause:

library MKS;
use MKS.MEASUREMENTS, STD.STANDARD;

The name "MEASUREMENTS.VOLTAGE" denotes a named entity declared in a
package and the name "STANDARD.all" denotes all named entities declared in a
-- package.

Given the following process label and declarative part:

P: process
variable DATA: INTEGER;
begin
-- Within process P, the name "P.DATA" denotes a named entity declared in process P.
end process;

NOTES

1—The object denoted by an access value is accessed differently depending on whether the entire object or a subelement
of the object is desired. If the entire object is desired, a selected name whose prefix denotes the access value and whose
suffix is the reserved word all is used. In this case, the access value is not automatically dereferenced, since it is neces-
sary to distinguish an access value from the object denoted by an access value.

If a subelement of the object is desired, a selected name whose prefix denotes the access value is again used; however,
the suffix in this case denotes the subelement. In this case, the access value is automatically dereferenced.

These two cases are shown in the following example:

typerec;
type recptr is access rec;

typerecis
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record
value : INTEGER;
\next\ : recptr;
end record;

variablelistl, list2: recptr;
variable recobyj: rec;

list2 :=list1; -- Access values are copied;
-- listl and list2 now denote the same object.
list2 := listl.\next\; -- list2 denotes the same object as list1.\next\.

-- listl.\next\ isthe same as list1.all .\next\.
-- Animplicit dereference of the access value occurs before the
-- "\next\” field is selected.

recobj := list2.all;-- An explicit dereference is needed here.

2—Overload resolution may be used to disambiguate selected names. Seerules 1 and 3 of 10.5.

3—If, according to the rules of this clause and of 10.5, thereis not exactly one interpretation of a selected name that sat-
isfies these rules, then the selected name is ambiguous.

6.4 Indexed names

An indexed name denotes an element of an array.
indexed _name ::= prefix ( expression{ , expression} )

The prefix of an indexed name must be appropriate for an array type or nature. The expressions specify the
index values for the element; there must be one such expression for each index position of the array, and
each expression must be of the type of the corresponding index. For the evaluation of an indexed name, the
prefix and the expressions are evaluated. It is an error if an index value does not belong to the range of the
corresponding index range of the array.

Examples:
REGISTER_ARRAY (5) --An element of aone-dimensional array.
MEMORY _CELL(1024,7) --An element of atwo-dimensiona array.

NOTE—If aname (including one used as a prefix) has an interpretation both as an indexed name and as a function call,
then the innermost complete context is used to disambiguate the name. If, after applying this rule, there is not exactly
one interpretation of the name, then the name is ambiguous. See 10.5.

6.5 Slice names

A dlice name denotes a one-dimensional array composed of a sequence of consecutive elements of another
one-dimensiona array. A dlice of asignal isasignal; adlice of avariableisavariable; adlice of aconstant is
aconstant; aslice of avalueisavaue; adlice of aquantity isaquantity; aslice of aterminal isaterminal.

dlice_name::= prefix ( discrete_range)

The prefix of a slice must be appropriate for a one-dimensional array object. The base type or nature of this
array type or nature is the type or nature of the slice.

The bounds of the discrete range define those of the slice and must be of the type of the index of the array.

Thedliceisanull diceif the discrete rangeisanull range. It isan error if the direction of the discrete range
is not the same as that of the index range of the array denoted by the prefix of the slice name.
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For the evaluation of a name that is a sice, the prefix and the discrete range are evaluated. It is an error if
either of the bounds of the discrete range does not belong to the index range of the prefixing array, unless the
diceisanull dlice. (The bounds of anull slice need not belong to the subtype of the index.)

Examples:

signal R15: BIT_VECTOR (0to31);
constant DATA: BIT_VECTOR (31 downtoO) ;

R15(0to 7) -- A dlice with an ascending range.
DATA(24 downto 1) -- A dlice with a descending range.
DATA(1 downto 24) -- A null dlice.

DATA(24 to 25) -- Anerror.

NOTE—If A isaone-dimensional array of objects, the name A(N to N) or A(N downto N) is a slice that contains one
element; its type is the base type of A. On the other hand, A(N) is an element of the array A and has the corresponding
element type.

6.6 Attribute names

An attribute name denotes a value, function, type, range, signal, quantity, or constant associated with a
named entity.

attribute_name ;:=
prefix [ signature] ' attribute_designator [ ( expression { , expression} )]

attribute_designator ::= attribute_simple_name

The applicabl e attribute designators depend on the prefix plus the signature, if any. The meaning of the prefix
of an attribute must be determinable independently of the attribute designator and independently of the fact
that it isthe prefix of an attribute.

A signature may follow the prefix if and only if the prefix denotes a subprogram or enumeration literal, or an
alias thereof. In this case, the signature is required to match (see 2.3.2) the parameter and result type profile
of exactly one visible subprogram or enumeration literal, asis appropriate to the prefix.

If the attribute designator denotes a predefined attribute, the expressions either must or may appear, depend-
ing upon the definition of that attribute (see Clause 14); otherwise, they must not be present.

If the prefix of an attribute name denotes an alias, then the attribute name denotes an attribute of the aliased
name and not the alias itself, except when the attribute designator denotes any of the predefined attributes
'SIMPLE_NAME, 'PATH_NAME, or 'INSTANCE_NAME. If the prefix of an attribute name denotes an alias
and the attribute designator denotes any of the predefined attributes SSIMPLE_NAME, 'PATH_NAME, or
'INSTANCE_NAME, then the attribute name denotes the attribute of the alias and not of the aliased name.

If the attribute designator denotes a user-defined attribute, the prefix cannot denote a subelement or a slice of
an object.

Examples:
REG'LEFT(1) --The leftmost index bound of array REG.
INPUT_PIN'PATH_NAME  --The hierarchical path name of the port INPUT_PIN.
CLK'DELAYED(5 ns) --The signal CLK delayed by 5 ns.
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7. Expressions

Therules applicable to the different forms of expression, and to their evaluation, are given in this clause.

7.1 Rules for expressions
An expression is aformulathat defines the computation of avalue.

expression ::=
relation { and relation }
| relation { or relation }
| relation { xor relation }
| relation [ nand relation ]
| relation [ nor relation ]
| relation { xnor relation }
relation ::=
shift_expression [ relational_operator shift_expression ]

shift_expression ::=
simple_expression [ shift_operator simple_expression ]

simple_expression ::=
[ sign] term { adding_operator term }

term =
factor { multiplying_operator factor }

factor ::=
primary [ ** primary ]
| abs primary
| not primary

primary ::=
name
[ literal
| aggregate
| function_call
| qualified_expression
| type_conversion
| allocator
| (expression)

Each primary has a value and a type. The only names allowed as primaries are attributes that yield values
and names denoting objects (except terminals; the name of aterminal isnot allowed as a primary) or values.
In the case of names denoting objects, the value of the primary is the value of the object.

The type of an expression depends only upon the types of its operands and on the operators applied; for an
overloaded operand or operator, the determination of the operand type, or the identification of the over-
loaded operator, depends on the context (see 10.5). For each predefined operator, the operand and result
types are given in the following clause.
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NOTE—The syntax for an expression involving logical operators allows a sequence of and, or, xor, or xnor operators
(whether predefined or user-defined), since the corresponding predefined operations are associative. For the operators
nand and nor (whether predefined or user-defined), however, such a sequence is not alowed, since the corresponding
predefined operations are not associative.

7.2 Operators

The operators that may be used in expressions are defined below. Each operator belongs to a class of opera-
tors, al of which have the same precedence level; the classes of operators are listed in order of increasing
precedence.

logical_operator n= and | or | nand | nor | xor | xnor
relational_operator = = | = | < | <= | > | >=
shift_operator = dl | sl | da | sa | rol | ror
adding_operator i= + | - | &

sign = + [

multiplying_operator = * |/ | mod | rem

miscellaneous _operator  ::= * | abs | not

Operators of higher precedence are associated with their operands before operators of lower precedence.
Where the language allows a sequence of operators, operators with the same precedence level are associated
with their operands in textual order, from l€eft to right. The precedence of an operator is fixed and may not be
changed by the user, but parentheses can be used to control the association of operators and operands.

In general, operands in an expression are evaluated before being associated with operators. For certain oper-
ations, however, the right-hand operand is evaluated if and only if the |eft-hand operand has a certain value.
These operations are called short-circuit operations. The logical operations and, or, nand, and nor defined
for operands of types BIT and BOOLEAN are all short-circuit operations; furthermore, these are the only
short-circuit operations.

Every predefined operator is a pure function (see 2.1). No predefined operators have named formal parame-
ters; therefore, named association (see 4.3.2.2) may not be used when invoking a predefined operation.

NOTES
1—The predefined operators for the standard types are declared in package STANDARD as shown in 14.2.

2—The operator not is classified as a miscellaneous operator for the purposes of defining precedence, but is otherwise
classified as alogical operator.

7.2.1 Logical operators

The logical operators and, or, nand, nor, xor, xnor, and not are defined for predefined types BIT and
BOOLEAN. They are aso defined for any one-dimensional array type whose element typeisBIT or BOOL-
EAN. For the binary operators and, or, nand, nor, xor, and xnor, the operands must be of the same base
type. Moreover, for the binary operators and, or, nand, nor, xor, and xnor defined on one-dimensional
array types, the operands must be arrays of the same length, the operation is performed on matching ele-
ments of the arrays, and the result is an array with the same index range as the left operand. For the unary
operator not defined on one-dimensiona array types, the operation is performed on each element of the
operand, and the result is an array with the same index range as the operand.
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The effects of the logical operators are defined in the following tables. The symbol T represents TRUE for
type BOOLEAN, '1' for type BIT; the symbol F represents FALSE for type BOOLEAN, "0 for type BIT.

A B AandB A B AorB A B A xor B
T T T T T T T T F

T F F T F T T F T

F T F F T T F T T

F F F F F F F F F

A B A nand B A B AnoB A B A xnor B
T T F T T F T T T

T F T T F F T F F

F T T F T F F T F

F F T F F T F F T

A not A

T F

F T

For the short-circuit operations and, or, nand, and nor on types BIT and BOOLEAN, the right operand is
evaluated only if the value of the left operand is not sufficient to determine the result of the operation. For
operations and and nand, the right operand is evaluated only if the value of the left operand is T; for opera-
tions or and nor, the right operand is evaluated only if the value of the left operand isF.

NOTE—AII of the binary logical operators belong to the class of operators with the lowest precedence. The unary logi-
cal operator not belongs to the class of operators with the highest precedence.

7.2.2 Relational operators

Relational operators include tests for equality, inequality, and ordering of operands. The operands of each
relational operator must be of the same type. The result type of each relational operator is the predefined
type BOOLEAN.

Operator Operation Operand type Result type
= Equality Any type BOOLEAN
/= Inequality Any type BOOLEAN
< Ordering Any scalar type or BOOLEAN
<>= discrete array type
>=

The equality and inequality operators (= and /=) are defined for all types other than file types. The equality
operator returns the value TRUE if the two operands are equal and returns the value FAL SE otherwise. The
inequality operator returns the value FALSE if the two operands are equal and returns the value TRUE
otherwise.

Two scalar values of the same type are equa if and only if the values are the same. Two composite values of
the same type are equal if and only if for each element of the left operand there is a matching element of the
right operand and vice versa, and the values of matching elements are equal, as given by the predefined
equality operator for the element type. In particular, two null arrays of the same type are always equal. Two
values of an accesstype are equal if and only if they both designate the same object or they both are equal to
the null value for the accesstype.
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For two record values, matching elements are those that have the same element identifier. For two one-
dimensional array values, matching elements are those (if any) whose index values match in the following
sense: the left bounds of the index ranges are defined to match; if two elements match, the elements immedi-
ately to their right are also defined to match. For two multidimensional array values, matching elements are
those whose indices match in successive positions.

The ordering operators are defined for any scalar type and for any discrete array type. A discrete array isa
one-dimensional array whose elements are of a discrete type. Each operator returns TRUE if the correspond-
ing relation is satisfied; otherwise, the operator returns FALSE.

For scalar types, ordering is defined in terms of the relative values. For discrete array types, the relation <
(lessthan) is defined such that the left operand is less than the right operand if and only if

a) Theleft operand isanull array and the right operand is a nonnull array; otherwise,
b)  Both operands are nonnull arrays, and one of the following conditionsis satisfied:
1) Theleftmost element of the left operand isless than that of the right; or

2) Theleftmost element of the left operand is equal to that of theright, and the tail of the left oper-
and is less than that of the right (the tail consists of the remaining elements to the right of the
leftmost element and can be null).

The relation <= (less than or equal) for discrete array types is defined to be the inclusive digunction of the
results of the < and = operators for the same two operands. The relations > (greater than) and >= (greater
than or equal) are defined to be the complements of the <= and < operators, respectively, for the same two
operands.

7.2.3 Shift operators

The shift operators dl, srl, dla, sra, rol, and ror are defined for any one-dimensional array type whose ele-
ment type is either of the predefined types BIT or BOOLEAN.

Operation L eft operand type Right operand type Result type

sl | shift left logical Any one-dimensional array type whose INTEGER Same as left
element typeisBIT or BOOLEAN

sl | shift right logical Any one-dimensional array type whose INTEGER Same as | eft
element typeisBIT or BOOLEAN

sa | shift |eft arithmetic Any one-dimensional array type whose INTEGER Same as | eft
element typeisBIT or BOOLEAN

sra | shift right arithmetic | Any one-dimensional array type whose INTEGER Same as left
element typeisBIT or BOOLEAN

rol | Rotate left logical Any one-dimensional array type whose INTEGER Same as | eft
element typeisBIT or BOOLEAN

ror | Rotateright logical Any one-dimensional array type whose INTEGER Same as | eft
element typeisBIT or BOOLEAN

The index subtypes of the return values of all shift operators are the same as the index subtypes of their left
arguments.
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Theva

uesreturned by the shift operators are defined as follows. In the remainder of this clause, the values of

their leftmost arguments are referred to as L and the values of their rightmost arguments are referred to as R.

NOTES

1—The

2—The

The dll operator returns a value that is L logically shifted left by R index positions. That is, if Ris0
orif L isanull array, the return value is L. Otherwise, a basic shift operation replaces L with avalue
that isthe result of a concatenation whose left argument is the rightmost (L'Length — 1) elements of L
and whose right argument is T'Left, where T is the element type of L. If R is positive, this basic shift
operation is repeated R times to form the result. If R is negative, then the return value is the value of
the expression L srl -R.

The srl operator returns avaluethat isL logically shifted right by R index positions. That is, if Ris0
orif L isanull array, the return value is L. Otherwise, a basic shift operation replaces L with avalue
that isthe result of a concatenation whose right argument isthe leftmost (L'Length — 1) elements of L
and whose left argument is T'Left, where T is the element type of L. If R is positive, this basic shift
operation is repeated R times to form the result. If R is negative, then the return value is the value of
the expression L sll —R.

The sla operator returns avauethat is L arithmetically shifted left by R index positions. That is, if R
isOorif L isanull array, the return value is L. Otherwise, a basic shift operation replaces L with a
value that is the result of a concatenation whose left argument is the rightmost (L'Length — 1) ele-
ments of L and whose right argument is L(L'Right). If R is positive, this basic shift operation is
repeated R times to form the result. If R is negative, then the return value is the value of the
expression L sra-R.

The sra operator returns avalue that is L arithmetically shifted right by R index positions. That is, if
RisOorif L isanull array, thereturn valueis L. Otherwise, abasic shift operation replaces L with a
valuethat isthe result of aconcatenation whose right argument isthe leftmost (L'Length — 1) elements
of L and whose left argument is L(L'Left). If R is positive, this basic shift operation is repeated R
times to form the result. If R is negative, then the return value isthe value of the expression L sla—R.

The rol operator returns avalue that is L rotated left by R index positions. That is, if RisOorif L is
anull array, the return value is L. Otherwise, a basic rotate operation replaces L with avalue that is
the result of a concatenation whose left argument is the rightmost (L'Length — 1) elements of L and
whose right argument is L(L'Left). If R is positive, this basic rotate operation is repeated R times to
form the result. If R is negative, then the return value is the value of the expression L ror —R.

Theror operator returns avalue that is L rotated right by R index positions. That is, if RisO or if L
isanull array, thereturn valueis L. Otherwise, abasic rotate operation replaces L with avalue that is
the result of a concatenation whose right argument is the leftmost (L'Length — 1) elements of L and
whose left argument is L(L'Right). If R is positive, this basic rotate operation is repeated R times to
form the result. If R is negative, then the return value is the value of the expression L rol —R.

logical operators may be overloaded, for example, to disallow negative integers as the second argument.

subtype of the result of a shift operator is the same as that of the left operand.

7.2.4 Adding operators

The adding operators + and — are predefined for any numeric type and have their conventional mathematical

meanin
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g. The concatenation operator & is predefined for any one-dimensional array type.
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Operator Operation L eft operand type Right operand type Result type
+ Addition Any numeric type Same type Same type
- Subtraction Any numeric type Same type Sametype
& Concatenation Any array type Same array type Same array type
Any array type The element type Same array type
The element type Any array type Same array type
The element type The element type Any array type

For concatenation, there are three mutually exclusive cases:

a)

b)

If both operands are one-dimensional arrays of the same type, the result of the concatenation is a
one-dimensional array of this same type whose length is the sum of the lengths of its operands, and
whose elements consist of the elements of the left operand (in left-to-right order) followed by the
elements of the right operand (in | eft-to-right order). The direction of the result isthe direction of the
left operand, unless the left operand isanull array, in which case the direction of the result is that of
the right operand.

If both operands are null arrays, then the result of the concatenation is the right operand. Otherwise,
the direction and bounds of the result are determined as follows: Let S be the index subtype of the
base type of the result. The direction of the result of the concatenation is the direction of S, and the
left bound of theresult is SLEFT.

If one of the operands is a one-dimensiona array and the type of the other operand is the element
type of this aforementioned one-dimensional array, the result of the concatenation is given by the
rulesin case a, using in place of the other operand an implicit array having this operand as its only
element.

If both operands are of the same type and it is the element type of some one-dimensional array type,
the type of the result must be known from the context and is this one-dimensional array type. In this
case, each operand istreated as the one element of an implicit array, and the result of the concatena-
tionis determined asin case a) above.

In all cases, it is an error if either bound of the index subtype of the result does not belong to the index sub-
type of the type of the result, unless the result isa null array. It is also an error if any element of the result
does not belong to the element subtype of the type of the result.

Examples:

subtype BYTE isBIT_VECTOR (7 downto 0);
type MEMORY isarray (Natural range <>) of BYTE;

-- Thefollowing concatenation acceptstwo BIT_VECTORsand returnsaBIT_VECTOR
-- (casea):

constant ZERO: BYTE :="0000" & "0000";

-- The next two examples show that the same expression can represent either case a or
-- case ¢, depending on the context of the expression.

(case a):
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constant C1: BIT_VECTOR := ZERO & ZERO,;
-- Thefollowing concatenation acceptstwo BIT_VECTORSs and returns a MEMORY
-- (casec):
constant C2: MEMORY :=ZERO & ZEROQ,;

-- Thefollowing concatenation acceptsaBIT_VECTOR and aMEMORY, returning a
-- MEMORY (caseb):

constant C3: MEMORY = ZERO & C2;

-- Thefollowing concatenation acceptsa MEMORY and aBIT_VECTOR, returning a
-- MEMORY (case b):

constant C4: MEMORY := C2 & ZERO;
-- Thefollowing concatenation accepts two MEMORY s and returns a MEMORY (case a):

constant C5: MEMORY :=C2 & C3;

typeR1isOto 7,
type R2is7 downto 0;

typeTlisarray (R1range<>) of Bit;
type T2isarray (R2 range <>) of Bit;

subtype S1isT1(R1);
subtype S2is T2(R2);

constant K1: S1 := (others=>"'0);

constant K2: T1:= K1(1to 3) & K1(3to 4);
constant K3: T1:= K1(5to 7) & K1(1to 2);
constant K4: T1:= K1(2to 1) & K1(1to 2);

K2'Left =0and K2'Right =4
K3'Left =0and K3Right =4
K4'Left =0and K4'Right = 1

constant K5; S2 := (others=>"'0");

constant K6: T2 := K5(3 downto 1) & K5(4 downto 3);
constant K7: T2 := K5(7 downto 5) & K5(2 downto 1);
constant K8: T2 := K5(1 downto 2) & K5(2 downto 1);

K6'Left =7 and K6'Right = 3
K7'Left =7 and K7'Right =3
K8'Left =7 and K8Right =6

NOTES

1—For a given concatenation whose operands are of the same type, there may be visible more than one array type that
could be the result type according to the rules of case ¢. The concatenation is ambiguous and therefore an error if, using
the overload resolution rules of 2.3 and 10.5, the type of the result is not uniquely determined.

2—Additionally, for a given concatenation, there may be visible array types that allow both case a and case c to apply.
The concatenation is again ambiguous and therefore an error if the overload resolution rules cannot be used to determine
aresult type uniquely.
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7.2.5 Sign operators

Signs + and — are predefined for any numeric type and have their conventional mathematical meaning: they
respectively represent the identity and negation functions. For each of these unary operators, the operand and
the result have the same type.

Operator Operation Operand type Result type
+ | dentity Any numeric type Sametype
- Negation Any numeric type Sametype

NOTE—Because of the relative precedence of signs + and — in the grammar for expressions, a signed operand must not
follow amultiplying operator, the exponentiating operator **, or the operators abs and not. For example, the syntax does
not allow the following expressions:

Al+B -- Anillegal expression
A**-B -- Anillegal expression

However, these expressions may be rewritten legally as follows:

A/(+B) -- A legal expression
A ** (-B) -- A legal expression

7.2.6 Multiplying operators

The operators * and / are predefined for any integer and any floating point type and have their conventional
mathematical meaning; the operators mod and rem are predefined for any integer type. For each of these
operators, the operands and the result are of the same type.

Operator Operation L eft operand type Right operand type Result type
* Multiplication Any integer type Same type Same type
Any floating point type | Sametype Same type
/ Division Any integer type Same type Same type
Any floating point type | Sametype Same type
mod Modulus Any integer type Same type Same type
rem Remainder Any integer type Sametype Same type

Integer division and remainder are defined by the following relation:
A=(A/B)* B+ (AremB)

where (A rem B) has the sigh of A and an absolute value less than the absolute value of B. Integer division
satisfies the following identity:

( A)/B=_(A/B)=A/(_B)
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The result of the modulus operation is such that (A mod B) has the sign of B and an absolute value less than
the absolute value of B; in addition, for some integer value N, this result must satisfy the relation:

A =B*N + (A mod B)

In addition to the above table, the operators * and / are predefined for any physical type.

Operator Operation L eft operand type Right operand type Result type
* Multiplication Any physical type INTEGER Same as left
Any physical type REAL Same as | eft
INTEGER Any physical type Same asright
REAL Any physical type Same asright
/ Division Any physical type INTEGER Same as | eft
Any physical type REAL Same as | eft
Any physical type The same type _Univergal
integer

Multiplication of avalue P of aphysical type T, by avaluel of type INTEGER is equivalent to the following
computation:

T,Val( T, Pos(P) * 1)

Multiplication of a value P of a physical type T, by avalue F of type REAL is equivalent to the following
computation:

Ty Va(INTEGER(REAL( Ty Pos(P)) * F))

Division of a value P of a physical type T,, by avalue | of type INTEGER is equivalent to the following
computation:

T,Val(T,Pos(P) /1)

Division of a value P of a physical type T, by a value F of type REAL is equivalent to the following
computation:

T,Val( INTEGER( REAL(T,Pos(P) ) / F))

Division of a value P of a physical type T, by a value P2 of the same physical type is equivalent to the
following computation:

TpPos(P) / Ty'Pos(P2)
Examples:
5 rem 3 = 2
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5 mod 3 = 2
(-5) rem 3 = =2
(-5) mod 3 = 1
(-5) rem (3) = 2
(-5) mod (3) = -2
5 rem (3) = 2
5 mod (3) = -1

NOTE—Because of the precedence rules (see 7.2), the expression “—5 rem 2" isinterpreted as "—(5 rem 2)" and not as
"(-5) rem 2".

7.2.7 Miscellaneous operators

The unary operator abs is predefined for any numeric type.

Operator Operation Operand type Result type

abs Absolute value Any numeric type Same numeric type

The exponentiating operator ** is predefined for each integer type and for each floating point type. In either
case the right operand, called the exponent, is of the predefined type INTEGER.

Operator Operation L eft operand type Right operand type | Result type
*x Exponentiation | Any integer type INTEGER Same as | eft
Any floating point type | INTEGER Same as | eft

Exponentiation with an integer exponent is equivalent to repeated multiplication of the left operand by itself
for anumber of times indicated by the absolute value of the exponent and from left to right; if the exponent
is negative, then the result is the reciprocal of that obtained with the absolute value of the exponent.
Exponentiation with a negative exponent is only allowed for aleft operand of afloating point type. Exponen-
tiation by a zero exponent results in the value one. Exponentiation of a value of a floating point type is
approximate.

7.3 Operands

The operands in an expression include names (that denote objects, values, or attributes that result in avalue),
literals, aggregates, function calls, qualified expressions, type conversions, and alocators. In addition, an
expression enclosed in parentheses may be an operand in an expression. Names are defined in 6.1; the other
kinds of operands are defined in the following subclauses.

7.3.1 Literals

A literal is either a numeric literal, an enumeration literal, a string literal, a bit string literal, or the litera
null.

literal ::=
numeric_literal
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| enumeration_literal

| string_literal
| bit_string_literal
[ null

numeric_litera ::=
abstract_literal
| physical_literal

Numeric literals include literals of the abstract types universal_integer and universal_real, aswell asliteras
of physical types. Abstract literals are defined in 13.4; physical literals are defined in 3.1.3.

Enumeration literals are literals of enumeration types. They include both identifiers and character literals.
Enumeration literals are defined in 3.1.1.

String and bit string literals are representations of one-dimensional arrays of characters. The type of a string
or bit string literal must be determinable solely from the context in which the literal appears, excluding the
literal itself but using the fact that the type of the literal must be a one-dimensional array of a character type.
Thelexical structure of string and bit string literals is defined in Clause 13.

For a nonnull array value represented by either a string or bit-string literal, the direction and bounds of the
array value are determined according to the rules for positional array aggregates, where the number of ele-
ments in the aggregate is equal to the length (see 13.6 and 13.7) of the string or bit string literal. For a null
array value represented by either a string or bit-string literal, the direction and leftmost bound of the array
value are determined as in the non-null case. If the direction is ascending, then the rightmost bound is the
predecessor (as given by the 'PRED attribute) of the leftmost bound; otherwise the rightmost bound is the
successor (as given by the 'SUCC attribute) of the leftmost bound.

The character literals corresponding to the graphic characters contained within a string literal or a bit string
literal must be visible at the place of the string literal.

Thelitera null represents the null access value for any access type.

Evaluation of aliteral yields the corresponding value.

Examples:
3.14159 26536 -- A literal of type universal_real.
5280 -- A literal of type universal_integer.
10.7 ns -- A litera of aphysica type.
o"4777" -- A bit-string literal.
"541.S281" -- A string literal.

-- A string literal representing anull array.
7.3.2 Aggregates

An aggregate is a basic operation (see the introduction to Clause 3) that combines one or more valuesinto a
composite value of arecord or array type.

aggregate ::=
(element_association { , element_association} )

element_association ::=
[ choices=>] expression
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choices ::= choice{ | choice}

choice ::=
simple_expression
| discrete range
| element_simple_name
| others

Each element association associates an expression with elements (possibly none). An element association is
said to be named if the elements are specified explicitly by choices; otherwise, it is said to be positional. For
a positional association, each element isimplicitly specified by position in the textual order of the elements
in the corresponding type declaration.

Both named and positional associations can be used in the same aggregate, with all positional associations
appearing first (in textual order) and all named associations appearing next (in any order, except that no asso-
ciations may follow an other s association). Aggregates containing a single element association must always
be specified using named association in order to distinguish them from parenthesized expressions.

An element association with a choice that is an element simple name is only allowed in arecord aggregate.
An element association with a choice that is a simple expression or a discrete range is only allowed in an
array aggregate: a simple expression specifies the element at the corresponding index value, whereas a
discrete range specifies the elements at each of the index values in the range. The discrete range has no sig-
nificance other than to define the set of choices implied by the discrete range. In particular, the direction
specified or implied by the discrete range has no significance. An element association with the choice others
isalowed in either an array aggregate or arecord aggregate if the association appearslast and hasthissingle
choice; it specifies all remaining elements, if any.

Each element of the value defined by an aggregate must be represented once and only once in the aggregate.

The type of an aggregate must be determinable solely from the context in which the aggregate appears,
excluding the aggregate itself but using the fact that the type of the aggregate must be a composite type. The
type of an aggregate in turn determines the required type for each of its elements.

7.3.2.1 Record aggregates

If the type of an aggregateis arecord type, the element names given as choices must denote elements of that
record type. If the choice othersis given as a choice of arecord aggregate, it must represent at least one ele-
ment. An element association with more than one choice, or with the choice others, is only allowed if the
elements specified are al of the same type. The expression of an element association must have the type of
the associated record elements.

A record aggregate is evaluated as follows. The expressions given in the element associations are eval uated
in an order (or lack thereof) not defined by the language. The expression of a named association is evaluated
once for each associated element. A check is made that the value of each element of the aggregate belongsto
the subtype of this element. It isan error if this check fails.

7.3.2.2 Array aggregates

For an aggregate of a one-dimensional array type, each choice must specify values of the index type, and the
expression of each element association must be of the element type. An aggregate of an n-dimensiona array
type, where n is greater than 1, is written as a one-dimensional aggregate in which the index subtype of the
aggregate is given by thefirst index position of the array type, and the expression specified for each element
association is an (n—1)-dimensional array or array aggregate, which is called a subaggregate. A string or bit
string literal is allowed as a subaggregate in the place of any aggregate of a one-dimensional array of a
character type.
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Apart from a final element association with the single choice others, the rest (if any) of the element
associations of an array aggregate must be either all positional or all named. A hamed association of an array
aggregate is allowed to have achoice that is not locally static, or likewise achoicethat isanull range, only if
the aggregate includes a single element association and this element association has asingle choice. An oth-
erschoiceislocaly static if the applicable index constraint islocally static.

The subtype of an array aggregate that has an other s choice must be determinable from the context. That is,
an array aggregate with an other s choice may only appear

a) Asan actua associated with a formal parameter or formal generic declared to be of a constrained
array subtype (or subelement thereof)

b) Asthe default expression defining the default initial value of a port declared to be of a constrained
array subtype

¢) Astheresult expression of afunction, where the corresponding function result type is a constrained
array subtype

d) Asavaueexpression in an assignment statement, where the target is a declared object, and the sub-
type of the target is a constrained array subtype (or subelement of such a declared object)

€) As the expression defining the initial value of a constant or variable object, where that object is
declared to be of a constrained array subtype

f)  As the expression defining the default values of signals in a signal declaration, where the corre-
sponding subtypeis a constrained array subtype

g) Asthe expression defining the value of an attribute in an attribute specification, where that attribute
is declared to be of aconstrained array subtype

h)  Asthe operand of aqualified expression whose type mark denotes a constrained array subtype

i)  As asubaggregate nested within an aggregate, where that aggregate itself appears in one of these
contexts

The bounds of an array that does not have an others choice are determined as follows. If the aggregate
appears in one of the contextsin the preceding list, then the direction of the index subtype of the aggregateis
that of the corresponding constrained array subtype; otherwise, the direction of the index subtype of the
aggregate is that of the index subtype of the base type of the aggregate. For an aggregate that has named
associations, the leftmost and rightmost bounds are determined by the direction of the index subtype of the
aggregate and the smallest and largest choices given. For a positional aggregate, the leftmost bound is deter-
mined by the applicable index constraint if the aggregate appearsin one of the contextsin the preceding list;
otherwise, the leftmost bound is given by SLEFT where Sisthe index subtype of the base type of the array.
In either case, the rightmost bound is determined by the direction of the index subtype and the number of
elements.

The evaluation of an array aggregate that is not a subaggregate proceeds in two steps. First, the choices of
this aggregate and of its subaggregates, if any, are evaluated in some order (or lack thereof) that is not
defined by the language. Second, the expressions of the element associations of the array aggregate are eval-
uated in some order that is not defined by the language; the expression of a named association is evaluated
once for each associated element. The evaluation of a subaggregate consists of this second step (thefirst step
is omitted since the choices have already been eval uated).

For the evaluation of an aggregate that is not a null array, a check is made that the index values defined by
choices belong to the corresponding index subtypes, and also that the value of each element of the aggregate
belongs to the subtype of this element. For a multidimensional aggregate of dimension n, a check is made
that al (n-1)-dimensional subaggregates have the same bounds. It isan error if any one of these checksfails.
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7.3.3 Function calls

A function call invokes the execution of a function body. The call specifies the name of the function to be
invoked and specifies the actual parameters, if any, to be associated with the formal parameters of the
function. Execution of the function body results in a value of the type declared to be the result type in the
declaration of the invoked function.

function_call ::=
function_name|[ ( actual_parameter_part ) ]

actual_parameter_part ::= parameter_association list

For each formal parameter of a function, a function call must specify exactly one corresponding actual
parameter. This actual parameter is specified either explicitly, by an association element (other than the
actual part open) in the association list, or in the absence of such an association element, by a default
expression (see 4.3.2).

Evaluation of afunction call includes evaluation of the actual parameter expressions specified in the call and
evaluation of the default expressions associated with formal parameters of the function that do not have
actual parameters associated with them. In both cases, the resulting value must belong to the subtype of the
associated formal parameter. (If the formal parameter is of an unconstrained array type, then the formal
parameter takes on the subtype of the actual parameter.) The function body is executed using the actual
parameter values and default expression values as the values of the corresponding formal parameters.

NOTE—If a name (including one used as a prefix) has an interpretation both as a function call and an indexed name,
then the innermost complete context is used to disambiguate the name. If, after applying this rule, there is not exactly
one interpretation of the name, then the name is ambiguous. See 10.5.

7.3.4 Qualified expressions

A qualified expression is a basic operation (see the introduction to Clause 3) that is used to explicitly state
the type, and possibly the subtype, of an operand that is an expression or an aggregate.

qualified_expression ::=
type_mark ' ( expression )
| type_mark ' aggregate

The operand must have the same type as the base type of the type mark. The value of a qualified expression
isthe value of the operand. The evaluation of a qualified expression eval uates the operand and checks that its
value belongs to the subtype denoted by the type mark.

NOTE—Whenever the type of an enumeration literal or aggregate is not known from the context, a qualified expression
can be used to state the type explicitly.

7.3.5Type conversions
A type conversion provides for explicit conversion between closely related types.

type _conversion ::= type_mark ( expression )
The target type of a type conversion is the base type of the type mark. The type of the operand of a type
conversion must be determinable independent of the context (in particular, independent of the target type).
Furthermore, the operand of atype conversionis not allowed to be the literal null, an allocator, an aggregate,

or astring literal. An expression enclosed by parenthesesis allowed as the operand of atype conversion only
if the expression aloneis alowed.
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If the type mark denotes a subtype, conversion consists of conversion to the target type followed by a check
that the result of the conversion belongs to the subtype.

Explicit type conversions are allowed between closely related types. In particular, atypeis closely related to
itself. Other types are closely related only under the following conditions:

a) Abstract Numeric Types—Any abstract numeric typeis closely related to any other abstract numeric
type. In an explicit type conversion where the type mark denotes an abstract numeric type, the oper-
and can be of any integer or floating point type. The value of the operand is converted to the target
type, which must also be an integer or floating point type. The conversion of afloating point value to
an integer type rounds to the nearest integer; if the value is halfway between two integers, rounding
may be up or down.

b) Array Types—Two array types are closely related if and only if

— Thetypes have the same dimensionality;
— For each index position, the index types are either the same or are closely related; and
— The element types are the same.

In an explicit type conversion where the type mark denotes an array type, the following rules apply:
if the type mark denotes an unconstrained array type and if the operand is not a null array, then, for
each index position, the bounds of the result are obtained by converting the bounds of the operand to
the corresponding index type of the target type. If the type mark denotes a constrained array subtype,
then the bounds of the result are those imposed by the type mark. In either case, the value of each
element of the result isthat of the matching element of the operand (see 7.2.2).

No other types are closely related.

In the case of conversions between numeric types, it is an error if the result of the conversion fails to satisfy
a constraint imposed by the type mark.

In the case of conversions between array types, a check is made that any constraint on the element subtypeis
the same for the operand array type as for the target array type. If the type mark denotes an unconstrained
array type, then, for each index position, a check is made that the bounds of the result belong to the corre-
sponding index subtype of the target type. If the type mark denotes a constrained array subtype, a check is
made that for each element of the operand there is a matching element of the target subtype, and vice versa.
Itisan error if any of these checksfail.

In certain cases, an implicit type conversion will be performed. An implicit conversion of an operand of type
universal_integer to another integer type, or of an operand of type universal_real to another floating point
type, can only be applied if the operand is either a numeric literal or an attribute, or if the operand is an
expression consisting of the division of avalue of a physical type by a value of the same type; such an oper-
and is called a convertible universal operand. An implicit conversion of a convertible universal operand is
applied if and only if the innermost complete context determines a unique (numeric) target type for the
implicit conversion, and there is no legal interpretation of this context without this conversion.

NOTE—Two array types may be closely related even if corresponding index positions have different directions.

7.3.6 Allocators

The evaluation of an allocator creates an object and yields an access value that designates the object.
allocator ::=

new subtype_indication
| new qualified_expression
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The type of the object created by an alocator is the base type of the type mark given in either the subtype
indication or the qualified expression. For an allocator with a subtype indication, the initial value of the
created object isthe same as the default initial value for an explicitly declared variable of the designated sub-
type. For an alocator with a qualified expression, this expression defines the initial value of the created
object.

Thetype of the access value returned by an alocator must be determinable solely from the context, but using
the fact that the value returned is of an access type having the named designated type.

The only allowed form of constraint in the subtype indication of an alocator is an index constraint. If an
alocator includes a subtype indication and if the type of the object created is an array type, then the subtype
indication must either denote a constrained subtype or include an explicit index constraint. A subtype indica-
tion that is part of an allocator must not include a resolution function.

If the type of the created object is an array type, then the created object is always constrained. If the allocator
includes a subtype indication, the created object is constrained by the subtype. If the alocator includes a
qualified expression, the created object is constrained by the bounds of the initial value defined by that
expression. For other types, the subtype of the created object is the subtype defined by the subtype of the
access type definition.

For the evaluation of an alocator, the elaboration of the subtype indication or the evaluation of the qualified
expression isfirst performed. The new object is then created, and the object is then assigned itsinitial value.
Finally, an access value that designates the created object is returned.

In the absence of explicit deallocation, an implementation must guarantee that any object created by the
evaluation of an allocator remains allocated for as long as this object or one of its subelementsis accessible
directly or indirectly; that is, aslong asit can be denoted by some name.

NOTES

1—Procedure deallocate isimplicitly declared for each access type. This procedure provides a mechanism for explicitly
deallocating the storage occupied by an object created by an allocator.

2—An implementation may (but need not) deall ocate the storage occupied by an object created by an allocator, once this
object has become inaccessible.

Examples:

new NODE

new NODE'(15 ns, null)

new NODE'(Delay => 5 ns, => Stack)
new BIT_VECTOR'("00110110")
new STRING (1to 10)

new STRING

Takes on default initial value.
Initial value is specified.

Initial value is specified.
Constrained by initial value.
Constrained by index constraint.
Illegal: must be constrained.

7.4 Static expressions

Certain expressions are said to be static. Similarly, certain discrete ranges are said to be static, and the type
marks of certain subtypes are said to denote static subtypes.

There are two categories of static expression. Certain forms of expression can be evaluated during the analy-
sis of the design unit in which they appear; such an expression is said to be locally static. Certain forms of
expression can be evaluated as soon as the design hierarchy in which they appear is elaborated; such an
expression is said to be globally static.

Copyright © 1999 IEEE. All rights reserved. 109



IEEE
Std 1076.1-1999 IEEE STANDARD VHDL ANALOG

7.4.1 Locally static primaries

An expression is said to be locally static if and only if every operator in the expression denotes an implicitly
defined operator whose operands and result are scalar and if every primary in the expression is a locally
static primary, where alocally static primary is defined to be one of the following:

a) A litera of any type other than type TIME

b) A constant (other than a deferred constant) explicitly declared by a constant declaration and initial-
ized with alocally static expression

¢) Anaiaswhose aliased name (given in the corresponding alias declaration) isalocally static primary

d) A function call whose function name denotes an implicitly defined operator, and whose actual
parameters are each locally static expressions

e) A predefined attribute that is a value, other than the predefined attribute 'PATH_NAME, and whose
prefix is either alocally static subtype or is an object name that is of alocally static subtype

f) A predefined attribute that is a function, other than the predefined attributes 'EVENT, 'ACTIVE,
'LAST_EVENT, 'LAST_ACTIVE, 'LAST_VALUE, 'DRIVING, and 'DRIVING_VALUE, whose
prefix is either alocally static subtype or is an object that is of alocally static subtype, and whose
actual parameter (if any) isalocaly static expression

g) A user-defined attribute whose value is defined by alocally static expression

h) A qualified expression whose operand isalocally static expression

i) A type conversion whose expression is alocally static expression

i) Alocdly static expression enclosed in parentheses

A locally static range is either arange of the second form (see 3.1) whose bounds are locally static expres-
sions, or arange of the first form whose prefix denotes either alocally static subtype or an object that is of a
locally static subtype. A locally static range constraint is a range constraint whose range is locally static. A
locally static scalar subtype is either a scalar base type or a scalar subtype formed by imposing on a locally
static subtype alocaly static range constraint. A locally static discrete rangeis either alocally static subtype
or alocally static range.

A locally static index constraint is an index constraint for which each index subtype of the corresponding
array typeislocaly static and in which each discrete range islocally static. A locally static array subtypeis
a constrained array subtype formed by imposing on an unconstrained array type alocally static index con-
straint. A locally static record subtype is a record type whose fields are all of locally static subtypes. A
locally static access subtype is a subtype denoting an access type. A locally static file subtype is a subtype
denoting afile type.

A locally static subtype is either alocally static scalar subtype, alocally static array subtype, alocally static
record subtype, alocally static access subtype, or alocally static file subtype.

7.4.2 Globally static primaries

An expression issaid to be globally static if and only if every operator in the expression denotes a pure func-
tion and every primary in the expression is aglobally static primary, where aglobally static primary isapri-
mary that, if it denotes an object or a function, does not denote a dynamically elaborated named entity (see
12.5) and is one of the following:

a) A litera of type TIME
b) A localy static primary
c) A generic constant

d) A generate parameter
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e) A constant (including a deferred constant)

f)  An aias whose aliased name (given in the corresponding alias declaration) is a globally static
primary

g) Anarray aggregate, if and only if
1) All expressionsin its element associations are globally static expressions, and
2) All rangesin its element associations are globally static ranges

h) A record aggregate, if and only if all expressions in its element associations are globally static
expressions

i) A function call whose function name denotes a pure function and whose actual parameters are each
globally static expressions

i) A predefined attribute that is a value and whose prefix is either a globally static subtype or is an
object or function call that is of aglobally static subtype

k) A predefined attribute that is a function, other than the predefined attributes 'EVENT, 'ACTIVE,
'LAST_EVENT, 'LAST_ACTIVE, 'LAST_VALUE, 'DRIVING, and 'DRIVING_VALUE, whose
prefix is either aglobally static subtype or is an object or function call that is of aglobally static sub-
type, and whose actual parameter (if any) isaglobally static expression

1) A user-defined attribute whose value is defined by a globally static expression

m) A qualified expression whose operand is aglobally static expression

n) A type conversion whose expression is a globally static expression

0) Anadlocator of thefirst form (see 7.3.6) whose subtype indication denotes a globally static subtype

p) Analocator of the second form whose qualified expression is a globally static expression

q) A globally static expression enclosed in parentheses

r) A subelement or aslice of aglobally static primary, provided that any index expressions are globally
static expressions and any discrete ranges used in slice names are globally static discrete ranges

A globally static rangeis either arange of the second form (see 3.1) whose bounds are globally static expres-
sions, or arange of the first form whose prefix denotes either a globally static subtype or an object that is of
a globally static subtype. A globally static range constraint is a range constraint whose range is globaly
static. A globally static scalar subtypeis either a scalar base type or a scalar subtype formed by imposing on
aglobally static subtype aglobally static range constraint. A globally static discrete rangeis either aglobally
static subtype or aglobally static range.

A globally static index constraint is an index constraint for which each index subtype of the corresponding
array type is globally static and in which each discrete range is globally static. A globally static array sub-
type is a constrained array subtype formed by imposing on an unconstrained array type a globally static
index constraint. A globally static record subtype is a record type whose fields are all of globally static sub-
types. A globally static access subtype is a subtype denoting an access type. A globally static file subtypeis
a subtype denoting afile type.

A globally static subtype is either a globally static scalar subtype, a globally static array subtype, a globally
static record subtype, aglobally static access subtype, or aglobally static file subtype.

NOTES

1—An expression that is required to be a static expression may either be alocally static expression or a globally static
expression. Similarly, arange, arange constraint, a scalar subtype, a discrete range, an index constraint, or an array sub-
type that is required to be static may either be locally static or globally static.

2—The rules for locally and globally static expressions imply that a declared constant or a generic may be initialized
with an expression that is neither globally nor locally static; for example, with acall to an impure function. The resulting
constant value may be globally or locally static, even though its subtype or its initial value expression is neither. Only
interface constant, variable, and signal declarations require that their initial value expressions be static expressions.
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7.5 Universal expressions

A universal_expression is either an expression that delivers a result of type universal_integer or one that
delivers aresult of type universal_real.

The same operations are predefined for the type universal_integer as for any integer type. The same opera-
tions are predefined for the type universal_rea as for any floating point type. In addition, these operations
include the following multiplication and division operators:

Operator Operation L eft operand type nghtt;/)g:rand Result type
* Multiplication | Universal real Universal integer Universal real
Universal integer Universal real Universal real

/ Division Universal real Universal integer Universal real

The accuracy of the evaluation of a universal expression of type universal_real is at least as good as the
accuracy of evaluation of expressions of the most precise predefined floating point type supported by the
implementation, apart from universal_real itself.

For the evaluation of an operation of a universal expression, the following rules apply. If the result is of type
universal_integer, then the values of the operands and the result must lie within the range of the integer type
with the widest range provided by the implementation, excluding type universal_integer itself. If theresult is
of type universal_real, then the values of the operands and the result must lie within the range of the floating
point type with the widest range provided by the implementation, excluding type universal_real itself.

NOTE—The predefined operators for the universal types are declared in package STANDARD as shown in 14.2.

7.6 Linear Forms
A name appearsin an expression if it is textually contained in the expression and:

— If aprimary is asimple name of an object, the name appears in the expression.

— If aselected name whose prefix denotes a value bearing object is a primary, the longest static prefix
of the name is said to appear in the expression.

— If an expanded name whose prefix denotes a value bearing object is a primary, the longest static pre-
fix of the nameis said to appear in the expression.

— If anindexed name whose prefix denotes a value bearing object is a primary, the longest static prefix
of the nameis said to appear in the expression. In this case, all names that appear in all expressions of
the indexed name as defined by this rule are also said to appear in the expression containing the
indexed name.

— If adlice name whose prefix denotes a value bearing object is a primary, the longest static prefix of
the name is said to appear in the expression. In this case, all names that appear in al expressionsin
the dice name as defined by this rule are also said to appear in the expression containing the slice
name.

— If an attribute name is a primary and the designator denotes a value, the longest static prefix of the
attribute name is said to appear in the expression.
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— |If an aggregate is a primary in the expression, then all names that appear in each expression occur-
ring after the choices and the => as defined by thisrule are said to appear in the expression.

— If afunction call isaprimary in an expression, then all namesthat appear in each actual designator in
every parameter association, as defined by this rule, are said to appear in the expression containing
the function call. This does not apply to an actual designator of open. In addition, for any formal of
the corresponding function declaration for which a parameter association does not exist in the func-
tion call, al names in the static expression of the interface declaration of that parameter are said to
appear in the expression containing the function call.

— If aqualified expression is aprimary in the expression, then all names that appear in each expression
or aggregate qualified by the type mark, as defined by thisrule, are said to appear in the expression
containing the qualified expression.

— If atype conversion isaprimary expression, then every name that appearsin the expression type con-
verted by the type mark, as defined by thisrule, is said to appear in the expression containing the type
conversion.

— If aparenthesized expression is a primary in the expression, then all names that appear in the expres-
sion enclosed within the parentheses are said to appear in the expression containing the
parenthesized expression.

The equivalent function Ef of an expression E with respect to the name N of a value bearing object that
appearsin E is defined as follows:

function Ef (N: <typeofN>) return <typeofE>is
begin

return E;
end Ef;

where Ef is a name unique to the expression and the name, <typeofN> is the type of the value denoted by the
name N, and <typeofE> is the type of expression E. Given an expression E of a nature type, an increment
function Incf is defined with respect to the name N of a value bearing object in E asfollows:

function Incf (N, V: <typeofN>) return <typeofE> is
definition of Ef;

begin
return Ef(N) — Ef(V);

end Incf;

where V is any value and other names are as given above. The partial derivative function, Pdf, of an
expression E with respect to the name N of avalue bearing object in expression E, evaluated at V, is defined
asfollows:

function Pdf (N,V: <typeofN>) return <typeofE> is
definition of Incf;

begin
implement Pdf;

end Pdf;

where "implement Pdf" is any reasonable numerical algorithm that returns the limit of the following
expression:

Incf(N, V) / (N = V)

as the value of N approaches the value of V, Incf is formed from the expression as above, and other names
are as above.
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The linearized form of any expression with respect to the quantity names Ny, ..., Ny, in that expression eval-
uated at valuesVy, ..., V,, isthe following expression:

Pdfp(No,Vo)*No + Pdfy(N1,V)*Ny + ... + Pdf(Np,, Vi) *Niy
where the Pdf’s for each name in the expression is constructed as above.
In all the expressions given above, if the type of the expression is a composite type, the definitions of +, —, /,

and * must apply to the matching scalar subelements of each operand. In all cases, the definitions of +, /, —,
and * used are those implicitly defined for the floating point type of the scalar subelement.

NOTES:

1—An expression E is said to be linear with respect to the name N of avalue bearing object in E if the value of Pdf(N,V)

isthe same for any value of N in its subtype. An expression is linear in a set of namesiif it is linear with respect to each
name in the set.

2—An expression is independent of a name if the value of the expression does not change regardless of the value of the
name.

3—Thelinearized form of an expression E is linear with respect to each quantity whose name appearsin E.
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8. Sequential statements

The various forms of sequential statements are described in this clauseclause. Sequential statements are used
to define algorithms for the execution of a subprogram or process; they execute in the order in which they

appear.

sequence of statements::=
{ sequentia_statement }

sequential_statement ;=
wait_statement
| assertion_statement
| report_statement
| signal_assignment_statement
| variable assignment_statement
| procedure _call_statement
| if_statement
| case_statement
| loop_statement
| next_statement
| exit_statement
| return_statement
| null_statement
| break _statement

All sequential statements may be labeled. Such labels are implicitly declared at the beginning of the declara-
tive part of the innermost enclosing process statement, simultaneous procedural statement, or subprogram
bodly.

8.1 Wait statement
The wait statement causes the suspension of a process statement or a procedure.
wait_statement ::=
[ label : ] wait [ sensitivity_clause] [ condition_clause] [ timeout_clause] ;
sengitivity _clause ::= on sensitivity _list
sengitivity list ::= signal_name{ , signal_name}
condition_clause ::= until condition
condition ::= boolean_expression

timeout_clause ::= for time_or_real _expression
The sensitivity clause defines the sensitivity set of the wait statement, which is the set of signalsto which the
wait statement is sensitive. Each signal name in the sensitivity list identifies a given signal as a member of
the sensitivity set. Each signal name in the sensitivity list must be a static signal name, and each name must
denote a signal for which reading is permitted. If no sensitivity clause appears, the sensitivity set is con-
structed according to the following (recursive) rule:
Thesensitivity setisinitially empty. For each primary in the condition of the condition clause, if the primary is

— A simple name that denotes a signal, add the longest static prefix of the name to the sensitivity set
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— A selected name whose prefix denotes a signal, add the longest static prefix of the name to the
sensitivity set

— Anexpanded name whose prefix denotes asignal, add the longest static prefix of the name to the sen-
sitivity set

— Anindexed name whose prefix denotes asignal, add the longest static prefix of the name to the sen-
sitivity set and apply thisrule to all expressions in the indexed name

— A dlice name whose prefix denotes asignal, add the longest static prefix of the name to the sensitivity
set and apply this rule to any expressions appearing in the discrete range of the slice name

— An attribute name, if the designator denotes a signal attribute, add the longest static prefix of the
name of the implicit signal denoted by the attribute name to the sensitivity set; otherwise, apply this
rule to the prefix of the attribute name

— An aggregate, apply this rule to every expression appearing after the choices and the =>, if any, in
every element association

— A function call, apply this rule to every actual designator in every parameter association

— Anactual designator of open in a parameter association, do not add to the sensitivity set

— A quaified expression, apply this rule to the expression or aggregate qualified by the type mark, as
appropriate

— A type conversion, apply thisrule to the expression type converted by the type mark

— A parenthesized expression, apply this rule to the expression enclosed within the parentheses

— Otherwise, do not add to the sensitivity set

This rule is aso used to construct the sensitivity sets of the wait statements in the equivalent process
statements for concurrent procedure call statements (9.3), concurrent assertion statements (9.4), concurrent
signal assignment statements (9.5), and concurrent break statements (9.8).

If asignal name that denotes a signal of a composite type appears in a sensitivity list, the effect is as if the
name of each scalar subelement of that signal appearsin thelist.

The condition clause specifies a condition that must be met for the process to continue execution. If no con-
dition clause appears, the condition clause until TRUE is assumed.

The timeout clause specifies the maximum amount of time the process will remain suspended at this wait
statement. If no timeout clause appears, the timeout clause for (STD.STANDARD.TIMEHIGH —
STD.STANDARD.NOW) is assumed. It is an error if the time or real expression in the timeout clause
evaluates to a negative value.

The execution of await statement causes the time or real expression to be evaluated to determine the timeout
interval; the type of the expression must be determinable independent of the context. It also causes the exe-
cution of the corresponding process statement to be suspended, where the corresponding process statement
isthe one that either contains the wait statement or is the parent (see 2.2) of the procedure that contains the
wait statement. The suspended process will resume, at the latest, at the greater of: 1) the current time, and 2)
the universal time corresponding to: a) if the type of the expression in the timeout clauseis TIME, the sum of
the current discrete time and the value of the timeout interval, or b) if the type of the expression in the time-
out clauseis REAL, the sum of the current time and the value of the timeout interval.

The suspended process may aso resume as aresult of an event occurring on any signal in the sensitivity set
of the wait statement. If such an event occurs, the condition in the condition clause is evaluated. If the value
of the condition is TRUE, the process will resume. If the value of the condition is FALSE, the process will
resuspend. Such resuspension does not involve the recalculation of the timeout interval.
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Itisan error if await statement appears in afunction subprogram or in a procedure that has a parent that isa
function subprogram. Furthermore, it is an error if await statement appears in an explicit process statement
that includes a sensitivity list or in a procedure that has a parent that is such a process statement.

Example:

typeArrisarray (1to5) of BOOLEAN;
function F (P: BOOLEAN) return BOOLEAN;
signal S: Arr;

signal I, r: INTEGER range 1to5;

-- Thefollowing two wait statements have the same meaning:

wait until F(S(3)) and (S(I) or S(r));
wait on §(3), S, I, r until F(S(3)) and (S(1) or S(r));

NOTES

1—The wait statement wait until Clk = '1"; has semantics identical to

loop

wait on CIk;

exit when Clk ='1
end loop;

because of the rules for the construction of the default sensitivity clause. These same rulesimply that wait until True; has
semantics identical to wait;.

2—The conditions that cause a wait statement to resume execution of its enclosing process may no longer hold at the
time the process resumes execution if the enclosing process is a postponed process.

3—Therule for the construction of the default sensitivity set implies that if afunction call appearsin a condition clause
and the called function is an impure function, then any signals that are accessed by the function but that are not passed
through the association list of the call are not added to the default sensitivity set for the condition by virtue of the appear-
ance of the function call in the condition.

8.2 Assertion statement
An assertion statement checks that a specified condition is true and reports an error if it isnot.
assertion_statement ::= [ label : ] assertion;

assertion ::=
assert condition
[ report expression |
[ severity expression |

If the report clause is present, it must include an expression of predefined type STRING that specifies a
message to be reported. If the severity clause is present, it must specify an expression of predefined type
SEVERITY_LEVEL that specifies the severity level of the assertion.

Thereport clause specifies a message string to be included in error messages generated by the assertion. In
the absence of areport clause for a given assertion, the string "Assertion violation.” is the default value for
the message string. The severity clause specifies a severity level associated with the assertion. In the absence
of aseverity clause for a given assertion, the default value of the severity level is ERROR.
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Evaluation of an assertion statement consists of evaluation of the Boolean expression specifying the condi-
tion. If the expression results in the value FALSE, then an assertion violation is said to occur. When an
assertion violation occurs, the report and severity clause expressions of the corresponding assertion, if
present, are evaluated. The specified message string and severity level (or the corresponding default values,
if not specified) are then used to construct an error message.

The error message consists of at least

@ Anindication that this messageis from an assertion

b) Thevalue of the severity level

¢) Thevalue of the message string

d) The name of the design unit (see 11.1) containing the assertion

8.3 Report statement
A report statement displays a message.

report_statement ::=
[labd : ]
report expression
[ severity expression] ;

Thereport statement expression must be of the predefined type STRING. The string value of this expression
isincluded in the message generated by the report statement. If the severity clauseis present, it must specify
an expression of predefined type SEVERITY _LEVEL. The severity clause specifies a severity level associ-
ated with the report. In the absence of a severity clause for a given report, the default value of the severity
level isNOTE.

The evaluation of a report statement consists of the evaluation of the report expression and severity clause
expression, if present. The specified message string and severity level (or corresponding default, if the sever-
ity level is not specified) are then used to construct a report message.

The report message consists of at least

a) Anindication that this message is from areport statement
b) Thevaue of the severity level

c¢) Thevalue of the message string

d) Thename of the design unit containing the report statement

Example:
report "Entering process P"; -- A report statement
-- with default severity NOTE.
report "Setup or Hold violation; outputs driven to X" -- Another report statement;
severity WARNING; -- severity is specified.

8.4 Signal assignment statement

A signal assignment statement modifies the projected output waveforms contained in the drivers of one or
more signals (see 12.6.1).

signal_assignment_statement ::=

118 Copyright © 1999 IEEE. Al rights reserved.



IEEE
AND MIXED-SIGNAL EXTENSIONS Std 1076.1-1999

[ 1abel : ] target <=[ delay_mechanism ] waveform ;

delay_mechanism ::=
transport
| [ reject time_expression ] inertial

target ::=
name
| aggregate

waveform ::=
waveform_element { , waveform_element }
| unaffected

If the target of the signal assignment statement is a name, then the name must denote a signal, and the base
type of the value component of each transaction produced by a waveform element on the right-hand side
must be the same as the base type of the signal denoted by that name. Thisform of signal assignment assigns
right-hand side values to the drivers associated with asingle (scalar or composite) signal.

If the target of the signal assignment statement isin the form of an aggregate, then the type of the aggregate
must be determinable from the context, excluding the aggregate itself but including the fact that the type of
the aggregate must be a composite type. The base type of the value component of each transaction produced
by awaveform element on the right-hand side must be the same as the base type of the aggregate. Further-
more, the expression in each element association of the aggregate must be alocally static name that denotes
asignal. This form of signal assignment assigns slices or subelements of the right-hand side values to the
drivers associated with the signal nhamed as the corresponding slice or subelement of the aggregate.

If the target of asignal assignment statement is in the form of an aggregate, and if the expression in an ele-
ment association of that aggregateisasignal name that denotes a given signal, then the given signal and each
subelement thereof (if any) are said to be identified by that element association as targets of the assignment
statement. It is an error if agiven signal or any subelement thereof isidentified as a target by more than one
element association in such an aggregate. Furthermore, it is an error if an element association in such an
aggregate contains an other s choice or a choice that is a discrete range.

The right-hand side of a signal assignment may optionally specify a delay mechanism. A delay mechanism
consisting of the reserved word transport specifiesthat the delay associated with the first waveform element
isto be construed as transport delay. Transport delay is characteristic of hardware devices (such as transmis-
sion lines) that exhibit nearly infinite frequency response: any pulse is transmitted, no matter how short its
duration. If no delay mechanism is present, or if adelay mechanism including the reserved word inertial is
present, the delay is construed to beinertial delay. Inertial delay is characteristic of switching circuits: apulse
whose duration is shorter than the switching time of the circuit will not be transmitted, or in the case that a
pulse rejection limit is specified, a pulse whose duration is shorter than that limit will not be transmitted.

Every inertially delayed signal assignment has a pulse rejection limit. If the delay mechanism specifiesiner-
tial delay, and if the reserved word rj ect followed by atime expression is present, then the time expression
specifies the pulse regjection limit. In all other cases, the pulse rejection limit is specified by the time expres-
sion associated with the first waveform element.

Itisan error if the pulse rejection limit for any inertialy delayed signal assignment statement is either nega-
tive or greater than the time expression associated with the first waveform element.

It is an error if the reserved word unaffected appears as a waveform in a (sequential) signal assignment
Statement.
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NOTE—The reserved word unaffected may only appear as awaveform in concurrent signal assignment statements. See
95.1.

Examples:

-- Assignments using inertial delay:
-- The following three assignments are equivalent to each other:

Output_pin <= Input_pin after 10 ns;
Output_pin <=inertial Input_pin after 10 ns;
Output_pin <=regject 10 nsinertial Input_pin after 10 ns;

-- Assignments with a pulse rejection limit less than the time expression:

Output_pin <=regject 5nsinertial Input_pin after 10 ns;
Output_pin <=regject 5 nsinertial Input_pin after 10 ns, not Input_pin after 20 ns,

-- Assignments using transport delay:

Output_pin <= transport Input_pin after 10 ns;
Output_pin <=transport Input_pin after 10 ns, not Input_pin after 20 ns;

-- Their equivalent assignments:

Output_pin <=regject O nsinertial Input_pin after 10 ns;
Output_pin <=regject O nsinertial Input_pin after 10 ns, not Input_pin after 10 ns;

NOTE—If a right-hand side value expression is either a numeric literal or an attribute that yields a result of type
universal_integer or universal_real, then an implicit type conversion is performed.

8.4.1 Updating a projected output waveform

The effect of execution of asignal assignment statement is defined in terms of its effect upon the projected
output waveforms (see 12.6.1) representing the current and future values of drivers of signals.

waveform_element ::=
value_expression [ after time_expression ]
| null [ after time_expression ]

The future behavior of the driver(s) for a given target is defined by transactions produced by the evaluation
of waveform elements in the waveform of a signal assignment statement. The first form of waveform ele-
ment is used to specify that the driver is to assign a particular value to the target at the specified time. The
second form of waveform element is used to specify that the driver of the signal isto be turned off, so that it
(at least temporarily) stops contributing to the value of the target. This form of waveform element iscalled a
null waveform element. It is an error if the target of a signal assignment statement containing a null wave-
form element is not a guarded signal or an aggregate of guarded signals.

The base type of the time expression in each waveform element must be the predefined physical type TIME
as defined in package STANDARD. If the after clause of awaveform element is not present, then an implicit
"after O ns' is assumed. It is an error if the time expression in a waveform element evaluates to a negative
value.

Evaluation of a waveform element produces a single transaction. The time component of the transaction is
the greater of: 1) the current time, and 2) the universal time corresponding to the sum of the current discrete
time and the value of the time expression in the waveform element. For the first form of waveform element,
the value component of the transaction is determined by the value expression in the waveform element. For
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the second form of waveform element, the value component is not defined by the language, but it is defined
to be of the type of the target. A transaction produced by the evaluation of the second form of waveform ele-
ment is called anull transaction.

For the execution of asignal assignment statement whose target is of ascalar type, the waveform on itsright-
hand sideisfirst evaluated. Evaluation of awaveform consists of the evaluation of each waveform element in
the waveform. Thus, the evaluation of awaveform results in a sequence of transactions, where each transac-
tion corresponds to one waveform element in the waveform. These transactions are called new transactions.
Itisan error if the sequence of new transactionsis not in ascending order with respect to time.

The sequence of transactions is then used to update the projected output waveform representing the current
and future values of the driver associated with the signal assignment statement. Updating a projected output
waveform consists of the deletion of zero or more previously computed transactions (called old transactions)
from the projected output waveform and the addition of the new transactions, as follows:

— All old transactions that are projected to occur at or after the time at which the earliest new transac-
tion is projected to occur are deleted from the projected output waveform.

— The new transactions are then appended to the projected output waveform in the order of their
projected occurrence.

If theinitial delay isinertial delay according to the definitions of 8.4, the projected output waveform is fur-
ther modified as follows:

a)  All of the new transactions are marked

b) An old transaction is marked if the time at which it is projected to occur is less than the time at
which the first new transaction is projected to occur minus the pulse rejection limit

¢) For each remaining unmarked, old transaction, the old transaction is marked if it immediately pre-
cedes a marked transaction and its value component is the same as that of the marked transaction

d) Thetransaction that determines the current value of the driver is marked

e) All unmarked transactions (all of which are old transactions) are deleted from the projected output
waveform

For the purposes of marking transactions, any two successive null transactions in a projected output wave-
form are considered to have the same value component.

The execution of a signal assignment statement whose target is of a composite type proceeds in a similar
fashion, except that the evaluation of the waveform results in one sequence of transactions for each scalar
subelement of the type of the target. Each such sequence consists of transactions whose value portions are
determined by the values of the same scalar subelement of the value expressions in the waveform, and whose
time portion is determined by the time expression corresponding to that value expression. Each such
sequence is then used to update the projected output waveform of the driver of the matching subelement of
the target. This applies both to atarget that is the name of asignal of a composite type and to atarget that is
in the form of an aggregate.

If agiven procedure is declared by a declarative item that is not contained within a process statement, and if
asignal assignment statement appearsin that procedure, then the target of the assignment statement must be
aformal parameter of the given procedure or of a parent of that procedure, or an aggregate of such formal
parameters. Similarly, if a given procedure is declared by a declarative item that is not contained within a
process statement, and if asignal is associated with an inout or out mode signal parameter in a subprogram
call within that procedure, then the signal so associated must be aformal parameter of the given procedure or
of aparent of that procedure.
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NOTES

1—These rules guarantee that the driver affected by a signal assignment statement is aways statically determinable if
the signal assignment appears within a given process (including the case in which it appears within a procedure that is
declared within the given process). In this case, the affected driver is the one defined by the process; otherwise, the signal
assignment must appear within a procedure, and the affected driver is the one passed to the procedure along with asignal
parameter of that procedure.

2—Overloading the operator "=" has no effect on the updating of a projected output waveform.
3—Consider asignal assignment statement of the form
T <=regject t, inertial ey after t; { , g after t;} ;
The following relations hold:
Ons<t <t
and
ons<t<tjq

Note that, if t, = O ns, then the waveform editing is identical to that for transport-delayed assignment, and if t,
=1y, thewaveform isidentical to that for the statement

T<=e dtert; {,gaftert;} ;

4—Consider the following signal assignment in some process:

S<=rgect 15nsinertial 12 after 20 ns, 18 after 41 ns;

where Sisasignal of someinteger type. Assume that at the time this signal assignment is executed, the driver
of Sin the process has the following contents (the first entry is the current driving value):

1 2 2 12 5 8

NOW +3 ns +12 ns +13 ns +20 ns +42 ns

(The times given are relative to the current time.) The updating of the projected output waveform proceeds as follows:

@)  Thedriver istruncated at 20 ns. The driver now contains the following pending transactions:

1 2 2 12
NOW +3 ns +12 ns +13 ns

b)  Thenew waveforms are added to the driver. The driver now contains the following pending transactions:

1 2 2 12 12 18

NOW +3 ns +12 ns +13 ns +20 ns +41 ns
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c) All new transactions are marked, as well as those old transactions that occur at |ess than the time of the first new
waveform (20 ns) less the rejection limit (15 ns). The driver now contains the following pending transactions
marked transactions are embol dened):

1 2 2 12 12 18

NOW +3 ns +12 ns +13 ns +20 ns +41 ns

d)  Each remaining unmarked transaction is marked if it immediately precedes a marked transaction and has the
same value as the marked transaction. The driver now contains the following pending transactions:

1 2 2 12 12 18

NOW +3 ns +12 ns +13 ns +20 ns +41 ns

e The transaction that determines the current value of the driver is marked, and all unmarked transactions are then
deleted. Thefinal driver contents are then as follows, after clearing the markings:

1 2 12 12 18

NOW +3 ns +13 ns +20 ns +41 ns

5—No subtype check is performed on the value component of a new transaction when it is added to a driver. Instead, a
subtype check that the value component of a transaction belongs to the subtype of the signal driven by the driver is made
when the driver takes on that value. See 12.6.1.

8.5 Variable assignment statement

A variable assignment statement replaces the current value of a variable with a new value specified by an
expression. The named variable and the right-hand side expression must be of the same type.

variable assignment_statement ::=
[ 1abel : ] target := expression ;

If the target of the variable assignment statement is a name, then the name must denote a variable, and the
base type of the expression on the right-hand side must be the same as the base type of the variable denoted
by that name. This form of variable assignment assigns the right-hand side value to a single (scalar or
composite) variable.

If the target of the variable assignment statement is in the form of an aggregate, then the type of the aggre-
gate must be determinable from the context, excluding the aggregate itself but including the fact that the type
of the aggregate must be a composite type. The base type of the expression on the right-hand side must be
the same as the base type of the aggregate. Furthermore, the expression in each element association of the
aggregate must be a locally static name that denotes a variable. This form of variable assignment assigns
each subelement or dlice of the right-hand side value to the variable named as the corresponding subelement
or dice of the aggregate.

If the target of a variable assignment statement is in the form of an aggregate, and if the locally static name
in an element association of that aggregate denotes a given variable or denotes another variable of which the
given variable is a subelement or slice, then the element association is said to identify the given variable as a
target of the assignment statement. It is an error if agiven variable isidentified as a target by more than one
element association in such an aggregate.
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For the execution of avariable assignment whose target is a variable name, the variable name and the expres-
sion are first evaluated. A check is then made that the value of the expression belongs to the subtype of the
variable, except in the case of a variable that is an array (in which case the assignment involves a subtype
conversion). Finally, the value of the expression becomes the new value of the variable. A design is errone-
ousif it depends on the order of evaluation of the target and source expressions of an assignment statement.

The execution of a variable assignment whose target is in the form of an aggregate proceeds in a similar
fashion, except that each of the names in the aggregate is evaluated, and a subtype check is performed for
each subelement or slice of the right-hand side value that corresponds to one of the names in the aggregate.
The vaue of the subelement or slice of the right-hand side val ue then becomes the new value of the variable
denoted by the corresponding name.

An error occursiif the aforementioned subtype checks fail.

The determination of the type of the target of avariable assignment statement may require determination of
the type of the expression if the target is a name that can be interpreted as the name of a variable designated
by the access value returned by afunction call, and similarly, as an element or slice of such avariable.

NOTE—If the right-hand side is either a numeric literal or an attribute that yields a result of type universal integer or
universal real, then an implicit type conversion is performed.

8.5.1 Array variable assignments

If the target of an assignment statement is a name denoting an array variable (including a slice), the value
assigned to the target is implicitly converted to the subtype of the array variable; the result of this subtype
conversion becomes the new value of the array variable.

This means that the new value of each element of the array variableis specified by the matching element (see
7.2.2) in the corresponding array value obtained by evaluation of the expression. The subtype conversion
checks that for each element of the array variable there is a matching element in the array value, and vice
versa. An error occursif this check fails.

NOTE—Theimplicit subtype conversion described for assignment to an array variable is performed only for the value of
the right-hand side expression as awhole; it is not performed for subelements or slices that are array values.

8.6 Procedure call statement

A procedure call invokes the execution of a procedure body.
procedure_call_statement ::= [ label : ] procedure call ;
procedure_call ::= procedure_name[ ( actual_parameter_part ) ]

The procedure name specifies the procedure body to be invoked. The actual parameter part, if present, spec-
ifies the association of actual parameters with formal parameters of the procedure.

For each formal parameter of a procedure, a procedure call must specify exactly one corresponding actual
parameter. This actual parameter is specified either explicitly, by an association element (other than the
actua open) in the association list or, in the absence of such an association element, by a default expression
(see4.3.2).

Execution of a procedure call includes evaluation of the actual parameter expressions specified in the call

and evaluation of the default expressions associated with formal parameters of the procedure that do not
have actual parameters associated with them. In both cases, the resulting value must belong to the subtype of
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the associated formal parameter. (If the formal parameter is of an unconstrained array type, then the formal
parameter takes on the subtype of the actual parameter.) The procedure body is executed using the actua
parameter values and default expression values as the values of the corresponding formal parameters.

8.7 If statement

An if statement selects for execution one or none of the enclosed sequences of statements, depending on the
value of one or more corresponding conditions.

if _statement ::=
[if_label :]

if condition then
sequence of _statements

{ elsif condition then
sequence of statements}

[ else
sequence of statements]

end if [ if_label ] ;

If alabel appears at the end of an if statement, it must repeat the if label.

For the execution of an if statement, the condition specified after if, and any conditions specified after elsif,
are evaluated in succession (treating afinal else as elsif TRUE then) until one evaluates to TRUE or al con-
ditions are evaluated and yield FALSE. If one condition evaluates to TRUE, then the corresponding
seguence of statements is executed; otherwise, none of the sequences of statements is executed.

8.8 Case statement

A case statement selects for execution one of a number of alternative sequences of statements; the chosen
alternative is defined by the value of an expression.

case_statement ::=
[ case label : ]
case expression is
case_statement_alternative
{ case_statement_alternative }
end case|[ case label | ;

case_statement_alternative ::=
when choices =>
sequence of _statements

The expression must be of a discrete type, or of a one-dimensiona array type whose element base type is a
character type. This type must be determinable independently of the context in which the expression occurs,
but using the fact that the expression must be of a discrete type or a one-dimensional character array type.
Each choice in a case statement alternative must be of the same type as the expression; the list of choices
specifies for which values of the expression the alternative is chosen.

If the expression is the name of an object whose subtype is locally static, whether a scalar type or an array
type, then each value of the subtype must be represented once and only once in the set of choices of the case
statement, and no other value is allowed; this rule is likewise applied if the expression is a qualified expres-
sion or type conversion whose type mark denotes a locally static subtype, or if the expressionisacall to a
function whose return type mark denotes alocally static subtype.
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If the expression is of a one-dimensiona character array type, then the expression must be one of the
following:

— The name of an object whose subtypeislocaly static

— Anindexed name whose prefix is one of the members of thislist and whose indexing expressions are
locally stetic expressions

— A dlice name whose prefix is one of the members of this list and whose discrete range is a locally
static discrete range

— A function call whose return type mark denotes alocally static subtype

— A quadlified expression or type conversion whose type mark denotes alocally static subtype

In such a case, each choice appearing in any of the case statement aternatives must be a locally static
expression whose value is of the same length as that of the case expression. It is an error if the element sub-
type of the one-dimensional character array type is not alocally static subtype.

For other forms of expression, each value of the (base) type of the expression must be represented once and
only oncein the set of choices, and no other value is allowed.

The simple expression and discrete ranges given as choices in a case statement must be locally static. A
choice defined by a discrete range stands for all values in the corresponding range. The choice othersisonly
alowed for the last alternative and as its only choice; it stands for al values (possibly none) not given in the
choices of previous alternatives. An element simple name (see 7.3.2) is not allowed as a choice of a case
statement alternative.

If alabel appears at the end of a case statement, it must repeat the case |abel.

The execution of a case statement consists of the evaluation of the expression followed by the execution of
the chosen sequence of statements.

NOTES

1—The execution of a case statement chooses one and only one alternative, since the choices are exhaustive and mutu-
aly exclusive. A qualified expression whose type mark denotes a locally static subtype can often be used as the
expression of a case statement to limit the number of choices that need be explicitly specified.

2—An otherschoiceisrequired in a case statement if the type of the expression is the type universal_integer (for exam-
ple, if the expression is an integer literal), since thisisthe only way to cover al values of the type universal_integer.

3—Overloading the operator “=" has no effect on the semantics of case statement execution.

8.9 Loop statement
A loop statement includes a sequence of statements that is to be executed repeatedly, zero or more times.

loop_statement ::=
[ loop_label : ]
[ iteration_scheme] loop
sequence of statements
end loop [ loop_label | ;

iteration_scheme::=

while condition
| for loop_parameter_specification
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parameter_specification ::=
identifier in discrete_range

If alabel appears at the end of aloop statement, it must repeat the label at the beginning of the loop state-
ment.

Execution of aloop statement is complete when the loop is left as a consequence of the completion of the
iteration scheme (see below), if any, or the execution of a next statement, an exit statement, or areturn state-
ment.

A loop statement without an iteration scheme specifies repeated execution of the sequence of statements.

For aloop statement with a while iteration scheme, the condition is evaluated before each execution of the
sequence of statements; if the value of the condition is TRUE, the sequence of statements is executed; if
FALSE, theiteration schemeis said to be complete and the execution of the loop statement is compl ete.

For a loop statement with a for iteration scheme, the loop parameter specification is the declaration of the
loop parameter with the given identifier. The loop parameter is an object whose type is the base type of the
discrete range. Within the sequence of statements, the loop parameter is a constant. Hence, aloop parameter
isnot allowed as the target of an assignment statement. Similarly, the loop parameter must not be given as an
actual corresponding to aformal of mode out or inout in an association list.

For the execution of aloop with afor iteration scheme, the discrete range is first evaluated. If the discrete
range is anull range, the iteration scheme is said to be complete and the execution of the loop statement is
therefore complete; otherwise, the sequence of statements is executed once for each value of the discrete
range (subject to the loop not being left as a consequence of the execution of a next statement, an exit
statement, or areturn statement), after which the iteration scheme is said to be complete. Prior to each such
iteration, the corresponding value of the discrete range is assigned to the loop parameter. These values are
assigned in left-to-right order.

NOTE—A loop may be left as the result of the execution of a next statement if the loop is hested inside of an outer loop
and the next statement has aloop label that denotes the outer loop.

8.10 Next statement

A next statement is used to complete the execution of one of the iterations of an enclosing loop statement
(called “loop” in the following text). The completion is conditional if the statement includes a condition.

next_statement ::=
[ 1abel : ] next [ loop_label ] [ when condition] ;

A next statement with aloop label is only alowed within the labeled loop and applies to that loop; a next
statement without aloop label isonly allowed within aloop and applies only to the innermost enclosing loop
(whether labeled or not).

For the execution of anext statement, the condition, if present, isfirst evaluated. The current iteration of the
loop isterminated if the value of the condition is TRUE or if there is no condition.

8.11 Exit statement

An exit statement is used to complete the execution of an enclosing loop statement (called “loop” in the
following text). The completion is conditiona if the statement includes a condition.
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exit_statement ::=
[ 1abel : ] exit [ loop_label ] [ when condition] ;

An exit statement with aloop label is only alowed within the labeled loop and applies to that loop; an exit
statement without aloop label isonly allowed within aloop and applies only to the innermost enclosing loop
(whether labeled or not).

For the execution of an exit statement, the condition, if present, is first evaluated. Exit from the loop then
takes place if the value of the condition is TRUE or if there is no condition.

8.12 Return statement
A return statement is used to complete the execution of the innermost enclosing function or procedure body.

return_statement ::=
[label : ] return [ expression] ;

A return statement is only allowed within the body of afunction or procedure, and it applies to the innermost
enclosing function or procedure.

A return statement appearing in a procedure body must not have an expression. A return statement appearing
in afunction body must have an expression.

The value of the expression defines the result returned by the function. The type of this expression must be
the base type of the type mark given after the reserved word return in the specification of the function. It is
an error if execution of afunction completes by any means other than the execution of areturn statement.

For the execution of areturn statement, the expression (if any) isfirst evaluated and a check is made that the
value belongs to the result subtype. The execution of the return statement is thereby completed if the check
succeeds; so aso is the execution of the enclosing subprogram. An error occurs at the place of the return
statement if the check fails.

NOTES

1—If the expression is either a numeric literal, or an attribute that yields a result of type universal_integer or
universal_real, then an implicit conversion of the result is performed.

2—If the return type mark of a function denotes a constrained array subtype, then no implicit subtype conversions are
performed on the values of the expressions of the return statements within the subprogram body of that function. Thus,
for each index position of each value, the bounds of the discrete range must be the same as the discrete range of the
return subtype, and the directions must be the same.

8.13 Null statement
A null statement performs no action.

null_statement ::=
[l1abel : ] null;

The execution of the null statement has no effect other than to pass on to the next statement.

NOTE—The null statement can be used to specify explicitly that no action is to be performed when certain conditions
aretrue, although it is never mandatory for this (or any other) purpose. Thisis particularly useful in conjunction with the
case statement, in which all possible values of the case expression must be covered by choices: for certain choices, it
may be that no action is required.
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8.14 Break statement

The execution of a break statement notifies the analog solver that it must determine the discontinuity aug-
mentation set for the next analog solution point. It may also specify reset values for quantities. The effect is
conditiona if the statement includes a condition.

break statement ::=
[ label ;] break [ break_list] [ when condition] ;

break_list ::= break_element { , break_element }
break_element ::=[ break_selector_clause ] quantity _name => expression
break_selector_clause ::= for quantity_name use

In each break element the quantity denoted by the quantity name is the break quantity of the break element.
If the break selector clause is present, then the quantity name in the break selector clause is the selector
guantity of the break element; otherwise the selector quantity is the same as the break quantity. The break
guantity, the selector quantity and the expression must have the same type, and the selector quantity must be
either the prefix Q of a quantity of the form Q'Dot that appears in the text of the model, or a quantity of the
form Q'Integ.

For the execution of a break statement the condition, if present, isfirst evaluated. A break isindicated if the
value of the condition is TRUE or if there is no condition. If a break is indicated, the break flag is set and
then each break element is evaluated in the order in which the elements appear.

For the evaluation of a break element, the selector quantity, the break quantity and the expression are first
evaluated. A model is erroneousif it depends on the order of this evaluation. Then the triple consisting of the
selector quantity, the break quantity and the value of the expression is added to the break set for the current
simulation cycle (see 12.6.4 and 12.6.6.1).

NOTE—It is a consequence of these definitions that in the absence of a selector clause in a break element the corre-
sponding break quantity must be either the prefix Q of a quantity of the form Q'Dot that appears in the text of the model,
or aquantity of the form Q'Integ.
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9. Concurrent statements

The various forms of concurrent statements are described in this clause. Concurrent statements are used to
define interconnected blocks and processes that jointly with simultaneous statements describe the overall
behavior or structure of a design. Concurrent statements execute asynchronously with respect to each other.

concurrent_statement ::=
block statement
| process_statement
| concurrent_procedure_call_statement
| concurrent_assertion_statement
| concurrent_signal_assignment_statement
| component_instantiation_statement
| generate_statement
| concurrent_break _statement

The primary concurrent statements are the block statement, which groups together other architecture
statements, and the process statement, which represents a single independent sequential process. Additional
concurrent statements provide convenient syntax for representing simple, commonly occurring forms of pro-
cesses, aswell as for representing structural decomposition and regular descriptions.

Within a given simulation cycle, an implementation may execute concurrent statements in paralel or in
some order. The language does not define the order, if any, in which such statements will be executed. A
description that depends upon a particular order of execution of concurrent statementsis erroneous.

All concurrent statements may be labeled. Such labels are implicitly declared at the beginning of the declar-

ative part of the innermost enclosing entity declaration, architecture body, block statement, or generate
Statement.

9.1 Block statement

A block statement defines an internal block representing a portion of a design. Blocks may be hierarchically
nested to support design decomposition.

block_statement ::=
block labdl :
block [ (guard_expression) ] [is]
block_header
block_declarative_part
begin

block_statement_part
end block [ block label ] ;

block_header ::=
[ generic_clause

[ generic_map_aspect ;] ]
[ port_clause

[ port_map_aspect ; | ]

block_declarative_part ::=
{ block_declarative item}

block_statement_part ::=
{ architecture_statement }
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If aguard expression appears after the reserved word block, then a signal with the simple name GUARD of
predefined type BOOLEAN isimplicitly declared at the beginning of the declarative part of the block, and
the guard expression defines the value of that signal at any given time (see 12.6.4). The type of the guard
expression must be type BOOLEAN. Signal GUARD may be used to control the operation of certain state-
ments within the block (see 9.5).

The implicit signal GUARD must not have a source.

If ablock header appears in ablock statement, it explicitly identifies certain values, quantities, terminals, or
signals that are to be imported from the enclosing environment into the block and associated with formal
generics or ports. The generic and port clauses define the formal generics and formal ports of the block (see
1.1.1.1 and 1.1.1.2); the generic map and port map aspects define the association of actuals with those for-
mals (see 5.2.1.2). Such actuals are evaluated in the context of the enclosing declarative region.

If alabel appears at the end of ablock statement, it must repeat the block |abel.
NOTES

1—The value of signal GUARD is always defined within the scope of a given block, and it does not implicitly extend to
design entities bound to components instantiated within the given block. However, the signal GUARD may be explicitly
passed as an actual signal in acomponent instantiation in order to extend its value to lower-level components.

2—An actua appearing in aport association list of agiven block can never denote aformal port of the same block.

9.2 Process statement

A process statement defines an independent sequential process representing the behavior of some portion of
the design.

process_statement ::=
[ process label : ]
[ postponed ] process| ( sensitivity list)][is]
process declarative part
begin
process_statement_part
end [ postponed ] process|[ process label ] ;

process declarative part ::=
{ process_declarative_item}

process 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_type declaration
| group_declaration
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process_statement_part ::=
{ sequentia_statement }

If the reserved word postponed precedes the initial reserved word process, the process statement defines a
postponed process; otherwise, the process statement defines a nonpostponed process.

If a sensitivity list appears following the reserved word process, then the process statement is assumed to
contain an implicit wait statement as the last statement of the process statement part; thisimplicit wait state-
ment is of the form

wait on sensitivity _list;

where the sensitivity list of the wait statement is that following the reserved word process. Such a process
statement must not contain an explicit wait statement. Similarly, if such a process statement is a parent of a
procedure, then that procedure may not contain await statement.

Only static signal names (see 6.1) for which reading is permitted may appear in the sensitivity list of a
process statement.

If the reserved word postponed appears at the end of a process statement, the process must be a postponed
process. If alabel appears at the end of a process statement, the label must repeat the process label.

Itisan error if avariable declaration in a process declarative part declares a shared variable.

The execution of a process statement consists of the repetitive execution of its sequence of statements. After
the last statement in the sequence of statements of a process statement is executed, execution will immedi-
ately continue with the first statement in the sequence of statements.

A process statement is said to be a passive process if neither the process itself, nor any procedure of which
the process is a parent, contains a signal assignment statement. Such a process, or any concurrent statement
equivalent to such a process, may appear in the entity statement part of an entity declaration.

NOTES

1—The above rules imply that a process that has an explicit sensitivity list always has exactly one (implicit) wait state-
ment init, and that wait statement appears at the end of the sequence of statementsin the process statement part. Thus, a
process with a sensitivity list ways waits at the end of its statement part; any event on asignal named in the sensitivity
list will cause such a process to execute from the beginning of its statement part down to the end, where it will wait
again. Such a process executes once through at the beginning of simulation, suspending for the first time when it exe-
cutes theimplicit wait statement.

2—Thetime at which a process executes after being resumed by await statement (see 8.1) differs depending on whether
the process is postponed or nonpostponed. When a honpostponed process is resumed, it executes in the current simula-
tion cycle (see 2.6.4). When a postponed processis resumed, it does not execute until asimulation cycle occursin which
the next simulation cycleis not adelta cycle. In this way, a postponed process accesses the values of signalsthat are the
“final” values at the current simulated time.

3—The conditions that cause a process to resume execution may no longer hold at the time the process resumes
execution if the process is a postponed process.

9.3 Concurrent procedure call statements

A concurrent procedure call statement represents a process containing the corresponding sequential
procedure call statement.
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concurrent_procedure_call_statement ::=
[ 1abel : ] [ postponed ] procedure call ;

For any concurrent procedure call statement, there is an equivalent process statement. The equivalent pro-
cess statement is a postponed process if and only if the concurrent procedure call statement includes the
reserved word postponed. The equivalent process statement has alabel if and only if the concurrent proce-
dure call statement has a label; if the equivalent process statement has a label, it is the same as that of the
concurrent procedure call statement. The equivalent process statement also has no sensitivity list, an empty
declarative part, and a statement part that consists of a procedure call statement followed by a wait
statement.

The procedure call statement consists of the same procedure name and actual parameter part that appear in
the concurrent procedure call statement.

If there exists aname that denotes asignal in the actual part of any association element in the concurrent pro-
cedure call statement, and that actual is associated with a formal parameter of mode in or inout, then the
equivalent process statement includes a final wait statement with a sensitivity clause that is constructed by
taking the union of the sets constructed by applying the rule of 8.1 to each actual part associated with a
formal parameter.

Execution of a concurrent procedure call statement is equivalent to execution of the equivalent process
statement.

Example:
CheckTiming (tPLH, tPHL, CIk, D, Q); -- A concurrent procedure call statement.
process -- Theequivaent process.
begin

CheckTiming (tPLH, tPHL, CIk, D, Q);
wait on Clk, D, Q;
end process;

NOTES

1—Concurrent procedure call statements make it possible to declare procedures representing commonly used processes
and to create such processes easily by merely calling the procedure as a concurrent statement. The wait statement at the
end of the statement part of the equivalent process statement allows a procedure to be called without having it loop inter-
minably, even if the procedure is not necessarily intended for use as aprocess (i.e., it contains no wait statement). Such a
procedure may persist over time (and thus the values of its variables may retain state over time) if its outermost statement
is aloop statement and the loop contains a wait statement. Similarly, such a procedure may be guaranteed to execute
only once, at the beginning of simulation, if itslast statement is await statement that has no sensitivity clause, condition
clause, or timeout clause.

2—Thevaue of an implicitly declared signal GUARD has no effect on evaluation of a concurrent procedure call unless
it is explicitly referenced in one of the actual parts of the actual parameter part of the concurrent procedure call
statement.

9.4 Concurrent assertion statements

A concurrent assertion statement represents a passive process statement containing the specified assertion
Statement.

concurrent_assertion_statement ::=
[ 1abel : ] [ postponed ] assertion ;
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For any concurrent assertion statement, there is an equivalent process statement. The equivalent process
statement is a postponed processif and only if the concurrent assertion statement includes the reserved word
postponed. The equivalent process statement has alabel if and only if the concurrent assertion statement has
alabel; if the equivalent process statement hasalabel, it is the same as that of the concurrent assertion state-
ment. The equivalent process statement also has no sensitivity list, an empty declarative part, and a statement
part that consists of an assertion statement followed by await statement.

The assertion statement consists of the same condition, report clause, and severity clause that appear in the
concurrent assertion statement.

If there exists a name that denotes a signal in the Boolean expression that defines the condition of the asser-
tion, then the equivalent process statement includes a final wait statement with a sensitivity clause that is
constructed by applying the rule of 8.1 to that expression; otherwise, the equivalent process statement con-
tains afinal wait statement that has no explicit sensitivity clause, condition clause, or timeout clause.

Execution of a concurrent assertion statement is equivalent to execution of the equivalent process statement.
NOTES

1—Since a concurrent assertion statement represents a passive process statement, such a process has no outputs. There-
fore, the execution of a concurrent assertion statement will never cause an event to occur. However, if the assertion is
false, then the specified error message will be sent to the simulation report.

2—The value of an implicitly declared signal GUARD has no effect on evaluation of the assertion unlessit is explicitly
referenced in one of the expressions of that assertion.

3—A concurrent assertion statement whose condition is defined by a static expression is equivalent to a process state-
ment that ends in a wait statement that has no sensitivity clause; such a process will execute once through at the
beginning of simulation and then wait indefinitely.

9.5 Concurrent signal assignment statements

A concurrent signal assignment statement represents an equivalent process statement that assigns values to
signals.

concurrent_signal_assignment_statement ::=
[ label : ] [ postponed ] conditional_signal_assignment
| [ label : ][ postponed ] selected signal_assignment

options ::= [ guarded ] [ delay_mechanism ]

There are two forms of the concurrent signal assignment statement. For each form, the characteristics that
distinguish it are discussed in the following paragraphs.

Each form may include one or both of the two options guarded and a delay mechanism (see 8.4 for the
delay mechanism, 9.5.1 for the conditional signal assignment statement, and 9.5.2 for the selected signal
assignment statement). The option guar ded specifies that the signal assignment statement is executed when
asignal GUARD changes from FAL SE to TRUE, or when that signal has been TRUE and an event occurs on
one of the signal assignment statement’s inputs. (The signal GUARD may be one of the implicitly declared
GUARD signals associated with block statements that have guard expressions, or it may be an explicitly
declared signal of type Boolean that is visible at the point of the concurrent signal assignment statement.)
The delay mechanism option specifies the pulse rejection characteristics of the signal assignment statement.

If the target of a concurrent signal assignment is a name that denotes a guarded signal (see 4.3.1.2), or if it is
in the form of an aggregate and the expression in each element association of the aggregate is a static signal
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name denoting a guarded signal, then the target is said to be a guarded target. If the target of a concurrent
signal assignment is a name that denotes a signal that is not a guarded signal, or if it isin the form of an
aggregate and the expression in each element association of the aggregate is a static signal name denoting a
signal that is not aguarded signal, then the target is said to be an unguarded target. It is an error if the target
of a concurrent signal assignment is neither a guarded target nor an unguarded target.

For any concurrent signal assignment statement, there is an equivalent process statement with the same
meaning. The process statement equivalent to a concurrent signal assignment statement whose target isa sig-
nal name is constructed as follows:

a)
b)

0

d)

f)

If alabel appears on the concurrent signal assignment statement, then the same label appears on the
process statement.

The equivalent process statement is a postponed process if and only if the concurrent signal assign-
ment statement includes the reserved word postponed.

If the delay mechanism option appears in the concurrent signal assignment, then the same delay
mechanism appears in every signal assignment statement in the process statement; otherwise, it
appears in no signal assignment statement in the process statement.

The statement part of the equivalent process statement consists of a statement transform (described
below).

If the option guarded appears in the concurrent signal assignment statement, then the concurrent
signal assignment is called a guarded assignment. If the concurrent signal assignment statement is a
guarded assignment, and if the target of the concurrent signal assignment is a guarded target, then
the statement transform is as follows:

if GUARD then
signal_transform

else
disconnection_statements

end if ;

Otherwise, if the concurrent signal assignment statement is a guarded assignment, but if the target of
the concurrent signal assignment is not a guarded target, then the statement transform is as follows:

if GUARD then
signal_transform
end if ;

Finaly, if the concurrent signal assignment statement is not a guarded assignment, and if the target
of the concurrent signal assignment is not a guarded target, then the statement transform is as
follows:

signal_transform

Itisan error if aconcurrent signal assignment is not a guarded assignment and the target of the con-
current signal assignment is a guarded target.

A signal transform is either a sequential signal assignment statement, an if statement, a case
statement, or a null statement. If the signal transform is an if statement or a case statement, then it
contains either sequential signal assignment statements or null statements, one for each of the alter-
native waveforms. The signa transform determines which of the alternative waveforms is to be
assigned to the output signals.

If the concurrent signal assignment statement is a guarded assignment, or if any expression (other
than a time expression) within the concurrent signal assignment statement references a signal, then
the process statement contains afinal wait statement with an explicit sensitivity clause. The sensitiv-
ity clause is constructed by taking the union of the sets constructed by applying the rule of 8.1 to
each of the aforementioned expressions. Furthermore, if the concurrent signal assignment statement
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is a guarded assignment, then the sensitivity clause also contains the simple name GUARD. (The
signals identified by these names are called the inputs of the signal assignment statement.) Other-
wise, the process statement contains a final wait statement that has no explicit sensitivity clause,
condition clause, or timeout clause.

Under certain conditions (see above) the equivalent process statement may contain a sequence of disconnec-
tion statements. A disconnection statement is a sequential signal assignment statement that assigns a null
transaction to its target. If a sequence of disconnection statements is present in the equivalent process state-
ment, the sequence consists of one sequentia signal assignment for each scalar subelement of the target of
the concurrent signal assignment statement. For each such sequentia signal assignment, the target of the
assignment is the corresponding scalar subelement of the target of the concurrent signal assignment, and the
waveform of the assignment is a null waveform element whose time expression is given by the applicable
disconnection specification (see 5.3).

If the target of a concurrent signal assignment statement isin the form of an aggregate, then the same trans-
formation applies. Such a target may only contain locally static signal names, and a signal may not be
identified by more than one signal name.

Itisan error if anull waveform element appears in awaveform of a concurrent signal assignment statement.

Execution of a concurrent signal assignment statement is equivalent to execution of the equivalent process
Statement.

NOTES

1—A concurrent signal assignment statement whose waveforms and target contain only static expressions is equivalent
to a process statement whose final wait statement has no explicit sensitivity clause, so it will execute once through at the
beginning of simulation and then suspend permanently.

2—A concurrent signal assignment statement whose waveforms are all the reserved word unaffected has no drivers for
the target, since every waveform in the concurrent signal assignment statement is transformed to the statement

null;

in the equivalent process statement. See 9.5.1.

9.5.1 Conditional signal assignments

The conditional signal assignment represents a process statement in which the signal transform is an if
Statement.

conditional_signal_assignment ::=
target <= options conditional_waveforms;

conditional_waveforms ::=
{ waveform when condition else}
waveform [ when condition ]

The options for a conditional signal assignment statement are discussed in 9.5.

For a given conditional signal assignment, there is an equivalent process statement corresponding to it as
defined for any concurrent signal assignment statement. If the conditional signal assignment is of the form

target <= optionswaveforml1 when conditionl else
waveform2 when condition2 else
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waveformN-1 when conditionN-1 else
waveformN when conditionN;

then the signal transform in the corresponding process statement is of the form
if conditionl1 then
wave_transforml

elsif condition2 then
wave_transform2

elsif conditionN—1 then
wave_transformN-1
elsif conditionN then
wave_transformN
end if ;

If the conditional waveform is only a single waveform, the signa transform in the corresponding process
statement is of the form

wave_transform

For any waveform, there is a corresponding wave transform. If the waveform is of the form
waveform_elementl, waveform_element?2, ..., waveform_elementN

then the wave transform in the corresponding process statement is of the form

target <= [ delay_mechanism | waveform_elementl, waveform_element?, ...,
waveform_elementN;

If the waveform is of the form
unaffected

then the wave transform in the corresponding process statement is of the form
null;

In this example, the final null causes the driver to be unchanged, rather than disconnected. (Thisis the null
statement—not a null waveform element).

The characteristics of the waveforms and conditions in the conditional assignment statement must be such
that the if statement in the equivalent process statement is alegal statement.

Example:

S <= unaffected when Input_pin = SDrivingValue else
Input_pin after Buffer_Delay;

NOTE—The wave transform of a waveform of the form unaffected is the null statement, not the null transaction.
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9.5.2 Selected signal assignments

The selected signal assignment represents a process statement in which the signal transform is a case state-
ment.

selected signal_assignment ::=
with expression select
target <= options selected waveforms;

selected waveforms ::=
{ waveform when choices, }
waveform when choices

The options for a selected signal assignment statement are discussed in 9.5.

For a given selected signal assignment, there is an equivalent process statement corresponding to it as
defined for any concurrent signal assignment statement. If the selected signal assignment is of the form

with expression select
target <= options waveforml when choice listl,
waveform2 when choice list2,

waveformN—-1  when choice listN-1,
waveformN when choice listN ;

then the signal transform in the corresponding process statement is of the form

case expression is
when choice listl =>
wave_transforml
when choice list2 =>
wave_transform2

when choice listN-1 =>
wave_transformN-1
when choice_listN =>
wave_transformN
end case;

Wave transforms are defined in 9.5.1.

The characteristics of the select expression, the waveforms, and the choices in the selected assignment state-
ment must be such that the case statement in the equivalent process statement is alegal statement.

9.6 Component instantiation statements

A component instantiation statement defines a subcomponent of the design entity in which it appears, asso-
ciates signals, quantities, terminals, or values with the ports of that subcomponent, and associates values
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with generics of that subcomponent. This subcomponent is one instance of a class of components defined by
a corresponding component declaration, design entity, or configuration declaration.

component_instantiation_statement ::=
instantiation_label :
instantiated _unit
[ generic_map_aspect |
[ port_map_aspect] ;

instantiated unit ::=
[ component ] component_name
| entity entity name [ ( architecture identifier ) ]
| configur ation configuration_name

The component name, if present, must be the name of a component declared in a component declaration.
The entity name, if present, must be the name of a previously analyzed entity interface; if an architecture
identifier appears in the instantiated unit, then that identifier must be the same as the simple name of an
architecture body associated with the entity declaration denoted by the corresponding entity name. The
architecture identifier defines a simple name that is used during the elaboration of a design hierarchy to
select the appropriate architecture body. The configuration name, if present, must be the name of a previ-
ously analyzed configuration declaration. The generic map aspect, if present, optionally associates a single
actual with each local generic (or member thereof) in the corresponding component declaration or entity
interface. Each local generic (or member thereof) must be associated at most once. Similarly, the port map
aspect, if present, optionally associates a single actual with each local port (or member thereof) in the corre-
sponding component declaration or entity interface. Each local port (or member thereof) must be associated
at most once. The generic map and port map aspects are described in 5.2.1.2.

If an instantiated unit containing the reserved word entity does not contain an explicitly specified architec-
ture identifier, then the architecture identifier isimplicitly specified according to therulesgivenin 5.2.2. The
architecture identifier defines a simple name that is used during the elaboration of a design hierarchy to
select the appropriate architecture body.

A component instantiation statement and a corresponding configuration specification, if any, taken together,
imply that the block hierarchy within the design entity containing the component instantiation is to be
extended with a unique copy of the block defined by another design entity. The generic map and port map
aspects in the component instantiation statement and in the binding indication of the configuration specifica-
tion identify the connections that are to be made in order to accomplish the extension.

NOTES

1—A configuration specification can be used to bind a particular instance of a component to a design entity and to asso-
ciate the local generics and local ports of the component with the formal generics and formal ports of that design entity.
A configuration specification may apply to a component instantiation statement only if the name in the instantiated unit
of the component instantiation statement denotes a component declaration. See 5.2.

2—The component instantiation statement may be used to imply a structural organization for a hardware design. By
using component declarations, signals, quantities, terminals, and component instantiation statements, agiven (internal or
externa) block may be described in terms of subcomponents that are interconnected by signals, quantities, and termi-
nals.

3—Component instantiation provides away of structuring the logical decomposition of a design. The precise structural
or behavioral characteristics of a given subcomponent may be described later, provided that the instantiated unit is a
component declaration. Component instantiation also provides a mechanism for reusing existing designs in a design
library. A configuration specification can bind a given component instance to an existing design entity, even if the gener-
ics and ports of the entity declaration do not precisely match those of the component (provided that the instantiated unit
is a component declaration); if the generics or ports of the entity declaration do not match those of the component, the
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configuration specification must contain a generic map or port map, as appropriate, to map the generics and ports of the
entity declaration to those of the component.

9.6.1 Instantiation of a component

A component instantiation statement whose instantiated unit contains a name denoting a component is
equivalent to a pair of nested block statements that couple the block hierarchy in the containing design unit
to a unique copy of the block hierarchy contained in another design unit (i.e., the subcomponent). The outer
block represents the component declaration; the inner block represents the design entity to which the compo-
nent is bound. Each is defined by a block statement.

The header of the block statement corresponding to the component declaration consists of the generic and
port clauses (if present) that appear in the component declaration, followed by the generic map and port map
aspects (if present) that appear in the corresponding component instantiation statement. The meaning of any
identifier appearing in the header of this block statement is associated with the corresponding occurrence of
the identifier in the generic clause, port clause, generic map aspect, or port map aspect, respectively. The
statement part of the block statement corresponding to the component declaration consists of a nested block
statement corresponding to the design entity.

The header of the block statement corresponding to the design entity consists of the generic and port clauses
(if present) that appear in the entity declaration that defines the interface to the design entity, followed by the
generic map and port map aspects (if present) that appear in the binding indication that binds the component
instance to that design entity. The declarative part of the block statement corresponding to the design entity
consists of the declarative items from the entity declarative part, followed by the declarative items from the
declarative part of the corresponding architecture body. The statement part of the block statement corre-
sponding to the design entity consists of the concurrent statements from the entity statement part, followed
by the architecture statements from the statement part of the corresponding architecture body. The meaning
of any identifier appearing anywherein this block statement is that associated with the corresponding occur-
rence of the identifier in the entity declaration or architecture body, respectively.

For example, consider the following component declaration, instantiation, and corresponding configuration
specification:

component
COMP port (A,B : inout BIT);
end component;

for C: COMP use
entity X(Y)
port map (PL=>A, P2=>B);

C COMP port map (A => S1, B => S2);
Given the following entity declaration and architecture declaration:

entity X is
port (P1, P2 : inout BIT);
constant Delay: Time:= 1 ms;
begin
CheckTiming (P1, P2, 2* Delay);
end X ;
architectureY of X is
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signal P3: Bit;

begin
P3 <= P1 after Delay;
P2 <= P3 after Delay;
B: block

end block;
endY;
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then the following block statements implement the coupling between the block hierarchy in which compo-
nent instantiation statement C appears and the block hierarchy contained in design entity X(Y):

C: block -- Component block.
port (A,B : inout BIT);
port map (A =>S1, B => S2);
begin

X: block -- Design entity block.
port (P1, P2 : inout BIT);
port map (P1=>A, P2=>B);
constant Delay: Time:= 1 ms;
signal P3: Bit;

begin

CheckTiming (P1, P2, 2* Delay);
P3 <= P1 after Delay;
P2 <= P3 after Delay;
B: block -- Internal block hierarchy.

end block;
end block X ;
end block C;

-- Loca ports.
-- Actual/local binding.

-- Formal ports.

-- Loca/formal binding.

-- Entity declarative item.

-- Architecture declarative item.

-- Entity statement.
-- Architecture statements.

The block hierarchy extensionsimplied by component instantiation statements that are bound to design enti-
ties are accomplished during the elaboration of a design hierarchy (see Clause 12).

9.6.2 Instantiation of a design entity

A component instantiation statement whose instantiated unit denotes either adesign entity or a configuration
declaration is equivalent to a pair of nested block statements that couple the block hierarchy in the
containing design unit to a unique copy of the block hierarchy contained in another design unit (i.e., the sub-
component). The outer block represents the component instantiation statement; the inner block represents
the design entity to which the instance is bound. Each is defined by a block statement.
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The header of the block statement corresponding to the component instantiation statement is empty, asisthe
declarative part of this block statement. The statement part of the block statement corresponding to the com-
ponent declaration consists of a hested block statement corresponding to the design entity.

The header of the block statement corresponding to the design entity consists of the generic and port clauses
(if present) that appear in the entity declaration that defines the interface to the design entity, followed by the
generic map and port map aspects (if present) that appear in the component instantiation statement that binds
the component instance to a copy of that design entity. The declarative part of the block statement corre-
sponding to the design entity consists of the declarative items from the entity declarative part, followed by the
declarative items from the declarative part of the corresponding architecture body. The statement part of the
block statement corresponding to the design entity consists of the concurrent statements from the entity state-
ment part, followed by the architecture statements from the statement part of the corresponding architecture
body. The meaning of any identifier appearing anywhere in this block statement is that associated with the
corresponding occurrence of the identifier in the entity declaration or architecture body, respectively.

For example, consider the following design entity:

entity X is
port (P1, P2: inout BIT);
constant Delay: DELAY_LENGTH :=1ms;
use WORK.TimingChecks.all;
begin
CheckTiming (P1, P2, 2* Delay);
end entity X;

architectureY of X is
signal P3: BIT;

begin
P3 <= P1 after Delay;
P2 <= P3 after Delay;
B: block

end block B;
end architectureY;

This design entity isinstantiated by the following component instantiation statement:
C: entity Work.X (Y) port map (P1=> S1, P2 => S2);

The following block statements implement the coupling between the block hierarchy in which component
instantiation statement C appears and the block hierarchy contained in design entity X(Y):

C: block -- Instance block.
begin
X: block -- Design entity block.
port (P1, P2: inout BIT); -- Entity interface ports.
port map (P1=> S1, P2 => S2); -- Instantiation statement port map.
constant Delay: DELAY_LENGTH :=1ms; -- Entity declarative items.
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use WORK.TimingChecks.all;
signal P3: BIT;

begin
CheckTiming (P1, P2, 2*Delay);
P3 <= P1 after Delay;
P2 <= P3 after Delay;
B: block

end block B;
end block X;
end block C;

IEEE
Std 1076.1-1999
-- Architecture declarative item.

-- Entity statement.
-- Architecture statements.

Moreover, consider the following design entity, which is followed by an associated configuration declaration

and component instantiation:

entity X is
port (P1, P2: inout BIT);

constant Delay: DELAY_LENGTH :=1ms;

use WORK.TimingChecks.all;
begin

CheckTiming (P1, P2, 2* Delay);
end entity X;

architectureY of X is
signal P3: BIT;

begin
P3 <= P1 after Delay;
P2 <= P3 after Delay;
B: block

end block B;
end architectureY;

The configuration declaration is

configuration Alphaof X is
forY

end for;
end configuration Alpha;
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The component instantiation is
C: configuration Work.Alpha port map (P1=> S1, P2 => S2);

The following block statements implement the coupling between the block hierarchy in which component
instantiation statement C appears and the block hierarchy contained in design entity X(Y):

C: block -- Instance block.
begin
X: block -- Design entity block.
port (P1, P2: inout BIT);
port map (P1=> S1, P2 => S2);
constant Delay: DELAY_LENGTH :=1ms;
use WORK.TimingChecks.all;
signal P3: BIT;
begin
CheckTiming (P1, P2, 2* Delay); - Entity statement.
P3 <= P1 after Delay; -- Architecture statements.
P2 <= P3 after Delay;
B: block

Entity interface ports.
Instantiation statement port map.
Entity declarative items.

Architecture declarative item.

end block B;
end block X;
end block C;

The block hierarchy extensionsimplied by component instantiation statements that are bound to design enti-
ties occur during the elaboration of adesign hierarchy (see Clause 12).

9.7 Generate statements

A generate statement provides a mechanism for iterative or conditional elaboration of a portion of a
description.

generate_statement ::=
generate |abdl :
generation_scheme gener ate
[ { block_declarative item}
begin ]
{ architecture_statement }
end generate[ generate label ] ;

generation_scheme ::=
for generate parameter specification
| if condition

label == identifier
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If alabel appears at the end of a generate statement, it must repeat the generate label.

For a generate statement with afor generation scheme, the generate parameter specification is the declara-
tion of the generate parameter with the given identifier. The generate parameter is a constant object whose
type is the base type of the discrete range of the generate parameter specification.

The discrete range in a generation scheme of the first form must be a static discrete range; similarly, the con-
dition in a generation scheme of the second form must be a static expression.

The elaboration of a generate statement is described in 12.4.2.
Example:

Gen: block
begin
L1: CELL port map (Top, Bottom, A(0), B(0)) ;
L2: for I in 1to 3 generate
L3: for Jin 1to 3 generate
L4 if 1+3>4 generate
L5: CELL port map (A(1-1),B(J-1),A(1),B(J)) ;
end generate;
end generate;
end generate;

L6: for 1 in 1to 3 generate
L7: for Jin 1to 3 generate
L8: if 1+J<4 generate
L9: CELL port map (A(1+1),B(3+1),A(1),B(J) ;
end generate;
end generate;
end generate ;
end block Gen;

9.8 Concurrent break statement
The concurrent break statement represents a process containing a break statement.

concurrent_break_statement ::=
[ 1abel : ] break [ break_list] [ sensitivity_clause] [ when condition] ;

For any concurrent break statement there is an equivalent process statement. The equivalent process state-
ment has alabel if and only if the concurrent break statement has alabel; if the equivalent process statement
has alabel it isthe same as that of the concurrent break statement. The equivalent process statement does not
include the reserved word postponed, has no sensitivity list, an empty declarative part, and a statement part
that consists of a break statement followed by await statement.

If the concurrent break statement includes a condition, then the break statement of the equivalent process
statement contains a when clause with the same condition as the concurrent break statement; otherwise the
break statement does not contain awhen clause. If the concurrent break statement includes a break list, then
the break statement contains the same break list; otherwise the break statement does not contain a break list.

If the concurrent break statement has a sensitivity clause then, the wait statement of the equivalent process
statement contains the same sensitivity clause; otherwise, if a name that denotes a signal appears in the
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Boolean expression that defines the condition of the break, then the wait statement includes a sensitivity
clause that is constructed by applying the rule of 8.1 to that expression; otherwise the wait statement con-
tains no sensitivity clause. The wait statement does not contain a condition clause or a timeout clause.
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10. Scope and visibility

The rules defining the scope of declarations and the rules defining which identifiers are visible at various
points in the text of the description are presented in this clause. The formulation of these rules uses the
notion of a declarative region.

10.1 Declarative region

A declarative region is a portion of the text of the description. A single declarative region is formed by the
text of each of the following:

a)  Anentity declaration together with a corresponding architecture body
b) A configuration declaration

¢) A subprogram declaration, together with the corresponding subprogram body
d) A package declaration together with the corresponding body (if any)
€) A record type declaration

f) A component declaration

g) A block statement

h) A process statement

i) A simultaneous procedural statement

i) Aloop statement

k) A block configuration

I) A component configuration

m) A generate statement

In each of these cases, the declarative region is said to be associated with the corresponding declaration or
statement. A declaration is said to occur immediately within a declarative region if this region is the inner-
most region that encloses the declaration, not counting the declarative region (if any) associated with the
declaration itself.

Certain declarative regions include digjoint parts. Each declarative region is nevertheless considered as a
(logically) continuous portion of the description text. Hence, if any rule defines a portion of text as the text
that extends from some specific point of adeclarative region to the end of this region, then this portion isthe
corresponding subset of the declarative region (thus, it does not include intermediate declarative items
between the interface declaration and a corresponding body declaration).

10.2 Scope of declarations

For each form of declaration, the language rules define a certain portion of the description text called the
scope of the declaration. The scope of adeclaration is aso called the scope of any named entity declared by
the declaration. Furthermore, if the declaration associates some notation (either an identifier, a character lit-
eral, or an operator symbol) with the named entity, this portion of the text is also called the scope of this
notation. Within the scope of anamed entity, and only there, there are placeswhereit islegal to use the asso-
ciated notation in order to refer to the named entity. These places are defined by the rules of visibility and
overloading.

The scope of adeclaration that occursimmediately within a declarative region extends from the beginning of
the declaration to the end of the declarative region; this part of the scope of adeclaration is called the imme-
diate scope. Furthermore, for any of the declarations in the following list, the scope of the declaration
extends beyond the immediate scope:

a) A declaration that occurs immediately within a package declaration
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b) Anelement declaration in arecord type declaration

c¢) A formal parameter declaration in a subprogram declaration
d) A loca generic declaration in acomponent declaration

e) A local port declaration in a component declaration

f) A formal generic declaration in an entity declaration

g) A formal port declaration in an entity declaration

In the absence of a separate subprogram declaration, the subprogram specification given in the subprogram
body acts as the declaration, and rule c) applies aso in such acase. In each of these cases, the given declara-
tion occursimmediately within some enclosing declaration, and the scope of the given declaration extendsto
the end of the scope of the enclosing declaration.

In addition to the above rules, the scope of any declaration that includes the end of the declarative part of a
given block (whether it be an external block defined by a design entity or an internal block defined by a
block statement) extends into a configuration declaration that configures the given block.

If a component configuration appears as a configuration item immediately within a block configuration that
configures a given block, and if the scope of a given declaration includes the end of the declarative part of
that block, then the scope of the given declaration extends from the beginning to the end of the declarative
region associated with the given component configuration. A similar rule applies to a block configuration
that appears as a configuration item immediately within another block configuration, provided that the con-
tained block configuration configures an interna block. Furthermore, the scope of a use clause is similarly
extended. Finally, the scope of a library unit contained within a design library is extended along with the
scope of the logical library name corresponding to that design library.

NOTE—These scope rules apply to al forms of declaration. In particular, they apply also to implicit declarations.

10.3 Visibility

The meaning of the occurrence of an identifier at a given place in the text is defined by the visibility rules
and also, in the case of overloaded declarations, by the overloading rules. The identifiers considered in this
clause include any identifier other than a reserved word or attribute designator that denotes a predefined
attribute. The places considered in this clause are those where a lexical element (such as an identifier)
occurs. The overloaded declarations considered in this clause are those for subprograms and enumeration lit-
erals.

For each identifier and at each place in the text, the visibility rules determine a set of declarations (with this
identifier) that define the possible meanings of an occurrence of the identifier. A declaration is said to be vis-
ible at a given place in the text when, according to the visibility rules, the declaration defines a possible
meaning of this occurrence. Two cases may arise in determining the meaning of such a declaration:

— The visihility rules determine at most one possible meaning. In such a case, the visibility rules are
sufficient to determine the declaration defining the meaning of the occurrence of the identifier, or in
the absence of such a declaration, to determine that the occurrenceis not legal at the given point.

— Thevisihility rules determine more than one possible meaning. In such a case, the occurrence of the
identifier islegal at this point if and only if exactly one visible declaration is acceptable for the over-
loading rulesin the given context.

A declaration is only visible within a certain part of its scope; this part starts at the end of the declaration

except in the declaration of a design unit, in which case it starts immediately after the reserved word is
occurring after the identifier of the design unit. Thisrule appliesto both explicit and implicit declarations.
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Visihility is either by selection or direct. A declaration is visible by selection at places that are defined as
follows:

a)

b)

0)
d)

e

f)

9)

h)

)

k)

For a primary unit contained in alibrary: at the place of the suffix in a selected name whose prefix
denotes the library.

For an architecture body associated with a given entity declaration: at the place of the block specifi-
cation in a block configuration for an external block whose interface is defined by that entity
declaration.

For an architecture body associated with a given entity declaration: at the place of an architecture
identifier (between the parentheses) in the first form of an entity aspect in abinding indication.

For a declaration given in a package declaration: at the place of the suffix in a selected name whose
prefix denotes the package.

For an element declaration of a given record type or nature declaration: at the place of the suffix ina
selected name whose prefix is appropriate for the type or nature; also at the place of a choice (before
the compound delimiter =>) in a named element association of an aggregate of the type or nature.

For a user-defined attribute: at the place of the attribute designator (after the delimiter ') in an
attribute name whose prefix denotes a named entity with which that attribute has been associated.

For a formal parameter declaration of a given subprogram declaration: at the place of the formal
designator in a formal part (before the compound delimiter =>) of a named parameter association
element of a corresponding subprogram call.

For alocal generic declaration of a given component declaration: at the place of the formal designa-
tor in aformal part (before the compound delimiter =>) of a named generic association element of a
corresponding component instantiation statement; similarly, at the place of the actual designator in
an actual part (after the compound delimiter =>, if any) of a generic association element of a corre-
sponding binding indication.

For alocal port declaration of agiven component declaration: at the place of the formal designator in
aformal part (before the compound delimiter =>) of a named port association element of a corre-
sponding component instantiation statement; similarly, at the place of the actual designator in an
actual part (after the compound delimiter =>, if any) of a port association element of a correspond-
ing binding indication.

For aformal generic declaration of agiven entity declaration: at the place of the formal designator in
aformal part (before the compound delimiter =>) of a named generic association element of a corre-
sponding binding indication; similarly, at the place of the formal designator in aformal part (before
the compound delimiter =>) of a generic association element of a corresponding component instan-
tiation statement when the instantiated unit is a design entity or a configuration declaration.

For aformal port declaration of a given entity declaration: at the place of the formal designator in a
formal part (before the compound delimiter =>) of a named port association element of a corre-
sponding binding specification; similarly, at the place of the formal designator in a formal part
(before the compound delimiter =>) of a port association element of a corresponding component
instantiation statement when the instantiated unit is a design entity or a configuration declaration.

For aformal generic declaration or aformal port declaration of agiven block statement: at the place
of the formal designator in aformal part (before the compound delimiter =>) of a named association
element of a corresponding generic or port map aspect.

Finally, within the declarative region associated with a construct other than a record type or nature
declaration, any declaration that occurs immediately within the region and that also occurs textually within
the construct is visible by selection at the place of the suffix of an expanded name whose prefix denotes the
construct.

Whereit isnot visible by selection, avisible declaration is said to be directly visible. A declaration is said to
be directly visible within a certain part of itsimmediate scope; this part extends to the end of the immediate
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scope of the declaration but excludes places where the declaration is hidden as explained in the following
paragraphs. In addition, a declaration occurring immediately within the visible part of a package can be
made directly visible by means of a use clause according to the rules described in 10.4.

A declaration is said to be hidden within (part of) an inner declarative region if the inner region contains a
homograph of this declaration; the outer declaration is then hidden within the immediate scope of the inner
homograph. Each of two declarations is said to be a homograph of the other if both declarations have the
same identifier, operator symbol, or character literal, and if overloading is allowed for at most one of the
two. If overloading is allowed for both declarations, then each of the two is a homograph of the other if they
have the same identifier, operator symbol, or character literal, as well as the same parameter and result type
profile (see 3.1.1).

Within the specification of a subprogram, every declaration with the same designator as the subprogram is
hidden. Where hidden in this manner, adeclaration is visible neither by selection nor directly.

Two declarations that occur immediately within the same declarative region must not be homographs, unless
exactly one of them is the implicit declaration of a predefined operation. In such cases, a predefined
operation is always hidden by the other homograph. Where hidden in this manner, an implicit declaration is
hidden within the entire scope of the other declaration (regardless of which declaration occurs first); the
implicit declaration is visible neither by selection nor directly.

Whenever a declaration with a certain identifier is visible from a given point, the identifier and the named
entity (if any) are also said to be visible from that point. Direct visibility and visibility by selection are
likewise defined for character literals and operator symbols. An operator is directly visible if and only if the
corresponding operator declaration is directly visible.

In addition to the aforementioned rules, any declaration that is visible by selection at the end of the
declarative part of a given (external or internal) block is visible by selection in a configuration declaration
that configures the given block.

In addition, any declaration that is directly visible at the end of the declarative part of a given block is
directly visible in a block configuration that configures the given block. This rule holds unless a use clause
that makes a homograph of the declaration potentially visible (see 10.4) appears in the corresponding config-
uration declaration, and if the scope of that use clause encompasses al or part of those configuration items.
If such a use clause appears, then the declaration will be directly visible within the corresponding configura-
tion items, except at those places that fall within the scope of the additional use clause. At such places,
neither name will be directly visible.

If a component configuration appears as a configuration item immediately within a block configuration that
configures agiven block, and if agiven declaration isvisible by selection at the end of the declarative part of
that block, then the given declaration is visible by selection from the beginning to the end of the declarative
region associated with the given component configuration. A similar rule applies to a block configuration
that appears as a configuration item immediately within another block configuration, provided that the con-
tained block configuration configures an internal block.

If a component configuration appears as a configuration item immediately within a block configuration that
configures a given block, and if agiven declaration is directly visible at the end of the declarative part of that
block, then the given declaration is visible by selection from the beginning to the end of the declarative
region associated with the given component configuration. A similar rule applies to a block configuration
that appears as a configuration item immediately within another block configuration, provided that the con-
tained block configuration configures an internal block. Furthermore, the visibility of declarations made
directly visible by a use clause within ablock is similarly extended. Finally, the visibility of alogical library
name corresponding to adesign library directly visible at the end of ablock is similarly extended. The rules
of this paragraph hold unless a use clause that makes a homograph of the declaration potentially visible
appears in the corresponding block configuration, and if the scope of that use clause encompasses al or part
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of those configuration items. If such a use clause appears, then the declaration will be directly visible within
the corresponding configuration items, except at those places that fall within the scope of the additional use
clause. At such places, neither name will be directly visible.

NOTES

1—The same identifier, character literal, or operator symbol may occur in different declarations and may thus be associ-
ated with different named entities, even if the scopes of these declarations overlap. Overlap of the scopes of declarations
with the same identifier, character literal, or operator symbol can result from overloading of subprograms and of enumer-
ation literals. Such overlaps can aso occur for named entities declared in the visible parts of packages and for formal
generics and ports, record elements, and formal parameters, where there is overlap of the scopes of the enclosing pack-
age declarations, entity interfaces, record type declarations, or subprogram declarations. Finally, overlapping scopes can
result from nesting.

2—The rules defining immediate scope, hiding, and visibility imply that a reference to an identifier, character literal, or
operator symbol within its own declaration isillegal (except for design units). The identifier, character literal, or operator
symbol hides outer homographs within itsimmediate scope—that is, from the start of the declaration. On the other hand,
the identifier, character literal, or operator symbol isvisible only after the end of the declaration (again, except for design
units). For thisreason, all but the last of the following declarations are illegal:

constant K: INTEGER := K*K; - lllegal
constant T: T; - lllegal
procedure P (X: P); - lllegal
function Q (X: REAL := Q) return Q; -- Illegal

procedure R (R: REAL);

Legal (although perhaps confusing)

Example:
L1: block
signal A,B: Bit;
begin
L2: block
signal B: Bit ; -- Aninner homograph of B.
begin
A <= B after 5ns, -- MeansL1.A<=L2B
B <=L1.B after 10 ns; -- MeansL2.B<=L1B
end block ;
B <=A after 15ns; -- MeansL1.B<=L1A
end block ;

10.4 Use clauses

A use clause achieves direct visibility of declarations that are visible by selection.

use _clause::=
use selected_name{ , selected name} ;

Each selected name in a use clause identifies one or more declarations that will potentially become directly
visible. If the suffix of the selected name is a ssmple name, character literal, or operator symbol, then the
selected name identifies only the declaration(s) of that simple name, character literal, or operator symbol
contained within the package or library denoted by the prefix of the selected name. If the suffix is the
reserved word all, then the selected name identifies all declarations that are contained within the package or
library denoted by the prefix of the selected name.

For each use clause, there is a certain region of text called the scope of the use clause. This region starts
immediately after the use clause. If ause clauseis adeclarative item of some declarative region, the scope of
the clause extends to the end of the declarative region. If a use clause occurs within the context clause of a
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design unit, the scope of the use clause extends to the end of the declarative region associated with the
design unit. The scope of a use clause may additionally extend into a configuration declaration (see 10.2).

In order to determine which declarations are made directly visible at a given place by use clauses, consider
the set of declarations identified by all use clauses whose scopes enclose this place. Any declaration in this
set is a potentially visible declaration. A potentially visible declaration is actually made directly visible
except in the following two cases:

a) A potentially visible declaration is not made directly visible if the place considered is within the
immediate scope of a homograph of the declaration.

b) Potentially visible declarations that have the same designator are not made directly visible unless
each of them is either an enumeration literal specification or the declaration of a subprogram
(either by a subprogram declaration or by an implicit declaration).

NOTES

1—These rules guarantee that a declaration that is made directly visible by a use clause cannot hide an otherwise directly
visible declaration.

2—If anamed entity X declared in package P is made potentially visible within a package Q (e.g., by the inclusion of the
clause "use P.X;" in the context clause of package Q), and the context clause for design unit R includes the clause "use
Q.all;", this does not imply that X will be potentially visible in R. Only those named entities that are actually declared in
package Q will be potentially visible in design unit R (in the absence of any other use clauses).

10.5 The context of overload resolution
Overloading is defined for names, subprograms, and enumeration literals.

For overloaded entities, overload resolution determines the actual meaning that an occurrence of an identifier
or acharacter literal has whenever the visibility rules have determined that more than one meaning is accept-
able at the place of this occurrence; overload resolution likewise determines the actual meaning of an
occurrence of an operator or basic operation (see the introduction to Clause 3).

At such aplace, al visible declarations are considered. The occurrence is only legal if there is exactly one
interpretation of each constituent of the innermost complete context; a complete context is either a declara-
tion, a specification, or a statement.

When considering possible interpretations of a complete context, the only rules considered are the syntax
rules, the scope and visibility rules, and the rules of the form described below.

a) Any rulethat requires aname or expression to have a certain type or to have the same type as another
name or expression.

b)  Any rulethat requires the type of a name or expression to be a type of a certain class; similarly, any
rule that requires a certain type to be adiscrete, integer, floating point, physical, universal, character,
or Boolean type.

c) Any rulethat requires aprefix to be appropriate for a certain type.

d) Therules that require the type of an aggregate or string literal to be determinable solely from the
enclosing complete context. Similarly, the rules that require the type of the prefix of an attribute, the
type of the expression of a case statement, or the type of the operand of a type conversion to be
determinable independently of the context.

€) Therules given for the resolution of overloaded subprogram calls; for the implicit conversions of
universal expressions; for the interpretation of discrete ranges with bounds having a universal type;
and for the interpretation of an expanded name whose prefix denotes a subprogram.

f)  The rules given for the requirements on the return type, the number of formal parameters, and the
types of the formal parameters of the subprogram denoted by the resolution function name (see 2.4).
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NOTES

1—If there is only one possible interpretation of an occurrence of an identifier, character literal, operator symbol, or
string, that occurrence denotes the corresponding named entity. However, this condition does not mean that the occur-
renceis necessarily legal since other requirements exist that are not considered for overload resolution: for example, the
fact that the expression is static, the parameter modes, conformance rules, the use of named association in an indexed
name, the use of open in an indexed name, the use of a slice as an actual to afunction call, and so forth.

2—A loop parameter specification is a declaration, and hence a complete context.

3—Rules that require certain constructs to have the same parameter and result type profile fall under category a) above.
The same holds for rules that require conformance of two constructs, since conformance reguires that corresponding
names be given the same meaning by the visibility and overloading rules.
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11. Design units and their analysis

The overal organization of descriptions, as well as their analysis and subsequent definition in a design
library, are discussed in this clause.

11.1 Design units

Certain constructs may be independently analyzed and inserted into a design library; these constructs are
called design units. One or more design unitsin sequence comprise adesign file.

design file::= design_unit { design_unit }

design_unit ::= context_clause library_unit
library_unit ::=
primary_unit

| secondary_unit

primary_unit ::=
entity_declaration
| configuration_declaration
| package declaration

secondary_unit ::=
architecture_body
| package body

Design unitsin adesign file are analyzed in the textual order of their appearance in the design file. Analysis
of adesign unit defines the corresponding library unit in a design library. A library unit is either a primary
unit or a secondary unit. A secondary unit is a separately analyzed body of a primary unit resulting from a
previous analysis.

The name of a primary unit is given by the first identifier after the initial reserved word of that unit. Of the
secondary units, only architecture bodies are named; the name of an architecture body is given by the identi-
fier following the reserved word ar chitecture. Each primary unit in agiven library must have a simple name
that is unique within the given library, and each architecture body associated with a given entity declaration
must have a simple name that is unique within the set of names of the architecture bodies associated with
that entity declaration.

Entity declarations, architecture bodies, and configuration declarations are discussed in Clause 1. Package
declarations and package bodies are discussed in Clause 2.

11.2 Design libraries

A design library is an implementation-dependent storage facility for previously analyzed design units. A
given implementation is required to support any number of design libraries.

library clause ::= library logica _name list;
logical_name list ::= logica_name{ , logica_name}
logical_name ::= identifier
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A library clause defines logical names for design libraries in the host environment. A library clause appears
as part of a context clause at the beginning of adesign unit. There is a certain region of text called the scope
of alibrary clause; this region starts immediately after the library clause, and it extends to the end of the
declarative region associated with the design unit in which the library clause appears. Within this scope each
logical name defined by the library clause is directly visible, except where hidden in an inner declarative
region by a homograph of the logical name according to the rules of 10.3.

If two or more logical hames having the same identifier (see 13.3) appear in library clauses in the same con-
text clause, the second and subsequent occurrences of the logical name have no effect. The same is true of
logical names appearing both in the context clause of a primary unit and in the context clause of a corre-
sponding secondary unit.

Each logical name defined by the library clause denotes adesign library in the host environment.

For a given library logical name, the actual name of the corresponding design libraries in the host environ-
ment may or may not be the same. A given implementation must provide some mechanism to associate a
library logical name with a host-dependent library. Such a mechanism is not defined by the language.

There are two classes of design libraries: working libraries and resource libraries. A working library is the
library into which the library unit resulting from the analysis of adesign unit is placed. A resourcelibrary is
alibrary containing library units that are referenced within the design unit being analyzed. Only one library
may be the working library during the analysis of any given design unit; in contrast, any number of libraries
(including the working library itself) may be resource libraries during such an analysis.

Every design unit except package STANDARD is assumed to contain the following implicit context items as
part of its context clause:

library STD, WORK ; use STD.STANDARD.all ;
Library logical name STD denotes the design library in which package STANDARD and package TEXTIO
reside; these are the only standard packages defined by the language (see Clause 14). (The use clause makes
al declarations within package STANDARD directly visible within the corresponding design unit; see 10.4).
Library logical name WORK denotes the current working library during a given analysis.

The library denoted by the library logical nhame STD contains no library units other than package STAN-
DARD and package TEXTIO.

A secondary unit corresponding to a given primary unit may only be placed into the design library in which
the primary unit resides.

NOTE—The design of the language assumes that the contents of resource libraries named in al library clauses in the
context clause of adesign unit will remain unchanged during the analysis of that unit (with the possible exception of the
updating of the library unit corresponding to the analyzed design unit within the working library, if that library isalso a
resource library).

11.3 Context clauses

A context clause defines the initial name environment in which a design unit is analyzed.
context_clause ::= { context_item}
context_item ;=

library clause
| use_clause
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A library clause defines library logical names that may be referenced in the design unit; library clauses are
described in 11.2. A use clause makes certain declarations directly visible within the design unit; use clauses
are described in 10.4.

NOTE—The rules given for use clauses are such that the same effect is obtained whether the name of alibrary unit is
mentioned once or more than once by the applicable use clauses, or even within a given use clause.

11.4 Order of analysis

The rules defining the order in which design units can be analyzed are direct consequences of the visibility
rules. In particular:

a) A primary unit whose name is referenced within a given design unit must be analyzed prior to the
analysis of the given design unit.

b) A primary unit must be analyzed prior to the analysis of any corresponding secondary unit.
In each case, the second unit depends on the first unit.

The order in which design units are analyzed must be consistent with the partial ordering defined by the
above rules.

If any error is detected while attempting to analyze a design unit, then the attempted analysisis rejected and
has no effect whatsoever on the current working library.

A given library unit is potentially affected by a change in any library unit whose name is referenced within
the given library unit. A secondary unit is potentially affected by a change in its corresponding primary unit.
If alibrary unit is changed (e.g., by reanalysis of the corresponding design unit), then all library units that
are potentially affected by such a change become obsolete and must be reanalyzed before they can be used
again.
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12. Elaboration and execution

The process by which a declaration achieves its effect is called the elaboration of the declaration. After its
elaboration, adeclaration is said to be elaborated. Prior to the completion of its elaboration (including before
the elaboration), the declaration is not yet elaborated.

Elaboration is also defined for design hierarchies, declarative parts, statement parts (containing architecture
statements), simultaneous statements, and concurrent statements. Elaboration of such constructsis necessary
in order ultimately to elaborate declarative items that are declared within those constructs.

In order to execute amodel, the design hierarchy defining the model must first be elaborated. Initialization of
nets and quantities (see 12.6.2) in the model then occurs. Finally, smulation of the model proceeds. Simula-
tion consists of the repetitive execution of the simulation cycle, during which processes are executed, the
analog solver invoked, and nets and quantities updated.

12.1 Elaboration of a design hierarchy

The elaboration of a design hierarchy creates a collection of processes interconnected by nets and certain
characteristic expressions that are an implicit conseguence of the declaration and association of quantities
and terminals; these characteristic expressions are said to be in the structural set of characteristic expres-
sions. The behavior of the design can be simulated by executing the collection of processes and nets and
determining the values of the quantities using the structural set of characteristic expressions, an explicit set
of characteristic expressions (see 15) and an augmentation set (see 12.6.5).

A design hierarchy may be defined by a design entity. Elaboration of a design hierarchy defined in this man-
ner consists of the elaboration of the block statement equivalent to the external block defined by the design
entity. The architecture of this design entity is assumed to contain an implicit configuration specification (see
5.2) for each component instance that is unbound in this architecture; each configuration specification has an
entity aspect denoting an anonymous configuration declaration identifying the visible entity declaration (see
5.2) and supplying an implicit block configuration (see 1.3.1) that binds and configures a design entity iden-
tified according to the rules of 5.2.2. The equivalent block statement is defined in 9.6.2. Elaboration of a
block statement isdefined in 12.4.1.

A design hierarchy may also be defined by a configuration. Elaboration of a configuration consists of the
elaboration of the block statement equivalent to the external block defined by the design entity configured by
the configuration. The configuration contains an implicit component configuration (see 1.3.2) for each
unbound component instance contained within the external block and an implicit block configuration (see
1.3.1) for each internal block contained within the external block.

An implementation may allow, but is not required to allow, adesign entity at the root of a design hierarchy to
have generics and ports. If an implementation allows these top-level interface objects, it may restrict their
allowed types and modes in an implementation-defined manner. Similarly, the means by which top-level
interface objects are associated with the external environment of the hierarchy are also defined by an imple-
mentation supporting top-level interface objects.

Elaboration of a block statement involves first elaborating each not-yet-elaborated package containing
declarations referenced by the block. Similarly, elaboration of a given package involves first elaborating
each not-yet-elaborated package containing declarations referenced by the given package. Elaboration of a
package additionally consists of the

a) Elaboration of the declarative part of the package declaration, eventually followed by

b) Elaboration of the declarative part of the corresponding package body, if the package has a corre-
sponding package body
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Step b) above, the elaboration of a package body, may be deferred until the declarative parts of other pack-
ages have been elaborated, if necessary, because of the dependencies created between packages by their
interpackage references.

Elaboration of a declarative part is defined in 12.3.
Examples:

-- Inthe following example, because of the dependencies between the packages, the
-- elaboration of either package body must follow the elaboration of both package
-- declarations.

packagePlis
constant C1: INTEGER :=42;
constant C2: INTEGER;

end package P1;

package P2 is
constant C1: INTEGER = 17;
constant C2: INTEGER,;

end package P2;

package body Plis
constant C2: INTEGER :=Work.P2.C1;
end package body P1;

package body P2 is
constant C2: INTEGER := Work.P1.C1;
end package body P2;

-- If adesign hierarchy is described by the following design entity:
entity Eisend;
architectureA of Eis

component comp

port (...);
end component;
begin
C comp port map (...);
B: block
begin
end't.)llock B;

end architectureA;

then its architecture contains the following implicit configuration specification at the
end of its declarative part:

for C: comp use configuration anonymous,
and the following configuration declaration is assumed to exist when E(A) is

-- elaborated:
configuration anonymous of L.E is -- L isthelibrary in which E(A) isfound.
for A -- The most recently analyzed architecture
-- of L.E.
end for;

end configuration anonymous;
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12.2 Elaboration of a block header

Elaboration of a block header consists of the elaboration of the generic clause, the generic map aspect, the
port clause, and the port map aspect, in that order.

12.2.1 The generic clause

Elaboration of a generic clause consists of the elaboration of each of the equivalent single generic
declarations contained in the clause, in the order given. The elaboration of a generic declaration consists of
elaborating the subtype indication and then creating a generic constant of that subtype.

The value of a generic constant is not defined until a subsequent generic map aspect is evaluated or, in the
absence of a generic map aspect, until the default expression associated with the generic constant is evalu-
ated to determine the value of the constant.

12.2.2 The generic map aspect

Elaboration of a generic map aspect consists of elaborating the generic association list. The generic
association list contains an implicit association element for each generic constant that is not explicitly asso-
ciated with an actual or that is associated with the reserved word open; the actual part of such an implicit
association element is the default expression appearing in the declaration of that generic constant.

Elaboration of ageneric association list consists of the elaboration of each generic association el ement in the
association list. Elaboration of a generic association element consists of the elaboration of the formal part
and the evaluation of the actual part. The generic constant or subelement or slice thereof designated by the
formal part isthen initialized with the value resulting from the evaluation of the corresponding actual part. It
isan error if the value of the actual does not belong to the subtype denoted by the subtype indication of the
formal. If the subtype denoted by the subtype indication of the declaration of the formal is a constrained
array subtype, then an implicit subtype conversion is performed prior to this check. It is also an error if the
type of the formal isan array type and the value of each element of the actual does not belong to the element
subtype of the formal.

12.2.3The port clause

Elaboration of a port clause consists of the elaboration of each of the equivalent single port declarations
contained in the clause, in the order given. The elaboration of a port declaration consists of elaborating the
subtype or subnature indication and then creating a port of that subtype or subnature.

12.2.4The port map aspect
Elaboration of a port map aspect consists of elaborating the port association list.

Elaboration of a port association list consists of the elaboration of each port association element in the asso-
ciation list whose actual is not the reserved word open. Elaboration of a port association element consists of
the elaboration of the formal part; the port or subelement or slice thereof designated by the formal part isthen
associated with the signal, expression, terminal, or quantity designated by the actual part. This association
involves a check that the restrictions on port associations (see 1.1.1.2) are met. It isan error if this check fails.

If agiven port isaquantity port or aterminal port, the association of the formal and the actual consists of the
creation of characteristic expressions. If the port is a quantity port, the difference between each scalar sub-
element of the formal and the corresponding scalar subelement of the actual is a characteristic expression of
the structural set. Its tolerance group is the tolerance group of the corresponding scalar subelement of the
formal. Similarly, if the port is a terminal port, the difference between each scalar subelement of the refer-
ence quantity of the formal and the corresponding scalar subelement of the reference quantity of the actual is
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a characteristic expression of the structural set. Its tolerance group is the tolerance group of the correspond-
ing scalar subelement of the reference quantity of the formal. Additionally, if the port is atermina port, the
contribution expression of each scalar subelement of the actual is replaced by a simple expression that con-
sists of a + operator whose left operand is the contribution expression of the scalar subelement of the actual
and whose right operand is the contribution expression of the matching scalar subelement of the formal.

If agiven port isaport of mode in whose declaration includes a default expression, and if no association ele-
ment associates a signal, quantity, or expression with that port, then the default expression is evaluated and
the effective value of the port and the driving value of the port (if the port isasignal port) is set to the value
of the default expression. Similarly, if a given port of mode in is associated with an expression, that expres-
sion is evaluated and the effective and driving value of the port (if the port isa signal port) is set to the value
of the expression. In the event that the value of a port is derived from an expression in either fashion, refer-
ences to the predefined attributes of the port whose kind is signal return values indicating that the port has
the given driving value with no activity at any time (see 12.6.3). For a quantity port, the appropriate
attributes will reflect a constant value.

If an actual signal or quantity is associated with a port of any mode, and if the type of the formal is a scalar
type, then it is an error if (after applying any conversion function or type conversion expression present in
the actual part) 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 expression is associated with aformal port (of modein), and if the type of the formal is a scalar type,
thenitisan error if the value of the expression does not belong to the subtype denoted by the subtype indica-
tion of the declaration of the formal. If an actual terminal is associated with a port, and if the nature of the
formal isascalar nature, then it isan error if the subnature denoted by the subnature indication of the formal
is different from the subnature denoted by the subnature indication of the actual.

If an actual signal, quantity, terminal, or expression is associated with aformal port, and if the formal is of a
constrained array subtype or subnature, then it is an error if the actual does not contain a matching element
for each element of the formal. In the case of an actual signal or quantity, this check is made after applying
any conversion function or type conversion that is present in the actual part. If an actual signal, terminal,
guantity, or expression is associated with aformal port, and if the subtype or subnature denoted by the sub-
type or subnature indication of the declaration of the formal is an unconstrained array type or nature, then
the subtype or subnature of the formal is taken from the actual associated with that formal. It is aso an error
if the mode of the formal isin or inout and the value of each element of the actual array (after applying any
conversion function or type conversion present in the actual part) does not belong to the element subtype of
the formal. If the formal port is of mode out, inout, or buffer, it isalso an error if the value of each element
of the formal (after applying any conversion function or type conversion present in the formal part) does not
belong to the element subtype of the actual.

If an actual signal, quantity, terminal, or expression is associated with aformal port, and if the formal is of a
record subtype or subnature, then it is an error if the rules of the preceding three paragraphs do not apply to
each element of the record subtype or subnature. In the case of an actual signal or quantity, these checks are
made after applying any conversion function or type conversion that is present in the actual part.

12.3 Elaboration of a declarative part

The elaboration of adeclarative part consists of the elaboration of the declarative items, if any, inthe order in
which they are given in the declarative part. This rule holds for al declarative parts, with three exceptions:

a) Theentity declarative part of adesign entity whose corresponding architecture is decorated with the
'FOREIGN attribute defined in package STANDARD (see 5.1 and 14.2).

b) The architecture declarative part of a design entity whose architecture is decorated with the 'FOR-
EIGN attribute defined in package STANDARD.
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c) A subprogram declarative part whose subprogram is decorated with the 'FOREIGN attribute defined
in package STANDARD.

For these cases, the declarative items are not elaborated; instead, the design entity or subprogram is subject
to implementation-dependent el aboration.

In certain cases, the elaboration of a declarative item involves the evaluation of expressions that appear
within the declarative item. The value of any object denoted by a primary in such an expression must be
defined at the time the primary isread (see 4.3.2). In addition, if aprimary in such an expressionisafunction
call, then the value of any object denoted by or appearing as a part of an actual designator in the function call
must be defined at the time the expression is eval uated.

NOTE—It is a consequence of this rule that the name of a signal or quantity declared within a block cannot be refer-
enced in expressions appearing in declarative items other than source quantity declarations and step limit specifications
within that block, an inner block, simultaneous procedural statement, or process statement; nor can it be passed as a
parameter to afunction called during the elaboration of the block. These restrictions exist because the value of asignal is
not defined until after the design hierarchy is elaborated. However, a signal parameter name may be used within
expressions in declarative items within a subprogram declarative part, provided that the subprogram is only called after
simulation begins, because the value of every signal will be defined by that time.

12.3.1 Elaboration of a declaration
Elaboration of adeclaration has the effect of creating the declared item.

For each declaration, the language rules (in particular scope and visibility rules) are such that it is either
impossible or illegal to use a given item before the elaboration of its corresponding declaration. For
example, it is not possible to use the name of atype for an object declaration before the corresponding type
declaration is elaborated. Similarly, it is illega to cal a subprogram before its corresponding body is
elaborated.

12.3.1.1 Subprogram declarations and bodies

Elaboration of a subprogram declaration involves the elaboration of the parameter interface list of the sub-
program declaration; thisin turn involves the elaboration of the subtype indication of each interface element
to determine the subtype of each formal parameter of the subprogram.

Elaboration of a subprogram body has no effect other than to establish that the body can, from then on, be
used for the execution of calls of the subprogram.

12.3.1.2 Type declarations

Elaboration of a type declaration generally consists of the elaboration of the definition of the type and the
creation of that type. For a constrained array type declaration, however, elaboration consists of the elabora-
tion of the equivalent anonymous unconstrained array type followed by the elaboration of the named subtype
of that unconstrained type.

Elaboration of an enumeration type definition has no effect other than the creation of the corresponding type.
Elaboration of an integer, floating point, or physical type definition consists of the elaboration of the corre-
sponding range constraint. For a physical type definition, each unit declaration in the definition is also elab-
orated. Elaboration of a physical unit declaration has no effect other than to create the unit defined by the
unit declaration.

Elaboration of an unconstrained array type definition consists of the elaboration of the element subtype indi-
cation of the array type.
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Elaboration of a record type definition consists of the elaboration of the equivalent single element declara-
tionsin the given order. Elaboration of an element declaration consists of elaboration of the element subtype
indication.

Elaboration of an access type definition consists of the elaboration of the corresponding subtype indication.
12.3.1.3 Subtype declarations

Elaboration of a subtype declaration consists of the elaboration of the subtype indication. The elaboration of
a subtype indication creates a subtype. If the subtype does not include a constraint, then the subtype is the
same as that denoted by the type mark. The elaboration of a subtype indication that includes a constraint pro-
ceeds asfollows:

a) Thecongtraint isfirst elaborated.

b) A check isthen made that the constraint is compatible with the type or subtype denoted by the type
mark (see 3.1 and 3.2.1.1).

Elaboration of a range constraint consists of the evaluation of the range. The evaluation of a range defines
the bounds and direction of the range. Elaboration of an index constraint consists of the elaboration of each
of the discrete ranges in the index constraint in some order that is not defined by the language.

If the subtype indication includes a tolerance aspect, then the tolerance group is the value of the string
expression of the tolerance aspect.

12.3.1.4 Object declarations
Elaboration of an object declaration that declares an object other than afile object proceeds as follows:

a) Thesubtypeindication isfirst elaborated. This establishes the subtype of the object.

b) If the object declaration includes an explicit initialization expression, then the initial value of the
object is obtained by evaluating the expression. It is an error if the value of the expression does not
belong to the subtype of the object; if the object is an array object, then an implicit subtype conver-
sion isfirst performed on the value unless the object is a constant whose subtype indication denotes
an unconstrained array type. Otherwise, any implicit initial value for the object is determined.

c) Theaobjectis created.
d) Anyinitial valueis assigned to the object.

The initialization of such an object (either the declared object or one of its subelements) involves a check
that the initial value belongs to the subtype of the object. For an array object declared by an object declara-
tion, an implicit subtype conversion is first applied as for an assignment statement, unless the object is a
constant whose subtype is an unconstrained array type.

The elaboration of aterminal declaration also includes the creation of a contribution expression correspond-
ing to each scalar subelement of the terminal. The contribution expression is initialized to the literal 0.0; it
may be modified by other steps of the elaboration process. Similarly, the elaboration of an across quantity
declaration includes the creation, for each scalar subelement q of the across quantity, of the expression
(g minus the reference quantity of the plus terminal of q plus the reference quantity of the minus terminal of
g). This expression is a characteristic expression of the structural set. Its tolerance group is the tolerance
group of g Finaly, if the object is athrough quantity, then for each scalar subelement g of the through quan-
tity the contribution expression of the plusterminal of qis replaced by a simple expression that consists of a
+ operator whose left operand is the contribution expression of the plus terminal of g and whose right oper-
and isaprimary that denotes g. Similarly, the contribution expression of the minus terminal of q is replaced
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by a simple expression that consists of a - operator whose left operand is the contribution expression of the
minus terminal of q and whose right operand is a primary that denotes q.

The elaboration of afile object declaration consists of the elaboration of the subtype indication followed by
the creation of the object. If thefile object declaration contains file open information, then the implicit call to
FILE_OPEN isthen executed (see 4.3.1.4).

NOTES

1—Theserules apply to all object declarations other than port and generic declarations, which are elaborated as outlined
in 12.2.1 through 12.2.4.

2—The expression initializing a constant object need not be a static expression.

12.3.1.5 Alias declarations

Elaboration of an alias declaration consists of the elaboration of the subtype indication to establish the sub-
type associated with the alias, followed by the creation of the alias as an alternative name for the named
entity. The creation of an alias for an array object involves a check that the subtype associated with the alias
includes a matching element for each element of the named object. It is an error if this check fails.

12.3.1.6 Attribute declarations

Elaboration of an attribute declaration has no effect other than to create atemplate for defining attributes of
items.

12.3.1.7 Component declarations

Elaboration of acomponent declaration has no effect other than to create atemplate for instantiating compo-
nent instances.

12.3.1.8 Nature and subnature declarations

Elaboration of a nature declaration consists of associating the type declarations in the nature declaration with
the nature, and setting the values of the predeclared attributes of the nature accordingly. The elaboration of a
nature declaration that declares a scalar nature al so creates the reference terminal of the simple nature of that
scalar nature. Elaboration of a subnature declaration proceeds analogously to the elaboration of a subtype
declaration; the subnature indication is elaborated, the constraint is elaborated, and then checked.

12.3.2 Elaboration of a specification

Elaboration of a specification has the effect of associating additional information with a previously declared
item.

12.3.2.1 Attribute specifications
Elaboration of an attribute specification proceeds as follows:

a) Theentity specification is elaborated in order to determine which items are affected by the attribute
specification.

b) The expression is evaluated to determine the value of the attribute. It is an error if the value of the
expression does not belong to the subtype of the attribute; if the attribute is of an array type, then an
implicit subtype conversion is first performed on the value, unless the subtype indication of the
attribute denotes an unconstrained array type.
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¢) A new instance of the designated attribute is created and associated with each of the affected items.
d) Each new attribute instance is assigned the value of the expression.

The assignment of a value to an instance of a given attribute involves a check that the value belongs to the
subtype of the designated attribute. For an attribute of a constrained array type, an implicit subtype conver-
sion is first applied as for an assignment statement. No such conversion is necessary for an attribute of an
unconstrained array type; the constraints on the value determine the constraints on the attribute.

NOTE—The expression in an attribute specification need not be a static expression.

12.3.2.2 Configuration specifications
Elaboration of a configuration specification proceeds as follows:

@) The component specification is elaborated in order to determine which component instances are
affected by the configuration specification.

b) The binding indication is elaborated to identify the design entity to which the affected component
instances will be bound.

¢) Thebinding information is associated with each affected component instance label for later use in
instantiating those component instances.

As part of this elaboration process, a check is made that both the entity declaration and the corresponding
architecture body implied by the binding indication exist within the specified library. It is an error if this
check fails.

12.3.2.3 Disconnection specifications
Elaboration of a disconnection specification proceeds as follows:

a) Theguarded signal specification is elaborated in order to identify the signals affected by the discon-
nection specification.

b) The time expression is evaluated to determine the disconnection time for drivers of the affected
signals.

¢) The disconnection time is associated with each affected signal for later use in constructing discon-
nection statements in the equivalent processes for guarded assignments to the affected signals.

12.3.2.4 Step Limit specifications
Elaboration of a step limit specification proceeds as follows:

a) The quantity specification is elaborated in order to identify the quantities affected by the step limit

specification.

b) Therea expression is associated with each affected quantity for later use by the analog solver.
12.4 Elaboration of a statement part
Architecture statements appearing in the statement part of a block must be elaborated before execution
begins. Elaboration of the statement part of ablock consists of the elaboration of each architecture statement
in the order given. Thisrule holds for all block statement parts except for those blocks equivalent to adesign

entity whose corresponding architecture is decorated with the 'FOREIGN attribute defined in package
STANDARD (see 14.2).
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For this case, the statements are not elaborated; instead, the design entity is subject to implementation-
dependent elaboration.

12.4.1 Block statements

Elaboration of a block statement consists of the elaboration of the block header, if present, followed by the
elaboration of the block declarative part, followed by the elaboration of the block statement part, followed
by the creation of certain characteristic expressions of the structural set.

Elaboration of a block statement may occur under the control of a configuration declaration. In particular, a
block configuration, whether implicit or explicit, within a configuration declaration may supply a sequence
of additional implicit configuration specifications to be applied during the elaboration of the corresponding
block statement. If a block statement is being elaborated under the control of a configuration declaration,
then the sequence of implicit configuration specifications supplied by the block configuration is elaborated
as part of the block declarative part, following al other declarative itemsin that part.

The sequence of implicit configuration specifications supplied by a block configuration, whether implicit or
explicit, consists of each of the configuration specifications implied by component configurations (see 1.3.2)
occurring immediately within the block configuration, in the order in which the component configurations
themselves appear.

A scalar terminal isaroot terminal if it is not areference terminal or a connected terminal. The contribution
expression of each scalar subelement of any root terminal of the block is a characteristic expression of the
structural set. Its tolerance group is the tolerance group implied by the through type of the nature of the ter-
minal. In addition, the difference between each scalar subelement of each quantity T'Contribution and the
contribution expression of the corresponding scalar subelement of terminal T is a characteristic expression
of the structural set. Itstolerance group is the tolerance group of the scalar subelement of T'Contribution.

12.4.2 Generate statements

Elaboration of a generate statement consists of the replacement of the generate statement with zero or more
copies of ablock statement whose declarative part consists of the declarative items contained within the gen-
erate statement and whose statement part consists of the concurrent statements contained within the generate
statement. These block statements are said to be represented by the generate statement. Each block state-
ment is then elaborated.

For a generate statement with afor generation scheme, elaboration consists of the elaboration of the discrete
range, followed by the generation of one block statement for each value in the range. The block statements
al have the following form:

a) Thelabd of the block statement is the same as the label of the generate statement.

b) The block declarative part has, asits first item, a single constant declaration that declares a constant
with the same simple name as that of the applicable generate parameter; the value of the constant is
the value of the generate parameter for the generation of this particular block statement. The type of
this declaration is determined by the base type of the discrete range of the generate parameter. The
remainder of the block declarative part consists of a copy of the declarative items contained within
the generate statement.

c) The block statement part consists of a copy of the concurrent statements contained within the
generate statement.

For a generate statement with an if generation scheme, elaboration consists of the evaluation of the Boolean

expression, followed by the generation of exactly one block statement if the expression evaluates to TRUE,
and no block statement otherwise. If generated, the block statement has the following form:
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— Theblock label isthe same as the label of the generate statement.

— The block declarative part consists of a copy of the declarative items contained within the generate
Statement.

— Theblock statement part consists of a copy of the concurrent statements contained within the gener-
ate statement.

Examples:
-- Thefollowing generate statement:

LABL : for I in 1to 2 generate

signal s1: INTEGER;
begin

sl <=pl;

Instl : and_gate port map (s1, p2(1), p3);
end generate LABL;

-- isequivaent to the following two block statements:

LABL : block

constant | : INTEGER :=1,

signal s1: INTEGER;
begin

sl <=pl;

Instl : and_gate port map (s1, p2(1), p3);
end block LABL;

LABL : block

constant | : INTEGER := 2;

signal s1: INTEGER;
begin

sl <=pl;

Instl : and_gate port map (s1, p2(1), p3);
end block LABL;

-- Thefollowing generate statement:

LABL :if (g1 =g2) generate

signal s1: INTEGER;
begin

sl <=pl;

Instl : and_gate port map (s1, p4, p3);
end generate LABL;

-- isequivalent to the following statement if g1 = g2;
-- otherwise, it is equivalent to no statement at all:

LABL : block

signal s1: INTEGER;
begin

sl <=pl;

Instl : and_gate port map (s1, p4, p3);
end block LABL;
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NOTE—The repetition of the block labels in the case of afor generation scheme does not produce multiple declarations
of the label on the generate statement. The multiple block statements represented by the generate statement constitute
multiple references to the same implicitly declared label.

12.4.3 Component instantiation statements

Elaboration of a component instantiation statement that instantiates a component declaration has no effect
unless the component instance is either fully bound to a design entity defined by an entity declaration and
architecture body or bound to a configuration of such a design entity. If a component instance is so bound,
then elaboration of the corresponding component instantiation statement consists of the elaboration of the
implied block statement representing the component instance and (within that block) the implied block state-
ment representing the design entity to which the component instance is bound. The implied block statements
aredefined in 9.6.1.

Elaboration of a component instantiation statement whose instantiated unit denotes either a design entity or
a configuration declaration consists of the elaboration of the implied block statement representing the com-
ponent instantiation statement and (within that block) the implied block statement representing the design
entity to which the component instance is bound. The implied block statements are defined in 9.6.2.

12.4.4 Other concurrent statements

All other concurrent statements are either process statements or are statements for which there is an equiva-
lent process statement.

Elaboration of a process statement proceeds as follows:

@) The process declarative part is elaborated.
b) Thedriversrequired by the process statement are created.

c¢) Theinitial transaction defined by the default value associated with each scalar signal driven by the
process statement is inserted into the corresponding driver.

Elaboration of al concurrent signal assignment statements and concurrent assertion statements consists of
the construction of the equivalent process statement followed by the elaboration of the equivalent process
statement.

12.4.5 Simultaneous statements

The elaboration of a simple simultaneous statement consists of the evaluation of the string expression that
determines the tolerance group of its characteristic expressions. The elaboration of a simultaneous proce-
dural statement consists of creating the type declaration, the subprogram body and the simple simultaneous

statement implied by the simultaneous procedural statement, and elaborating each in turn. The elaboration of
any other simultaneous statement has no effect.

12.5 Dynamic elaboration

The execution of certain constructs that involve sequential statements rather than concurrent statements also
involves elaboration. Such elaboration occurs during the execution of the model.

There are three particular instances in which elaboration occurs dynamically during simulation. These are as
follows:
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a) Execution of aloop statement with afor iteration scheme involves the elaboration of the loop param-
eter specification prior to the execution of the statements enclosed by the loop (see 8.9). This elabo-
ration creates the loop parameter and eval uates the discrete range.

b) Execution of a subprogram call involves the elaboration of the parameter interface list of the corre-
sponding subprogram declaration; this involves the elaboration of each interface declaration to
create the corresponding formal parameters. Actual parameters are then associated with formal
parameters. Finaly, if the designator of the subprogram is not decorated with the 'FOREIGN
attribute defined in package STANDARD, the declarative part of the corresponding subprogram
body is elaborated and the sequence of statements in the subprogram body is executed. If the desig-
nator of the subprogram is decorated with the 'FOREIGN attribute defined in package STANDARD,
then the subprogram body is subject to implementation-dependent elaboration and execution.

¢) Evauation of an allocator that contains a subtype indication involves the elaboration of the subtype
indication prior to the allocation of the created object.

NOTE—It is a consequence of these rules that declarative items appearing within the declarative part of a subprogram
body are elaborated each time the corresponding subprogram is called; thus, successive elaborations of a given declara-
tive item appearing in such a place may create items with different characteristics. For example, successive elaborations
of the same subtype declaration appearing in a subprogram body may create subtypes with different constraints.

12.6 Execution of a model

The elaboration of a design hierarchy produces a model that can be executed in order to simulate the design
represented by the model. Simulation involves the execution of user-defined processes that interact with
each other and with the environment, and the invocation of the analog solver to determine the values of
guantities within the model.

The kernel process is a conceptual representation of the agent that coordinates the activity of user-defined
processes during a simulation. This agent causes the propagation of signal values to occur and causes the
values of implicit signals [such as S'Stable(T)] to be updated. Furthermore, this process is responsible for
detecting events that occur and for causing the appropriate processes to execute in response to those events.

For any given signal that is explicitly declared within a model, the kernel process contains a variable repre-
senting the current value of that signal. Any evaluation of a name denoting a given signal retrieves the
current value of the corresponding variable in the kernel process. Similarly, for any given quantity that is
explicitly or implicitly declared within a model, the kernel process contains a similar variable, and any
evaluation of a name denoting the quantity returns the current value of the corresponding variable. During
simulation, the kernel process updates these variables from time to time, based upon the current values of
sources of the corresponding signal and the results of the analog solver.

In addition, the kernel process contains a variable representing the current value of any implicitly declared
GUARD signal resulting from the appearance of a guard expression on a given block statement. Further-
more, the kernel process contains both a driver for, and a variable representing the current value of, any
signal SStable(T), for any prefix Sand any time T, that is referenced within the model; likewise, for any sig-
nal SQuiet(T) or STransaction, and likewise, for each textual occurrence of any name of the form
Q'Above(E). Finally, the kernel process contains a driver for the DOMAIN signal of type DOMAIN_TY PE.

The analog solver is a conceptual representation of the agent that updates the values of the quantities of a
model. The analog solver also updates the driver of each implicit signal Q'Above(E) of the model. The ana-
log solver is said to determine an analog solution point when it determines these values.

NOTE—Since the kernel process contains adriver for the DOMAIN signal, and since the type of the DOMAIN signd is
an unresolved type, the model may not contain a source for the DOMAIN signal.
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12.6.1 Drivers

Every signal assignment statement in a process statement defines a set of drivers for certain scalar signals.
Thereisasingle driver for a given scalar signal S in a process statement, provided that there is at least one
signal assignment statement in that process statement and that the longest static prefix of the target signal of
that signal assignment statement denotes S or denotes a composite signal of which S is a subelement. Each
such signal assignment statement is said to be associated with that driver. Execution of a signal assignment
statement affects only the associated driver(s).

A driver for a scalar signal is represented by a projected output waveform. A projected output waveform
consists of a sequence of one or more transactions, where each transaction is a pair consisting of a value
component and a time component. For a given transaction, the value component represents a value that the
driver of the signal isto assume at some point in time, and the time component specifies which point in time.
These transactions are ordered with respect to their time components.

A driver always contains at least one transaction. The initial contents of a driver associated with a given
signal are defined by the default value associated with the signal (see 4.3.1.2).

For any driver, there is exactly one transaction whose time component is not greater than the current simula-
tion time. The current value of the driver is the value component of this transaction. If, as the result of the
advance of time, the current time becomes equal to the time component of the next transaction, then the first
transaction is deleted from the projected output waveform and the next becomes the current value of the
driver.

12.6.2 Propagation of signal values

As simulation time advances, the transactions in the projected output waveform of agiven driver (see 12.6.1)
will each, in succession, become the value of the driver. When a driver acquires a new value in this way,
regardless of whether the new value is different from the previous value, that driver is said to be active dur-
ing that simulation cycle. For the purposes of defining driver activity, a driver acquiring a value from a null
transaction is assumed to have acquired a new value. A signal is said to be active during a given simulation
cycleif

— Oneof itssourcesis active
— Oneof its subelementsis active

— Thesignal isnamed in the formal part of an association element in a port association list and the cor-
responding actual is active

— Thesigna isasubelement of aresolved signal and the resolved signal is active

If asignal of agiven composite type has a source that is of a different type (and therefore a conversion func-
tion or type conversion appears in the corresponding association element), then each scalar subelement of
that signal is considered to be active if the source itself is active. Similarly, if a port of a given composite
type is associated with asignal that is of a different type (and therefore a conversion function or type conver-
sion appears in the corresponding association element), then each scalar subelement of that port is consid-
ered to be active if the actual signal itself is active.

In addition to the preceding information, an implicit signal is said to be active during a given simulation
cycleif the kernel process updates that implicit signal within the given cycle.

If a signal is not active during a given simulation cycle, then the signa is said to be quiet during that
simulation cycle.
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The kernel process determines two values for certain signals during any given simulation cycle. The driving
value of a given signal isthe value that signal provides as a source of other signals. The effective value of a
given signal is the value obtainable by evaluating a reference to the signal within an expression. The driving
value and the effective value of a signal are not always the same, especially when resolution functions and
conversion functions or type conversions are involved in the propagation of signal values.

A basic signal isasignal that has all of the following properties:

— ltisether ascalar signal or aresolved signal (see 4.3.1.2);
— Itisnot asubelement of aresolved signal;

— Isnot animplicit signal of the form SStable(T), SQuiet(T), STransaction, or Q' Above(E) (see 14.1);
and

— Itisnot animplicit signal GUARD (see 9.1).
Basic signals are those that determine the driving values for al other signals.
The driving value of any basic signa Sis determined as follows:

— If S has no source, then the driving value of S is given by the default value associated with S (see
4.3.1.2).

— If Shasone source that isadriver and Sis not aresolved signal (see 4.3.1.2), then the driving value
of Sisthe value of that driver.

— If Shasone source that is aport and Sis not aresolved signal, then the driving value of Sisthe driv-
ing value of the formal part of the association element that associates S with that port (see 4.3.2.2).
The driving value of aformal part is obtained by evaluating the formal part as follows: If no conver-
sion function or type conversion is present in the formal part, then the driving value of the formal part
is the driving value of the signal denoted by the formal designator. Otherwise, the driving value of
the formal part is the value obtained by applying either the conversion function or type conversion
(whichever is contained in the formal part) to the driving value of the signal denoted by the formal
designator.

— If Sisaresolved signal and has one or more sources, then the driving values of the sources of S are
examined. It is an error if any of these driving values is a composite where one or more subelement
values are determined by the null transaction (see 8.4.1) and one or more subelement values are not
determined by the null transaction. If Sis of signal kind register and all the sources of S have values
determined by the null transaction, then the driving value of S is unchanged from its previous value.
Otherwise, the driving value of Sis obtained by executing the resolution function associated with S,
where that function is called with an input parameter consisting of the concatenation of the driving
values of the sources of S, with the exception of the value of any source of S whose current value is
determined by the null transaction.

The driving value of any signal Sthat is not abasic signa is determined as follows:

— If Sisasubelement of aresolved signa R, the driving value of S is the corresponding subelement
value of the driving value of R.

— Otherwise (Sis a nonresolved, composite signal), the driving value of Sis equal to the aggregate of
the driving values of each of the basic signals that are the subelements of S.

For ascalar signal S, the effective value of Sis determined in the following manner:

— If Sisasignal declared by a signal declaration, a port of mode buffer, or an unconnected port of
mode inout, then the effective value of Sisthe same asthe driving value of S.
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— If Sisaconnected port of mode in or inout, then the effective value of Sis the same as the effective
value of the actual part of the association element that associates an actual with S (see 4.3.2.2). The
effective value of an actual part is obtained by evaluating the actual part, using the effective value of
the signal denoted by the actual designator in place of the actual designator.

— If Sisan unconnected port of mode in, the effective value of Sis given by the default value associ-
ated with S (see 4.3.1.2).

For a composite signal R, the effective value of R is the aggregate of the effective values of each of the sub-
elements of R.

For a scalar signa S, both the driving and effective values must belong to the subtype of the signal. For a
composite signal R, an implicit subtype conversion is performed to the subtype of R; for each element of R,
there must be a matching element in both the driving and the resolved value, and vice versa.

In order to update a signal during a given simulation cycle, the kernel process first determines the driving
and effective values of that signal. The kernel process then updates the variable containing the current value
of the signal with the newly determined effective value, as follows:

a) If Sisasignal of some type that is not an array type, the effective value of Sis used to update the
current value of S. A check is made that the effective value of S belongsto the subtype of S. An error
occurs if this subtype check fails. Finally, the effective value of S is assigned to the variable repre-
senting the current value of the signal.

b) If Sisanarray signal (including aslice of an array), the effective value of Sisimplicitly converted to
the subtype of S. The subtype conversion checks that for each element of S there is a matching
element in the effective value and vice versa. An error occurs if this check fails. The result of this
subtype conversion is then assigned to the variable representing the current value of S.

If updating a signal causes the current value of that signal to change, then an event is said to have occurred
on the signal. This definition applies to any updating of asignal, whether such updating occurs according to
the above rules or according to the rules for updating implicit signals given in 12.6.3. The occurrence of an
event may cause the resumption and subsequent execution of certain processes during the simulation cycle
in which the event occurs.

For any signal other than one declared with the signal kind register, the driving and effective values of the
signal are determined and the current value of that signal is updated as described above in every simulation
cycle. A signal declared with the signal kind register is updated in the same fashion during every simulation
cycle except those in which all of its sources have current values that are determined by null transactions.

A netisacollection of drivers, signals (including ports and implicit signals), conversion functions, and reso-
[ution functions that, taken together, determine the effective and driving values of every signal on the net.

Implicit signals GUARD, SStable(T), SQuiet(T), and STransaction, for any prefix S and any time T,
Q'Above(E) for any prefix Q and expression E are not updated according to the above rules; such signals are
updated according to the rules described in 12.6.3.

NOTES
1—In asimulation cycle, a subelement of a composite signal may be quiet, but the signal itself may be active.

2—The rules concerning association of actuals with formals (see 4.3.2.2) imply that, if a composite signal is associated
with a composite port of mode out, inout, or buffer, and if no conversion function or type conversion appears in either
the actual or formal part of the association element, then each scalar subelement of the formal is a source of the matching
subelement of the actual. In such a case, a given subelement of the actual will be active if and only if the matching sub-
element of the formal is active.
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3—The agorithm for computing the driving value of a scalar signal Sis recursive. For example, if Sis aloca signal
appearing as an actual in aport association list whose formal is of mode out or inout, the driving value of S can only be
obtained after the driving value of the corresponding formal part is computed. This computation may involve multiple
executions of the above algorithm.

4—Similarly, the algorithm for computing the effective value of asignal Sisrecursive. For example, if aformal port S of
mode in corresponds to an actual A, the effective value of A must be computed before the effective value of S can be
computed. The actual A may itself appear as aformal port in aport association list.

5—No effective valueis specified for out and linkage ports, since these ports may not be read.
6—Overloading the operator “=" has no effect on the propagation of signal values.

7—A signd of kind register may be active even if its associated resolution function does not execute in the current sim-
ulation cycleif the values of all of its drivers are determined by the null transaction and at least one of its driversis aso
active.

8—The definition of the driving value of a basic signal exhausts all cases, with the exception of a non-resolved signal
with more than one source. This condition is defined as an error in 4.3.1.2.

12.6.3 Updating implicit signals

The kernel process updates the value of each implicit signal GUARD associated with a block statement that
has a guard expression. Similarly, the kernel process updates the values of each implicit signal S'Stable(T),
SQuiet(T), or STransaction for any prefix S and any time T; this a so involves updating the drivers of SSta-
ble(T) and SQuiet(T). In addition, the kernel process updates the values of each signal Q'Above(E).

If the driver of any implicit signal Q'Above(E) is active, then the kernel updates Q' Above(E) by assigning the
current value of the driver to the variable representing the current value of Q'Above(E).

For any implicit signal GUARD, the current value of the signal is modified if and only if the corresponding
guard expression contains a reference to asignal S and if Sis active during the current simulation cycle. In
such a case, the implicit signal GUARD is updated by evaluating the corresponding guard expression and
assigning the result of that evaluation to the variable representing the current value of the signal.

For any implicit signal S'Stable(T), the current value of the signal (and likewise the current state of the cor-
responding driver) is modified if and only if one of the following statementsis true:

— Anevent has occurred on Sin this simulation cycle
— Thedriver of SStable(T) isactive

If an event has occurred on signal S, then S'Stable(T) is updated by assigning the value FALSE to the vari-
able representing the current value of SStable(T), and the driver of SStable(T) is assigned the waveform
TRUE after T. Otherwise, if the driver of SStable(T) is active, then SStable(T) is updated by assigning the
current value of the driver to the variable representing the current value of S'Stable(T). Otherwise, neither
the variable nor the driver is modified.

Similarly, for any implicit signal SQuiet(T), the current value of the signal (and likewise the current state of
the corresponding driver) is modified if and only if one of the following statementsis true:

— Sisactive
— Thedriver of SQuiet(T) is active

If signal Sisactive, then SQuiet(T) isupdated by assigning the value FAL SE to the variable representing the
current value of SQuiet(T), and the driver of SQuiet(T) is assigned the waveform TRUE after T. Otherwise,
if the driver of SQuiet(T) is active, then SQuiet(T) is updated by assigning the current value of the driver to
the variable representing the current value of SQuiet(T). Otherwise, neither the variable nor the driver is
modified.
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Finaly, for any implicit signal STransaction, the current value of the signal is modified if and only if Sis
active. If signal S is active, then STransaction is updated by assigning the value of the expression (not
STransaction) to the variable representing the current value of STransaction. At most one such assignment
will occur during any given simulation cycle.

For any implicit signal SDelayed(T), the signal is not updated by the kernel process. Instead, it is updated by
constructing an equivalent process (see 14.1) and executing that process.

The current value of agiven implicit signal denoted by R is said to depend upon the current value of another
signal Sif one of the following statementsis true;

— R denotes an implicit GUARD signal and S is any other implicit signal named within the guard
expression that defines the current value of R.

— R denotes an implicit signal S'Stable(T).
— R denotes an implicit signal SQuiet(T).
— R denotes an implicit signal STransaction.
— Rdenotes an implicit signal SDelayed(T).

These rules define a partial ordering on all signals within a model. The updating of implicit signals by the
kernel process is guaranteed to proceed in such amanner that, if a given implicit signal R depends upon the
current value of another signal S, then the current value of S will be updated during a particular simulation
cycle prior to the updating of the current value of R.

NOTE—These rulesimply that, if the driver of SStable(T) is active, then the new current value of that driver isthe value
TRUE. Furthermore, these rules imply that, if an event occurs on S during a given simulation cycle, and if the driver of
S'Stable(T) becomes active during the same cycle, the variable representing the current value of SStable(T) will be
assigned the value FALSE, and the current value of the driver of SStable(T) during the given cycle will never be
assigned to that signal.

12.6.4 The simulation cycle

The execution of amodel consists of an initialization phase followed by the repetitive execution of process
statements in the description of that model. Each such repetition is said to be a simulation cycle. In each
cycle, the values of all signals and quantities in the description are computed. If as aresult of this computa-
tion an event occurs on a given signal, process statements that are sensitive to that signal will resume and
will be executed as part of the simulation cycle.

At the beginning of initialization, the current time, T, is assumed to be 0.0, the simulation frequency is
assumed to be 0.0, the break set is assumed to be empty, and the break flag is assumed to be cleared.

Theinitialization phase consists of the following steps:

1) Thedriving value and the effective value of each explicitly declared signal are computed, and
the current value of the signal is set to the effective value. This value is assumed to have been
the value of the signal for an infinite length of time prior to the start of simulation.

2) Thevaue of each implicit signal of the form SStable(T) or SQuiet(T) is set to True. The value
of each implicit signa of the form SDelayed(T) is set to the initial value of its prefix, S. The
value of each implicit signal of the form Q'Above(E) is set to the value of the boolean expres-
sion Q > E. The value of each implicit quantity of the form T'Reference, T'Contribution, Q'Dot,
Q'Integ, Q'Zoh(T, Initial_delay), Q'Ltf(Num, Den), Q'Ztf(Num, Den, T, Initial_delay) is set to
0.0. The value of each implicit quantity of the form Q'Delayed(T) or Q'Slew(max_rising_slope,
max_falling_slope) is set to the initial value of its prefix, Q. The value of each implicit quantity
of the form SRamp(tr, tf) or SSlew(max_rising_slope, max_falling_slope) is set to the initial
value of its prefix, S.
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3) Thevalue of each implicit GUARD signal is set to the result of evaluating the corresponding
guard expression.

4) Each nonpostponed processin the model is executed until it suspends.
5) Each postponed processin the model is executed until it suspends.

6) The quiescent state augmentation set is determined.

7) Thebreak setis applied to the quiescent state augmentation set.

8) Thetime of the next simulation cycle (which in this case is thefirst simulation cycle), Tn, is set
to 0.0.

A simulation cycle consists of the following steps:

a)
b)

<)
d)
€)

f)

9)

h)

The analog solver is executed.

The current time, T, is set equal to T,,. Simulation is complete when T, is equal to the universal time
corresponding to TIME'HIGH and there are no active drivers or process resumptions at T,.

Each active explicit signal in the model is updated. (Events may occur on signals as aresult.)
Each implicit signal in the model is updated. (Events may occur on signals as aresult.)

For each process P, if P is currently sensitive to asignal S and if an event has occurred on Sin this
simulation cycle, then P resumes.

Each nonpostponed process that has resumed in the current simulation cycle is executed until it
suspends.

If the bresk flag is set, the time of the next simulation cycle, T, is set to T.. Otherwise, T, is deter-
mined by setting it to the earliest of:

— Thevalue of type universal_time corresponding to TIME'HIGH,

— Thenext time at which adriver becomes active, or
— Thenext time at which a process resumes.

If T, = T, then the next simulation cycle (if any) will be adelta cycle.

If the value of the DOMAIN signal isTIME_DOMAIN, or if Tn = 0.0, the remainder of this step is
skipped. Otherwise, the driver of the DOMAIN signal is assigned one of the following waveforms:
— FREQUENCY_DOMAIN after 0 nsif the simulation cycle is executed as described in 12.8
— TIME_DOMAIN after 0 ns otherwise.

Then, T, isreset to 0.0. The next simulation cycle will be adeltacycle.

If the next simulation cycle will be a delta cycle, the remainder of this step is skipped. Otherwise,
each postponed process that has resumed but has not been executed since its last resumption is exe-
cuted until it suspends. Then T,, is recalculated according to the rules of step g). It is an error if the
execution of any postponed process causes adelta cycle to occur immediately after the current simu-
lation cycle.

The model is said to be at a quiescent point when the value returned by the function DOMAIN'EVENT is
True after step d).

NOTES

1—Theinitial value of any implicit signal of the form STransaction is not defined.

2—Updating of explicit signalsis described in 12.6.2; updating of implicit signalsis described in 12.6.3.

3—When a process resumes, it is added to one of two sets of processes to be executed (the set of postponed processes
and the set of nonpostponed processes). However, no process actually begins to execute until all signals have been
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updated and all executable processes for this simulation cycle have been identified. Nonpostponed processes are aways
executed during step f) of every simulation cycle, while postponed processes are executed during step i) of every simula-
tion cycle that does not immediately precede a delta cycle.

4—The second and third steps of the initialization phase and steps ¢ and d of the simulation cycle may occur in inter-
leaved fashion. This interleaving may occur because the implicit signal GUARD may be used as the prefix of another
implicit signal; moreover, implicit signals may be associated as actuals with explicit signals, making the value of an
explicit signal afunction of an implicit signal.

5—There are two quiescent points that differ in the value of the DOMAIN signal.

12.6.5 Augmentation Sets

An augmentation set is a set of characteristic expressions, each corresponding to a scalar subelement of a
source quantity or a scalar subelement of an implicit quantity of the form QDOT, QINTEG, and
Q'DELAYED(T). The corresponding scalar subelement is said to be the tag of the characteristic expression.
The tolerance group of the characteristic expression is the tolerance group of the tag.

There are five different augmentation sets. The current augmentation set, together with the structural set and
an explicit set, is used by the analog solver to determine the values of the quantities. The determination of an
augmentation set consists of the creation of the corresponding characteristic expressions and the determina-
tion of their tag and their tolerance group, and it makes the augmentation set the current augmentation set.

12.6.5.1 Quiescent state augmentation set

The quiescent state augmentation set is the collection of characteristic expressions that, when combined with
the structural set and an explicit set, allows the analog solver to determine the quiescent or “DC” values of
the quantities of the model.

Each scalar subelement of each source quantity is a characteristic expression of the quiescent state augmen-
tation set.

Each scalar subelement of each quantity of the form Q'DOT is a characteristic expression of the quiescent
state augmentation set.

Each scalar subelement of the prefix Q of each quantity of the form Q'INTEG is a characteristic expression
of the quiescent state augmentation set.

The difference between each scalar subelement of each quantity of the form Q'DELAY ED(T) and the corre-
sponding scalar subelement of its prefix Q is a characteristic expression of the quiescent state augmentation
Set.

12.6.5.2 Time domain augmentation set
The time domain augmentation set is the collection of characteristic expressions that, when combined with
the structural set and an explicit set, allows the analog solver to determine the values of the quantities of the

model over time.

Each scalar subelement of each source quantity is a characteristic expression of the time domain augmenta-
tion set.

The difference between each scalar subelement of each quantity of the form Q'DOT and the derivative with

respect to time of the corresponding scalar subelement of its prefix Q is a characteristic expression of the
time domain augmentation set.
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The difference between each scalar subelement of each quantity of the form QINTEG and the integral over
time from 0.0 to T, the current time, of the corresponding scalar subelement of its prefix Q is a characteris-
tic expression of the time domain augmentation set.

For quantities of the form Q'DELAY ED(T) the following rules apply:

— If T = 0.0, the difference between each scalar subelement of Q'DELAY ED(T) and the corresponding
scalar subelement of its prefix Q is a characteristic expression of the time domain augmentation set.

— If T>0.0and T, < T, the difference between each scalar subelement of Q'DELAYED(T) and the
value of the corresponding scalar subelement of its prefix Q at the quiescent point is a characteristic
expression of the time domain augmentation set.

— If T>0.0and T, > T, the difference between each scalar subelement of Q'DELAYED(T) and the
value of the corresponding scalar subelement of its prefix Q at time T, — T isacharacteristic expres-
sion of the time domain augmentation set.

The derivative with respect to time and the integral over time have their conventional mathematical meaning.
12.6.5.3 Discontinuity augmentation set

The discontinuity augmentation set is the collection of characteristic expressions that, when combined with
the structural set and an explicit set, definesinitial conditions following a discontinuity that express the con-
servation of charge and flux in electrical systems (or their equivalentsin other natures).

Each scalar subelement of each source quantity is a characteristic expression of the discontinuity augmenta-
tion set.

The difference between each scalar subelement of the prefix Q of each quantity of the form Q'DOT and the
numeric value of that scalar subelement of Q when the discontinuity augmentation set is determined is a
characteristic expression of the discontinuity augmentation set.

The difference between each scalar subelement of each quantity of the form QINTEG and the numeric value
of that scalar subelement when the discontinuity augmentation set is determined is a characteristic expres-
sion of the discontinuity augmentation set.

The difference between each scalar subelement of each quantity of the form Q'DELAYED(T) and the
numeric value of that scalar subelement when the discontinuity augmentation set is determined is a charac-
teristic expression of the discontinuity augmentation set.

12.6.5.4 Frequency domain augmentation set

The frequency domain augmentation set is the collection of characteristic expressions that, when combined
with the structural set and the linearized form of an explicit set, allows the values of the quantities of the
model at a specified frequency to be calculated.

The difference between each scalar subelement of each spectral source quantity and the value of the expres-
sion (magnitude * (ieee.math_real.cos( phase) + ieee.math_complex.chase | * ieee.math_real.sin( phase))),
where magnitude and phase denote the corresponding scalar subelements of the magnitude simple expres-
sion and phase simple expression from the declaration of the spectral source quantity, is a characteristic
expression of the frequency domain augmentation set.

Each scalar subelement of each noise source quantity is a characteristic expression of the frequency domain
augmentation set.
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The difference between each scalar subelement of each quantity of the form Q'DOT and the corresponding
scalar subelement of its prefix Q multiplied by the value of the expression
(ieee.math_complex.math_cbase j * ieee.math_real.math 2 pi * FREQUENCY) is a characteristic expres-
sion of the frequency domain augmentation set.

The difference between each scalar subelement of each quantity of the form Q' INTEG and the correspond-
ing scaar subelement of its prefix Q divided by the vaue of the expression
(ieee.math_complex.math_chase j * ieee.math_real.math 2 pi * FREQUENCY) is a characteristic expres-
sion of the frequency domain augmentation set.

The difference between each scalar subelement of each quantity of the form Q' DELAY ED(T) and the corre-
sponding scalar subelement of its prefix Q multiplied by the value of the expression

(iece.math_real.cos( ieee.math_real.math 2 pi * T* FREQUENCY)- ieee.math_complex.math_cbase j *
ieeemath_real.sin( ieee.math_real.math 2 pi * T * FREQUENCY))

is a characteristic expression of the frequency domain augmentation set.

NOTE—The definitions above prefixed by the ieee.math_real and ieee_math_complex package names are defined in
|EEE Std 1076.2-1996.

12.6.5.5 Noise augmentation set

The noise augmentation set is the collection of characteristic expressions that, when combined with the
structural set and the linearized form of an explicit set, allows the noise values of the quantities of the model
at a specified frequency to be calculated (see 12.8).

Each scalar subelement of each source quantity is a characteristic expression of the noise augmentation set.
The difference between each scalar subelement of each quantity of the form Q'DOT and the corresponding
scalar subelement of its prefix Q multipied by the vaue of the expression
(ieee.math_complex.math_cbase j * ieee.math_real.math_2_pi * FREQUENCY) is a characteristic expres-
sion of the noise augmentation set.

The difference between each scalar subelement of each quantity of the form Q'INTEG and the correspond-
ing scalar subelement of its prefix Q divided by the value of the expression
(ieee.math_complex.math_cbase j * ieee.math_real.math_2_pi * FREQUENCY) is a characteristic expres-
sion of the noise augmentation set.

The difference between each scalar subelement of each quantity of the form Q'DELAY ED(T) and the corre-
sponding scalar subelement of its prefix Q multiplied by the value of the expression

(ieee.math_real .cos(ieee.math_real.math_2 pi * T* FREQUENCY)- ieee.math_complex.math_cbase j *
ieeemath_real.sin(ieee.math_real.math 2 pi * T* FREQUENCY))

is a characteristic expression of the noise augmentation set.
NOTE—The definitions above prefixed by the ieee.math_complex package name are defined in |IEEE Std 1076.2-1996.
12.6.6 The analog solver

The analog solver is said to determine an explicit set of characteristic expressions when it evaluates the
simultaneous statements appearing in the statement part of each block in the model.
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The characteristic number of an external block isthe number of scalar free quantities, scalar through quanti-
ties, and scalar interface quantities of mode out declared in the block, its entity, or itsinternal blocks, minus
the number of scalar quantities associated with formal quantities of mode out in the external block.

Itisan error if the number of characteristic expressions obtained by the evaluation of the simultaneous state-
ments appearing in al statement parts of an external block and its internal blocks is not equal to the
characteristic number of the external block or itsinternal blocks.

The analog solver has successfully determined an analog solution point when it has determined an explicit
set of characteristic expressions and a value for each quantity such that another determination of an explicit
set will yield the same explicit set and the evaluation of each characteristic expression of the model will
yield avalue sufficiently close to zero. Upon such a determination, the analog solver updates the kernel vari-
able corresponding to each quantity with the determined value. A model is erroneous if, for any analog
solution point, no such values for the quantities exist, or if the values are not unique.

During the determination of an analog solution point, the analog solver may evaluate any characteristic
expression a number of times, where each evaluation may provide different values for the quantities that
appear in the characteristic expression (see 7.6 for a definition of what it means for a quantity name to
appear in an expression). Any expression that eval uates to the same value each timeit is evaluated during the
determination of the same analog solution point with identical values for all of the quantities that appear in
the expression, regardless of the number of times it is evaluated or the order in which the characteristic
expressions in genera are evaluated, is called cycle pure. A model is erroneous if any characteristic expres-
sion is not cycle pure. An implicit signa Q'Above (E) is said to be contradictory when Q-E is sufficiently
greater than 0.0 and Q'Above(E)= FAL SE, or when Q-E is sufficiently less than 0.0 and Q'Above(E)=TRUE.

When the analog solver resumes at time T, if the break flag is set, the following steps occur:

1) The current augmentation set (which may have been modified by the application of abreak set)
is saved

2) If the value of the predefined DOMAIN signal is TIME_DOMAIN, the discontinuity augmen-
tation set is determined

3) Thebreak setisapplied to the current augmentation set

4) Theanalog solver determines an analog solution point

5) Theanalog solver evaluates the expression in each step limit specification in the model. Itisan
error if any such expression has a non-positive value

6) Theaugmentation set saved in step 1) is restored and becomes the current augmentation set
7) Thebresk flagis cleared

Otherwise, when the analog solver resumes at time T, it simultaneously resets T,, to a new value T, and
determines a sequence of times T; in the interval [T, T,]. T, is the lesser of T, and the least value in the
interval [T, T, a which any signal Q'Above(E) becomes contradictory. The times T; must include T,,'. At
each time Ti the following steps occur:

1) If thevaue of the predefined DOMAIN signal is TIME_DOMAIN, the time domain augmenta-
tion set is determined.

2) Theanaog solver determines an anal og solution point.

3) Theanaog solver evaluates the expression in each step limit specification in the model. It isan
error if any such expression has a nonpositive value.

Next, the analog solver assigns the waveform “not Q'Above(E) after 0 sec” to the driver of each contradic-
tory signal Q'Above(E). Finally, the analog solver suspends.
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NOTES

1—Each evaluation of the simultaneous statements appearing in all statement parts of a model may yield a different
explicit set of characteristic expressions.

2—ThetimesT; are not specified by the language. They are determined by the analog solver, typically based on the solu-
tion accuracy requested by the user. However, step limit specifications place an upper limit on the distance between two
times Ti and Ti+l'

Y

3—The criteria determining sufficiency (as used in the phrases “ sufficiently close to,” “ sufficiently greater than” and so
on) are intended to be implementation-dependent and may vary from time to time and quantity to quantity to effect
tradeoffs between simulation time and accuracy of the result.

4—Mode out on an interface quantity of a block indicates that this block provides one characteristic value correspond-
ing to the quantity set of which this interface quantity is a member.

5—If none of the formals in a quantity set has mode out, then a characteristic value must be provided in the declarative
region where the free quantity or unassociated interface quantity has been declared.

12.6.6.1 Application of the break set

The break set is a set of triples, each consisting of a selector quantity, a break quantity, and a value. It is
formed by the execution of sequential break statements in each simulation cycle. The application of the
break set modifies the current augmentation set.

For each triple in the break set, the difference between each scalar subelement of the break quantity and the
corresponding scalar subelement of the value is a characteristic expression that replaces one of the following
characteristic expressionsin the current augmentation set:

— If the selector quantity is of the form Q'Integ, the characteristic expression whose tag is the corre-
sponding scalar subelement of Q'Integ is replaced.

— If the selector quantity is of the form Q, the characteristic expression whose tag is the corresponding
scalar subelement of Q'Dot is replaced.

Each characteristic expression formed from an element of the break set retains the tag and the tolerance
group of the characteristic expression it replaces. It is an error if any scalar subelement of any quantity is
selected more than once by any selector quantity in abreak set.

After application, the break set is empty.

12.7 Time and the analog solver

The anonymous predefined floating point type that is called Universal_Time in this standard is the represen-
tation for simulation time used by the analog solver.

The following four anonymous functions involving Universal_Time are called by their corresponding names
in this standard:

function universal_to_physical_time (U: Universal_Time) return TIME;
function universal_to_real_time (U: Universal_Time) return REAL;
function physical_to_universal_time (N: TIME) return Universal_Time;
functionreal_to_universal_time (R: REAL) return Universal_Time;

The bounds and precision of Universal_Time must be chosen and the implementations of the four functions
on Universal_Time must be defined so as to have the following characteristics. For Ug, U4, U, of type
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Universal_Time, N, Ng of type STD.Standard. TIME, and R, Ry of type STD.Standard.REAL, &l non-
negative:

— universal_to_physical_time(physical_to_universal_time(N)) = N.

— universal_to_real_time(real_to_universa_time(R)) = R.

— physica_to_universal_time(0 sec) = real_to_universal_time(0.0).

— physical_to_universal_time(1 sec) =real_to_universa_time(1.0).

— If Ny isthat value of type TIME equal to one resolution limit unit then
0.0 < universal_to_physical_time(U,+U,) — universal_to_physical_time(U,) —
universal_to_physical_time(U,) < N,

— If UOisthe smallest positive value of type Universal_Time such that
Rg = universal_to_real_time(Ug+U,+U,) — universal_to_real_time(U,+U,) > 0.0,
then

0.0 < universal_to_real_time(U,+U,) — universal_to_real_time(U,) — universal_to_real_time(U,)
<Ry

The kernel process variables T and T, are objects of the type Universal_Time. The functions denoted
STD.Standard.NOW is equivalent to universal_to_physical_time(T,) (where it returns a value of type
DELAY_LENGTH) and universal_to_real_time(T.) (where it returns a value of type REAL).

A value of U of type Universal_Time is said to correspond to or be the universal time corresponding to a
value of N of type TIME if physical_to_universa_time(N) = U. The value of STD.Standard.NOW that
returns avalue of type DELAY _LENGTH is said to be the current discrete time.

12.8 Frequency and noise calculation

The small-signal model is a set of characteristic expressions obtained by linearizing certain characteristic
expressions of the model about a quiescent point.

Frequency domain and noise calculation consists of the determination of the small-signal model followed by
the calculation of the frequency domain value or the noise value for each quantity at a particular frequency.
This calculation involves complex values rather than real values.

The determination of the small-signal model involves the following steps:

a) The mode is executed until it is a a quiescent point and the value of the DOMAIN signal is
FREQUENCY_DOMAIN.

b) Theanaog solver determines an explicit set of characteristic expressions.

¢) Each characteristic expression in the explicit set and in the structural set is replaced by its linearized
form (see 7.6) with respect to all quantities whose names appear in the characteristic expression,
evaluated at the values obtained in step a).

To calculate the frequency domain value for each quantity at a frequency F, the simulation frequency isfirst
set to F. Then, the frequency domain augmentation set is determined. Finally, the value of each quantity is
determined such that the evaluation of each characteristic expression yields a value sufficiently close to 0.0.
The calculation of the noise values for each quantity at frequency F involves the following steps:

1) Thesimulation frequency issetto F

2) The noise augmentation set is determined.
3) For each noise source quantity in the model, the power simple expression is evaluated.

180 Copyright © 1999 IEEE. Al rights reserved.



IEEE
AND MIXED-SIGNAL EXTENSIONS Std 1076.1-1999

4) For each scalar quantity in the model, one variable of the base type of the corresponding quan-
tity is created in the noise kernel, and initialized to 0.0.

5) For each scalar subelement Q of each noise source quantity in the model:
a) The characteristic expression whose tag is Q is replaced by the expression "Q —
|EEE.math_real .sgrt(power)", where power is the value of the corresponding scalar subelement
of the power simple expression of the noise source quantity evaluated in step 3).
b) The value of each quantity is determined such that the evaluation of each characteristic
expression yields a value sufficiently close to 0.0.
¢) Theoriginal characteristic expression replaced in step 5a) is restored.
d) For each scalar quantity in the model the square of the magnitude of its value is added to its
corresponding variable.

6) Thevaue of each scalar quantity is set to the square root of its corresponding variable.
The predefined function FREQUENCY returns the value of the simulation frequency. It isan error if afunc-

tion call whose function name denotes the predefined function FREQUENCY appears in an expression that
is not part of a source aspect.
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13. Lexical elements

Thetext of adescription consists of one or more design files. The text of adesign file is a sequence of lexical
elements, each composed of characters; the rules of composition are given in this clause.

13.1 Character set

The only characters allowed in the text of aVHDL description are the graphic characters and format effec-
tors. Each graphic character corresponds to a unique code of the 1SO eight-bit coded character set (1SO
8859-1: 1987 [B4]) and is represented (visually) by a graphical symbol.

basic_graphic_character ::=
upper_case letter | digit | specia_character | space character

graphic_character ::=
basic_graphic_character | lower_case |etter | other_special_character

basic_character ::=
basic_graphic_character | format_effector

The basic character set is sufficient for writing any description. The characters included in each of the cate-
gories of basic graphic characters are defined as follows:

a) Uppercase letters

b) Digits
0123456789

¢) Specid characters
HE&()* - i<=>[]_]|

d) The space characters
SPACE® NBSP*

Format effectors are the ISO (and ASCII) characters called horizontal tabulation, vertical tabulation, carriage
return, line feed, and form feed.

The charactersincluded in each of the remaining categories of graphic characters are defined as follows:

e) Lowercase letters

f)  Other specia characters
13%@7?" " {} ~iCL£O¥8 ©3%«~-® °+23 uT0,1°»1/4123/4¢[] - (soft hyphen)

3The visual representation of the space is the absence of a graphic symbol. It may be interpreted as a graphic character, a control char-
acter, or both.

“The visual representation of the nonbreaking space is the absence of a graphic symbol. It is used when aline break isto be prevented
in the text as presented.
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Allowable replacements for the specia characters vertical line (]), number sign (#), and quotation mark (")
are defined in 13.10.

NOTES

1—The font design of graphical symbols (for example, whether they are in italic or bold typeface) is not part of 1SO
8859-1:1987 [B4].

2—The meanings of the acronyms used in this clause are as follows: ASCII stands for American Standard Code for
Information Interchange, 1SO stands for International Organization for Standardization.

3—There are no uppercase equiva ents for the characters 3 and .

4—The following names are used when referring to special characters:

Character Name

Quotation mark

# Number sign

& Ampersand

Apostrophe, tick

( L eft parenthesis

) Right parenthesis
* Asterisk, multiply
+ Plussign

, Comma

- Hyphen, minus sign

Dot, point, period, full stop

/ Slash, divide, solidus
Colon

; Semicolon

< Less-than sign

= Equalssign

> Greater-than sign

Underling, low line

Vertical line, vertical bar

! Exclamation mark

$ Dollar sign
% Percent sign
? Question mark
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Character Name
@ Commercial at
[ Left square bracket
\ Backslash, reverse solidus
] Right square bracket
A Circumflex accent
Grave accent
{ Left curly bracket
} Right curly bracket
~ Tilde

i Inverted exclamation mark

¢ Cent sign

£ Pound sign

o Currency sign

¥ Yen sign

: Broken bar

§ Paragraph sign, clause sign
Diaeresis

© Copyright sign

a Feminine ordinal indicator

« L eft angle quotation mark

- Not sign

- Soft hyphen”

® Registered trade mark sign

N Macron

Ring above, degree sign

+ Plus-minus sign
2 superscript two
3 Superscript three
’ Acute accent

1] Micro sign

1 Pilcrow sign

. Middle dot
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Character Name
Cedilla
1 Superscript one
° Masculine ordinal indicator
» Right angle quotation mark
l/4 Vulgar fraction one quarter
1, Vulgar fraction one half
3, Vulgar fraction three quarters
é Inverted question mark
. Multiplication sign
+ Division sign

“The soft hyphen is a graphic character that is repre-
sented by agraphic symbol identical with, or similar
to, that representing a hyphen, for use when aline
break has been established within awork.

13.2 Lexical elements, separators, and delimiters

The text of each design unit is a sequence of separate lexical elements. Each lexical element is either a
delimiter, an identifier (which may be areserved word), an abstract literal, a character literal, a string literal,
ahit string literal, or acomment.

In some cases an explicit separator is required to separate adjacent lexical elements (namely when, without
separation, interpretation as a single lexical element is possible). A separator is either a space character
(SPACE or NBSP), aformat effector, or the end of aline. A space character (SPACE or NBSP) is a separator
except within acomment, a string literal, or a space character literal.

The end of alineis always a separator. The language does not define what causes the end of aline. However
if, for a given implementation, the end of alineis signified by one or more characters, then these characters

must be format effectors other than horizontal tabulation. In any case, a sequence of one or more format
effectors other than horizontal tabulation must cause at |east one end-of-line.

One or more separators are allowed between any two adjacent lexical elements, before the first of each
design unit or after the last lexical element of a design file. At least one separator is required between an
identifier or an abstract literal and an adjacent identifier or abstract literal.
A delimiter is either one of the following special characters (in the basic character set):

&' ()*+, -1 <=>][]
or one of the following compound delimiters, each composed of two adjacent special characters:

= ** = [= >= <= <>
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Each of the special characters listed for single character delimitersis a single delimiter except if this charac-
ter is used as a character of a compound delimiter or as a character of a comment, string literal, character
literal, or abstract literal.

The remaining forms of lexical elements are described in other clauses of this clause.
NOTES

1—Each lexical element must fit on oneline, since the end of aline is a separator. The quotation mark, number sign, and
underline characters, likewise two adjacent hyphens, are not delimiters, but may form part of other lexical elements.

2—Thefollowing names are used when referring to compound delimiters:

Delimiter Name
= Arrow
*% Double star, exponentiate

= Variable assignment

/= Inequality (pronounced “not equal”)
>= Greater than or equal

<= Less than or equal; signal assignment
< Box

13.3 Identifiers

Identifiers are used as names and also as reserved words.
identifier ::= basic_identifier | extended_identifier

13.3.1 Basic identifiers

A basic identifier consists only of letters, digits, and underlines.

basic_identifier ::=
letter { [ underline] letter_or_digit }

letter_or_digit ::= letter | digit
letter ::= upper_case letter | lower_case letter
All characters of abasic identifier are significant, including any underline character inserted between aletter

or digit and an adjacent letter or digit. Basic identifiers differing only in the use of corresponding uppercase
and lowercase | etters are considered the same.

Examples:
COUNT X c_out FFT Decoder
VHSIC X1 PageCount STORE_NEXT_ITEM

NOTE—No space (SPACE or NBSP) is allowed within a basic identifier, since a space is a separator.
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13.3.2 Extended identifiers
Extended identifiers may contain any graphic character.

extended_identifier ::=
graphic_character { graphic_character } \

If a backslash is to be used as one of the graphic characters of an extended literal, it must be doubled. All
characters of an extended identifier are significant (a doubled backslash counting as one character).
Extended identifiers differing only in the use of corresponding uppercase and lowercase letters are distinct.
Moreover, every extended identifier is distinct from any basic identifier.

Examples:
\BUS \bus\ -- Two different identifiers, neither of whichis
-- thereserved word bus.
\a\b\ -- Anidentifier containing three characters.

VHDL \WHDL\ \vhdl\ Three distinct identifiers.

13.4 Abstract literals

There are two classes of abstract literals: real literals and integer literals. A real literal is an abstract literal
that includes a point; an integer literal is an abstract literal without a point. Real literals are the literals of the
type universal_real. Integer literals are the literals of the type universal_integer.

abstract_literal ::= decimal_literal | based_literal
13.4.1 Decimal literals

A decimal literal is an abstract literal expressed in the conventional decimal notation (that is, the base is
implicitly ten).

decimal_literal ::= integer [ . integer ] [ exponent ]
integer ::= digit { [ underline] digit }
exponent ::= E[ +] integer | E —integer

An underline character inserted between adjacent digits of a decimal literal does not affect the value of this
abstract literal. The letter E of the exponent, if any, can be written either in lowercase or in uppercase, with
the same meaning.

An exponent indicates the power of ten by which the value of the decimal literal without the exponent is to
be multiplied to obtain the value of the decimal literal with the exponent. An exponent for an integer literal
must not have a minus sign.

Examples:
12 0 1E6 123 456 -- Integer literals.
12.0 0.0 0.456 3.14159 26 -- Redl literals.
134E-12 1.0E+6 6.023E+24 -- Red literals with exponents.
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NOTE—L eading zeros are alowed. No space (SPACE or NBSP) is allowed in an abstract literal, not even between con-
stituents of the exponent, since a space is a separator. A zero exponent is allowed for an integer literal.

13.4.2 Based literals

A based literal is an abstract literal expressed in aform that specifies the base explicitly. The base must be at
least two and at most sixteen.

based litera ::=
base # based_integer [ . based_integer ] # [ exponent ]

base ::= integer

based_integer ::=
extended_digit { [ underline] extended_digit }

extended_digit ::= digit | letter
An underline character inserted between adjacent digits of a based literal does not affect the value of this
abstract literal. The base and the exponent, if any, are in decima notation. The only letters allowed as
extended digits are the letters A through F for the digits ten through fifteen. A letter in a based literal (either
an extended digit or the letter E of an exponent) can be written either in lowercase or in uppercase, with the
same meaning.
The conventional meaning of based notation is assumed; in particular the value of each extended digit of a
based literal must be less than the base. An exponent indicates the power of the base by which the value of
the based literal without the exponent is to be multiplied to obtain the value of the based literal with the
exponent. An exponent for a based integer literal must not have a minus sign.
Examples:

-- Integer literals of value 255:
241111 1111# 16#FF# 016#0FF#

-- Integer literals of value 224:
16#EH#EL 2#1110_0000#

-- Real literals of value 4095.0:
16#F.FFHE+2 2#1.1111 1111 111#E11

13.5 Character literals
A character literal is formed by enclosing one of the 191 graphic characters (including the space and non-
breaking space characters) between two apostrophe characters. A character literal has a value that belongs to
a character type.

character_literal ::=" graphic_character '

Examples:

AN
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13.6 String literals

A string literal is formed by a sequence of graphic characters (possibly none) enclosed between two quota-
tion marks used as string brackets.

string_literal ::= " { graphic_character } "

A string literal has a value that is a sequence of character values corresponding to the graphic characters of
the string literal apart from the quotation mark itself. If a quotation-mark value is to be represented in the
seguence of character values, then a pair of adjacent quotation marks must be written at the corresponding
place within the string literal. (This means that a string literal that includes two adjacent quotation marksis
never interpreted as two adjacent string literals.)

The length of a string literal is the number of character values in the sequence represented. (Each doubled
guotation mark is counted as a single character.)

Examples:
" Setup time istoo short” -- An error message.
-- An empty string literal.
Y S -- Three string literals of length 1.

"Characterssuch as $, %, and } are allowed in string literals."

NOTE—A string literal must fit on oneline, sinceit isalexical element (see 13.2). Longer sequences of graphic charac-
ter values can be obtained by concatenation of string literals. The concatenation operation may also be used to obtain
string literals containing nongraphic character values. The predefined type CHARACTER in package STANDARD
specifies the enumeration literals denoting both graphic and nongraphic characters. Examples of such uses of concatena-
tion are

"FIRST PART OF A SEQUENCE OF CHARACTERS" &
"THAT CONTINUES ON THE NEXT LINE"

"Sequence that includes the” & ACK & "control character”

13.7 Bit string literals

A hit string literal is formed by a sequence of extended digits (possibly none) enclosed between two quota-
tions used as bit string brackets, preceded by a base specifier.

bit_string_literal ::= base specifier " [ bit_value] "
bit value ::= extended digit { [ underline] extended digit }
base_specifier ::= B|O| X

An underline character inserted between adjacent digits of a bit string literal does not affect the value of this
literal. The only letters allowed as extended digits are the letters A through F for the digits ten through
fifteen. A letter in a bit string literal (either an extended digit or the base specifier) can be written either in
lowercase or in uppercase, with the same meaning.

If the base specifier is 'B', the extended digitsin the bit value are restricted to 0 and 1. If the base specifier is

'O, the extended digitsin the bit value are restricted to legal digitsin the octal number system, i.e., the digits
0 through 7. If the base specifier is'X', the extended digits are all digits together with the letters A through F.
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A bit string literal has avaue that is a string literal consisting of the character literals '0' and '1'. If the base
specifier is 'B', the value of the bit string literal is the sequence given explicitly by the bit value itself after
any underlines have been removed.

If the base specifier is 'O’ (respectively 'X"), the value of the bit string literal is the sequence obtained by
replacing each extended digit in the bit_value by a sequence consisting of the three (respectively four) values
representing that extended digit taken from the character literals'0' and '1'; asin the case of the base specifier
'B’, underlines are first removed. Each extended digit is replaced as follows:

Extended digit Replacement when the base specifier is  Replacement when the base specifier is

o e
0 000 0000
1 001 0001
2 010 0010
3 011 0011
4 100 0100
5 101 0101
6 110 0110
7 111 0111
8 (illegal) 1000
9 (illegal) 1001
A (illegal) 1010
B (illegal) 1011
C (illegal) 1100
D (illegal) 1101
E (illegal) 1110
F (illegal) 1111

Thelength of abit string literal isthe length of its string literal value.

Example:
B"1111 1111 1111" -- Equivalent to the string literal "111111111111".
X"FFF" -- EquivalenttoB"1111 1111 1111".
o7 -- EquivalenttoB"111 111 111"
X"77T -- Equivalent to B"0111 0111_0111".

constant c1: STRING :=B"1111_1111 1111";

constant c2: BIT_VECTOR := X"FFF";

typeMVL is('X','0,'1,'ZY;

type MVL_VECTORisarray (NATURAL range <>) of MVL;
constant c3: MVL_VECTOR := O"777";

assert CcI'LENGTH =12 and

C2LENGTH =12 and
c3="111111111",

13.8 Comments

A comment starts with two adjacent hyphens and extends up to the end of the line. A comment can appear on
any line of a VHDL description. The presence or absence of comments has no influence on whether a
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descriptionislegal orillegal. Furthermore, comments do not influence the execution of asimulation module;
their sole purpose is to enlighten the human reader.

Examples:
-- Thelast sentence above echoes the Algol 68 report.

end; -- Processing of LINE is complete

-- A long comment may be split onto
-- two or more consecutive lines.

----------- Thefirst two hyphens start the comment.

NOTE—Horizontal tabulation can be used in comments, after the double hyphen, and is equivalent to one or more
spaces (SPACE characters) (see 13.2).
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13.9 Reserved words

The identifiers listed below are called reserved words and are reserved for significance in the language. For
readability of this manual, the reserved words appear in lowercase boldface.

abs file of select
access for on severity
across function open signal
after or shared
alias generate others da
all generic out dl
and group spectrum
architecture guarded package sra
array port sl
assert if postponed subnature
attribute impure procedural subtype
in procedure
begin inertial process terminal
block inout pure then
body is through
break quantity to
buffer label tolerance
bus library range transport
limit record type
case linkage reference
component literal register unaffected
configuration loop reect units
constant rem until
map report use
disconnect mod return
downto rol variable
nand ror
else nature wait
elsif new when
end next while
entity noise with
exit nor
not xnor
null xor

A reserved word must not be used as an explicitly declared identifier.
NOTES

1—Reserved words differing only in the use of corresponding uppercase and lowercase |etters are considered as the
same (see 13.3.1). The reserved word range is also used as the name of a predefined attribute.

2—An extended identifier whose sequence of characters inside the leading and trailing backslashes is identical to a
reserved word is not areserved word. For example, isalegal (extended) identifier and is not the reserved word next.
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13.10 Allowable replacements of characters

The following replacements are alowed for the vertical line, number sign, and quotation mark basic
characters:

— A vertical line (]) can be replaced by an exclamation mark (1) where used as a delimiter.

— Thenumber sign (#) of abased literal can be replaced by colons (:), provided that the replacement is
done for both occurrences.

— Thequotation marks () used as string brackets at both ends of a string literal can be replaced by per-
cent signs (%), provided that the enclosed sequence of characters contains no quotation marks, and
provided that both string brackets are replaced. Any percent sign within the sequence of characters
must then be doubled, and each such doubled percent sign is interpreted as a single percent sign

value. The same replacement is allowed for a bit string literal, provided that both bit string brackets
are replaced.

These replacements do not change the meaning of the description.
NOTES

1—It is recommended that use of the replacements for the vertical line, number sign, and quotation marks be restricted
to cases where the corresponding graphical symbols are not available. Note that the vertical line appears as a broken line
on some equipment; replacement is not recommended in this case.

2—Therules given for identifiers and abstract literals are such that |owercase and uppercase letters can be used indiffer-
ently; these lexical elements can thus be written using only characters of the basic character set.
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14. Predefined language environment

This clause describes the predefined attributes of VHDL and the packages that all VHDL implementations

must provide.

14.1 Predefined attributes

Predefined attributes denote values, functions, types, and ranges associated with various kinds of named
entities. These attributes are described below. For each attribute, the following information is provided:

— Thekind of attribute: value, type, range, function, signal, or quantity.

— The prefixes for which the attribute is defined.

— A description of the parameters or arguments, if they exist.

— Theresult of evaluating the attribute, and the result type (if applicable).

— If applicable, an equivalent block that defines the result of evaluating the attribute more precisely.
— Any further restrictions or comments that apply.

T'BASE
Kind:
Prefix:
Result:

Restrictions:

TLEFT
Kind:
Prefix:

Result Type:

Result:

T'RIGHT
Kind:
Prefix:

Result Type:

Result:

T'HIGH
Kind:
Prefix:

Result Type:

Result:
T'LOW

Kind:

Prefix:

Result Type:

Result:

T'ASCENDING
Kind:
Prefix:

Result Type:

194

Type.

Any type or subtypeT.

The base type of T.

This attribute is allowed only as the prefix of the name of
another attribute; for example, TBASE'LEFT.

Value.

Any scalar type or subtype T.
SametypeasT.

Theleft bound of T.

Value.

Any scalar type or subtypeT.
SametypeasT.

Theright bound of T.

Value.

Any scalar type or subtype T.
SametypeasT.

The upper bound of T.

Value.

Any scalar type or subtypeT.
SametypeasT.

The lower bound of T.

Value.
Any scalar type or subtype T.
Type Boolean
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Result:

TIMAGE(X)
Kind:
Prefix:
Parameter:
Result Type:
Result:

Restrictions:

T'VALUE(X)
Kind:
Prefix:
Parameter:
Result Type:
Result:

Copyright © 1999 IEEE. All rights reserved.
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It is TRUE if T is defined with an ascending range; FALSE
otherwise.

Function.

Any scalar type or subtypeT.

An expression whose type is the base type of T.

Type String.

The string representation of the parameter value, without
leading or trailing whitespace. If T is an enumeration type or
subtype and the parameter value is either an extended identifier
or acharacter literal, the result is expressed with both aleading
and trailing reverse solidus (backslash) (in the case of an
extended identifier) or apostrophe (in the case of acharacter lit-
eral); in the case of an extended identifier that has a backslash,
the backslash is doubled in the string representation. If T isan
enumeration type or subtype and the parameter valueis abasic
identifier, then the result is expressed in lowercase characters.
If T isanumeric type or subtype, the result is expressed as the
decimal representation of the parameter value without under-
lines or leading or trailing zeros (except as necessary to form
the image of alegal literal with the proper value); moreover, an
exponent may (but is not required to) be present and the lan-
guage does not define under what conditions it is or is not
present. If the exponent is present, the “€” is expressed as a
lowercase character. If T is a physical type or subtype, the
result is expressed in terms of the primary unit of T unless the
base type of T isTIME, in which case the result is expressed in
terms of the resolution limit (see 3.1.3.1); in either caseg, if the
unit is a basic identifier, the image of the unit is expressed in
lowercase characters. If T is a floating point type or subtype,
the number of digits to the right of the decimal point corre-
sponds to the standard form generated when the DIGITS
parameter to TextlO. Write for type REAL is set to O (see
14.3). The result never contains the replacement characters
described in 13.10.

It isan error if the parameter value does not belong to the sub-
typeimplied by the prefix.

Function.

Any scalar type or subtype T.

An expression of type String.

The base type of T.

The value of T whose string representation (as defined in
Clause 13) is given by the parameter. Leading and trailing
whitespace is allowed and ignored. If T is a humeric type or
subtype, the parameter may be expressed either as a decimal
literal or as a based literal. If T is a physical type or subtype,
the parameter may be expressed using a string representation of
any of the unit names of T, with or without a leading abstract
literal. The parameter must have whitespace between any
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T'POS(X)

T'VAL(X)

Restrictions:

Kind:
Prefix:
Parameter:

Result Type:

Result:

Kind:
Prefix:
Parameter:

Result Type:

Result:

Restrictions:

T'SUCC(X)

Kind:
Prefix:
Parameter:

Result Type:

Result:

Restrictions:

T'PRED(X)

Kind:
Prefix:
Parameter:

Result Type:

Result:

Restrictions:

T'LEFTOF(X)

Kind:
Prefix:
Parameter:

Result Type:

Result:

Restrictions:

T'RIGHTOF(X)
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abstract literal and the unit name. The replacement characters
of 13.10 are alowed in the parameter.

Itisan error if the parameter is not avalid string representation
of aliteral of type T or if the result does not belong to the sub-
typeimplied by T.

Function.

Any discrete or physical type or subtype T.

An expression whose type is the base type of T.
universal_integer.

The position number of the value of the parameter.

Function.

Any discrete or physical type or subtypeT.

An expression of any integer type.

The base type of T.

The value whose position number is the universal_integer
value corresponding to X.

Itis an error if the result does not belong to the range T'LOW
to THIGH.

Function.

Any discrete or physical type or subtype T.

An expression whose type is the base type of T.

The base type of T.

The value whose position number is one greater than that of the
parameter.

An error occurs if X equals T'HIGH or if X does not belong to
the range T'LOW to T'HIGH.

Function.

Any discrete or physical type or subtypeT.

An expression whose type is the base type of T.

The base type of T.

The value whose position number is one less than that of the
parameter.

An error occursif X equals TLOW or if X does not belong to
therange TLOW to T'HIGH.

Function.

Any discrete or physical type or subtype T.

An expression whose type is the base type of T.

The base type of T.

The value that isto the left of the parameter in the range of T.
An error occurs if X equals T'LEFT or if X does not belong to
the range T'LOW to T'HIGH.

Function.
Any discrete or physical type or subtype T.
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Parameter:
Result Type:
Result:
Restrictions:

A'LEFT [(N)]
Kind:
Prefix:

Parameter:

Result Type:
Resullt:

A'RIGHT [(N)]
Kind:
Prefix:

Parameter:

Result Type:
Resullt:

A'HIGH [(N)]
Kind:
Prefix:

Parameter:

Result Type:
Resullt:

A'LOW [(N)]
Kind:
Prefix:

Parameter:

Result Type:
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An expression whose type is the base type of T.

The base type of T.

The value that isto the right of the parameter in the range of T.
Anerror occursif X equals T'RIGHT or if X does not belong to
therange TLOW to T'HIGH.

Function.

Any prefix A that is appropriate for an array object, or an alias
thereof, or that denotes a constrained array subtype or
subnature.

A locally static expression of type universal_integer, the value
of which must not exceed the dimensionality of A. If omitted, it
defaultsto 1.

Type of the left bound of the Nth index range of A.

Left bound of the Nth index range of A. (If A isan aliasfor an
array object, then the result is the left bound of the Nth index
range from the declaration of A, not that of the object.)

Function.

Any prefix A that is appropriate for an array object, or an aias
thereof, or that denotes a constrained array subtype or
subnature.

A locally static expression of type universal_integer, the value
of which must not exceed the dimensionality of A. If omitted, it
defaultsto 1.

Type of the Nth index range of A.

Right bound of the Nth index range of A. (If A isan adliasfor an
array object, then the result is the right bound of the Nth index
range from the declaration of A, not that of the object.)

Function.

Any prefix A that is appropriate for an array object, or an aias
thereof, or that denotes a constrained array subtype or
subnature.

A locally static expression of type universal_integer, the value
of which must not exceed the dimensionality of A. If omitted, it
defaultsto 1.

Type of the Nth index range of A.

Upper bound of the Nth index range of A. (If A isan dlias for
an array object, then the result is the upper bound of the Nth
index range from the declaration of A, not that of the object.)

Function.

Any prefix A that is appropriate for an array object, or an aias
thereof, or that denotes a constrained array subtype or
subnature.

A localy static expression of type universal_integer, the value
of which must not exceed the dimensionality of A. If omitted, it
defaultsto 1.

Type of the Nth index range of A.
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Result:

A'RANGE [(N)]
Kind:
Prefix:

Parameter:

Result Type:
Result:

A'REVERSE_RANGE [(N)]

Kind:
Prefix:

Parameter:

Result Type:
Result:

A'LENGTH [(N)]
Kind:
Prefix:

Parameter:

Result Type:
Result:

A'ASCENDING [(N)]
Kind:
Prefix:
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Lower bound of the Nth index range of A. (If A isan diasfor
an array object, then the result is the lower bound of the Nth
index range from the declaration of A, not that of the object.)

Range.

Any prefix A that is appropriate for an array object, or an aias
thereof, or that denotes a constrained array subtype or
subnature.

A locally static expression of type universal_integer, the value
of which must not exceed the dimensionality of A. If omitted, it
defaultsto 1.

The type of the Nth index range of A.

The range A'LEFT(N) to A'/RIGHT(N) if the Nth index range
of A is ascending, or the range A'LEFT(N) downto
A'RIGHT(N) if the Nth index range of A isdescending. (If A is
an diasfor an array object, then the result is determined by the
Nth index range from the declaration of A, not that of the
object.)

Range.

Any prefix A that is appropriate for an array object, or an aias
thereof, or that denotes a constrained array subtype or
subnature.

A locally static expression of type universal_integer, the value
of which must not exceed the dimensionality of A. If omitted, it
defaultsto 1.

The type of the Nth index range of A.

The range A'/RIGHT(N) downto A'LEFT(N) if the Nth index
range of A is ascending, or the range A'RIGHT(N) to
A'LEFT(N) if the Nth index range of A is descending. (If A is
an diasfor an array object, then the result is determined by the
Nth index range from the declaration of A, not that of the
object.)

Value.

Any prefix A that is appropriate for an array object, or an dias
thereof, or that denotes a constrained array subtype or
subnature.

A locally static expression of type universal_integer, the value
of which must not exceed the dimensionality of A. If omitted, it
defaultsto 1.

universal_integer.

Number of values in the Nth index range; i.e., if the Nth index
range of A is a null range, then the result is 0. Otherwise, the
result is the value of T'POS(A'HIGH(N)) _ T'POS(A'LOW(N))
+ 1, where T is the subtype or subnature of the Nth index of A.

Value.

Any prefix A that is appropriate for an array object, or an aias
thereof, or that denotes a constrained array subtype or
subnature.
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Parameter: A locally static expression of type universal integer, the value
of which must be greater than zero and must not exceed the
dimensionality of A. If omitted, it defaultsto 1.

Result Type: Type Boolean.

Resuilt: TRUE if the Nth index range of A is defined with an ascending

SDELAYED [(T)]

range; FAL SE otherwise.

Kind: Signal.

Prefix: Any signal denoted by the static signal name S.

Parameter: A static expression of type TIME that evaluates to a nonnega-
tive value. If omitted, it defaultsto O ns.

Result Type: The base type of S.

Resuilt: A signal equivalent to signal Sdelayed T units of time.

NOTE—Let R be of the same subtype as S, let T >= 0 ns, and let P be a process statement of the form

P. process(S)
begin
R <=transport S after T;
end process;

Assuming that the initial value of R is the same as the initial value of S, then the attribute 'DELAY ED is defined such

that SDELAYED(T) = R for any T.

SSTABLE[(T)]
Kind: Signal.
Prefix: Any signal denoted by the static signal name S.
Parameter: A static expression of type TIME that evaluates to a nonnega-
tive value. If omitted, it defaultsto O ns.
Result Type: Type Boolean.
Resuilt: A signa that has the value TRUE when the universal time of

SQUIET [(T)]

the last event on Sisless than the universal time corresponding
to NOW —T, and the value FAL SE otherwise. (See 12.6.2.)

Kind: Signal.

Prefix: Any signal denoted by the static signal name S.

Parameter: A dstatic expression of type TIME that evaluates to a nonnega-
tive value. If omitted, it defaultsto O ns.

Result Type: Type Boolean.

Result: A signal that has the value TRUE when the universal time of

STRANSACTION

the last transaction on S is less than the universal time corre-
sponding to NOW — T, and the value FALSE otherwise. (See
12.6.2.)

Kind: Signal.

Prefix: Any signal denoted by the static signal name S.

Result Type: Type Bit.

Result: A signal whose value toggles to the inverse of its previous
value in each simulation cycle in which signal S becomes
active.

Restriction: A description is erroneous if it depends on the initial value of
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SEVENT
Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type Boolean.
Resuilt: A value that indicates whether an event has just occurred on

signal S. Specificaly:

For ascalar signal S, SEVENT returns the value TRUE if an event has occurred on S during
the current simulation cycle; otherwise, it returns the value FAL SE.

For acomposite signal S, SEVENT returns TRUE if an event has occurred on any scalar sub-
element of S during the current simulation cycle; otherwise, it returns FALSE.

SACTIVE
Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type Boolean.
Resuilt: A value that indicates whether signal Sis active. Specificaly:

For ascalar signal S, SACTIVE returns the value TRUE if signal Sis active during the current
simulation cycle; otherwise, it returns the value FAL SE.

For acomposite signal S, SACTIVE returns TRUE if any scalar subelement of Sis active dur-
ing the current simulation cycle; otherwise, it returns FAL SE.

SLAST_EVENT
Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type Time.
Resuilt: The amount of time that has elapsed since the last event

occurred on signal S. Specificaly:

For asigna S, SLAST_EVENT returnsthe smallest value T of type TIME such that SEVENT
= True during any simulation cycle at time NOW _ T, if such a value exists; otherwise, it
returns TIME'HIGH.

SLAST_EVENT
Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type Redl.
Resuilt: The amount of time that has elapsed since the last event

occurred on signal S. Specificaly:

For a signal S, SLAST_EVENT returns the smallest value T of type REAL such that
SEVENT = True during any simulation cycle at time NOW - T, if such value exists it returns
universal_to _real_time(U) where U isthe universal time corresponding to TIME'HIGH.

SLAST_ACTIVE
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Kind: Function.

Prefix: Any signal denoted by the static signal name S.

Result Type: Type Time.

Resuilt: The amount of time that has elapsed since the last time at

which signal Swas active. Specificaly:
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For a signa S, SLAST_ACTIVE returns the smallest value T of type TIME such that
SACTIVE = True during any simulation cycle at time NOW _ T, if such value exists; other-
wise, it returns TIME'HIGH.

SLAST_VALUE

Kind: Function.

Prefix: Any signal denoted by the static signal name S.

Result Type: The base type of S.

Resuilt: The previous value of S, immediately before the last change of
S.

SDRIVING

Kind: Function.

Prefix: Any signal denoted by the static signal name S.

Result Type: Type Boolean.

Resuilt: If the prefix denotes a scalar signal, the result is False if the
current value of the driver for S in the current process is deter-
mined by the null transaction; True otherwise. If the prefix
denotes a composite signal, the result is True if and only if
R'DRIVING is True for every scalar subelement R of S; False
otherwise. If the prefix denotes a null slice of a signal, the
result is True.

Restrictions: This attribute is available only from within a process, a concur-

rent statement with an equivalent process, or a subprogram. If
the prefix denotes a port, it is an error if the port does not have
a mode of inout, out, or buffer. It is aso an error if the
attribute name appears in a subprogram body that is not a
declarative item contained within a process statement and the
prefix isnot aformal parameter of the given subprogram or of a
parent of that subprogram. Findly, it is an error if the prefix
denotes a subprogram formal parameter whose mode is not

inout or out.
SDRIVING_VALUE
Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: The base type of S.
Resuilt: If Sisascaar signa S, the result is the current value of the

driver for S in the current process. If S is a composite signal,
the result is the aggregate of the vaues of
R'DRIVING_VALUE for each element R of S. If Sis anull
slice, theresult isanull slice.

Restrictions: This attribute is available only from within a process, a concur-
rent statement with an equivalent process, or a subprogram. If
the prefix denotes a port, it is an error if the port does not have
a mode of inout, out, or buffer. It is aso an error if the
attribute name appears in a subprogram body that is not a
declarative item contained within a process statement and the
prefix isnot aformal parameter of the given subprogram or of a
parent of that subprogram. Findly, it is an error if the prefix
denotes a subprogram formal parameter whose mode is not
inout or out, or if SDRIVING is False at the time of the evalu-
ation of SDRIVING_VALUE.
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E'SIMPLE_NAME
Kind:
Prefix:
Result Type:
Result:

E'INSTANCE_NAME
Kind:
Prefix:

Result Type:
Result:

The result string has the following syntax:

IEEE STANDARD VHDL ANALOG

Value.

Any named entity as defined in 5.1.

Type String.

The simple name, character literal, or operator symbol of the
named entity, without leading or trailing whitespace or quota-
tion marks but with apostrophes (in the case of a character lit-
eral) and both aleading and trailing reverse solidus (backslash)
(in the case of an extended identifier). In the case of a simple
name or operator symbol, the characters are converted to their
lowercase equivalents. In the case of an extended identifier, the
case of the identifier is preserved, and any reverse solidus char-
acters appearing as part of the identifier are represented with
two consecutive reverse solidus characters.

Value.

Any named entity other than the local ports and generics of a
component declaration.

Type String.

A string describing the hierarchical path starting at the root of
the design hierarchy and descending to the named entity,
including the names of instantiated design entities. Specifi-
caly:

instance_name ::= package based path | full_instance based path

package based path ::=
leader library_logical _name leader
[ local_item _name]

package simple name |eader

full_instance_based_path ::= leader full_path_to_instance[ local_item name]

full_path_to_instance ::= { full_path instance_element leader }

local_item_name::=
simple_name
character_literal
operator_symbol

full_path_instance_element ::=

[ component_instantiation |abel @ ]
entity_simple_name ( architecture_simple_name)

| block_label

| generate |abel

| process _label

| procedural _label

| loop_label

| subprogram_simple_name
generate label ::= generate label [ (

process label ::= [ process |abel ]

leader ::= :

202
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Package-based paths identify items declared within packages. Full-instance-based paths identify items
within an elaborated design hierarchy.

A library logical name denotes a library (see 11.2). Since multiple logical names may denote the same
library, the library logical name may not be unique.

There is one full path instance element for each component instantiation, block statement, generate state-
ment, process statement, simultaneous procedural statement, or subprogram body in the design hierarchy
between the top design entity and the named entity denoted by the prefix.

In afull path instance element, the architecture simple name must denote an architecture associated with the
entity interface designated by the entity simple name; furthermore, the component instantiation label (and
the commercial at following it) are required unless the entity simple name and the architecture simple name
together denote the root design entity.

The literal in a generate label is required if the label denotes a generate statement with a for generation
scheme; the literal must denote one of the values of the generate parameter.

A process statement with no label is denoted by an empty process label.

All characters in basic identifiers appearing in the result are converted to their lowercase equivalents. Both a
leading and trailing reverse solidus surround an extended identifier appearing in the result; any reverse soli-
dus characters appearing as part of the identifier are represented with two consecutive reverse solidus
characters.

E'PATH_NAME
Kind: Vaue.
Prefix: Any named entity other than the local ports and generics of a
component declaration.
Result Type: Type String.
Result: A string describing the hierarchical path starting at the root of

the design hierarchy and descending to the named entity,
excluding the name of instantiated design entities. Specificaly:

The result string has the following syntax:
path_name ::= package based path | instance based path

instance_based path ::=
leader path_to_instance[ local_item_name]

path _to instance::= { path_instance _element leader }

path_instance element ::=
component_instantiation_|abel
| entity_simple_name
| block_label
| generate label
| process _label
| procedural_label
| subprogram_simple_name

Package-based paths identify items declared within packages. |nstance-based paths identify items within an
elaborated design hierarchy.
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There is one path instance element for each component instantiation, block statement, generate statement,
process statement, simultaneous procedural statement, or subprogram body in the design hierarchy between
the root design entity and the named entity denoted by the prefix.

Examples:

library Lib:
packagePis

procedure Proc (F: inout INTEGER);

constant C: INTEGER := 42,
end package P,

package body Pis
procedure Proc (F: inout INTEGER) is
variable x: INTEGER,;
begin
end;
end;

library Lib;
useLib.Pall;
entity Eis
generic (G: INTEGER);

port (P: in INTEGER);
end entity E;

architectureA of Eis
signal S: BIT_VECTOR (1to G);

All design units are in thislibrary:
PPATH_NAME =":lib:p:"
PINSTANCE_NAME =":lib:p:"
ProcPATH_NAME = ":lib:p:proc”
ProcINSTANCE_NAME = ":lib:p:proc"
C'PATH_NAME =":lib:p:c"
C'INSTANCE_NAME = ":lib:p:c"

X'PATH_NAME = ":lib:p:proc:x"
X'INSTANCE_NAME =":lib:p:proc:x"

Assumethat EisinLiband

E isthe top-level design entity:
E'PATH_NAME =":e"
E'INSTANCE_NAME = ":g(a):"
G'PATH_NAME =":e:g"
G'INSTANCE_NAME = ":e(a):g"
PPATH_NAME =":e:p"
PINSTANCE_NAME = ":e(a):p"

-- SPATH_NAME ="es"
-- SINSTANCE_NAME = ":¢e(a):s"

procedure Procl (signal spl: NATURAL; C: out INTEGER) is

variable max: DELAY_LENGTH,;

begin
max :=spl* ns;
wait on spl for max;
c.=9p1;

end procedure Procl;

begin
pl: process

204

-- Procl’PATH_NAME = ":e:procl:."

-- Procl'INSTANCE_NAME =:e(a):procl:”
-- CPATH_NAME = ":e;procl.c"

-- CINSTANCE_NAME = ":e&(a):procl:c"
-- max 'PATH_NAME =":e;procl:max"

-- max'INSTANCE_NAME =

-- ":e(a):procl:max"
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variableT: INTEGER := 12;
begin

T'PATH_NAME = ":epLt"
T'INSTANCE_NAME = ":e(a):pLit"

end process pl;

process
variable T: INTEGER := 12; -- TPATH_NAME = ":e:t"

begin -- TINSTANCE_NAME = ":g(a)::t"

end process;

end architecture;

entity Bottom s

generic(GBottom : INTEGER);

port (PBottom : INTEGER);
end entity Bottom;

architecture BottomArch of Bottom is
signal SBottom : INTEGER,;
begin
ProcessBottom : process
variableV : INTEGER;
begin
if GBottom = 4 then
assert V'Simple Name ="v"
and V'Path_Name = ":top:b1:b2:g1(4):b3:11: processbottom:v"
and V'Instance_Name =
":top(top):bl:b2:g1(4):b3:I L@bottom(bottomarch): processbottom:v*;
assert GBottom'Simple_Name = "bottom”
and GBottom'Path_Name = ":top:b1:b2:g1(4):b3:11:gbottom"
and GBottom'Instance_Name =
":top(top):bl:b2:g1(4):b3:I 1 @bottom(bottomarch):gbottom™;

elsif GBottom = -1 then
assert V'Simple Name ="v"
and V'Path_Name = ":top:12:processbottom:v"
and V'Instance_Name =
":top(top):I2@bottom(bottomarch): processbottom:v*";
assert GBottom'Simple_Name = "gbottom"
and GBottom'Path_Name = "top:12:gbottom™
and GBottom'Instance_Name =
":top(top):12@bottom(bottomarch):gbottom™;
end if;
wait;
end process ProcessBottom;
end architecture BottomArch;

entity Top isend Top;

architecture Top of Topis
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component BComp is

generic (GComp : INTEGER)

port (PComp : INTEGER);
end component BComp;

signal S: INTEGER;
begin
B1: block
signal S: INTEGER;

begin
B2 : block
signal S: INTEGER;
begin
Gl :for | in1to 10 generate
B3: block
signal S: INTEGER;
for L1 : BComp use entity Work.Bottom(BottomArch)
generic map (GBottom => GComp)
port map (PBottom => PComp);
begin
L1: BComp generic map (I) port map (S);
P1: process
variableV : INTEGER;
begin
if | =7then
assert V'Simple Name ="v"
and V'Path_Name = ":top:b1:b2:91(7):b3:pl:v"
andV'Instance_Name=":top(top):b1:b2:g1(7):b3:pl:v";
assert P1'Simple_Name = "p1"
and P1'Path_Name = ":top:b1:b2:91(7):b3:pl:"
and Pl'Instance_Name = ":top(top):bl:b2:g1(7):b3:pl:";
assert SSimple Name="s"
and SPath_Name = ":top:b1:b2:9g1(7):b3:s"
and Slnstance_Name = ":top(top):b1:b2:g1(7):b3:s";
assert B1.SSimple Name="s"
and B1.SPath_Name = ":top:bl:s"
and B1.SInstance_Name = ":top(top):bl:s";
end if;

wait;
end process P1;
end block B3;
end gener ate;
end block B2;
end block B1,;
L2 : BComp generic map (-1) port map (S);

end architecture Top;

configuration TopConf of Topis
for Top
for L2 : BComp use
entity Work.Bottom(BottomArch)
generic map (GBottom => GComp)
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port map (PBottom => PComp);
end for;
end for;

end configuration TopConf;
N’ACROSS

Kind: Type.

Prefix: Any nature N.

Resuilt: The across type of the nature denoted by N.
N’ THROUGH

Kind: Type.

Prefix: Any nature N.

Resuilt: The through type of the nature denoted by N.

T'REFERENCE
Kind:
Prefix:
Result Type:
Resuilt:

T'CONTRIBUTION
Kind:
Prefix:
Result Type:
Resuilt:

T'TOLERANCE
Kind:
Prefix:
Result Type:
Resuilt:

QTOLERANCE
Kind:
Prefix:
Result Type:
Resuilt:

QDOT
Kind:
Prefix:
Result Type:
Resuilt:

QINTEG
Kind:
Prefix:
Result Type:
Resuilt:

Copyright © 1999 IEEE. All rights reserved.

Quantity.

Any terminal T.

The across type of the nature of terminal T.

The across quantity whose plus terminal is T and whose minus
termina isthe reference terminal of the nature of T.

Quantity.

Any terminal T.

The through type of the nature of terminal T.
The contribution quantity of termina T.

Vaue.

Any floating point type or subtype T.
Type String.

The tolerance group of T.

Vaue.

Any scalar quantity denoted by the static name Q.
Type String.

The tolerance group of Q.

Quantity.

Any quantity denoted by the static name Q.

The sametype as Q.

The derivative with respect to time of Q at the time the attribute
is evaluated.

Quantity.

Any quantity denoted by the static name Q.

The sametype as Q.

The time integral of Q from time O to the time the attribute is
evaluated.

207



IEEE
Std 1076.1-1999

QDELAYED[(T)]
Kind:
Prefix:
Parameter:

Result Type:
Result:

Q'ABOVE(E)
Kind:
Prefix:
Parameter:

Result Type:
Result:

IEEE STANDARD VHDL ANALOG

Quantity.

Any quantity denoted by the static name Q.

A static expression of type REAL that evaluates to a non-nega-
tive number. If omitted, defaultsto 0.0.

The sametypeas Q.

A quantity equal to Q delayed by T.

Signal.

Any scalar quantity denoted by the static name Q.

An expression of the same type as Q. Any quantity appearing
in the expression must be denoted by a static name.

Type Boolean.

TRUE if Q - Eissufficiently larger than 0.0, FALSEif Q- Eis
sufficiently smaller than 0.0, QABOVE(E)'DELAYED other-
wise.

NOTE—AIthough the name of any quantity appearing in the expression E in QABOVE(E) must be a static name, the
expression is not required to be static. Thisis different from any other attribute names whose parameters, if present, must

be static expressions.

QZOH(T[,INITIAL_DELAY])

Kind:
Prefix:
Parameter:

Result Type:
Resullt:
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Quantity.

Any quantity denoted by static name Q.

T: A static expression of type REAL that evaluates to a positive
value. Thisisthe sampling period.

INITIAL_DELAY: A static expression of type REAL that eval-
uates to a non-negative value. The first sampling will occur
after INITIAL_DELAY seconds. If omitted, it defaultsto 0.0.
The base type of Q.

A quantity where the value of each scalar subelement is set to
the value of the corresponding scalar subelement of Q at the
sampling times INITIAL_DELAY + k*T (where k is any non-
negative integer) and held constant till the next sampling time.

Suppose that QZOH isan aliasfor any scalar subelement of the
attribute name, that QTY PE designatesitstype, that QELEM is
an alias for the corresponding scalar subelement of Q, and that
T and INITIAL_DELAY designate the actual or defaulted val-
ues of the parameters with the same names. Then the behavior
of each scalar subelement of Q'ZOH is formally described by
the value of QZOH produced by the following equivalent
block:

use |EEE.math_real.all;

block

begin

generic(t: REAL; initia_delay: REAL);
generic map (t =>rea(T), initial_delay =>real (INITIAL_DELAY));

port (

quantity g: in REAL; quantity zoh: out REAL);

port map (g => real(QELEM), QTY PE(zoh) =>QZOH);
constant pi_t: REAL := math_pi * t;

signal s

process

REAL :=0.0;
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begin
wait on DOMAIN;
if initial_delay > 0.0 then
wait for initial_delay;
end if;
loop
S<=q,
wait for t;
end loop;
end process,
break on swhen s/=q;
if DOMAIN = FREQUENCY_DOMAIN use
if FREQUENCY = 0.0 use
zoh==q;
else
zoh == q'Delayed(0.5 * t)*
sin(FREQUENCY *pi_t)/(FREQUENCY*pi_t); end usg;
elsf DOMAIN'DELAYED = QUIESCENT_DOMAIN use
if initial_delay = 0.0 use

zoh==q;
ese
zoh == 0.0;
end usg;
ese
zoh==s;
end usg;
end block;

NOTE—This is not a legal VHDL 1076.1 description athough it uses VHDL 1076.1 syntax. The predefined
FREQUENCY function cannot be called in a simultaneous statement.

QLTF(NUM,DEN)

Kind: Quantity.
Prefix: Any scalar quantity denoted by the static name Q.
Parameters: NUM: A static expression of type REAL_VECTOR that con-

tains the numerator coefficients.
DEN: A static expression of type REAL_VECTOR that con-
tains the denominator coefficients.

Result Type: The base type of Q.

Result: The Laplace transfer function of each scalar subelement of Q
with NUM as the numerator and NEN as the denominator
polynomials.

Suppose that QLTF is an alias for any scalar subelement of the
attribute name, that QTY PE designatesitstype, that QELEM is
an alias for the corresponding scalar subelement of Q, and that
NUM and DEN designate the actual values of the parameters
with the same names. Then the behavior of each scalar subele-
ment of QLTF is formally described by the value of QLTF
produced by the following equivalent block:

use |EEE.math _redl .all;
block
generic (num, den: REAL_VECTOR);
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generic map (num => NUM, den => DEN);
port (quantity g: in REAL;

quantity Itf: out REAL);

port map (g=>rea (QELEM), QTY PE(Itf)=>QLTF);
constant nnum: INTEGER := num’LENGTH - 1;
constant nden: INTEGER := den’ LENGTH - 1,

alias snum: REAL_VECTOR(0 to nnum) is num;

alias sden: REAL_VECTOR(O to nden) isden;

quantity gin: REAL_VECTOR(0 to nnum);

quantity gout: REAL_VECTOR(O to nden);

function "*"(v1, v2: REAL_VECTOR) return REAL is

begin

variableresult: REAL :=0.0;

for i in v1I’RANGE loop
result = result + v1(i) * v2(i);

end loop;
return result;
end function "*";
begin
q == qin(0);
gin(1 to nnum) == qgin(0 to nnum-1)’ DOT;
Itf == qout(0);
gout(1 to nden) == qout(0 to nden-1)' DOT;
gout(0) == (gin * snum - gqout(1 to nden) * sden(1 to nden))/sden(0);
end block;

Restrictions: Thefirst scalar subelement of DEN must not be 0.0.

QZTH(NUM,DEN,T[INITIAL_DELAY])

Kind:
Prefix:
Parameters:

Result Type:

Result:
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Quantity.

Any scalar quantity denoted by the static name Q.

NUM: a static expression of type REAL_VECTOR with the
numerator coefficients.

DEN: a static expression of type REAL_VECTOR with the
denominator coefficients.

T: A static expression of type REAL that evaluates to a positive
value, which is the sampling period.

INITIAL_DELAY: A static expression of type REAL that eval-
uates to a non-negative value, which is the time of the first
sampling. If omitted, it defaults to 0.0.

Thetype of Q.

The Z-domain transfer function of each scalar subelement of Q
with NUM as the numerator and DEN as the denominator
polynomids, T as the sampling frequency, and
INITIAL_DELAY asthetime of the first sampling.

Suppose that QZTF isan alias for any scalar subelement of the
attribute name, that QTY PE designates its type, that QELEM
is an aias for the corresponding scalar subelement of Q, and
that NUM, DEN, T and INITIAL_DELAY designate the actual
or defaulted values of the parameters with the same names.
Then the behavior of each scalar subelement of QZTF is for-
mally described by the value of QZTF produced by the
following equivalent block:
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use |EEE.math_real.all;

block

begin

generic (num, den: REAL_VECTOR; t, initial_delay: REAL);
generic map (num => NUM, den => DEN, t=>T,
partial_delay=>INITIAL_DELAY);
port (quantity g: in REAL;
quantity ztf: out REAL);

port map (q=>real(QELEM), QTY PE(ztf) => QZTF);
constant nnum: INTEGER := num’LENGTH - 1,
constant nden: INTEGER := den’ LENGTH - 1;
alias snum: REAL_VECTOR(0 to nnum) is num;
alias sden: REAL_VECTOR(0 to nden) is den;
guantity gin: REAL_VECTOR(O to nnum);
guantity gout: REAL_VECTOR(O0 to nden);
function "*"(v1, v2: REAL_VECTOR) return REAL is

variableresult: REAL := 0.0;
begin

for i in v1'RANGE loop

result = result + v1(i) * v2(i);

end loop;

return result;
end function "*";

gin(0) == q'ZOH(t,initiad_delay);

gin(1 to nnum) == qin(0 to nnum-1)' DELAY ED(t);

ztf == qout(0);

gout(1 to nden) == qout(0 to nden-1)' DELAY ED(t);

gout(0) == (gin * snum - gqout(1 to nden) * sden(1 to nden))/sden(0);

end block;

SRAMP[(TRISE [, TFALL])]

Kind:
Prefix:

Parameters:

Result Type:
Result:

Thefirst scalar subelement of DEN must not be 0.0.

Quantity.

Any signal denoted by the static name S whose scalar subele-
ments are of afloating point type.

TRISE: a static expression of a floating point type that evalu-
ates to a nonnegative value. If omitted, it defaultsto 0.0.
TFALL: a static expression of a floating point type that evalu-
ates to a nonnegative value. If omitted, it defaults to the value
of TRISE.

The base type of S.

A quantity where each scalar subelement follows the corre-
sponding scalar subelement of S. If the value of any parameter
is greater than 0.0, the corresponding value change is linear
from the current value of the scalar subelement of S to its new
value, whenever that subelement has an event.

Suppose that SRAMP is an alias for any scalar subelement of
the attribute name, that STYPE designates its type, that
SELEM is an alias for the corresponding scalar subelement of
S, and that TRISE and TFALL designate the actual or defaulted
values of the parameters with the same names. Then the behav-
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ior of each scalar subelement of SRAMP isformally described
by the value of SRAMP produced by the following equivalent
block:

generic (trise, tfall: REAL);

generic map (trise=> REAL(TRISE), tfall => REAL(TFALL));
port (signal s: in REAL; quantity sramp: out REAL);

port map (s=> REAL(SELEM); STY PE(sramp) => SRAMP);
signal slope, tt: REAL :=0.0;

assert trise >= 0.0 and tfall >=0.0;
sramp == SDELAYED - slope* (it - SDELAYED'LAST_EVENT);
break on SDELAYED, slope; -- Start or end of ramp
process
begin
wait on DOMAIN;
loop
wait on s,
while SEVENT loop
if s>sramp and trise> 0.0 then
tt <=trisg;
slope <= (s-sramp)/trise;
wait on sfor trise;
elsif s< sramp and tfall > 0.0 then
tt <=tfdl;
dope <= (s-sramp)/tfal;
wait on sfor tfall;
else
wait on sfor 0.0;
end if;
end loop;
dope<=0.0;
end loop;
end process,

end block;

SSLEW[(RISING_SLOPE [,FALLING_SLOPE])]

Kind:
Prefix:

Result Type:
Result:
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Quantity.

Any signal denoted by the static name S whose scalar subele-
ments are of afloating point type.

Parameters. RISING _SLOPE: a static expression of type
REAL that evaluates to a positive value. If omitted, it defaults
to REAL'HIGH, which isinterpreted as an infinite slope.
FALLING_SLOPE: a static expression of type REAL that
evaluates to a negative value. If omitted, it defaults to the nega-
tive of RISING_SLOPE. The value REAL'LOW is interpreted
as a negative infinite slope.

The base type of S.

A quantity where each scalar subelement follows the corre-
sponding scalar subelement of S. If the vaue of
RISING_SLOPE is less than REAL'HIGH, or if the value of
FALLING_SLOPE is greater than REAL'LOW, the corre-
sponding value change is linear from the current value of the
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scalar subelement of Sto its new value, whenever that subele-
ment has an event.

Suppose that SSLEW is an alias for any scalar subelement of
the attribute name, that STYPE designates its type, that
SELEM is an alias for the corresponding scalar subelement of
S, and that RISING_SL OPE and FALLING_SL OPE designate
the actual or defaulted values of the parameters with the same
names. Then the behavior of each scalar subelement of
SSLEW is formally described by the value of SSLEW pro-
duced by the following equivalent block:

block
generic (rising_slope, falling_slope: REAL);
generic map (rising_slope => RISING_SL OPE, falling_slope =>
FALLING_SLOPE);
port (signal s. in REAL; quantity sslew: out REAL);
port map (s=> REAL(SELEM); STYPE(sslew) => SSLEW);
signal slope, tt: REAL :=0.0;
begin
assert rising_slope > 0.0 and falling_slope < 0.0;
sslew == SDELAYED - dope* (tt - SDELAYED'LAST_EVENT);
break on SDELAYED, dope; -- Start or end of ramp
process
variablettv: REAL;
begin
wait on DOMAIN;
loop
wait on s
while SEVENT loop
if s> sslew and rising_slope /= REAL'HIGH then
ttv ;= (s-sslew)/rising_slope;
dope <=rising_slope;
elsif s< sdlew and faling_slope /= REAL'LOW then
ttv ;= (s-ssew)/faling_slope;
dope <= falling_slope;
else
ttv := 0.0;
end if;
tt <=ttv;
wait on sfor ttv;
end loop;
dope<=0.0;
end loop;
end process,
end block;
QSLEW[(MAX_RISING_SLOPE [, MAX_FALLING_SLOPE])]
Kind: Quantity.
Prefix: Any quantity denoted by the static name Q.
Parameters: MAX_RISING_SL OPE: a static expression of type REAL that

evaluates to a positive vaue. If omitted, it defaults to
REAL'HIGH, which isinterpreted as an infinite slope.
MAX_FALLING_SLOPE: a static expression of type REAL
that evaluates to a negative value. If omitted, it defaults to the
negative of MAX_RISING_SLOPE. The value REAL'LOW is
interpreted as a negative infinite slope.
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Result Type: The base type of Q.

Resuilt: A quantity where each scalar subelement follows the corre-
sponding scalar subelement of Q, but its derivative w.r.t. timeis
limited by the specified slopes.

Suppose that QSLEW is an dlias for any scalar subelement of
the attribute name, that QTYPE designates its type, that
QELEM isan dlias for the corresponding scalar subelement of
S, and that MAX_RISING_SLOPE and
MAX_FALLING_SLOPE designate the actual or defaulted
values of the parameters with the same names. Then the behav-
ior of each scalar subelement of Q'SLEW isformally described
by the value of QSLEW produced by the following equivalent
block:
block
generic (max_rising_slope, max_falling_slope: REAL);
generic map (max_rising_slope => MAX_RISING_SLOPE,
max_falling_slope => MAX_FALLING_SLOPE);
port (quantity g: in REAL; quantity gslew: out REAL);
port map (q => REAL(QELEM); QTY PE(gslew) => QSLEW);
type slewstate is (falling, none, rising);
signal slewing: slewstate := none;
begin
assert max_rising_slope > 0.0 and max_falling_slope < 0.0;
case slewing use
when rising => qdlew'DOT == max_rising_slope;
when none => qdew ==
when faling => gqdlew'DOT == max_falling_slope;
end case;
break on dewing when slewing'DELAY ED /= none;
process
begin
if DOT > max_rising_slope then
dewing <=rising;
wait on qABOVE(qsew);
elsif gDOT < max_falling_slope then
dewing <= faling;
wait on qABOVE(qsew);
else
slewing <= none;
wait on gDOT'ABOVE(max_rising_slope),
qDOT'ABOVE(max_faling_slope);
end if;
end process,
end block;

NOTES

1—The relationship between the values of the LEFT, RIGHT, LOW, and HIGH attributes is expressed as follows:

T'LEFT =
T'RIGHT

214

Ascending range Descending range
TLOW T'HIGH
T'HIGH TLOW
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2—Since the attributes SEVENT, SACTIVE, SLAST_EVENT, SLAST_ACTIVE, and SLAST_VALUE are func-
tions, not signals, they cannot cause the execution of a process, even though the value returned by such a function may
change dynamically. It is thus recommended that the equivalent signal-valued attributes SSTABLE and SQUIET, or
expressions involving those attributes, be used in concurrent contexts such as guard expressions or concurrent signal
assignments. Similarly, function STANDARD.NOW should not be used in concurrent contexts.

3—SDELAYED(0 ns) isnot equal to S during any simulation cycle where SEVENT istrue.

4—SSTABLE(0ns) = (SDELAYED(0 ns) = S), and SSTABLE(O ns) is FAL SE only during asimulation cyclein which
S has had a transaction.

5—For agiven smulation cycle, SQUIET(0 ns) isTRUE if and only if Sisquiet for that simulation cycle.

6—If SSTABLE(T) is FALSE, then, by definition, for somet where 0 ns2t2 T, SDELAYED(t) /= S.

7—If Tsisthe smallest value such that SSTABLE (T¢) isFALSE, then for al t whereOns<t < Tg, SDELAYED(t) = S.
8—SEVENT should not be used within a postponed process (or a concurrent statement that has an equivalent postponed
process) to determineif the prefix signal S caused the process to resume. However, SLAST_EVENT = 0 ns can be used
for this purpose.

9—The values of EPATH_NAME and E'INSTANCE_NAME are not unique. Specifically, named entities in two differ-
ent, unlabelled processes may have the same path names or instance names. Overloaded subprograms, and named

entities within them, may also have the same path names or instance names.

10—If the prefix to the attributes 'SIMPLE_NAME, 'PATH_NAME, or 'INSTANCE_NAME denotes an alias, the result
is respectively the simple name, path name or instance name of the alias. See 6.6.

11—For al valuesV of any scalar type T except areal type, the following relation holds:
V = T'Vaue(T'Image(V))

14.2 Package STANDARD

Package STANDARD predefines a number of types, subtypes, and functions. An implicit context clause
naming this package is assumed to exist at the beginning of each design unit. Package STANDARD may not
be modified by the user.

The operators that are predefined for the types declared for package STANDARD are given in comments
since they are implicitly declared. Italics are used for pseudo-names of anonymous types (such as
universal_integer), formal parameters, and undefined information (such as implementation_defined).

package STANDARD is

-- Predefined enumeration types:

type BOOLEAN is (FALSE, TRUE);

-- The predefined operators for this type are as follows:

-- function "and"
-- function "or"
-- function "nand"
-- function "nor"
-- function "xor"
-- function "xnor"
-- function "not

(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous

. BOOLEAN) return BOOLEAN,;
. BOOLEAN) return BOOLEAN,;
. BOOLEAN) return BOOLEAN,;
. BOOLEAN) return BOOLEAN,;
. BOOLEAN) return BOOLEAN,;
. BOOLEAN) return BOOLEAN,;

(anonymous. BOOLEAN) return BOOLEAN;

-- function "=" (anonymous, anonymous. BOOLEAN) return BOOLEAN;
-- function "/=" (anonymous, anonymous. BOOLEAN) return BOOLEAN;
-- function "<" (anonymous, anonymous. BOOLEAN) return BOOLEAN;
-- function "<=" (anonymous, anonymous. BOOLEAN) return BOOLEAN;
-- function ">" (anonymous, anonymous. BOOLEAN) return BOOLEAN;
-- function ">=" (anonymous, anonymous. BOOLEAN) return BOOLEAN;
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typeBIT is (0", '1Y;
-- The predefined operators for this type are as follows:

-- function "and"
-- function "or"
-- function "nand"
-- function "nor"
-- function "xor"
-- function "xnor"
-- function "not"
-- function "="

-- function "/="
-- function "<"

-- function "<="
-- function ">"

-- function ">="
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(anonymous, anonymous: BIT) return BIT;
(anonymous, anonymous: BIT) return BIT;
(anonymous, anonymous: BIT) return BIT;
(anonymous, anonymous: BIT) return BIT;
(anonymous, anonymous: BIT) return BIT;
(anonymous, anonymous: BIT) return BIT;
(anonymous: BIT) return BIT;
(anonymous, anonymous. BIT) return BOOLEAN;
(anonymous, anonymous. BIT) return BOOLEAN;
(anonymous, anonymous. BIT) return BOOLEAN;
(anonymous, anonymous. BIT) return BOOLEAN;
(anonymous, anonymous. BIT) return BOOLEAN;
(anonymous, anonymous. BIT) return BOOLEAN;

type CHARACTER is(

NUL, SOH,
BS, HT,
DLE, DC1,
CAN, EM,
" e

(, )
0, 1,
'8, 9,
@, A,
H, T,
IF,! IQ‘!
X', Y,
'
', I
P, q,
X, Y,
C128, C129,
C136, C137,
C144, C145,
C152, C153,
Nt K

= o,
|(>I, Iil,
A, A,
E, E,
D", (\
'a, U,
a, a,
e, '€,
'q', ',
g, ',

- function "="

- function /="

- function "<"

- function "<="

STX,
LF,

DC2,
SUB,

n
’
%1

o
B
7,

R,
7
-

u ’

ETX,
VT,
DC3,
ESC,
#

+

0w xQ

—

(9]

muxa

u )

EOT,
FF,
DC4,

ENQ,
CR,
NAK,
GSP,
%,
5
e
M
v,
I]I,

=
",
"

l} l,
C133,
C141,
C149,

C157,

"2,

IYI,

The predefined operators for this type are as follows:

ACK,
SO,
SYN,
RSP,
'8

6.
>
ey
N
"

AT
l

lfl,

l‘jl,

BEL,
Sl,

ETB,
USR,

|/|,
|7|,
|?,

o
"

.
v

(anonymous, anonymous. CHARACTER) return BOOLEAN;
(anonymous, anonymous. CHARACTER) return BOOLEAN;
(anonymous, anonymous. CHARACTER) return BOOLEAN;
(anonymous, anonymous. CHARACTER) return BOOLEAN;
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function ">"
function ">="

(anonymous, anonymous. CHARACTER) return BOOLEAN,;
(anonymous, anonymous. CHARACTER) return BOOLEAN,;

type SEVERITY_LEVEL is(NOTE, WARNING, ERROR, FAILURE);
-- The predefined operators for this type are as follows:

(anonymous, anonymous. SEVERITY _LEVEL) return BOOLEAN;
(anonymous, anonymous. SEVERITY _LEVEL) return BOOLEAN;
(anonymous, anonymous. SEVERITY _LEVEL) return BOOLEAN;
(anonymous, anonymous. SEVERITY _LEVEL) return BOOLEAN;
(anonymous, anonymous. SEVERITY _LEVEL) return BOOLEAN;
(anonymous, anonymous. SEVERITY _LEVEL) return BOOLEAN;

type INTEGER isrange implementation_defined;

function "="
function "/="
function "<"
function "<="
function ">"
function ">="

type universal_integer israngeimplementation_defined;
The predefined operators for this type are as follows:

function "="
function "/="
function "<"
function "<="
function ">"
function ">="
function "+"
function "-"
function "abs"
function "+"
function "-"
function "*"
function "/"
function "mod"
function "rem"

(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:

universal_integer) return BOOLEAN,;
universal_integer) return BOOLEAN,;
universal_integer) return BOOLEAN,;
universal_integer) return BOOLEAN,;
universal_integer) return BOOLEAN,;
universal_integer) return BOOLEAN,;

(anonymous: universal_integer) return universal_integer;
(anonymous:. universal_integer) return universal_integer;
(anonymous:. universal_integer) return universal_integer;
universal_integer) return universal_integer;
universal_integer) return universal_integer;
universal_integer) return universal_integer;
universal_integer) return universal_integer;
universal_integer) return universal_integer;
universal_integer) return universal_integer;

(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:

type universal_real israngeimplementation_defined;
The predefined operators for this type are as follows:

function "=" (anonymous, anonymous:
function "/=" (anonymous, anonymous:
function "<" (anonymous, anonymous:
function "<=" (anonymous, anonymous:
function ">" (anonymous, anonymous:
function ">=" (anonymous, anonymous:
function "+"

function "-"

function "abs'

function "+" (anonymous, anonymous:
function "-" (anonymous, anonymous:
function "*" (anonymous, anonymous:
function "/" (anonymous, anonymous:
function "*"

function "*"

function "/"

Predefined numeric types:

universal_real) return BOOLEAN;
universal_real) return BOOLEAN;
universal_real) return BOOLEAN;
universal_real) return BOOLEAN;
universal_real) return BOOLEAN;
universal_real) return BOOLEAN;

(anonymous: universal_real) return universal_real;

(anonymous: universal_real) return universal_real;
(anonymous: universal_real) return universal_real;

universal_real) return universal_real;
universal_real) return universal_real;
universal_real) return universal_real;
universal_real) return universal_real;

(anonymous: universal_real; anonymous: universal_integer)
return universal_real;

(anonymous: universal_integer; anonymous: universal_real)
return universal_real;

(anonymous: universal_real; anonymous: universal_integer)
return universal_real;

-- The predefined operators for this type are as follows:
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function "**"

function "**"
function "="
function "/="
function "<"
function "<="
function ">"
function ">="
function "+"
function "-"
function "abs'
function "+"
function "-"
function "*"
function "/"
function "mod"
function "rem"
function "**"

(anonymous: universal_i

return
(anonymous: universal_r

return
(anonymous, anonymous:
(anonymous, anonymous.
(anonymous, anonymous:
(anonymous, anonymous.
(anonymous, anonymous.
(anonymous, anonymous.
(anonymous: INTEGER)
(anonymous: INTEGER)
(anonymous: INTEGER)
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous, anonymous:
(anonymous: INTEGER,;

type REAL isrange implementation_defined;
-- The predefined operators for this type are as follows:

function
function "/="
function "<"
function "<="
function ">"
function ">="
function "+"
function "-"
function "abs"
function "+"
function "-"

-- function "*"
-- function "/"
-- function "**"

(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous

IEEE STANDARD VHDL ANALOG

nteger; anonymous. INTEGER)
universal_integer;

eal; anonymous. INTEGER)
universal_real;

. INTEGER) return BOOLEAN;
. INTEGER) return BOOLEAN;
. INTEGER) return BOOLEAN;
. INTEGER) return BOOLEAN;
. INTEGER) return BOOLEAN;
. INTEGER) return BOOLEAN;
return INTEGER,;

return INTEGER,;

return INTEGER,;

: INTEGER) return INTEGER;
: INTEGER) return INTEGER;
: INTEGER) return INTEGER;
: INTEGER) return INTEGER;
: INTEGER) return INTEGER;
: INTEGER) return INTEGER;
anonymous. INTEGER) return INTEGER,;

. REAL) return BOOLEAN;
. REAL) return BOOLEAN;
. REAL) return BOOLEAN;
. REAL) return BOOLEAN;
. REAL) return BOOLEAN;
. REAL) return BOOLEAN;

(anonymous. REAL) return REAL;
(anonymous. REAL) return REAL;
(anonymous. REAL) return REAL;

(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous

. REAL) return REAL;
. REAL) return REAL;
. REAL) return REAL;
. REAL) return REAL;

(anonymous. REAL ; anonymous: INTEGER) return REAL;

-- Predefined type TIME:
type TIME isrange implementation_defined

units

fs;
ps
ns
us
ms
Sec
min
hr

end units;

function
function "/="

218

-- femtosecond
1000 fs; -- picosecond
1000 ps; -- nanosecond
1000 ns; -- microsecond
1000 us; -- millisecond
1000 ms; -- second
60 sec; -- minute
60 min; -- hour

(anonymous, anonymous.
(anonymous, anonymous:

The predefined operators for thistype are as follows:

. TIME) return BOOLEAN,;
. TIME) return BOOLEAN,;
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-- function "<" (anonymous, anonymous. TIME) return BOOLEAN;
-- function "<=" (anonymous, anonymous. TIME) return BOOLEAN;
-- function ">" (anonymous, anonymous. TIME) return BOOLEAN;
-- function ">=" (anonymous, anonymous. TIME) return BOOLEAN;
-- function "+" (anonymous: TIME) return TIME;
-- function "-" (anonymous: TIME) return TIME;
-- function "abs' (anonymous: TIME) return TIME;
-- function "+" (anonymous, anonymous. TIME) return TIME;
-- function "-" (anonymous, anonymous. TIME) return TIME;
-- function "*" (anonymous: TIME; anonymous. INTEGER) return TIME;
-- function "*" (anonymous: TIME; anonymous. REAL) return TIME;
-- function "*" (anonymous: INTEGER; anonymous. TIME) return TIME;
-- function "*" (anonymous: REAL; anonymous. TIME) return TIME;
-- function /" (anonymous: TIME; anonymous. INTEGER) return TIME;
-- function /" (anonymous: TIME; anonymous. REAL) return TIME;
-- function /" (anonymous, anonymous. TIME) return universal_integer;

type DOMAIN_TYPE is (QUIESCENT_DOMAIN, TIME_DOMAIN, FREQUENCY_DOMAIN);
-- The predefined operators for this type are as follows:

-- function "=" (anonymous, anonymous. DOMAIN_TYPE) return BOOLEAN;
-- function "/=" (anonymous, anonymous. DOMAIN_TYPE) return BOOLEAN;
-- function "<" (anonymous, anonymous. DOMAIN_TYPE) return BOOLEAN;
-- function "<=" (anonymous, anonymous. DOMAIN_TYPE) return BOOLEAN;
-- function ">" (anonymous, anonymous. DOMAIN_TYPE) return BOOLEAN;
-- function ">=" (anonymous, anonymous. DOMAIN_TYPE) return BOOLEAN;

signal DOMAIN: DOMAIN_TYPE := QUIESCENT_DOMAIN;
subtype DELAY_LENGTH isTIME rangeQfsto TIME'HIGH,;

-- A function that returns universal_to_physical_time(T,. ), (see 12.6.4 and 12.7):
impure function NOW return DELAY_LENGTH,;

-- A function that returns universal_to_real_time(T. ),

-- (see12.6.4 and 12.7; itisan error if thisvalue is not in the range of REAL):
impure function NOW return REAL;

-- A function that returns the current simulation frequency (see 12.8):
function FREQUENCY return REAL;

-- Predefined numeric subtypes:
subtype NATURAL isINTEGER range 0 to INTEGER'HIGH;
subtype POSITIVE isINTEGER range 1 to INTEGER'HIGH;

-- Predefined array types.

type REAL_VECTORisarray (NATURAL range <>) of REAL;
type STRING isarray (POSITIVE range <>) of CHARACTER,;
-- The predefined operators for these types are as follows:

-- function "=" (anonymous, anonymous. STRING) return BOOLEAN;
-- function "/=" (anonymous, anonymous: STRING) return BOOLEAN;
-- function "<" (anonymous, anonymous: STRING) return BOOLEAN;
-- function "<=" (anonymous, anonymous: STRING) return BOOLEAN;
-- function ">" (anonymous, anonymous: STRING) return BOOLEAN;
-- function ">=" (anonymous, anonymous: STRING) return BOOLEAN;
-- function "&" (anonymous: STRING; anonymous. STRING)
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function "&"

function "&"

function "&"

(anonymous: STRING;

(anonymous: CHARACTER;

(anonymous: CHARACTER;

IEEE STANDARD VHDL ANALOG

return STRING,;
anonymous. CHARACTER)
return STRING,;
anonymous. STRING)
return STRING,;
anonymous. CHARACTER)
return STRING,;

type BIT_VECTOR isarray (NATURAL range <>) of BIT;

function "and"
function "or"
function "nand"
function "nor"
function "xor"
function "xnor"
function "not"
function "dI"

function "srl"

function "da’

function "sra"

function "rol"

function "ror"

function
function "/="
function "<"

function "<="
function ">"

function ">="
function "&"

function "&"

function "&"

function "&"

(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous

The predefined operators for this type are asfollows:

. BIT_VECTOR) return BIT_VECTOR,;
: BIT_VECTOR) return BIT_VECTOR,;
: BIT_VECTOR) return BIT_VECTOR,;
: BIT_VECTOR) return BIT_VECTOR,;
: BIT_VECTOR) return BIT_VECTOR,;
: BIT_VECTOR) return BIT_VECTOR,;

(anonymous:. BIT_VECTOR) return BIT_VECTOR,;
(anonymous: BIT_VECTOR; anonymous. INTEGER)

return BIT_VECTOR,

(anonymous: BIT_VECTOR; anonymous. INTEGER)

return BIT_VECTOR,

(anonymous: BIT_VECTOR; anonymous. INTEGER)

return BIT_VECTOR,

(anonymous: BIT_VECTOR; anonymous. INTEGER)

return BIT_VECTOR,

(anonymous: BIT_VECTOR; anonymous. INTEGER)

return BIT_VECTOR,

(anonymous: BIT_VECTOR; anonymous. INTEGER)

return BIT_VECTOR,

(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous
(anonymous, anonymous

(anonymous:. BIT_VECTOR;

(anonymous:. BIT_VECTOR;

(anonymous: BIT;

(anonymous: BIT;

The predefined types for opening files:

type FILE_OPEN_KIND is (

READ_MODE,

WRITE_MODE,

APPEND_MODE);

function
function "/="
function "<"
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(anonymous, anonymous.
(anonymous, anonymous:
(anonymous, anonymous.

. BIT_VECTOR) return BOOLEAN;

. BIT_VECTOR) return BOOLEAN;

. BIT_VECTOR) return BOOLEAN;

. BIT_VECTOR) return BOOLEAN;

. BIT_VECTOR) return BOOLEAN;

. BIT_VECTOR) return BOOLEAN;
anonymous. BIT_VECTOR)
return BIT_VECTOR,
anonymous: BIT)

return BIT_VECTOR,
anonymous: BIT_VECTOR)
return BIT_VECTOR,
anonymous: BIT)

return BIT_VECTOR,

-- Resulting access mode is read-only.

-- Resulting access mode is write-only.

-- Resulting access mode is write-only; information
-- isappended to the end of the existing file.

The predefined operators for thistype are as follows:

. FILE_OPEN_KIND) return BOOLEAN;
. FILE_OPEN_KIND) return BOOLEAN;
. FILE_OPEN_KIND) return BOOLEAN;
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-- function "<="(anonymous, anonymous: FILE_OPEN_KIND) return BOOLEAN;
-- function ">" (anonymous, anonymous. FILE_OPEN_KIND) return BOOLEAN;
-- function ">="(anonymous, anonymous: FILE_OPEN_KIND) return BOOLEAN;

type FILE_OPEN_STATUS s (

OPEN_OK, -- File open was successful.
STATUS ERROR, -- File object was aready open.
NAME_ERROR, -- Externd file not found or inaccessible.
MODE_ERROR); -- Could not open file with requested access mode.
-- The predefined operators for this type are as follows:
-- function "=" (anonymous, anonymous. FILE_OPEN_STATUS)
return BOOLEAN;
-- function "/=" (anonymous, anonymous. FILE_OPEN_STATUS)
return BOOLEAN;
-- function "<" (anonymous, anonymous. FILE_OPEN_STATUS)
return BOOLEAN;
-- function "<=" (anonymous, anonymous. FILE_OPEN_STATUS)
return BOOLEAN;
-- function ">" (anonymous, anonymous. FILE_OPEN_STATUS)
return BOOLEAN;
-- function ">=" (anonymous, anonymous. FILE_OPEN_STATUS)

return BOOLEAN;

- The'FOREIGN attribute:
attribute FOREIGN: STRING;
end STANDARD;

The 'FOREIGN attribute may be associated only with architectures (see 1.2) or with subprograms. In the lat-
ter case, the attribute specification must appear in the declarative part in which the subprogram is declared
(see2.1).

NOTES

1—The ASCII mnemonics for file separator (FS), group separator (GS), record separator (RS), and unit separator (US)
are represented by FSP, GSP, RSP, and USP, respectively, in type CHARACTER in order to avoid conflict with the units
of type TIME.

2—The declarative parts and statement parts of design entities whose corresponding architectures are decorated with the
'FOREIGN attribute and subprograms that are likewise decorated are subject to specia elaboration rules. See 12.3 and
12.4.

14.3 Package TEXTIO

Package TEXTIO contains declarations of types and subprograms that support formatted 1/O operations on
text files.

package TEXTIO s
-- Type definitions for text 1/O:

type LINE isaccess STRING; -- A LINE isapointer to a STRING value.
type TEXT isfile of STRING,; -- A file of variable-length ASCII records.
type SIDE is (RIGHT, LEFT); -- For justifying output data within fields.
subtype WIDTH isNATURAL; -- For specifying widths of output fields.

-- Standard text files:

file INPUT: TEXT open READ_MODE is"STD_INPUT";

file OUTPUT: TEXT open WRITE_MODE is"STD_OUTPUT";
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-- Input routines for standard types:
procedure READLINE (file F: TEXT; L: out LINE);

procedure READ (L: inout LINE; VALUE: out BIT; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out BIT);

procedure READ (L: inout LINE; VALUE: out BIT_VECTOR; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out BIT_VECTOR);

procedure READ (L: inout LINE; VALUE: out BOOLEAN; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out BOOLEAN);

procedure READ (L: inout LINE; VALUE: out CHARACTER,; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out CHARACTER);

procedure READ (L: inout LINE; VALUE: out INTEGER; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out INTEGER);

procedure READ (L: inout LINE; VALUE: out REAL; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out REAL);

procedure READ (L: inout LINE; VALUE: out STRING; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out STRING);

procedure READ (L: inout LINE; VALUE: out TIME; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out TIME);

-- Output routines for standard types:
procedure WRITELINE (file F: TEXT; L: inout LINE);
procedure WRITE (L: inout LINE;VALUE: in BIT;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);
procedure WRITE (L: inout LINE;VALUE: in BIT_VECTOR,;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);
procedure WRITE (L: inout LINE;VALUE: in BOOLEAN;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);
procedure WRITE (L: inout LINE;VALUE: in CHARACTER,;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);
procedure WRITE (L: inout LINE;VALUE: in INTEGER;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);
procedure WRITE (L: inout LINE;VALUE: in REAL;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH :=0;
DIGITS: in NATURAL:=0);
procedure WRITE (L: inout LINE;VALUE: in STRING;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);
procedure WRITE (L: inout LINE;VALUE: in TIME;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH :=0;
UNIT: in TIME:=ns);

-- File position predicate:
-- function ENDFILE (file F: TEXT) return BOOLEAN,;
end TEXTIO;

Procedures READLINE and WRITELINE declared in package TEXTIO read and write entire lines of afile
of type TEXT. Procedure READLINE causes the next line to be read from the file and returns as the value of
parameter L an access value that designates an object representing that line. If parameter L contains a non-
null access value at the start of the call, the object designated by that value is deallocated before the new
object is created. The representation of the line does not contain the representation of the end of theline. Itis
an error if the file specified in a call to READLINE is not open or, if open, the file has an access mode other
than read-only (see 3.4.1). Procedure WRITELINE causes the current line designated by parameter L to be
written to the file and returns with the value of parameter L designating a null string. If parameter L contains
anull access value at the start of the call, then anull string iswritten to thefile. It is an error if the file speci-
fiedin acall to WRITELINE is not open or, if open, the file has an access mode other than write-only.
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The language does not define the representation of the end of aline. An implementation must alow all pos-
sible values of types CHARACTER and STRING to be written to afile. However, as an implementation is
permitted to use certain values of types CHARACTER and STRING as line delimiters, it may not be
possible to read these values from a TEXT file.

Each READ procedure declared in package TEXTIO extracts data from the beginning of the string value
designated by parameter L and modifies the value so that it designates the remaining portion of the line on
exit.

The READ procedures defined for a given type other than CHARACTER and STRING begin by skipping
leading whitespace characters. A whitespace character is defined as a space, a nonbreaking space, or a hori-
zontal tabulation character (SP, NBSP, or HT). For al READ procedures, characters are then removed from
L and composed into a string representation of the value of the specified type. Character removal and string
composition stops when a character is encountered that cannot be part of the value according to the lexical
rules of 13.2; this character is not removed from L and is not added to the string representation of the value.
The READ procedures for types INTEGER and REAL also accept aleading sign; additionally, there can be
no space between the sign and the remainder of the literal. The READ procedures for types STRING and
BIT_VECTOR aso terminate acceptance when VALUE'LENGTH characters have been accepted. Again
using the rules of 13.2, the accepted characters are then interpreted as a string representation of the specified
type. The READ does not succeed if the sequence of characters removed from L is not a valid string repre-
sentation of a value of the specified type or, in the case of types STRING and BIT_VECTOR, if the
sequence does not contain VALUE'LENGTH characters.

The definitions of the string representation of the value for each data type are as follows:

— Therepresentation of aBIT valueisformed by asingle character, either 1 or 0. No leading or trailing
guotation characters are present.

— Therepresentation of aBIT_VECTOR vaueisformed by a sequence of characters, either 1 or 0. No
leading or trailing quotation characters are present.

— Therepresentation of aBOOLEAN value isformed by an identifier, either FALSE or TRUE.
— Therepresentation of a CHARACTER value is formed by a single character.

— Therepresentation of both INTEGER and REAL valuesisthat of adecimal literal (see 13.4.1), with
the addition of an optional leading sign. The sign is never written if the value is nonnegative, but it is
accepted during aread even if the value is nonnegative. No spaces can occur between the sign and
the remainder of the value. The decimal point is absent in the case of an INTEGER literal and present
in the case of a REAL literal. An exponent may optionally be present; moreover, the language does
not define under what conditionsit is or is not present. However, if the exponent is present, the“e” is
written as a lowercase character. Leading and trailing zeroes are written as necessary to meet the
requirements of the FIELD and DIGITS parameters, and they are accepted during a read.

— The representation of a STRING value is formed by a sequence of characters, one for each element
of the string. No leading or trailing quotation characters are present.

— Therepresentation of aTIME valueisformed by an optional decimal literal composed following the
rules for INTEGER and REAL literals described above, one or more blanks, and an identifier that is
aunit of type TIME, as defined in package STANDARD (see 14.2). When read, the identifier can be
expressed with characters of either case; when written, the identifier is expressed in lowercase
characters.

Each WRITE procedure similarly appends data to the end of the string value designated by parameter L; in

this case, however, L continues to designate the entire line after the value is appended. The format of the
appended datais defined by the string representations defined above for the READ procedures.
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The READ and WRITE procedures for the types BIT_VECTOR and STRING respectively read and write
the element valuesin | eft-to-right order.

For each predefined data type there are two READ procedures declared in package TEXTIO. The first has
three parameters: L, the line to read from; VALUE, the value read from the line; and GOOD, a Boolean flag
that indicates whether the read operation succeeded or not. For example, the operation READ (L, Intval,
OK) would return with OK set to FALSE, L unchanged, and IntVa undefined if IntVal is a variable of type
INTEGER and L designates the line "ABC". The success indication returned via parameter GOOD alows a
process to recover gracefully from unexpected discrepancies in input format. The second form of read oper-
ation has only the parameters L and VALUE. If the requested type cannot be read into VALUE from line L,
then an error occurs. Thus, the operation READ (L, IntVal) would cause an error to occur if IntVal is of type
INTEGER and L designatestheline"ABC".

For each predefined data type there is one WRITE procedure declared in package TEXTIO. Each of these
has at least two parameters: L, the line to which to write; and VALUE, the value to be written. The additional
parameters JUSTIFIED, FIELD, DIGITS, and UNIT control the formatting of output data. Each write oper-
ation appends data to a line formatted within afield that is at least as long as required to represent the data
value. Parameter FIEL D specifies the desired field width. Since the actual field width will always be at |east
large enough to hold the string representation of the data value, the default value O for the FIELD parameter
has the effect of causing the data value to be written out in afield of exactly the right width (i.e., no leading
or trailing spaces). Parameter JUSTIFIED specifies whether values are to be right- or left-justified within the
field; the default is right-justified. If the FIELD parameter describes afield width larger than the number of
characters necessary for agiven value, blanks are used to fill the remaining charactersin thefield.

Parameter DIGITS specifies how many digits to the right of the decimal point are to be output when writing
area number; the default value O indicates that the number should be output in standard form, consisting of
a normalized mantissa plus exponent (e.g., 1.079236E-23). If DIGITS is nonzero, then the real number is
output as an integer part followed by . followed by the fractional part, using the specified number of digits
(e.g., 3.14159).

Parameter UNIT specifies how values of type TIME are to be formatted. The value of this parameter must be
equal to one of the units declared as part of the declaration of type TIME; the result isthat the TIME valueis
formatted as an integer or rea literal representing the number of multiples of this unit, followed by the name
of the unit itself. The name of the unit is formatted using only lowercase characters. Thus the procedure call
WRITE(Line, 5 ns, UNIT=>us) would result in the string value "0.005 us" being appended to the string
value designated by Line, whereas WRITE(Line, 5 ns) would result in the string value "5 ns' being
appended (since the default UNIT valueisns).

Function ENDFILE is defined for files of type TEXT by the implicit declaration of that function as part of
the declaration of thefiletype.

NOTES

1—For avariable L of type Line, attribute L'Length gives the current length of the line, whether that line is being read or
written. For aline L that is being written, the value of L'Length gives the number of characters that have already been
written to the line; thisis equivalent to the column number of the last character of theline. For alineL that is being read,
the value of L'Length gives the number of characters on that line remaining to be read. In particular, the expression
L'Length = O istrue precisely when the end of the current line has been reached.

2—The execution of a read or write operation may modify or even deallocate the string object designated by input
parameter L of type Line for that operation; thus, adangling reference may result if the value of avariable L of typeLine
is assigned to another access variable and then aread or write operation is performed on L.
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15. Simultaneous statements

NOTE—The material in this clause is related to material in Clause 8 and Clause 9; it is included here due to avoid per-
turbing the numbering scheme of the |IEEE 1076 VHDL LRM.

Simultaneous statements express explicit differential and algebraic equations that together with implicit
equations constrain the values of the quantities of amodel.

simultaneous_statement_part ::=
{ simultaneous_statement }

simultaneous_statement ::=
simple_simultaneous_statement
| smultaneous if _statement
| ssimultaneous_case statement
| simultaneous_procedural_statement
| ssimultaneous_null_statement

The evaluation of a simultaneous statement part consists of the evaluation of its simultaneous statements.
Any characteristic expression created during the evaluation of a simultaneous statement part is said to be in
an explicit set.

15.1 Simple simultaneous statement

The evaluation of a simple simultaneous statement creates one or more characteristic expressions of an
explicit set.

simple_simultaneous_statement ::=
[ 1abel : ] simple_expression == simple_expression [ tolerance_aspect | ;

The base type of each simple expression must be the same natura type. If the type of the simple expressions
is ascalar type then the statement has a single characteristic expression which is the difference between the
value of the right-hand simple expression and the value of the left-hand simple expression. If the type of the
simple expressions is composite, then there must be amatching scalar subelement of the right-hand value for
each scalar subelement of the left-hand value, and the characteristic expressions are the differences of the
matching scalar subelements of the simple expression values.

Some simple simultaneous statements have an associated tolerance quantity that is determined as follows. If

the simple expression on the left hand side of the "==" sign is a name (including a dice name) that denotes a
guantity, then this quantity is the tolerance quantity of the simple simultaneous statement. Otherwise, if the
simple expression on the right hand side of the "==" sign is a name (including a slice name) that denotes a

guantity, then this quantity is the tolerance quantity of the simple simultaneous statement. Otherwise, the
simple simultaneous statement has no associated tolerance quantity. It is an error if a simple simultaneous
statement that does not include a tolerance aspect has no associated tolerance quantity.

If the simple simultaneous statement does not include a tolerance aspect, then tolerance group of each scalar
subelement of the characteristic expression created by the statement is the tolerance group of the
corresponding scalar subelement of the tolerance quantity associated with the statement. If the ssmple simul-
taneous statement does include a tolerance aspect, then the tolerance group of each scalar subelement of the
characteristic expression created by the statement is the value of the string expression of the tolerance
aspect.
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Example:
-- A diode described by simple simultaneous statements

entity Diodeis
generic (Is0: REAL :=1.0e-14; Tau, Rd : REAL :=0.0);
port (terminal Anode, Cathode : Electrical);

end entity Diode;

architecture Simultaneous of Diodeis
guantity Vd across Id, Ic through Anode to Cathode;
guantity Charge: REAL;
constant Vt: Voltage := 0.0258;

begin
Id == 1s0* (exp((Vd-Rd* 1d)/Vt) - 1.0);
Charge == Tau*Id tolerance "charge"; -- tolerance group
-- defined by explicit tolerance aspect
Ic == Charge'Dot;

end architecture Simultaneous;

15.2 Simultaneous if statement

A simultaneous if statement selects for evaluation one of the enclosed simultaneous statement parts
depending on the value of one or more conditions.

simultaneous if statement ::=
[if_label : ]

if condition use
simultaneous_statement_part

{ elsif condition use
simultaneous_statement_part }

[ else
simultaneous_statement_part |

end use[ if_label ] ;

For the evaluation of asimultaneousif statement, the condition specified after if and any conditions specified
after elsif are evaluated in succession (treating afinal else aselsif TRUE use) until one evaluatesto TRUE or

all conditions are evaluated and yield FALSE. If one condition evaluates to TRUE, then the corresponding
simultaneous statement part is evaluated; otherwise, none of the simultaneous statement parts is eval uated.

15.3 Simultaneous case statement

A simultaneous case statement selects for evaluation one of a number of aternative simultaneous statement
parts; the chosen aternative is defined by the value of an expression.
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simultaneous_case_statement ::=
[ case label : ]
case expression use
simultaneous_alternative
{ simultaneous_alternative }
end case[ case labd ] ;

simultaneous_alternative ::=
when choices =>
simultaneous_statement_part

The expression of the simultaneous case statement, the expressions of the choices of the simultaneous ater-
natives and the case label must follow the rules of 8.8 for the corresponding parts of the sequential case
Statement.

The evaluation of a simultaneous case statement consists of the evaluation of the expression followed by the
evaluation of the chosen simultaneous statement part.

15.4 Simultaneous procedural statement

The simultaneous procedural statement provides a sequential notation for expressing differential and
algebraic equations.

simultaneous_procedural_statement ::=
[ procedural_labdl : ]
procedural [ is]
procedural_declarative part
begin
procedural_statement_part
end procedural [ procedural_label | ;

procedural_declarative part ::=
{ procedural_declarative item}

procedural_declarative item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| variable_declaration
| alias_declaration
| attribute_declaration
| attribute _specification
| use_clause
| group_template declaration
| group_declaration

procedural_statement_part ::=
{ sequentia_statement }

The simultaneous procedural statement is defined by a series of transformations. For the longest static prefix

of each quantity name that occurs in the procedura statement part, the following transformations are
defined:
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The interface name of the quantity is a unique identifier that does not hide any named entity visible
within the simultaneous procedural statement. The quantity is called the replaced quantity.

The variable name of the quantity is another unique identifier that does not hide any named entity
visible within the simultaneous procedural statement. Similarly, the quantity is called the replaced
quantity.

For either an interface name or a variable name, the replacement declaration is the name, followed
by a colon, followed by the subtype indication of the replaced quantity.

For agiven variable name, the replacement variable declaration of the name consists of the keyword
variable, followed by the replacement declaration, followed by the assignment character (:=), fol-
lowed by the interface name whose replaced quantity is the same as the variable name, followed by a
semicolon.

For the simultaneous procedural statement itself, the following lists of quantities are defined:

The assigned quantity list is formed from the longest static prefix of each quantity namethat is either
the target of any variable assignment statement or an actual in any procedure call whose correspond-
ing forma has mode out or inout in the procedural statement part of the simultaneous procedural
statement, in any order. A simultaneous procedural statement with a null assigned quantity list is
equivalent to a simultaneous null statement.

The referenced quantity list consists of quantity names of the following forms: the longest static pre-
fix of each quantity name appearing in any statement in the procedural statement part of the simulta-
neous procedural statement; and the longest static prefix of any quantity name appearing in any
default expression in the procedural declarative part of the simultaneous procedural statement. These
guantity names occur in any order.

The following textual constructs are defined using the definitions given above.

The assigned quantity declaration consists of the replacement declaration for the variable name of
each quantity in the assigned quantity list, in that order, separated by semicolons.

The interface quantity declaration consists of the replacement declaration for the interface name of
each quantity in the assigned quantity list, in that order, separated by semicolons.

The altered procedural declarative part consists of the procedural declarative part of the simulta-
neous procedural statement where the longest static prefix of each of the quantity names is replaced
by its interface name.

The replaced variable declaration list consists of the replacement variable declaration for the vari-
able name of each quantity in the referenced quantity list.

The altered procedural statement part consists of the procedural statement part of the simultaneous
procedural statement where the longest static prefix of each of the quantity names is replaced by its
variable name.

The textual replaced quantity list consists of each of the variable names for each quantity in the
assigned quantity list, separated by commas, in the order in which they occur.

The textual assigned quantity list consists of the variable name for each quantity in the assigned
quantity list, separated by commas, in the order in which they occur.

The textual referenced quantity list consists of the names of al the quantitiesin the referenced quan-
tity list, separated by commas, in the order in which they occur.

Quantity record name and new name are names that, like the replacement names, are unique and are
not visible from anywhere in the simultaneous procedural statement.

The simultaneous procedural statement has an equivalent simple simultaneous statement, and creates an
accompanying implied subprogram body. The subprogram body (along with an accompanying record type
definition) is created from the simultaneous procedural statement as follows:

type quantity record nameisrecord assigned quantity _declaration; end record;
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function new_name (interface_quantity_declaration)
return (quantity_record _name) is
altered_procedural _declarative part
replaced variable declaration list;

begin
altered_procedural _statement_part
return (textual_replaced_quantity _list);

end function;

The implied simple simultaneous statement is:

IEEE
Std 1076.1-1999

procedural _label: (textual_assigned_quantity list) == new_name (textual_referenced quantity list) ;

where procedural_label isthelabel of the simultaneous procedural statement, and it and the following colon

are omitted if thereis no label attached to the simultaneous procedural statement.

Itisan error if areturn statement occurs in the procedural statement part that does not, when executed, have
the same effect as the statement at the end of the statement part of the implied subprogram declared as
above. It isalso an error if await statement, a break statement, or asignal assignment statement occursin the

procedural statement part.
Example:

A procedural description of the diode model

architecture Proc of Diodeis

guantity Vd across Id, Ic through Anode to Cathode;

guantity Charge: REAL;
constant Vt: Voltage := 0.0258;
begin
pl: procedural begin
Id := 1s0* (exp((Vd-Rd* 1d)/Vt) - 1.0);
Charge := Tau*Id;
Ic ;= Charge'Dot;
end procedural;
end architecture Proc;

-- Its equivalent statements are

typé\ pl_typélis
record
\Id\: Electrical'Through;
\Charge\: REAL;
\Ic\: Electrical'Through;
end record,;

function \p1_function\(Vd: Electrical'Across,
Id: Electrical'Through,
Ic: Electrical Through,
Charge: REAL,
\Charge'Dot\: REAL)
return\pl type\is
variable\Vd\: Electrical'Across := Vd;
variable\ld\: Electrical'Through := Id;
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variable\lc\: Electrical'Through :=Ic;

variable \Charge\: REAL := Charge;

variable WCharge'Dot\\\: REAL :=\Charge'Dot\
begin

\Id\:= 1s0* (exp((\V d\-Rd*\Id\)/V/1) - 1.0);

\Charge\:= Tau*\ld\

\Ic\:=\WCharge' Dot\\\

return (\ld\, \Charge\, \Ic\);
end function;

pl: (Id, Charge, Ic) ==\p1_function\(Vd, Id, Ic, Charge, Charge'Dot);

NOTE—It is aconsequence of the above definitions that subtype constraints are not checked on the quantities within the
subprogram declaration defined above until the return statement is executed.

15.5 Simultaneous null statement

The evaluation of a simultaneous null statement has no effect. Simultaneous null statements are always con-
sidered cycle pure.

simultaneous_null_statement ::=
[1abel : ] null ;
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Annex A

(informative)

Syntax summary

Thisannex provides asummary of the syntax for VHDL. Productions are ordered al phabetically by left-hand
nonterminal name. The clause number indicates the clause where the production is given.

abstract_litera ::= decimal_literal | based_literal [§13.4]
access type definition ::= access subtype indication [§3.3]
across_aspect ;= [§4.3.1.6]

identifier_list [tolerance _aspect] [ := expression ] across
actual_designator ::= [§4.3.2.2]

expression

| signal_name

| variable_name

| file_name

| terminal_name

| quantity name

| open
actual_parameter_part ::= parameter_association_list [8§7.3.3]
actual_part ::= [§4.3.2.2]

actual_designator
| function_name ( actual_designator )
| type_mark ( actual_designator )

adding_operator ::= +|— | & [87.2]

aggregate ::= [8§7.3.2]
(element_association { , element_association} )

alias declaration ::= [8§4.3.3]
aliasalias designator [ : aias indication ] isname|[ signature] ;

alias designator ::= identifier | character_literal | operator_symbol [8§4.3.3]

alias_indication ::= subtype indication | subnature_indication [8§4.3.3]

allocator ::= [8§7.3.6]

new subtype indication
| new qualified_expression
architecture_body ::= [81.2]
architecture identifier of entity nameis
architecture_declarative part
begin
architecture_statement_part
end [ architecture] [ architecture_simple name] ;

architecture_declarative part ::= [§1.2.1]
{ block_declarative item}

architecture_statement ::= [§1.2.2]
simultaneous_statement | concurrent_statement

architecture_statement_part ::= [§1.2.2]
{ architecture_statement }

array_nature_definition ::= [§3.5.2.]]
unconstrained_nature_definition | constrained_nature definition

array_type definition ::= [§3.2.]]

unconstrained_array_definition | constrained_array definition
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assertion ::=
assert condition
[ report expression |
[ severity expression |
assertion_statement ::= [ label : ] assertion ;
association_element ::=
[ formal_part => ] actual_part
association list ::=
association_element { , association_element }
attribute_declaration ::=
attribute identifier : type mark ;
attribute_designator ::= attribute_simple_name
attribute_name ::=
prefix [ signature] ' attribute_designator [ ( expression{ , expression} )]
attribute_specification ::=
attribute attribute_designator of entity_specification is expression ;
base ::= integer
base specifier ::= B|O| X
base unit_declaration ::= identifier ;
based_integer ::=
extended_digit { [ underline] extended_digit }
based_litera ::=
base # based_integer [ . based _integer | # [ exponent ]
basic_character ::=
basic_graphic_character | format_effector
basic_graphic_character ::=
upper_case _letter | digit | special_character| space_character
basic_identifier ::= letter { [ underline] letter_or_digit }
binding_indication ::=
[ use entity_aspect |
[ generic_map_aspect ]
[ port_map_aspect ]
bit_string_literal ::= base specifier " [ bit_value] "
bit value ::= extended_digit { [ underline] extended digit }
block_configuration ::=
for block_specification
{ use _clause}
{ configuration_item }
end for ;
block _declarative item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared variable declaration
| file_declaration
| alias_declaration
| component_declaration
| attribute_declaration
| attribute _specification
| configuration_specification
| disconnection_specification

IEEE STANDARD VHDL ANALOG

[§8.2]

[§8.2]
[§4.3.2.2]

[§4.3.2.2]
[84.4]

[ 6.6]
[ 6.6]

[§5.1]
[§13.4.2]
[§ 13.7]
[§3.1.3]
[§13.4.2]
[§13.4.2]
[§ 13.1]
[§ 13.1]

[§13.3.1]
[§5.2.1]

[§ 13.7]
[§ 13.7]
[§1.3.]

[§1.2.]
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| step_limit_specification

| use_clause

| group_template declaration

| group_declaration

| nature_declaration

| subnature_declaration

| quantity declaration

| terminal_declaration
block declarative part ::=

{ block_declarative item}
block header ::=

[ generic_clause

[ generic_map_aspect ; | |

[ port_clause

[ port_map_aspect ;] ]
block_specification ::=

architecture_name

| block_statement_label

| generate_statement label [ (index_specification ) |
block_statement ::=

block label :
block [ (guard_expression) ] [is]
block _header
block declarative_part
begin

block_statement_part
end block [ block label ] ;
block_statement_part ::=
{ architecture_statement }
branch_guantity _declaration ::=
quantity [ across_aspect ] [ through_aspect ] terminal_aspect ;
break_element ::=[ break _selector_clause] quantity_name => expression
break list ::= break_element { , break_element }
break selector_clause ::=for quantity_name use
break _statement ::=
[ 1abel : ] break [ break list] [ when condition] ;
case_statement ::=
[ case label : ]
case expression is
case_statement_alternative
{ case_statement_alternative }
end case[ case labd ] ;
case_statement_alternative ::=
when choices =>
sequence_of_statements
character_literal ::=" graphic_character
choice::=
simple_expression
| discrete _range
| element_simple_name
| others
choices::= choice{ | choice}
component_configuration ::=
for component_specification
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[§9.1]

[§9.1]

[§1.3.1]

[§9.1]

[§9.1]
[§4.3.1.6]
[§ 8.14]
[§ 8.14]
[§ 8.14]
[§ 8.14]

[§8.8]

[§8.8]

[§ 13.5]
[§7.32]

[§7.32]
[§1.32]
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[ binding_indication ; ]
[ block_configuration ]
end for ;
component_declaration ::= [84.5]
component identifier [ is]
[ local_generic_clause]
[ local_port_clause]
end component [ component_simple_name] ;
component_instantiation_statement ::= [§9.6]
instantiation_label :
instantiated _unit
[ generic_map_aspect ]
[ port_map_aspect | ;

component_specification ::= [8§5.2]
instantiation_list : component_name

composite_nature definition ::= [§35.2]
array_nature_definition | record_nature_definition

composite type definition ::= [8§3.2]

array_type_definition
| record_type_definition

concurrent_assertion_statement ::= [8§9.4]
[ 1abel : ][ postponed ] assertion ;

concurrent_break_statement ::= [8§9.8]
[ 1abel : ] break [ break_list] [ sensitivity clause] [ when condition] ;

concurrent_procedure _call_statement ::= [§9.3]
[ 1abel : ][ postponed ] procedure call ;

concurrent_signal_assignment_statement ::= [§9.5]

[ 1abel : ][ postponed ] conditional_signal_assignment

| [ label : ][ postponed ] selected signal_assignment

concurrent_statement ::= [89]

block_statement

| process_statement

| concurrent_procedure_call_statement

| concurrent_assertion_statement

| concurrent_signal_assignment_statement

| component_instantiation_statement

| generate_statement

| concurrent_break _statement

condition ::= boolean_expression [§8.1]

condition_clause ::= until condition [§8.1]

conditional_signal_assignment ::= [§9.5.1]
target <= options conditional_waveforms;;

conditional_waveforms ::= [§9.5.1]

{ waveform when condition else }
waveform [ when condition ]
configuration_declaration ::= [§1.3]
configuration identifier of entity_nameis
configuration_declarative part
block_configuration
end [ configuration ] [ configuration_simple_name] ;
configuration_declarative item ::= [§1.3]
use clause
| attribute _specification
| group_declaration

234 Copyright © 1999 IEEE. Al rights reserved.



IEEE

AND MIXED-SIGNAL EXTENSIONS Std 1076.1-1999
configuration_declarative part ::= [§1.3]

{ configuration_declarative item}
configuration_item ::= [§1.3.1]

block_configuration
| component_configuration

configuration_specification ::= [8§5.2]
for component_specification binding_indication ;

constant_declaration ::= [§4.3.1.1]
constant identifier_list : subtype indication [ := expression] ;

constrained_array_definition ::= [§3.2.1]
array index_constraint of element_subtype_indication

constrained_nature_definition ::= [§35.2.]1]
array index_constraint of subnature_indication

constraint ::= [84.2]

range_constraint
| index_constraint

context_clause ::= { context_item} [§11.3]
context_item ::= [§11.3]
library clause
| use_clause
decimal_literal ::= integer [ . integer ] [ exponent ] [§13.4.1]
declaration ::= [84]

type _declaration
| subtype_declaration
| object_declaration
| interface_declaration
| alias_declaration
| attribute_declaration
| component_declaration
| group_template declaration
| group_declaration
| entity_declaration
| configuration_declaration
| subprogram_declaration
| package declaration
| nature_declaration
| subnature_declaration
| quantity declaration
| terminal_declaration

delay_mechanism ::= [8§8.4]
transport
| [ reject time_expression ] inertial
design file::= design_unit { design_unit } [§11.1]
design_unit ::= context_clause library_unit [§11.1]
designator ::= identifier | operator_symbol [§2.1]
direction ::= to | downto [§3.1]
disconnection_specification ::= [§5.3]
disconnect guarded_signal_specification after time_expression ;
discrete range ::= discrete_subtype_indication | range [§3.2.]]
element_association ::= [8§7.3.2]
[ choices=>] expression
element_declaration ::= [§3.2.2]
identifier_list : element_subtype definition ;
element_subnature _definition ::= [§35.2.2]

Copyright © 1999 IEEE. All rights reserved. 235



IEEE
Std 1076.1-1999 IEEE STANDARD VHDL ANALOG

subnature_indication
element_subtype definition ::= subtype indication [§3.2.2]
entity aspect ::= [§5.2.1.1]
entity entity_name [ ( architecture_identifier) ]
| configur ation configuration_name

| open
entity class::= [§5.1]
entity | architecture | configuration
| procedure | function | package
| type | subtype | constant
| signal | variable | component
| label | literal | units
| group | file | nature
| subnature | quantity | terminal
entity _class entry ::= entity class[ <>] [§84.6]
entity _class entry list ::= [§84.6]
entity_class _entry { , entity_class _entry }
entity declaration ::= [§1.1]
entity identifier is
entity _header
entity _declarative_part
[ begin

entity_statement_part |
end [ entity ] [ entity_simple_name] ;
entity declarative_item ::= [§1.1.2]
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
| step_limit_specification
| use_clause
| group_template declaration
| group_declaration
| nature_declaration
| subnature_declaration
| quantity declaration
| terminal_declaration

entity declarative part ::= [§1.1.2]
{ entity_declarative item}

entity _designator ::= entity tag [ signature] [8§5.1]

entity header ::= [§1.1.7]

[ formal_generic_clause]
[ formal_port_clause]
entity_name list ::= [§5.1]
entity_designator { , entity_designator }
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| others
| all
entity _specification ::= [§5.1]
entity_name_list : entity_class
entity statement ::= [§1.1.3]

concurrent_assertion_statement
| passive_concurrent_procedure_call_statement
| passive_process _statement

entity _statement_part ::= [§1.1.3]
{ entity_statement }

entity_tag ::= simple_name | character_literal | operator_symbol [8§5.1]

enumeration_literal ::= identifier | character_literal [§3.1.1]

enumeration_type definition ::= [§3.1.1]
( enumeration_literal { , enumeration_literal } )

exit_statement ::= [§8.11]
[ 1abel : ] exit [ loop_label ] [ when condition] ;

exponent ::= E[ +] integer | E —integer [§13.4.1]

expression ::= [87.1]

relation { and relation }
| relation { or relation }
| relation { xor relation }
| relation [ nand relation ]
| relation [ nor relation ]
| relation { xnor relation }

extended_digit ::= digit | letter [§13.4.2]
extended_identifier ::= graphic_character { graphic_character } \ [§13.3.2]
factor ::= [8§7.1]
primary [ ** primary |
| abs primary
| not primary
file_declaration ::= [§4.3.1.4]
file identifier_list : subtype indication [ file_open_information] ;
file logica _name::= string_expression [§4.3.1.4]
file_open_information ::= [§4.3.1.4]
[ open file_open_kind_expression] isfile logical _name
file_type definition ::= [8§3.4]
file of type_mark
floating_type definition ::= range constraint [§3.1.4]
formal_designator ::= [§4.3.2.2]
generic_name
| port_name
| parameter_name
formal_parameter_list ::= parameter_interface list [§2.1.7]
formal_part ::= [§4.3.2.2]

formal_designator
| function_name ( formal _designator )
| type_mark ( formal_designator )

free_quantity declaration ::= [§4.3.1.6]
quantity identifier_list : subtype indication [ := expression] ;

full_type declaration ::= [84.1]
type identifier istype_definition ;

function_call ::= [§7.3.3]
function_name|[ ( actual_parameter_part ) ]

generate_statement ::= [8§9.7]
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generate |abd :
generation_scheme gener ate
[ { block_declarative item}
begin |
{ architecture_statement }
end generate[ generate label ] ;

generation_scheme ::= [89.7]
for generate_parameter_specification

| if condition

generic_clause ::= [§1.1.1]
generic ( generic_list) ;

generic_list ::= generic_interface list [§1.1.1.7]

generic_map_aspect ::= [§5.2.1.2]
generic map ( generic_association list)

graphic_character ::= [§13.1]
basic_graphic_character | lower_case |etter | other_special _character

group_constituent ::= name | character_literal [84.7]

group_constituent_list ::= group_constituent { , group_constituent } [84.7]

group_declaration ::= [84.7]
group identifier : group_template_name ( group_constituent_list ) ;

group_template declaration ::= [§4.6]
group identifier is ( entity_class entry list) ;

guarded_signal_specification ::= [§5.3]
guarded signal_list : type _mark

identifier ::= basic_identifier | extended_identifier [§13.3]

identifier_list ::= identifier { , identifier } [§3.2.2]

if statement ::= [8§8.7]
[if_label : ]

if condition then
sequence_of_statements

{ esif condition then
sequence _of statements }

[ else
sequence_of_statements ]
end if [ if_label ] ;
incomplete type declaration ::= type identifier ; [§3.3.]]
index_constraint ::= ( discrete range{ , discrete range} ) [§3.2.1]
index_specification ::= [§1.3.1]

discrete range
| static_expression

index_subtype_definition ::= type_mark range <> [§3.2.1]
indexed_name ::= prefix (expression { , expression} ) [§6.4]
instantiated _unit ::= [§9.6]

[ component ] component_name
| entity entity name [ ( architecture identifier ) ]
| configur ation configuration_name

instantiation list ::= [§5.2]
instantiation_label { , instantiation |abel }
| others
|all
integer ::= digit { [ underline] digit } [§13.4.1]
integer _type definition ::= range _constraint [§3.1.2]
interface constant_declaration ::= [§4.3.2]

[ constant ] identifier_list: [ in] subtype indication [ := static_expression |
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interface_declaration ::=
interface_constant_declaration

| interface _signal_declaration

| interface variable declaration

| interface file declaration

| interface_terminal_declaration

| interface_quantity_declaration
interface_element ::= interface_declaration
interface file declaration ::=

file identifier_list : subtype indication
interface list ::=

interface_element { ; interface_element }
interface_quantity _declaration ::=

quantity identifier_list: [ in | out ] subtype_indication [ := static_expression ]
interface_signal_declaration ::=

[signal] identifier_list : [ mode] subtype indication [ bus] [ := static_expression |
interface_termina_declaration ::=

terminal identifier_list : subnature_indication
interface variable declaration ::=

[variable] identifier_list : [ mode] subtype_indication [ := static_expression ]
iteration_scheme ::=

while condition

| for loop_parameter _specification
label ::= identifier
letter ::= upper_case _letter | lower_case letter
letter_or_digit ::= letter | digit

library _clause::= library logical_name list;
library_unit ::=
primary_unit

| secondary_unit
literal ::=
numeric_literal
| enumeration_literal

| string_literal
| bit_string_literal
[ null

logical_name ::= identifier
logical_name _list ::= logical_name{ , logical_name}
logical_operator ::= and | or | nand | nor | xor | xnor
loop_statement ::=
[ loop_label : ]
[ iteration_scheme] loop
sequence_of_statements
end loop [ loop_label ] ;
miscellaneous_operator ::= ** | abs| not
mode ::= in | out | inout | buffer | linkage
multiplying_operator ::= * |/ | mod | rem
name ::=
simple_name
| operator_symbol
| selected_name
| indexed_name
| lice_name
| attribute_name
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nature_declaration ::=
nature identifier is nature_definition ;
nature_definition ::=
scalar_nature_definition | composite_nature_definition
nature_element_declaration ::=
identifier_list : element_subnature_definition
nature_mark ::=
nature_name | subnature_name
next_statement ::=
[ 1abel : ] next [ loop_label ] [ when condition] ;
null_statement ::= [ label : ] null ;
numeric_literal ::=
abstract_literal
| physical_litera
object_declaration ::=
constant_declaration
| signal_declaration
| variable_declaration
| file_declaration
| terminal_declaration
| quantity declaration
operator_symbol ::= string_literal
options ::= [ guarded ] [ delay_mechanism ]
package body ::=
package body package simple nameis
package body declarative part
end [ package body ] [ package simple_name] ;
package body declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| shared variable declaration
| file_declaration
| alias_declaration
| use_clause
| group_template declaration
| group_declaration
package body declarative part ::=
{ package body declarative item}
package _declaration ::=
packageidentifier is
package declarative part
end [ package] [ package simple name] ;
package declarative item ::=
subprogram_declaration
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared variable declaration
| file_declaration
| alias_declaration
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| component_declaration
| attribute_declaration
| attribute _specification
| disconnection_specification
| use_clause
| group_template declaration
| group_declaration
| nature_declaration
| subnature_declaration
| terminal_declaration
package declarative part ::=
{ package declarative_item }
parameter_specification ::=
identifier in discrete_range
physical_literal ::= [ abstract_literal ] unit_name
physical_type definition ::=
range_constraint
units
base _unit_declaration
{ secondary_unit_declaration }
end units[ physical_type simple name]
port_clause ::=
port ( port_list) ;
port_list ::= port_interface list
port_map_aspect ::=
port map ( port_association_list)
prefix ::=
name
| function_call
primary ::=
name
| literal
| aggregate
| function_call
| qualified_expression
| type_conversion
| allocator
| (expression)
primary_unit ::=
entity_declaration
| configuration_declaration
| package declaration
procedural_declarative item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| variable_declaration
| alias_declaration
| attribute_declaration
| attribute _specification
| use_clause
| group_template declaration
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| group_declaration
procedural_declarative part ::=
{ procedural_declarative item}
procedural_statement_part ::=
{ sequentia_statement }
procedure_call ::= procedure_name[ ( actual_parameter_part) ]
procedure_call_statement ::= [ label : ] procedure cal ;
process_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
process_declarative part ::=
{ process_declarative_item }
process_statement ::=
[ process labd : ]
[ postponed ] process| ( sensitivity list) ][ is]
process_declarative _part
begin
process_statement_part
end [ postponed ] process| process label ] ;
process_statement_part ::=
{ sequentia_statement }
qualified_expression ::=
type _mark ' ( expression)
| type_mark ' aggregate
quantity _declaration ::=
| free_quantity declaration
| branch_quantity_declaration
| source_quantity declaration
quantity _list ::=
quantity name{ , quantity_name}
| others
| all
quantity_specification ::=
quantity _list : type mark
range ::=
range_attribute_name
| smple_expression direction simple_expression
range_constraint ::= range range
record_nature_definition ::=
record
nature_element_declaration
{ nature_element_declaration }
end record [ record_nature_simple_name]
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record_type definition ::=
record
element_declaration
{ element_declaration }
end record [ record_type simple_name]

relation ::=

shift_expression [ relational_operator shift_expression ]
relational_operator = = | /= | < | <= | > | >=
report_statement ::=

[ label :]

report expression
[ severity expression] ;
return_statement ::=
[ label : ] return [ expression] ;
scalar_nature_definition ::=
type_mark across
type_mark through
identifier reference
scalar_type_definition ::=
enumeration_type definition |integer_type definition
| floating_type_definition | physical_type_definition
secondary_unit ::=
architecture_body
| package_body
secondary_unit_declaration ::= identifier = physical_litera ;
selected name ::= prefix . suffix
selected signal_assignment ::=
with expression select
target <= options selected waveforms;
selected waveforms ::=
{ waveform when choices, }
waveform when choices
sensitivity _clause ::= on sensitivity _list
sensitivity_list ::= signal_name{ , signal_name}
sequence_of_statements ::=
{ sequentia_statement }
sequential_statement ::=
wait_statement
| assertion_statement
| report_statement
| signal_assignment_statement
| variable assignment_statement
| procedure_call_statement
| if_statement
| case_statement
| loop_statement
| next_statement
| exit_statement
| return_statement
| null_statement
| break_statement
shift_expression ::=
simple_expression [ shift_operator ssmple_expression |
shift_operator ::= dl |srl|dla|sra|rol |ror
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sign:= +|— [87.2]
signal_assignment_statement ::= [§8.4]

[ 1abel : ] target <=[ delay_mechanism ] waveform ;
signal_declaration ::= [§4.3.1.2]
signal identifier_list : subtype indication [ signal_kind] [ := expression] ;
signal_kind ::= register | bus [§4.3.1.2]
signal_list ::= [§5.3]
signal_name{ , signal_name}
| others
| all
signature ::= [ [ type_ mark { ,type mark} ][ returntype mark]] [§2.3.2]
simple_expression ::= [8§7.1]
[ sign] term { adding_operator term }
simple_name ::= identifier [8§6.2]
simple_simultaneous_statement ::= [§15.1]
[ 1abel : ] simple_expression == simple_expression [ tolerance_aspect ] ;
simultaneous_alternative ::= [§15.3]

when choices =>
simultaneous_statement_part
simultaneous case statement ::= [§15.3]
[ case label : ]
case expression use
simultaneous_alternative
{ simultaneous_alternative }
end case[ case labd ] ;
simultaneous if statement ::= [§15.2]
[if_label :]
if condition use
simultaneous_statement_part
{ elsif condition use
simultaneous_statement_part }
[ else
simultaneous_statement_part |
end use[ if_label ];

simultaneous_null_statement ::= [§15.4]
[1abel : ] null ;
simultaneous_procedural_statement ::= [§15.4]

[ procedural_label : ]
procedural [ is]
procedura_declarative _part
begin
procedural _statement_part
end procedural [ procedural_label ] ;
simultaneous_statement ::= [§ 15]
simple_simultaneous_statement
| smultaneous if_statement
| smultaneous_case statement
| ssimultaneous_procedural _statement
| smultaneous_null_statement

simultaneous_statement_part ::= [§ 15]
{ smultaneous_statement }

dlice_ name::= prefix ( discrete range) [§6.5]

source_aspect ::= [§4.3.1.6]

spectrum magnitude_simple_expression , phase_simple_expression
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| noise power_simple_expression

source_quantity declaration ::= [§4.3.1.6]
quantity identifier_list : subtype_indication source _aspect ;

step_limit_specification ::= [8§5.4]
limit quantity_specification with real_expression ;

string_literal ::= " { graphic_character } " [§13.6]

subnature_declaration ::= [84.8]
subnature identifier is subnature_indication ;

subnature_indication ::= [84.8]

nature_mark [ index_constraint |
[ tolerance string_expression acr 0ss string_expression through |
subprogram_body ::= [§2.2]
subprogram_specification is
subprogram_declarative part
begin
subprogram_statement_part
end [ subprogram_kind ] [ designator ] ;

subprogram_declaration ::= [§2.1]
subprogram_specification ;
subprogram_declarative_item ::= [§2.2]

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_declarative _part ::= [§2.2]
{ subprogram_declarative item}

subprogram_kind ::= procedure | function [§2.2]

subprogram_specification ::= [82.1]

procedure designator [ ( formal_parameter_list) ]
| [ pure|impure] function designator [ ( formal_parameter_list) ]
return type_mark

subprogram_statement_part ::= [§2.2]
{ sequentia_statement }

subtype_declaration ::= [84.2]
subtype identifier is subtype indication ;

subtype_indication ::= [84.2]
[ resolution_function_name] type_mark [ constraint ] [tolerance _aspect]

suffix ::= [§6.3]

simple_name

| character_literal
| operator_symbol
| all
target ::= [§8.4]
name
| aggregate
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term = [8§7.1]
factor { multiplying_operator factor }

terminal_aspect ::= [§4.3.1.6]
plus_terminal_name[ to minus_terminal_name]

terminal_declaration ::= [§4.3.1.5]
terminal identifier_list : subnature_indication ;

through_aspect ::= [§4.3.1.6]
identifier_list [tolerance_aspect] [ := expression ] through

timeout_clause ::= for time_or_real _expression [§8.1]

tolerance_aspect ::= [84.2]
tolerance string_expression

type_conversion ::= type mark ( expression) [§7.3.5]

type_declaration ::= [84.1]

full_type declaration
| incomplete_type declaration
type_definition ::= [84.1]
scalar_type_definition
| composite type definition
| access_type definition
| file_type_definition

type_mark ::= [84.2]
type_name
| subtype _name
unconstrained_array_definition ::= [§3.2.]]

array (index_subtype definition { , index_subtype _definition} )
of element_subtype _indication
unconstrained_nature_definition ::= [§35.2.]1]
array ( index_subtype definition { , index_subtype definition } )
of subnature_indication

use clause::= [§10.4]
use selected_name{ , selected_name} ;

variable assignment_statement ::= [§8.5]
[ label : ] target :=expression;

variable declaration ::= [§4.3.1.3]
[ shared ] variableidentifier_list : subtype_indication [ ;= expression] ;

wait_statement ::= [§8.1]
[ label : ] wait [ sensitivity_clause] [ condition_clause] [ timeout_clause] ;

waveform ::= [§8.4]

waveform_element { , waveform_element }

| unaffected

waveform_element ::= [8.4.1]

value_expression [after time_expression]
| null [after time_expression]
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Annex B

(informative)

Glossary

This glossary contains brief, informal descriptions for a number of terms and phrases used to define thislan-
guage. The complete, formal definition of each term or phraseis provided in the main body of the standard.

For each entry, the relevant clause numbersin the text are given. Some descriptions refer to multiple clauses
in which the single concept is discussed; for these, the clause humber containing the definition of the
concept is given in italics. Other descriptions contain multiple clause numbers when they refer to multiple
concepts; for these, none of the clause numbers are italicized.

B.1 abstract literal: A literal of the universal_real abstract type or the universal_integer abstract type.
(813.2, 813.4)

B.2 access mode: The mode in which a file object is opened, which can be either read-only or write-only.
The access mode depends on the value supplied to the Open_Kind parameter. (§3.4.1, §14.3)

B.3 access type: A type that provides access to an object of a given type. Access to such an object is
achieved by an access value returned by an allocator; the access value is said to designate the object. (83,
83.3)

B.4 access value: A value of an access type. Thisvalueis returned by an allocator and designates an object
(which must be a variable) of a given type. A null access value designates no object. An access value can
only designate an object created by an allocator; it cannot designate an object declared by an object declara-
tion. (83, §3.3)

B.5 across quantity: A quantity named in an across aspect; the quantity of a terminal that represents the
potential between the terminal and the reference terminal. (84.3.6.1)

B.6 across type: One of the two types associated with a nature, this measures a value between a terminal
and the reference terminal of the nature. (83.5)

B.7 active driver: A driver that acquires a new value during a ssimulation cycle regardless of whether the
new value is different from the previous value. (812.6.2, §12.6.4)

B.8 actual: An expression, aport, asignal, or a variable associated with aformal port, formal parameter, or
formal generic. (81.1.1.1, 81.1.1.2, §3.2.1.1, 84.3.1.2, 84.3.2.2,85.2.1, 85.2.1.2)

B.9 aggregate: (A) The kind of expression, denoting a value of a composite type. The value is specified by
giving the value of each of the elements of the composite type. Either a positional association or a named
association may be used to indicate which value is associated with which element. (B) A kind of target of a
variable assignment statement or signal assignment statement assigning a composite value. The target is then
said to be in the form of an aggregate. (§7.3.1, §7.3.2. §7.3.4, §7.3.5, §7.5.2)

B.10 alias: An alternate name for a named entity. (84.3.3)

B.11 allocator: An operation used to create anonymous, variable objects accessible by means of access
values. (83.3, §7.3.6)
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B.12 analog solution point: A consistent assignment of values to the quantities of a model, performed by
the analog solver as a part of the smulation cycle. (812.6)

B.13 analog solver: A conceptual representation of a simulator that can produce values for all the quantities
of amodel. (§12.6)

B.14 analysis: The syntactic and semantic analysis of source codein aVHDL design file and the insertion of
intermediate form representations of design unitsinto adesign library. (811.1, 811.2, 811.4)

B.15 anonymous: The undefined simple name of an item, which is created implicitly. The base type of a
numeric type or an array type is anonymous; similarly, the object denoted by an access value is anonymous.
(84.2)

B.16 appropriate: A prefix is said to be appropriate for atypeif the type of the prefix isthe type considered,
or if the type of the prefix is an access type whose designated type is the type considered. (86.1)

B.17 architecture body: A body associated with an entity declaration to describe the internal organization
or operation of a design entity. An architecture body is used to describe the behavior, data flow, or structure
of adesign entity. (81, §1.2)

B.18 array object: An object of an array type. (83)

B.19 array type: A type, the value of which consists of elementsthat are al of the same subtype (and hence,
of the same type). Each element is uniquely distinguished by an index (for a one-dimensional array) or by a
sequence of indexes (for a multidimensional array). Each index must be a value of a discrete type and must
liein the correct index range. (83.2.1)

B.20 ascending range: A rangeL to R. (83.1)

B.21 ASCII: The American Standard Code for Information Interchange. The package Standard contains the
definition of the type character, the first 128 values of which represent the ASCII character set. (83.1.1,
§14.2)

B.22 assertion violation: A violation that occurs when the condition of an assertion statement evaluates to
false. (88.2)

B.23 associated driver: The single driver for asignal in the (explicit or equivalent) process statement con-
taining the signal assignment statement. (812.6.1)

B.24 associated individually: A property of aformal port, generic, or parameter of a composite type with
respect to some association list. A composite formal whose association is defined by multiple association
elementsin asingle association list is said to be associated individually in that list. The formats of such asso-
ciation elements must denote non-overlapping subelements or slices of the formal. (84.3.2.2)

B.25 associated in whole: When a single association element of a composite formal supplies the association
for the entire formal. (84.3.2.2)

B.26 association element: An element that associates an actual or local with alocal or formal. (84.3.2.2)

B.27 association list: A list that establishes correspondences between formal or local port or parameter
names and local or actual names or expressions. (84.3.2.2)
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B.28 attribute: A definition of some characteristic of a named entity. Some attributes are predefined for
types, ranges, values, signals, and functions. The remaining attributes are user defined and are always con-
stants. (84.4)

B.29 augmentation set: A set of characteristic expressions, each corresponding to some quantity or the sca-
lar subelement thereof, used to determine an analog solution point. (812.6.5)

B.30 base specifier: A lexical element that indicates whether a bit string litera is to be interpreted as a
binary, octal, or hexadecimal value. (813.7)

B.31 base type: The type from which a subtype defines a subset of possible values, otherwise known as a
constraint. This subset is not required to be proper. The base type of atypeisthe typeitself. The base type of
a subtype is found by recursively examining the type mark in the subtype indication defining the subtype. If
the type mark denotes atype, that type is the base type of the subtype; otherwise, the type mark is a subtype,
and this procedure is repeated on that subtype. (83) See also: subtype.

B.32 based literal: An abstract literal expressed in a form that specifies the base explicitly. The base is
restricted to the range 2 to 16. (8§13.4.2)

B.33 basic operation: An operation that is inherent in one of the following:

— Anassignment (in an assignment statement or initialization);

— Andlocator;

— A selected name, an indexed name, or a slice name;

— A quadlification (in a qualified expression), an explicit type conversion, aformal or actua designator
intheform of atype conversion, or animplicit type conversion of avalue of type universal_integer or
universal_real to the corresponding value of another numeric type; or

— A numeric litera (for auniversal type), the literal null (for an accesstype), astring literal, abit string
literal, an aggregate, or a predefined attribute. (83)

B.34 basic signal: A signal that determines the driving values for al other signals. A basic signa is
— Either ascalar signal or aresolved signal;
— Not asubelement of aresolved signal;
— Not animplicit signal of the form SStable(T), SQuiet(T), or STransaction; and
— Not animplicit signa GUARD. (812.6.2)

B.35 belong (A) (to a range): A property of a value with respect to some range. The value V is said to
belong to a range if the relations (lower bound <=V) and (V <= upper bound) are both true, where lower
bound and upper bound are the lower and upper bounds, respectively, of the range. (83.1, 83.2.1) (B) (to a
subtype): A property of a value with respect to some subtype. A value is said to belong to a subtype of a
given typeif it belongs to the type and satisfies the applicable constraint. (83, §3.2.1)

B.36 binding: The process of associating a design entity and, optionally, an architecture with an instance of
a component. A binding can be specified in an explicit or adefault binding indication. (81.3, 85.2.1, 85.2.2,
§12.3.2.2, 812.4.3)

B.37 bit string literal: A literal formed by a sequence of extended digits enclosed between two quotation (™)
characters and preceded by a base specifier. The type of a bit string literal is determined from the context.
(87.3.1, 813.7)

B.38 block: The representation of a portion of the hierarchy of a design. A block is either an external block
or an internal block. (81, 81.1.1.1, 81.1.1.2, §81.2.1, 81.3, §1.3.1, §1.3.2)
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B.39 bound: A label that isidentified in the instantiation list of a configuration specification. (85.2)

B.40 box: The symbol <> in an index subtype definition, which stands for an undefined range. Different
objects of the type need not have the same bounds and direction. (83.2.1)

B.41 branch quantity: Either an across quantity or a through quantity. (84.3.6.1)
B.42 branch type: The combination of the across type and through type of anature. (83.5)

B.43 break quantity: The break quantity is part of the operation of a break statement; it specifies the break
guantity as one where a discontinuity has occurred. (88.14)

B.44 break set: A set of triples, consisting of the break quantity, the selector quantity, and the value that is
determined by each break statement evaluated in asimulation cycle. (812.6.6.1)

B.45 bus: One kind of guarded signal. A bus floats to a user-specified value when al of its drivers are turned
off. (84.3.1.2, 84.3.2)

B.46 characteristic expression: An expression, specified either by a simultaneous statement or by the
declaration or association of quantities or terminals, used by the analog solver to determine the values of
guantities at analog solution points. (812.1)

B.47 character literal: A litera of the character type. Character literals are formed by enclosing one of the
graphic characters (including the space and nonbreaking space characters) between two apostrophe (')
characters. (813.2, §13.5)

B.48 character type: An enumeration type with at least one of its enumeration literals as a character literal.
(83.1.1,83.1.1.1)

B.49 closely related types. Two type marks that denote the same type or two numeric types. Two array
types may also be closely related if they have the same dimensionality, if their index types at each position
are closely related, and if the array types have the same element types. Explicit type conversion is only
allowed between closely related types. (87.3.5)

B.50 complete: A loop that has finished executing. Similarly, an iteration scheme of aloop is complete when
the condition of awhile iteration scheme is FALSE or all of the values of the discrete range of afor iteration
scheme have been assigned to the iteration parameter. (88.9)

B.51 complete context: A declaration, a specification, or a statement; complete contexts are used in over-
load resolution. (810.5)

B.52 composite type: A type whose values have elements. There are two classes of composite types: array
types and record types. (83, §3.2)

B.53 concurrent statement: A statement that executes asynchronously, with no defined relative order. Con-
current statements are used for dataflow and structural descriptions. (89)

B.54 configuration: A construct that defines how component instances in a given block are bound to design
entitiesin order to describe how design entities are put together to form a complete design. (81, 81.3. 85.2)

B.55 conform: Two subprogram specifications, are said to conform if, apart from certain alowed minor
variations, both specifications are formed by the same sequence of lexical elements, and corresponding lexi-
cal elements are given the same meaning by the visibility rules. Conformance is defined similarly for
deferred constant declarations. (82.7)
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B.56 connected: A formal port associated with an actual port or signal. A formal port associated with the
reserved word open is said to be unconnected. (81.1.1.2)

B.57 constant: An object whose value may not be changed. Constants may be explicitly declared, subele-
ments of explicitly declared constants, or interface constants. Constants declared in packages may aso be
deferred constants. (84.3.1.1)

B.58 constraint: A subset of the values of atype. The set of possible values for an object of agiven type that
can be subjected to a condition is called a constraint. A value is said to satisfy the constraint if it satisfies the
corresponding condition. There are index constraints, range constraints, and size constraints. (83)

B.59 contribution expression: An expression created by the elaboration of aterminal declaration that is set
according to the associations of the terminal. (§12.3.1.4)

B.60 contribution quantity: One of the two quantities defined by aterminal, the contribution quantity is a
through quantity, and measures the amount “flowing through” the terminal. (84.3.1.5)

B.61 conversion function: A function used to convert values flowing through associations. For interface
objects of mode in, conversion functions are allowed only on actuals. For interface objects of mode out or
buffer, conversion functions are allowed only on formals. For interface objects of mode inout or linkage,
conversion functions are allowed on both formals and actuals. Conversion functions have a single parameter.
A conversion function associated with an actual accepts the type of the actual and returns the type of the for-
mal. A conversion function associated with aformal acceptsthe type of the formal and returns the type of the
actual. (84.3.2.2)

B.62 convertible: A property of an operand with respect to some type. An operand is convertible to some
type if there exists an implicit conversion to that type. (§7.3.5)

B.63 current augmentation set: The augmentation set used by the analog solver, together with the struc-
tural set and a given explicit set, to determine an anal og solution point. (812.6.5)

B.64 current value: The value component of the single transaction of adriver whose time component is not
greater than the current smulation time. (812.6, §12.6.1, §12.6.2. §12.6.3)

B.65 cycle pure: An expression iscycle pureif its value does not change when evaluated, repeatedly, within
agiven analog solution point with identical values for all its quantities. (§12.6, §12.6.1, §12.6.2. §12.6.3)

B.66 decimal literal: An abstract literal that is expressed in decimal notation. The base of the litera is
implicitly 10. Theliteral may optionally contain an exponent or adecimal point and fractional part. (813.4.1)

B.67 declaration: A construct that defines a declared entity and associates an identifier (or some other nota-
tion) with it. This association is in effect within a region of text that is called the scope of the declaration.
Within the scope of a declaration, there are places where it is possible to use the identifier to refer to the
associated declared entity; at such places, theidentifier is said to be the simple name of the named entity. The
simple name is said to denote the associated named entity. (84)

B.68 declarative part: A syntactic component of certain declarations or statements (such as entity declara-
tions, architecture bodies, and block statements). The declarative part defines the lexical area (usualy
introduced by a keyword such asis and terminated with another keyword such as begin) within which decla-
rations may occur. (81.1.2, 81.2.1, §1.3, §2.6, §9.1, §9.2, §9.6.1, §9.6.2)

B.69 declarative region: A semantic component of certain declarations or statements. A declarative region

may include digjoint parts, such asthe declarative region of an entity declaration, which extendsto the end of
any architecture body for that entity. (§10.1)
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B.70 decorate: To associate a user-defined attribute with a named entity and to define the value of that
attribute. (85.1)

B.71 default expression: A default value that is used for aformal generic, port, or parameter if the interface
object is unassociated. A default expression is also used to provide an initial value for signals and their
drivers. (84.3.1.2, 84.3.2.2)

B.72 deferred constant: A constant that is declared without an assignment symbol (:=) and expressionin a
package declaration. A corresponding full declaration of the constant must exist in the package body to
define the value of the constant. (84.3.1.1)

B.73 delta cycle: A simulation cycle in which the simulation time at the beginning of the cycle is the same
as at the end of the cycle. That is, simulation time is not advanced in a delta cycle. Only nonpostponed pro-
cesses can be executed during a deltacycle. (§812.6.4)

B.74 denote: A property of the identifier given in a declaration. Where the declaration is visible, the identi-
fier given in the declaration is said to denote the named entity declared in the declaration. (84)

B.75 depend: (A) (on alibrary unit): A design unit that explicitly or implicitly mentions other library units
in a use clause. These dependencies affect the allowed order of analysis of design units. (§811.4) (B) (on a
signal value): A property of an implicit signal with respect to some other signal. The current value of an
implicit signal R is said to depend on the current value of another signal S if R denotes an implicit signa
SStable(T), SQuiet(T), or STransaction, or if R denotes an implicit GUARD signal and S is any other
implicit signal named within the guard expression that defines the current value of R. (§12.6.3)

B.76 descending range: A range L downto R. (83.1)

B.77 design entity: An entity declaration together with an associated architecture body. Different design
entities may share the same entity declaration, thus describing different components with the same interface
or different views of the same component. (81)

B.78 design file: One or more design unitsin sequence. (811.1)

B.79 design hierarchy: The complete representation of adesign that results from the successive decomposi-
tion of adesign entity into subcomponents and binding of those components to other design entities that may

be decomposed in asimilar manner. (81)

B.80 design library: A host-dependent storage facility for intermediate-form representations of analyzed
design units. (811.2)

B.81 design unit: A construct that can be independently analyzed and stored in a design library. A design
unit may be an entity declaration, an architecture body, a configuration declaration, a package declaration, or
a package body declaration. (§11.1)

B.82 designate: A property of access values that relates the value to some object when the access value is
nonnull. A nonnull access value is said to designate an object. (83.3)

B.83 designated type: For an access type, the base type of the subtype defined by the subtype indication of
the access type definition. (§83.3)

B.84 designated subtype: For an access type, the subtype defined by the subtype indication of the access
type definition. (83.3)
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B.85 designator: (A) Syntax that forms part of an association element. A formal designator specifies which
formal parameter, port, or generic (or which subelement or slice of a parameter, port, or generic) is to be
associated with an actual by the given association element. An actual designator specifies which actual
expression, signal, or variable is to be associated with aformal (or subelement or subelements of aformal).
An actual designator may also specify that the formal in the given association element isto be | eft unassoci-
ated (with an actual designator of open). (84.3.2.2) (B) Anidentifier, character literal, or operator symbol that
defines an alias for some other name. (84.3.3) (C) A ssimple name that denotes a predefined or user-defined
attribute in an attribute name, or a user-defined attribute in an attribute specification. (85.1, §6.6) (D) A simple
name, character literal, or operator symbol, and possibly asignature, that denotes a named entity in the entity
name list of an attribute specification. (85.1) (E) An identifier or operator symbol that defines the name of a
subprogram. (82.1)

B.86 directly visible: A visible declaration that is not visible by selection. A declaration is directly visible
within its immediate scope, excluding any places where the declaration is hidden. A declaration occurring
immediately within the visible part of a package can be made directly visible by means of a use clause.
(810.3, 810.4). See also: visible.

B.87 discrete array: A one-dimensional array whose elements are of a discrete type. (87.2.3)
B.88 discreterange: A range whose bounds are of adiscrete type. (83.2.1, 83.2.1.1)

B.89 discrete type: An enumeration type or an integer type. Each value of a discrete type has a position
number that is an integer value. Indexing and iteration rules use values of discrete types. (83.1)

B.90 driver: A container for a projected output waveform of asignal. The value of the signal is afunction of
the current values of its drivers. Each process that assigns to a given signal implicitly contains a driver for
that signal. A signal assignment statement affects only the associated driver(s). (812.4.4, §12.6.1, §12.6.2,
§12.6.3)

B.91 driving value: The value asignal provides as a source of other signals. (812.6.2)

B.92 effective value: The value obtained by evauating a reference to the signal within an expression.
(812.6.2)

B.93 elaboration: The process by which a declaration achieves its effect. Prior to the completion of its elab-
oration (including before the elaboration), a declaration is not yet elaborated. (812)

B.94 element: A constituent of a composite type. (83) See also: subelement.

B.95 entity declaration: A definition of the interface between a given design entity and the environment in
which it is used. It may also specify declarations and statements that are part of the design entity. A given
entity declaration may be shared by many design entities, each of which has a different architecture. Thus,
an entity declaration can potentially represent a class of design entities, each with the same interface. (81,
§1.1)

B.96 enumeration literal: A literal of an enumeration type. An enumeration literal may be either an identi-
fier or acharacter literal. (83.1.1, §7.3.1)

B.97 enumeration type: A type whose values are defined by listing (enumerating) them. The values of the
type are represented by enumeration literals. (83.1, 83.1.1)

B.98 erroneous: An error condition that cannot always be detected. (82.1.1.1, §2.2)
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B.99 error: A condition that makes the source description illegal. If an error is detected at the time of analy-
sis of adesign unit, it prevents the creation of alibrary unit for the given design unit. A run-time error causes
simulation to terminate. (811.4)

B.100 event: A change in the current value of a signal, which occurs when the signa is updated with its
effective value. (§12.6.2)

B.101 execute: (A) When first the design hierarchy of amodel is elaborated, then its nets are initialized, and
finally simulation proceeds with repetitive execution of the simulation cycle, during which processes are
executed and nets are updated. (B) When a process performs the actions specified by the agorithm described
inits statement part. (812, §12.6)

B.102 expanded name: A selected name (in the syntactic sense) that denotes one or al of the primary units
inalibrary or any named entity within a primary unit. (86.3, 88.1) See also: selected name.

B.103 explicit ancestor: The parent of the implicit signal that is defined by the predefined attributes
'DELAYED, 'QUIET, 'STABLE, or TRANSACTION. Itis determined using the prefix of the attribute. I the
prefix denotes an explicit signal or aslice or subelement (or member thereof), then that is the explicit ances-
tor of the implicit signal. If the prefix is one of the implicit signals defined by the predefined attributes
'DELAYED, 'QUIET, 'STABLE, or TRANSACTION, this rule is applied recursively. If the prefix is an
implicit signal GUARD, the signal has no explicit ancestor. (82.2)

B.104 explicit set: The set of characteristic expressions determined by evaluating the simultaneous state-
ments appearing in the statement part of each block of the model. (§12.6.6)

B.105 explicit signal: A signal defined by the predefined attributes 'DELAYED, 'QUIET, 'STABLE, or
"TRANSACTION. (82.2)

B.106 explicitly declared constant: A constant of a specified type that is declared by a constant declaration.
(84.3.1.1)

B.107 explicitly declared object: An object of a specified type that is declared by an object declaration. An
object declaration is called a single-object declaration if itsidentifier list has asingle identifier; it iscalled a
multiple-object declaration if the identifier list has two or more identifiers. (84.3, §4.3.1) See also: implic-
itly declared object.

B.108 expression: A formulathat defines the computation of avalue. (87.1)

B.109 extend: A property of source text forming a declarative region with disjoint parts. In a declarative
region with digoint parts, if a portion of text is said to extend from some specific point of a declarative
region to the end of the region, then this portion is the corresponding subset of the declarative region (and
does not include intermediate declarative items between an interface declaration and a corresponding body
declaration). (810.1)

B.110 extended digit: A lexical element that is either adigit or aletter. (813.4.2)

B.111 external block: A top-level design entity that residesin alibrary and may be used as a component in
other designs. (81)

B.112 filetype: A type that provides access to objects containing a sequence of values of a given type. File

types are typically used to access files in the host system environment. The value of a file object is the
sequence of values contained in the host system file. (83, §3.4)
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B.113 floating point types: A discrete scalar type whose values approximate real numbers. The representa-
tion of afloating point type includes a minimum of six decimal digits of precision. (83.1, §3.1.4)

B.114 foreign subprogram: A subprogram that is decorated with the attribute 'FOREIGN, defined in pack-
age STANDARD. The STRING value of the attribute may specify implementation-dependent information
about the foreign subprogram. Foreign subprograms may have non-VHDL implementations. An implemen-
tation may place restrictions on the allowable modes, classes, and types of the formal parametersto aforeign
subprogram, such as constraints on the number and allowable order of the parameters. (82.2)

B.115 formal: A formal port or formal generic of adesign entity, ablock statement, or aformal parameter of
asubprogram. (82.1.1, 84.3.2.2, 85.2.1.2, §9.1)

B.116 full declaration: A constant declaration occurring in a package body with the same identifier as that
of adeferred constant declaration in the corresponding package declaration. A full type declaration is atype
declaration corresponding to an incomplete type declaration. (82.6)

B.117 fully bound: A binding indication for the component instance implies an entity interface and an
architecture. (85.2.1.1)

B.118 generate parameter: A constant object whose type is the base type of the discrete range of a generate
parameter specification. A generate parameter is declared by a generate statement. (89.7)

B.119 generic: An interface constant declared in the block header of ablock statement, a component decla-
ration, or an entity declaration. Generics provide a channel for static information to be communicated to a
block from its environment. Unlike constants, however, the value of a generic can be supplied externaly,
either in a component instantiation statement or in a configuration specification. (81.1.1.1)

B.120 genericinterfacelist: A list that defineslocal or formal generic constants. (81.1.1.1, 84.3.2.1)

B.121 globally static expression: An expression that can be evaluated as soon as the design hierarchy in
which it appearsis elaborated. A locally static expression isalso globally static unless the expression appears
in adynamically elaborated context. (§7.4)

B.122 globally static primary: A primary whose val ue can be determined during the elaboration of its com-
plete context and that does not thereafter change. Globally static primaries can only appear within statically
elaborated contexts. (87.4.2)

B.123 group: A named collection of hamed entities. Groups relate different named entities for the purposes
not specified by the language. In particular, groups may be decorated with attributes. (84.6, 84.7)

B.124 guard: See: guard expression.

B.125 guard expression: A Boolean-valued expression associated with a block statement that controls
assignments to guarded signals within the block. A guard expression defines an implicit signal GUARD that
may be used to control the operation of certain statements within the block. (84.3.1.2, 89.1, §9.5)

B.126 guarded assignment: A concurrent signal assignment statement that includes the option guarded,
which specifies that the signal assignment statement is executed when a signal GUARD changes from
FALSE to TRUE, or when that signal has been TRUE and an event occurs on one of the signalsreferenced in
the corresponding GUARD expression. The signal GUARD may be one of the implicitly declared GUARD
signals associated with block statements that have guard expressions, or it may be an explicitly declared sig-
nal of type Boolean that is visible at the point of the concurrent signal assignment statement. (89.5)
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B.127 guarded signal: A signal declared as a register or a bus. Such signals have special semantics when
their drivers are updated from within guarded signal assignment statements. (84.3.1.2)

B.128 guarded target: A signal assignment target consisting only of guarded signals. An unguarded target
isatarget consisting only of unguarded signals. (89.5)

B.129 hidden: A declaration that is not directly visible. A declaration may be hidden in its scope by ahomo-
graph of the declaration. (§10.3)

B.130 homograph: A reflexive property of two declarations. Each of two declarationsis said to be a homo-
graph of the other if both declarations have the same identifier and overloading is allowed for at most one of
the two. If overloading is alowed for both declarations, then each of the two is a homograph of the other if
they have the same identifier, operator symbol, or character literal, as well as the same parameter and result
type profile. (81.3.1, §10.3)

B.131 identify: A property of a name appearing in an element association of an assignment target in the
form of an aggregate. The name is said to identify asignal or variable and any subelements of that signal or
variable. (88.4, 8.5)

B.132 immediately within: A property of a declaration with respect to some declarative region. A declara-
tion is said to occur immediately within a declarative region if this region is the innermost region that
encloses the declaration, not counting the declarative region (if any) associated with the declaration itself.
(810.1)

B.133 immediate scope: A property of a declaration with respect to the declarative region within which the
declaration immediately occurs. The immediate scope of the declaration extends from the beginning of the
declaration to the end of the declarative region. (810.2)

B.134 implicitly declared object: An object whose declaration is not explicit in the source description, but
is a consequence of other constructs; for example, signal GUARD. (84.3, §89.1, 814.1) See also: declared
object.

B.135 implicit signal: Any signal SStable(T), SQuiet(T), SDelayed, or STransaction, or any implicit
GUARD signal. A dlice or subelement (or slice thereof) of an implicit signal is aso an implicit signal.
(812.6.2, 812.6.3, §12.6.4)

B.136 imply: A property of a binding indication in a configuration specification with respect to the design
entity indicated by the binding specification. The binding indication is said to imply the design entity; the
design entity maybe indicated directly, indirectly, or by default. (85.2.1.1)

B.137 impurefunction: A function that may return adifferent value each timeit is called, even when differ-
ent calls have the same actual parameter values. A pure function returns the same value each timeit is called
using the same values as actual parameters. An impure function can update objects outside of its scope and
can access a broader class of values than a pure function. (82)

B.138 incomplete type declaration: A type declaration that is used to define mutually dependent and recur-
sive access types. (§83.3.1)

B.139 index constraint: A constraint that determines the index range for every index of an array type, and
thereby the bounds of the array. An index constraint is compatible with an array type if and only if the
constraint defined by each discrete range in the index constraint is compatible with the corresponding index
subtype in the array type. An array value satisfies an index constraint if the array value and the index con-
straint have the same index range at each index position. (83.1, 83.2.1.1)
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B.140 index range: A multidimensional array has a distinct element for each possible sequence of index
values that can be formed by selecting one value for each index (in the given order). The possible values for
a given index are al the values that belong to the corresponding range. This range of values is called the
index range. (83.2.1)

B.141 index subtype: For a given index position of an array, the index subtype is denoted by the type mark
of the corresponding index subtype definition. (83.2.1)

B.142 inertial delay: A delay model used for switching circuits; a pulse whose duration is shorter than the
switching time of the circuit will not be transmitted. Inertial delay is the default delay mode for signal
assignment statements. (88.4) See also: transport delay.

B.143 initial value expression: An expression that specifies the initial value to be assigned to a variable.
(84.3.1.3)

B.144 inputs: The signals identified by the longest static prefix of each signal name appearing as a primary
in each expression (other than time expressions) within a concurrent signal assignment statement. (89.5)

B.145 instance: A subcomponent of a design entity whose prototype is a component declaration, design
entity, or configuration declaration. Each instance of acomponent may have different actuals associated with
its local ports and generics. A component instantiation statement whose instantiated unit denotes a compo-
nent creates an instance of the corresponding component. A component instantiation statement whose
instantiated unit denotes either a design entity or a configuration declaration creates an instance of the
denoted design entity. (89.6, §9.6.1, §9.6.2)

B.146 integer literal: An abstract literal of the type universal_integer that does not contain a base point.
(813.4)

B.147 integer type: A discrete scalar type whose values represent integer numbers within a specified range.
(83.1,83.1.2)

B.148 interface list: A list that declares the interface objects required by a subprogram, component, design
entity, or block statement. (84.3.2.1)

B.149 internal block: A nested block in adesign unit, as defined by a block statement. (81)
B.150 1 SO: The International Organization for Standardization.

B.151 1SO 8859-1: The ISO Latin-1 character set. Package Standard contains the definition of type Charac-
ter, which represents the I SO Latin-1 character set. (83.1.1, §14.2)

B.152 kernel process: A conceptual representation of the agent that coordinates the activity of user-defined
processes during asimulation. The kernel process causes the execution of 1/0 operations, the propagation of
signal values, and the updating of values of implicit signals [such as SStable(T)]; in addition, it detects
events that occur and causes the appropriate processes to execute in response to those events. (812.6)

B.153 left of: When both avalue V1 and a value V2 belong to a 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.
(83.1)

B.154 left-to-right order: When each valuein alist of valuesisto the left of the next value in the list within
that range, except for the last value in the list. (83.1)

B.155 library: See: design library.
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B.156 library unit: The representation in adesign library of an analyzed design unit. (811.1)

B.157 linearized form: A transformation of an expression that allows the expression to be used in linear
models such as frequency and noise analysis. (87.6)

B.158 literal: A value that is directly specified in the description of adesign. A literal can be abit string lit-
eral, enumeration literal, numeric literal, string literal, or the literal null. (87.3.1)

B.159 local generic: An interface object declared in a component declaration that servesto connect aformal
generic in the interface list of an entity and an actual generic or value in the design unit instantiating that
entity. (84.3, §84.3.2.2, 84.5)

B.160 local port: A signal declared in the interface list of a component declaration that serves to connect a
formal port in the interface list of an entity and an actual port or signal in the design unit instantiating that
entity. (84.3, §84.3.2.2, 84.5)

B.161 locally static expression: An expression that can be evaluated during the analysis of the design unit
inwhich it appears. (§87.4, §7.4.1)

B.162 locally static name: A name in which every expression is locally static (if every discrete range that
appears as part of the name denotes alocally static range or subtype and if no prefix within the nameis either
an object or value of an access type or afunction call). (86.1)

B.163 locally static primary: One of a certain group of primaries that includes literals, certain constants,
and certain attributes. (87.4)

B.164 locally static subtype: A subtype whose bounds and direction can be determined during the analysis
of the design unit in which it appears. (87.4.1)

B.165 longest static prefix: The name of asignal or avariable name, if the nameisastatic signal or variable
name. Otherwise, the longest static prefix is the longest prefix of the name that is a static signal or variable
name. (86.1) See also: static signal name.

B.166 loop parameter: A constant, implicitly declared by the for clause of aloop statement, used to count
the number of iterations of aloop. (§8.9)

B.167 lower bound: For arangeL to R or L downto R, the smaller of L and R. (83.1)
B.168 match: A property of asignature with respect to the parameter and subtype profile of a subprogram or
enumeration literal. The signature is said to match the parameter and result type profile if certain conditions

aretrue. (82.3.2)

B.169 matching elements: Corresponding elements of two composite type values that are used for certain
logical and relational operations. (87.2.3)

B.170 member: A dlice of an object, a subelement, or an object; or adlice of a subelement of an object. (83)

B.171 minusterminal: One of the two terminals named in a branch quantity declaration, together with the
plus terminal the minus terminal determines the “direction” of the flow between the terminals. (84.3.1.6)

B.172 mode: The direction of information flow through the port or parameter. Modes are in, out, inout,
buffer, or linkage. (84.3.2)
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B.173 model: Theresult of the elaboration of adesign hierarchy. The model can be executed in order to sim-
ulate the design it represents. (812, §12.6)

B.174 name: A property of an identifier with respect to some named entity. Each form of declaration associ-
ates an identifier with anamed entity. In certain places within the scope of adeclaration, it isvalid to use the
identifier to refer to the associated named entity; these places are defined by the visibility rules. At such
places, the identifier is said to be the name of the named entity. (84, §6.1)

B.175 named association: An association element in which the formal designator appears explicitly.
(84.3.2.2,87.3.2)

B.176 named entity: An item associated with an identifier, character literal, or operator symbol as the result
of an explicit or implicit declaration. (84) See also: name.

B.177 nature: A definition that specifies values which may be accessed through the attributes of the a
terminal. (83.5) See also: acrosstype; branch type; reference terminal; through type.

B.178 naturetype: A type that may be one of the two types associated with a nature; a floating point type or
a composite type whose elements are a nature type.

B.179 net: A collection of drivers, signals (including ports and implicit signals), conversion functions, and
resolution functions that connect different processes. Initialization of anet occurs after elaboration, and a net
is updated during each simulation cycle. (812, 812.1, §12.6.2)

B.180 noise source quantity: A quantity that serves as a source in afrequency domain model. (84.3.1.6)

B.181 nonobject alias. An aias whose designator denotes some named entity other than an object. (84.3.3,
84.3.3.2) See also: object alias.

B.182 nonpostponed process. An explicit or implicit process whose source statement does not contain the
reserved word postponed. When a nonpostponed process is resumed, it executes in the current simulation
cycle. Thus, nonpostponed processes have access to the current values of signals, whether or not those val-
ues are stable at the current model time. (8§ 9.2)

B.183 null array: Any of the discrete ranges in the index constraint of an array that define a null range.
(83.2.1.1)

B.184 null range: A range that specifies an empty subset of values. A range L to Risanull rangeif L > R,
and range L downto Risanull rangeif L <R. (83.1)

B.185 null dlice: A slice whose discrete range is anull range. (86.5)
B.186 null transaction: A transaction produced by evaluating a null waveform element. (88.4.1)

B.187 null waveform element: A waveform element that is used to turn off a driver of a guarded signal.
(88.4.1)

B.188 numeric literal: An abstract literal, or aliteral of aphysical type. (§7.3.1)
B.189 numeric type: An integer type, afloating point type, or aphysical type. (83.1)

B.190 object: A named entity that has a value of a given type. An object can be a constant, signal, variable,
or file. (84.3.3)
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B.191 object alias: An alias whose alias designator denotes an object (that is, a constant, signal, variable, or
file). (84.3.3, 84.3.3.1) See also: nonobject alias.

B.192 overloaded: Identifiers or enumeration literals that denote two different named entities. Enumeration
literals, subprograms, and predefined operators may be overloaded. At any place where an overloaded enu-
meration literal occurs in the text of a program, the type of the enumeration literal must be determinable
from the context. (82.1, §2.3, §2.3.1, §2.3.2, §3.1.1)

B.193 parameter: A constant, signal, variable, or file declared in the interface list of a subprogram specifi-
cation. The characteristics of the class of objects to which a given parameter belongs are also characteristics
of the parameter. In addition, a parameter has an associated mode that specifies the direction of data flow
allowed through the parameter. (82.1.1, 82.1.1.1, §2.1.1.2, §2.1.1.3, §2.3, §2.6)

B.194 parameter and result type profile: Two subprograms that have the same parameter type profile, and
either both are functions with the same result base type, or neither of the two isafunction. (82.3)

B.195 parameter interfacelist: Aninterface list that declares the parameters for a subprogram. It may con-
tain interface constant declarations, interface signal declarations, interface variable declarations, interface
file declarations, or any combination thereof. (84.3.2.1)

B.196 parameter type profile: Two formal parameter lists that have the same number of parameters, and at
each parameter position the corresponding parameters have the same base type. (82.3)

B.197 parent: A process or a subprogram that contains a procedure call statement for a given procedure or
for aparent of the given procedure. (82.2)

B.198 passive process. A process statement where neither the processitself, nor any procedure of which the
processis a parent, contains asignal assignment statement. (89.2)

B.199 physical literal: A numeric literal of aphysical type. (§83.1.3)

B.200 physical type: A numeric scalar type that is used to represent measurements of some quantity. Each
value of a physical type has a position number that is an integer value. Any value of a physical typeis an
integral multiple of the primary unit of measurement for that type. (83.1, §3.1.3)

B.201 plusterminal: One of the terminals named in a branch quantity declaration, the plus and minus ter-
minals determine the “direction” of the flow between the terminals. (84.3.1.6)

B.202 port: A channel for dynamic communication between a block and its environment. A signal declared
in the interface list of an entity declaration, in the header of a block statement, or in the interface list of a
component declaration. In addition to the characteristics of signals, ports also have an associated mode; the
mode constrains the directions of data flow allowed through the port. (81.1.1.2, §4.3.1.2)

B.203 port interface list: An interface list that declares the inputs and outputs of a block, component, or
design entity. It consists entirely of interface signal declarations. (81.1.1, 81.1.1.2, 84.3.2.1, 84.3.2.2, §9.1)

B.204 positional association: An association element that does not contain an explicit appearance of the
formal designator. An actual designator at a given position in an association list corresponds to the interface
element at the same position in theinterface list. (84.3.2.2, §7.3.2)

B.205 postponed process. An explicit or implicit process whose source statement contains the reserved
word postponed. When a postponed process is resumed, it does not execute until the final simulation cycle
at the current modeled time. Thus, a postponed process accesses the values of signals that are the “stable”
values at the current simulated time. (89.2)
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B.206 predefined operators. Implicitly defined operators that operate on the predefined types. Every pre-
defined operator is a pure function. No predefined operators have named formal parameters; therefore,
named association may not be used when invoking a predefined operation. (87.2, 814.2)

B.207 primary: One of the elements making up an expression. Each primary has avalue and atype. (87.1)

B.208 projected output waveform: A sequence of one or more transactions representing the current and
projected future values of the driver. (§12.6.1)

B.209 pulseregjection limit: The threshold timelimit for which asignal value whose duration is greater than
the limit will be propagated. A pulse rejection limit is specified by the reserved word reject in an inertialy
delayed signal assignment statement. (88.4)

B.210 pure function: A function that returns the same value each time it is called with the same values as
actual parameters. Animpure function may return adifferent value each timeit is called, even when different
calls have the same actual parameter values. (82.1)

B.211 quiescent point: A time when the value returned by DOMAIN’EVENT is True; intuitively, a point
that can be used as a DC operating point in asimulation. (§12.6.4)

B.212 quiet: In agiven simulation cycle, asignal that is not active. (812.6.2)

B.213 range: A specified subset of values of a scalar type. (83.1) See also: ascending range; belong (to a
range); descending range; lower bound; upper bound.

B.214 range constraint: A construct that specifies the range of values in atype. A range constraint is com-
patible with a subtype if each bound of the range belongs to the subtype or if the range constraint defines a
null range. The direction of arange constraint is the same as the direction of itsrange. (83.1, 3.1.2, 83.1.3,
§3.1.4)

B.215 read: The value of an object is said to be read when its value is referenced or when certain of its
attributes are referenced. (84.3.2)

B.216 real literal: An abstract literal of the type universal_real that contains a base point. (§13.4)

B.217 record type: A composite type whose values consist of named elements. (83.2.2, §7.3.2.1)

B.218 reference: Access to a named entity. Every appearance of a designator (a name, character literal, or
operator symbol) is areference to the named entity denoted by the designator, unless the designator appears
inalibrary clause or use clause. (810.4, §11.2)

B.219 reference quantity: One of the quantities defined by a terminal, the reference quantity is an across
quantity that represents the potential between that terminal and the reference terminal for the nature of the

terminal. (84.3.1.5)

B.220 referenceterminal: A terminal that is used by all terminals of agiven nature asthe “zero” for the val-
ues of its acrosstype. Intuitively, the ground terminal for all terminals of that nature. (83.5)

B.221 register: A kind of guarded signal that retains its last driven value when all of its drivers are turned
off. (84.3.1.2)

B.222 regular structure: Instances of one or more components arranged and interconnected (viasignals) in

a repetitive way. Each instance may have characteristics that depend upon its position within the group of
instances. Regular structures may be represented through the use of the generate statement. (89.7)
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B.223 resolution: The process of determining the resolved value of aresolved signal based on the values of
multiple sources for that signal. (§2.4, 84.3.1.2)

B.224 resolution function: A user-defined function that computes the resolved value of a resolved signal.
(82.4,84.3.1.2)

B.225 resolution limit: The primary unit of type TIME (by default, 1 femtosecond). Any TIME value whose
absolute value is smaller than this limit is truncated to zero (0) time units. (83.1.3.1)

B.226 resolved signal: A signal that has an associated resolution function. (84.3.1.2)

B.227 resolved value: The output of the resolution function associated with the resolved signal, which is
determined as a function of the collection of inputs from the multiple sources of the signal. (82.4, 84.3.1.2)

B.228 resource library: A library containing library units that are referenced within the design unit being
analyzed. (811.2)

B.229 result subtype: The subtype of the returned value of afunction. (82.1)

B.230 resume: The action of await statement upon an enclosing process when the conditions on which the
wait statement is waiting are satisfied. If the enclosing process is a honpostponed process, the process will
subsequently execute during the current simulation cycle. Otherwise, the process is a postponed process,
which will execute during the final simulation cycle at the current simulated time. (§12.6.3)

B.231right of: When avalueV1 and avalueV 2 belong to arange and either the range is an ascending range
and V2 is the predecessor of V1, or the range is a descending range and V2 is the successor of V1. (§814.1)

B.232 root terminal: A terminal that is not a reference termina or connected terminal; intuitively, a termi-
nal at the root of the connection tree. (812.4.1)

B.233 satisfy: A property of avalue with respect to some constraint. The value is said to satisfy a constraint
if the value isin the subset of values determined by the constraint. (83, §3.2.1.1)

B.234 scalar nature: A nature whose branch types are floating point types (i.e., not composite). (3.5)

B.235 scalar quantity: A quantity of ascalar type (i.e., not composite). (4.3.1.6)

B.236 scalar terminal: A terminal whose nature is a scalar nature. (4.3.1.5)

B.237 scalar type: A type whose values have no elements. Scalar types consist of enumeration types, inte-
ger types, physical types, and floating point types. Enumeration types and integer types are called discrete
types. Integer types, floating point types, and physical types are called numeric types. All scalar types are
ordered; that is, al relational operators are predefined for their values. (83, 83.1)

B.238 scope: A portion of the text in which adeclaration may be visible. This portion is defined by visibility
and overloading rules. (810.2)

B.239 selected name: Syntactically, a name having a prefix and suffix separated by a dot. Certain selected
names are used to denote record elements or objects denoted by an access value. The remaining selected
names are referred to as expanded names. (86.3, §88.1) See also: expanded name.

B.240 selector quantity: The selector quantity is part of the operation of a break statement; it specifies the

selector quantity as one used in the discontinuity augmentation set to “replace” the break quantity in the
determination of the values for the quantities. (88.14)
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B.241 sensitivity set: The set of signals to which await statement is sensitive. The sensitivity set is given
explicitly in an on clause, or isimplied by an until clause. (§88.1)

B.242 sequential statements. Statements that execute in sequence in the order in which they appear.
Sequential statements are used for algorithmic descriptions. (88)

B.243 short-circuit operation: An operation for which the right operand is evaluated only if the left oper-
and has a certain value. The short-circuit operations are the predefined logical operations and, or, nand, and
nor for operands of types BIT and BOOLEAN. (§87.2)

B.244 signal: An object with a past history of values. A signal may have multiple drivers, each with acurrent
value and projected future values. The term signal refers to objects declared by signal declarations or port
declarations. (84.3.1.2)

B.245 signal transform: A sequential statement within a statement transform that determines which one of
the aternative waveforms, if any, isto be assigned to an output signal. A signal transform can be a sequential
signal assignment statement, an if statement, a case statement, or a null statement. (89.5)

B.246 simple name: The identifier associated with a named entity, either inits own declaration or in an aias
declaration. (86:2)

B.247 simple nature: The nature of the reference terminal of a nature; intuitively, the “ultimate element
type” of the nature (no matter how complex). (83.5)

B.248 simulation cycle: One iteration in the repetitive execution of the processes defined by process state-
ments in a model. The first simulation cycle occurs after initialization. A simulation cycle can be a delta
cycle or atime-advance cycle. (§ 12.6.4)

B.249 single-object declaration: An object declaration whose identifier list contains a single identifier; it is
called a multiple-object declaration if the identifier list contains two or more identifiers. (84.3.1)

B.250 dlice: A one-dimensional array of a sequence of consecutive elements of another one-dimensional
array. (86.5)

B.251 small signal model: The small signal model isa set of characteristic expressions obtained by lineariz-
ing some of the expressions in an explicit set using valued determined at a quiescent point. It is used for fre-
guency domain and noise domain analysis. (812.8)

B.252 source: A contributor to the value of asignal. A source can be adriver or port of ablock with which a
signal is associated or a composite collection of sources. (84.3.1.2)

B.253 specification: A class of construct that associates additional information with a named entity. There
are three kinds of specifications: attribute specifications, configuration specifications, and disconnection
specifications. (85)

B.254 spectral source quantity: A quantity that serves as a source in a noise domain model. (84.3.1.6)
B.255 statement transform: Thefirst sequentia statement in the process equivalent to the concurrent signal
assignment statement. The statement transform defines the actions of the concurrent signal assignment state-
ment when it executes. The statement transform is followed by await statement, which is the final statement
in the equivalent process. (§9.5)

B.256 static: See: locally static; globally static.
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B.257 static name: A name in which every expression that appears as part of the name (for example, as an
index expression) is a static expression (if every discrete range that appears as part of the name denotes a
static range or subtype and if no prefix within the name is either an object or value of an access type or a
function call). (86.1)

B.258 static quantity name: A static name that denotes a quantity. (86.1)
B.259 static range: A range whose bounds are static expressions. (87.4)
B.260 static signal name: A static name that denotes asignal. (86.1)
B.261 static terminal name: A static name that denotes aterminal. (86.1)
B.262 static variable name: A static name that denotes avariable. (86.1)

B.263 string literal: A sequence of graphic characters, or possibly none, enclosed between two quotation
marks ("). The type of astring literal is determined from the context. (87.3.1, §13.6)

B.264 structural set: The set of characteristic expressions that is determined by the declaration and associa-
tion of quantities and terminals, rather than simultaneous statements. (812.1)

B.265 subaggregate: An aggregate appearing as the expression in an element association within another,
multidimensional array aggregate. The subaggregate is an (n—1)-dimensional array aggregate, where n isthe
dimensionality of the outer aggregate. Aggregates of multidimensional arrays are expressed in row-major
(right-most index varies fastest) order. (87.3.2.2)

B.266 subelement: An element of another e ement. Where other subelements are excluded, the term element
isused. (83)

B.267 subprogram specification: Specifies the designator of the subprogram, any formal parameters of the
subprogram, and the result type for afunction subprogram. (82.1)

B.268 subtype: A type together with a constraint. A value belongs to a subtype of a given type if it belongs
to the type and satisfies the constraint; the given type is called the base type of the subtype. A typeisasub-
type of itself. Such a subtype is said to be unconstrained because it corresponds to a condition that imposes
no restriction. (83)

B.269 suspend: A process that stops executing and waits for an event or for a time period to elapse.
(812.6.4)

B.270 tag: The corresponding scalar subelement of a source quantity or of an implicit quantity of the form
Q'DOT, Q'INTEG, and QDELAYED(T). (812.6.5)

B.271 terminal: A combination of two quantities, the reference and contribution quantities, that is used to
model anodein agiven electrical circuit. (84.3.1.5)

B.272 through quantity: A quantity named in a through aspect; the quantity of a terminal that represents
the value “flowing through” the terminal. (83.5)

B.273 through type: The type of the value, or quantity, that “flows through” terminals of a given nature.
(83.5)

B.274 timeout interval: The maximum time a process will be suspended, as specified by the timeout period
inthe until clause of await statement. (88.1)
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B.275to theleft of: See: |eft of.
B.276 to theright of: See: right of.

B.277 tolerance group: The tolerance group of a subtype is a string value that may used by a model to
group quantities that have similar requirements concerning the accuracy and tolerance of the values deter-
mined by the quantities. (84.2)

B.278 tolerance quantity: A quantity that appears as a simple expression on the left or right side of asimple
simultaneous statement, and that defines the tolerance group associated to the statement. (815.1)

B.279 transaction: A pair consisting of avaue and atime. The value represents a (current or) future value
of the driver; the time represents the relative delay before the value becomes the current value. (812.6.1)

B.280 transport delay: An optional delay model for signal assignment. Transport delay is characteristic of
hardware devices (such as transmission lines) that exhibit nearly infinite frequency response: any pulse is
transmitted, no matter how short its duration. (88.4) See also: inertial delay.

B.281 type: A set of values and a set of operations. (83)

B.282 type conver sion: An expression that converts the value of a subexpression from one type to the desig-
nated type of the type conversion. Associations in the form of a type conversion are aso allowed. These
associations have functions and restrictions similar to conversion functions but can be used in places where
conversion functions cannot. In both cases (expressions and associations), the converted type must be
closely related to the designated type. (84.3.2.2, 87.3.5) See also: closely related types; conversion func-
tion.

B.283 unaffected: A waveform in a concurrent signal assignment statement that does not affect the driver of
the target. (88.4, §9.5.1)

B.284 unassociated formal: A formal that is not associated with an actual. (85.2.1.2)

B.285 unconstrained subtype: A subtype that corresponds to a condition that imposes no restriction. (83,
84.2)

B.286 unit name: A name defined by a unit declaration (either the primary unit declaration or a secondary
unit declaration) in aphysical type declaration. (§3.1.3)

B.287 universal_integer: An anonymous predefined integer type that is used for al integer literals. The
position number of an integer value is the corresponding value of the type universal_integer. (83.1.2, 87.3.1,
§7.3.5)

B.288 universal_real: An anonymous predefined type that is used for literals of floating point types. Other
floating point types have no literals. However, for each floating point type there exists an implicit conversion
that converts a value of type universal_real into the corresponding value (if any) of the floating point type.
(83.1.4,87.3.1,87.35)

B.289 update: An action on the value of asignal, variable, or file. The value of asignal is said to be updated
when the signal appears as the target (or a component of the target) of a signal assignment statement (indi-
rectly); when it is associated with an interface object of mode out, buffer, inout, or linkage; or when one of
its subelements (individually or as part of adlice) is updated. The value of asignal is also said to be updated
when it is subelement or slice of aresolved signal, and the resolved signal is updated. The value of avariable
is said to be updated when the variable appears as the target (or a component of the target) of a variable
assignment statement (indirectly), when it is associated with an interface object of mode out or linkage, or
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when one of its subelements (individually or part of a slice) is updated. The value of afile is said to be
updated when aWRITE operation is performed on the file object. (84.3.2)

B.290 upper bound: For arangeL to R or L downto R, thelarger of L and R. (83.1)

B.291 variable: An object with asingle current value. (84.3.1.3)

B.292 visible: When the declaration of an identifier defines a possible meaning of an occurrence of the iden-
tifier used in the declaration. A visible declaration is visible by selection (for example, by using an expanded
name) or directly visible (for example, by using a simple name). (§810.3)

B.293 waveform: A series of transactions, each of which represents a future value of the driver of asignal.
The transactions in a waveform are ordered with respect to time, so that one transaction appears before

another if thefirst represents a value that will occur sooner than the value represented by the other. (88.4)

B.294 whitespace character: A space, anonbreaking space, or a horizontal tabulation character (SP, NBSP,
or HT). (814.3)

B.295 working library: A design library into which the library unit resulting from the analysis of a design
unit is placed. (811.2)
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Annex C

(informative)

Potentially nonportable constructs

This annex lists those VHDL constructs whose use may result in nonportable descriptions.
A description is considered portableif it

a) Compiles, elaborates, initializes, and simulates to termination of the simulation cycle on al confor-
mant implementations, and

b) Thetime-variant state of all signals and variables in the description are the same at al times during
the simulation.

under the condition that the same stimuli are applied at the same timesto the description. The stimuli applied
to amodel include the values supplied to generics and ports at the root of the design hierarchy of the model,
if any.

Note that the content of files generated by a description are not part of the state of the description, but that
the content of files consumed by a description are part of the state of the description.

The use of the following constructs may lead to nonportable VHDL descriptions:

— Resolution functions that do not treat all inputs symmetrically

— The comparison of floating point values

— Events on floating-point-valued signals

— Theuse of explicit type conversion to convert floating point values to integer values
— Any vaue that does not fall within the minimum guaranteed range for the type

— Theuse of architectures and subprogram bodies implemented via the foreign language interface (the
'FOREIGN attribute)

— Processes that communicate viafile 1/O, including TEXTIO
— Impure functions

— Linkage ports

— Ports and genericsin the root of adesign hierarchy

— Useof atimeresolution greater than fs

— Shared variables

— Procedure calls passing a single object of an array or record type to multiple formals where at least
one of the formalsis of mode out or inout

— Modelsthat depend on a particular format of T'lmage

— Declarations of integer or physical types that have a secondary unit whose position number is outside
of therange -(2**31-1) to 2**31-1

— The predefined attributes 'INSTANCE_NAME or 'PATH_NAME, if the behavior of the model is
dependent on the values returned by the attributes

— Tolerance groups and tolerances
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Annex D

(informative)

Changes from IEEE Std 1076-1987

This annex lists those clauses that have been changed from IEEE Std 1076-1987 during its revision. The
clause numbers are from IEEE Std 1076-1987; where a new clause has been added, it is described as being
added between or after existing clauses from IEEE Std 1076-1987.

Clausel: 1.1,21.1.1,1.11.1,1.11.2,1.12,11.3,1.2,1.21,1.22,1.3,1.3.1,and 1.3.2.

Clause2: 2.1,21.1,21.1.1,21.1.2,22, 23,231, 24, 25, 2.6, and 2.7. In addition, the following new
clauses have been added: 2.1.1.3, describing file parameters, has been added after 2.1.1.2; and 2.3.2, describ-
ing signatures, has been added after 2.3.1.

Clause 3: Introduction, 3.1, 3.1.1, 3.1.1.1, 3.1.3, 3.1.3.1, 3.1.4, 3.1.4.1, 3.2.1, 3.2.1.1, 3.2.2, 3.3, 3.3.1, and
34.1.

Clause 4: Introduction, 4.1, 4.2, 4.3, 4.3.1,4.3.1.1, 43.1.2,4.3.1.3,43.2,43.3,4.3.3.1, 43.3.2, 434, 44,
and 4.5. In addition, two new clauses, describing group template declarations and group declarations, have
been added at the end of this chapter.

Clause 5: Introduction, 5.1, 5.2, 5.2.1,5.2.1.1,5.2.1.2,5.2.2, and 5.3.

Clause6: 6.1, 6.2, 6.3, 6.4, 6.5, and 6.6.

Clause 7: 7.1,7.2,7.21,722,7.23,724, 731,732, 7321, 7322, 7.3.3, 735, 7.3.6, 7.4, and 7.5.
Additionally, a new clause describing the shift operators has been added between 7.2.1 and 7.2.2, and a new
clause describing the sign operators has been added between 7.2.3 and 7.2.4.

Clause 8: Introduction, 8.1, 8.2, 8.3, 8.3.1, 84, 8.4.1, 85, 8.6, 8.7, 8.8, 8.9, 8.10, 8.11, and 8.12. Addition-
ally, anew clause describing the report statement has been added between 8.2 and 8.3.

Clause 9: Introduction, 9.1, 9.2, 9.3, 9.4, 9.5, 9.5.1, 9.5.2, 9.6, 9.6.1, and 9.7. In addition, a new clause
describing the instantiation of a design entity has been added between 9.6.1 and 9.7.

Clause 10: 10.1, 10.2, 10.3, 10.4, and 10.5.
Clause 11: 11.2, 11.3, and 11.4.

Clause 12: Introduction, 12.1, 12.2, 12.2.1, 12.2.2, 12.2.4, 12.3, 12.3.1, 12.3.1.2, 12.3.1.3, 12.3.1.4,
12.3.15,12.3.2.1,12.4,12.4.1,12.4.2,12.4.3, 12.6.1, 12.6.2, and 12.6.3.

Clause 13: 13.1, 13.3, 13.4.2, 13.5, and 13.9. In addition, two new clauses describing basic and extended
identifiers have been added between 13.3 and 13.4.

Clause 14: 14.1, 14.2, and 14.3.
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Index

access types
described, 42-44
designated type, 43
elaboration of, 161
mutually dependent, 43-44
null, 30, 42, 104
objects designated by, 5-9
dereferencing, 13-16
recursive, 43
restrictions
on attributes, 70
on filetypes, 44
on signals, 54
on subtype indications, 51-52, 62
subprogram parameters of, 18-19
usage, 30
inindex constraints, 38-39
where prohibited, 53
ACTIVE attribute, 43-44, 62, 63, 109-11, 214
active drivers, 169, 174
active signals, 45-49, 172
actual designators
syntax, 65
where used, 64
actual parameter part
syntax, 107
usage
in functions, 107
in procedures, 124
actuas
associations
with formal function parameters, 107
with formal procedure parameters, 124
with formal subprogram parameters, 66
with formals of blocks, 5-9
in map aspects, 22-23
syntax, 64
usage, 67
where used, 64
aggregates, 30
array, 105-07
defining the type of, 107
described, 124-27
record, 45-49
restrictions
on array types, 72-73, 105
on record types, 105
subaggregates, 106
syntax, 104
type of, 105
usage
asguarded signals, 134
as targets of concurrent signal assignment statement, 135
astargets of signal assignment statements, 118-19
as targets of variable assignment statements, 22-23
where used, 94, 107, 118-19
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aias declarations
described, 44-46
elaboration of, 22-23
syntax, 67
where used, 8, 10-11, 22, 27, 28-29, 132
alias designators
syntax, 67
where used, 67
aliases
referenced in attribute specifications, 75-76
usage
asglobally static primaries, 110-11
aslocaly static primaries, 109-10
allocators, 30, 39
constraints, 108-09
deallocation of, 44, 108-09
defined, 42
described, 108-10
evaluation of, 108-09, 168
syntax, 108-09
usage
as globally static primaries, 111
where used, 95
architecture bodies
asdeclarative regions, 147
default binding rules, 79
described, 5, 9-12
syntax, 9
where used, 79, 82
architecture declarative part
described, 10-11
syntax, 10-11
architecture names
where used, 14, 82, 138-39, 154
architecture statement part
syntax, 11
where used, 9
array types
aggregates, 104
bounds, 38-39
closely related, 107-08
concatenation of, 21-23
constrained, 37-38

as formal parameters of constants and variables, 20

asformal parameters of signals, 21
described, 23-24
discrete rangesin, 38-39
implicit file operations for, 45
conversions between, 107-08
denoting elements of, 91
described, 26-27
designated by access values, 39
direction of, 92-93
null arrays, 38-39
predefined, 28-29
restrictions
on filetypes, 44
subprogram parameters of, 5-9
syntax, 37
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unconstrained, 37-38
described, 37-38
elaboration of, 161
used in index constraints, 38-39
used in subprograms, 22-23
variables, assignments to, 22-23
where used, 37
ASCENDING attribute, 10-11, 26-27
ASCII
format effectors, 182
non-graphic elements, 32
assertion statements
described, 5-9
syntax, 117-18
where used, 115, 133-34

assertion statements. See also: concurrent assertion statements.

assignment
as abasic operation, 30
guarded signal, 12-17, 83, 164
to arrays, 38-39
association elements
named, 26-27, 67, 80
positional, 26, 80
syntax, 64
where used, 64
association lists
described, 43-44
generic, 6, 10-11
port, 10-11
syntax, 64
where used, 80, 107
attribute declarations
elaboration of, 163
syntax, 70
where used, 8, 10-11, 22, 27, 132
attribute designators
syntax, 92-93
where used, 73-74, 92-93
attribute specifications
described, 8-9
elaboration of, 21-23
syntax, 73-74
where used, 2-3, 8, 10-11, 12, 22, 27, 132
attributes
allowed as primaries, 95
denoting aliases, 93
index ranges of, 39
of formal parameters, 18-19
predefined, 30, 93
described, 70
exclusion from visibility rules, 148
used aslocally static primaries, 109-10
restrictions
on groups, 72
on subelements and dlices, 93
on subtype of, 163
signal-valued, 20
user-defined, 71, 93
described, 70
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usage, 75-76
as globally static primaries, 111
aslocally static primaries, 109-10
where used, 70
attributes. See also: specific names of predefined attributes.
backus naur form (BNF), 1-2
base
syntax, 188
where used, 188
BASE attribute, 2-3
base specifiers
syntax, 189
where used, 189, 232
basic operations, 30, 22-23, 104, 107
bidirectional ports. See: ports, INOUT.
binding indications
containing map aspects, 12-17
default
described, 28-29
described, 26-27
elaboration of, 164
primary, 77
restrictions
for component configurations, 77
for configuration specifications, 77
syntax, 77
where used, 76
bindings
deferred, 21, 79
BIT type, 32, 41, 95, 96, 97-98
bit values
syntax, 189
where used, 189, 232
BIT_VECTOR type, 41
block configurations
as declarative regions, 147
described, 13-16
implicit, 15, 7-8
scope of, 147-48
syntax, 14
usage
to control elaboration of ablock statement, 28-29
when architecture identifier is used, 79
visibility within, 150
where used, 21, 14, 16
block declarative items
syntax, 10-11
usage, 21, 73-74
where used, 131, 144
block declarative part
elaboration of, 165, 166
syntax, 131
where used, 131
block headers
containing map aspects, 80
correspondences
to component declarations, 140, 141-42
to component instantiation statements, 141-42
to design entities, 140, 141-42
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elaboration of, 159, 165
syntax, 131
where used, 130
block specifications
syntax, 14
where used, 14
block statement part
elaboration of, 165
syntax, 131
where used, 131
block statements
as declarative regions, 147
described, 9
elaboration of, 26-27, 166
implied, 144, 167
labels, 14
elaboration of, 165, 166
where used, 14
syntax, 130
usage, 13, 140, 141-42
where used, 130
blocks
communication to, 6
described, 5
interconnection via concurrent statements, 130
scope of, 147-48
usage, 140, 141-42
boldface, 2-3
BOOLEAN type, 32, 95, 96, 97-98
buffer ports. See: ports.
bus signals, 21, 27, 62
case statement alternatives
syntax, 125-26
where used, 125-26
case statements
described, 26
syntax, 125-26
usage
as signal transforms, 137-39
with null statements, 128
where used, 115, 135
character set, VHDL, 2-3
CHARACTER type, 41
character types, used in case statements, 125-26
characters
apostrophe ('), 188
backslash (\\), 5-9
basic
syntax, 182
basic graphic
syntax, 182
where used, 182
braces{}, 2-3
colon (3), 193
exclamation mark (1), 193
graphic
syntax, 182
where used, 186, 188, 189
lower case
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where used, 182
number sign (, 193
number sign (#), 188
other special
syntax, 183
where used, 182
percent sign (%), 193
quotation mark (, 188
guotation mark ("), 193
where used, 189
spaces
syntax, 183
where prohibited, 186
where used, 182
special
names of, 183
syntax, 182
where used, 182
square brackets| ], 2-3
used in instance names
Separator (:), 202
used in path names
leader (:), 203
separator (:), 202
vertical bar (|), 2-3
vertical line (]), 193
characters. See also: operators, symbols.
choices
in case statements, 24-26
syntax, 105
where used, 105, 125-26
comments, 16-17
component configurations
as declarative regions, 147
binding indicationsin, 77
containing block configurations, 17
default entity aspect of, 82
described, 16-17
implicit, 15, 157
restrictions
against conflicting configurations, 16
syntax, 16
used to bind component instances to design entities, 71
visibility rulesfor, 14
where used, 14
component declarations
as declarative regions, 147
bindings to design entities, 77
elaboration of, 163
prohibitions on attributes, 75-76
scope of, 147-48
syntax, 71
usage, 9, 138-39, 140
where used, 10-11, 27
component instances
association with configurations, 16
bound
described, 11
elaboration of, 164
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to design entities, 79
fully bound, 14, 79
index range, 40
labels
in blocks, 14
paths to
syntax, 203
where used, 203
unbound
defaultsfor, 16
elaboration of, 2-3
with conflicting configurations, 16
component instantiation statements
containing map aspects, 80
default entity aspect of, 82
described, 24-26
elaboration of, 43-44
interfaces of, 71
referenced in configuration specifications, 76
syntax, 138-39
usage
to instantiate a component, 24-26
to instantiate a design entity, 26
where used, 130
component names
where used, 138-39
component specifications
elaboration of, 164
syntax, 76
where used, 16, 76
composite types
described, 16-17
objects of, 52, 71
restrictions
on filetypes, 44
syntax, 37
usage, 30
concurrent assertion statements
described, 14-15
elaboration of, 167
syntax, 133-34
where used, 9, 130
concurrent procedure call statements
described, 14
syntax, 132-33
usage, 133-34
where used, 9, 130

concurrent procedure call statements. See also: procedure call statements.

concurrent signal assignment statements, 119-20
containing delay mechanisms, 134
described, 16-17
elaboration of, 167
execution of, 136
syntax, 134
where used, 130

IEEE STANDARD VHDL ANALOG

concurrent signal assignment statements. See also: conditional signal assignments, selected signal assign-

ments, signal assignment statements. concurrent statements

described, 2-3
elaboration of, 42-44, 164
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syntax, 130

where used, 5-6, 11, 131
condition clauses

described, 116-17

syntax, 115

where used, 115
conditional signal assignments

described, 22-23

syntax, 136

where used, 134
conditions

syntax, 116

where used, 115, 117-18, 124, 126, 127, 136, 137-38, 144

configuration declarations
anonymous, 157
as declarative regions, 147
described, 12-17
scope of, 151
syntax, 12
usage

to control elaboration of a block statement, 165

to define components, 138-39
visibility of, 8
where used, 154
configuration items
implicit, 15
syntax, 14
configuration specifications
default entity aspect of, 82
described, 26-27
elaboration of, 23-24
implicit, 157
restrictions
for binding indications, 77
for othersand all, 5-9
syntax, 76
usage

to bind component instances to design entities, 12, 71

to define copies of blocks, 23-24
where used, 10-11
configurations
described, 5
where used, 138-39
constant declarations
described, 5-9
syntax, 53
where used, 8, 10-11, 22, 27, 28-29, 52, 132
constants
deferred, 28-29, 53
explicitly declared, 53
generic, 5-6
in resolution functions, 26
index ranges of, 39
initial values of, 162
usage
as generate parameters, 144
as globally static primaries, 110-11
as subprogram parameters, 8-9
values of, 53
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context clauses
described, 7-8
implicit, 215
syntax, 155-56
where used, 154
context items
syntax, 155-56
where used, 155-56
conversion functions
restrictionsin signal associations, 66
dedllocation, 44
declarations
elaboration of, 157, 22-23
occurring immediately within declarative regions, 147
of itemsin adesign entity, 5-6
overloaded, 148, 152
visibility
by selection, 7-8
direct, 9
hidden, 10-11
potential, 16-17
declarative parts, elaboration of, 24-26
declarative regions
described, 147
deferred bindings, 12
deferred constants, 28-29
defined, 53
delay mechanisms
described, 119-20
syntax, 118-19
where used, 118-19, 134
DELAYED attribute, 2-3, 21-23, 52, 62, 214
delays, 35-36
inertial, 9-12
transport, 14-15
delimiters
defined, 7-8
names of, 186
design entities
bindings to component instances, 21, 77, 79, 140, 141-42
bodies of, 9
declarative items, 5-6, 73-74
defining external blocks, 13
defining subcomponents of, 138-39
described, 5
interfaces of, 5, 71
library requirements, 10-11
ports, 5-6
visihility, 8
design files
syntax, 154
design hierarchies
defined by configurations, 79, 157
defined by design entities, 157
described, 5
elaboration
conditional or iterative, 144
of component instances, 141-42, 144
elaboration
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described, 157
portability of ports and genericsin root, 267
design hierarchies. See also: blocks.
design methodol ogies
portability issues, 2-3
reusing existing libraries, 140
structural design, 140

design units
primary
denoting, 89-90
syntax, 154
where used, 154

reported in assertion violations, 117-18
reported in report statements, 118-19
secondary
portability issues, 267
syntax, 154
where, 154
specifications related to, 73-74
syntax, 154
visibility of packages, 28
where used, 154
designators
as abasic operation, 30
described, 22
overloaded, 23
syntax, 18
where used, 18, 22
digits
decimal
syntax, 182
where used, 182, 186, 187, 188
extended
syntax, 188
where used, 188, 189
direction
of discrete subtype indications, 51-52
syntax, 31
where used, 31
disconnection specifications
default
syntax, 84
elaboration of, 26
syntax, 83
usage
to turn off drivers of guarded signals, 54
with concurrent signal assignment statements, 135
used, 8, 10-11, 27, 233, 235-36
discrete ranges
bounds of, 92-93, 152
described, 24-26
direction of, 24, 92-93
static
described, 109-10
globally static, 111
locally static, 110-11
syntax, 37-38
where used, 14, 37-38, 92-93, 105, 126
discrete types
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described, 31
used in case statements, 125-26
drivers
active, 169, 112
assignmentsto, 20, 21
associated, 169
constant, 6
creation of, 167
described, 44
determined by null transactions, 26, 169
in kernel process, 168
initial values of, 167
of guarded signals, 54, 83
disconnection of, 164
of signals, 54
DRIVING attribute, 44, 109-11
DRIVING_VALUE attribute, 44-46, 109-11
elaboration
dynamic, 44
implementation-dependent, 160, 164
of configuration declaration, 13
of processes, 157
of statement parts, 43-44
elements
associations
named, 44-46
positional, 44
syntax, 105
where used, 104
terminology, 31
entities
associations
with architectures, 10-11
with components, 79
overloaded, 152
entities. See also: hamed entities.
entity aspect
default, 24-26
syntax, 79
where used, 77
entity classes
syntax, 73-74
usage, 72
where used, 71, 73-74
entity declarations
as declarative regions, 147
described, 5-9
scope of, 147-48
syntax, 5
usage, 79
visibility
causing default bindings, 23-24, 157
where used, 154
entity declarative part, 5-6
described, 8-9
syntax, 8
entity designators
restrictions, 74-75
syntax, 73-74
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where used, 73-74, 202
entity headers
described, 5-6
syntax, 5-6
entity name lists
syntax, 73-74
where used, 73-74
entity names
usage, 21-23
where used, 9, 12, 79, 138-39
entity specifications
elaboration of, 163
syntax, 73-74
where used, 73-74
entity statement part
described, 9
syntax, 9
usage, 5-6
entity tags
restrictions, 74-75
syntax, 74-75
where used, 73-74
enumeration types
described, 7-8
elaboration of, 161
predefined, 8-9
enumeration types. See also: literals—enumeration.
EVENT attribute, 43-44, 62, 63, 109-11, 214
exit statements
described, 127
syntax, 127
where used, 115
explicit ancestor. See: signals.
exponents
syntax, 187
where used, 188
exporting data. See: files—external.
expressions
asinitial values of variables, 55-56
Boolean, 116
containing signal names, 160
default
for interface objects, 21, 67
for signal values, 54
defining the type of, 107
described, 2-3
guard, 130
in attribute specifications, 164
initializing a constant, 162
primariesin
described, 95
where used, 94
qualified, 30
described, 107
used as globally static primaries, 111
used aslocally static primaries, 109-10
where used, 95, 108-09
restrictions
ontype, 53, 54
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factors

on type in case statements, 24-26
sequencesin, 95

shift
syntax, 94
where used, 94
simple
syntax, 94
where used, 94, 105
static
definition of globally static, 109-11
described, 109-11
in concurrent assertion statements, 133-34
where used, 14, 61
syntax, 94
time

usage, 120

where used, 116, 120
treatment during elaboration, 160
universal

described, 111-12
used as operands, 103

IEEE STANDARD VHDL ANALOG

where used, 53, 54, 55-56, 73-74, 91, 92-93, 107-08, 117-18, 123, 125-26, 128, 137-38
expressions. See also: guards.
external blocks, 13

syntax, 94
where used, 94

file declarations

described, 13-16

elaboration of, 162

syntax, 57

where used, 8, 10-11, 22, 27, 28-29, 53, 132

filetypes

files

restrictions

on attributes, 70

on signals, 54

on subprogram parameters, 57, 63

on subtype indications, 51-52, 62
usage, 30

with externa files, 58

where prohibited, 42, 53

explicit, 57
external, 12-17
read operations, 63
write operations, 63

floating point types

described, 12-17
elaboration of, 161
portability issues, 267
predefined, 37
required precision, 37
syntax, 35-36

FOREIGN attribute, 8, 9, 10-11, 12, 22, 23, 26-27, 111

exclusion from elaboration, 160
portability issues, 267

foreign subprograms, 22-23
formal designators

282

syntax, 64

Copyright © 1999 |IEEE. All rights reserved.



AND MIXED-SIGNAL EXTENSIONS

where used, 64
formal parameters
as objects, 52
described, 7-8
scope of, 147-48
syntax, 18-19
type profiles, 23, 153
used as constants, 53
where used, 18
formal parameters. See also: subprogram specifications.
formals
in map aspects, 22-23, 131
syntax, 64
unassociated, 16-17
usage, 26-27
where used, 64
formals. See also: formal parameters, generics, ports.
format effectors
end of line, 185
syntax, 183
where used, 182
function calls
defining parentage of subprograms, 22
described, 107
evaluation of, 107
in association lists
as actuals, 65
asformals, 65
restrictions
on expanded names, 14-15
on groups, 72
syntax, 107
treatment during elaboration, 160
usage
as globally static primaries, 110-11
aslocally static primaries, 109-10
general description, 18
where used, 88, 95
functions
in signatures, 26
invoking execution of, 107
object classesfor, 18-19
overloaded, 51-52
portability issues of impure, 267
predefined
FREQUENCY, 219
NOW, 214, 219
pure, 18, 22-23, 29, 110-11
resolution, 26-27, 51-52
returned values, 128
syntax, 18
usage, 18
where used, 65
functions. See also: return statements.
generate parameters
as objects, 52
constants, 53, 165
usage, 52
as globally static primaries, 110-11
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generate statements
as declarative regions, 147
defining internal blocks, 14
described, 26-27
elaboration of, 43
labels, 14-15
elaboration of, 165, 166
where used, 14
syntax, 144
where used, 130
generation schemes
syntax, 144
where used, 144
generic clauses
elaboration of, 9
syntax, 5-6
where used, 71, 131
generic lists
defined, 5-6
syntax, 6
where used, 5-6
generic map aspect
default, 82
described, 21
syntax, 80
usage, 14
where used, 77, 131, 138-39
generic map aspects
elaboration of, 5-9
generics
constants, 5-6, 53, 159
described, 6
formal, 24-26
in binding indications, 10-11
in block headers, 131
in top-level design entity, 157
of unconstrained array types, 22-23
scope of, 147-48
where used, 64
group constituents
syntax, 72
where used, 72
group declarations
described, 72-73
syntax, 72
usage, 72
where used, 8, 10-11, 12, 22, 27, 28-29, 132
group template declarations
described, 45-49
syntax, 71
where used, 8, 10-11, 22, 27, 28-29, 132
group templates, 71, 86
guarded signal specifications
described, 83
elaboration of, 164
syntax, 83
where used, 83
guards, 7-8, 54, 134
HIGH attribute, 9, 21-23, 37, 214
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homographs, 149, 154-55
identifiers, 51
basic
described, 8-9
syntax, 186
where used, 186
extended
described, 9
syntax, 186
where used, 186
of named entities, 50
referenced within their own declarations, 151
restrictions, 193
scope of, 147-48
separators required between, 185
simple namesfor, 2-3
syntax, 186
visibility rulesfor, 151
whereused, 5, 9, 12, 154-55
with overlapping scopes, 150
identifiers. See also: names.
IEEE Std 1164-1993, 269
if statements
described, 23-24
syntax, 124
usage, 137-38
where used, 115, 135
IMAGE attribute, 9-12
portability issues, 267
importing data. See: files—external.
IN or INOUT ports. See: ports.
incomplete type declarations, 43
index constraints
described, 24-26
elaboration of, 162
globally static, 111
in access types, 42
index ranges of array types, 26, 92-93
locally static, 110-11
syntax, 37-38
usage, 108-09
where used, 37-38, 51-52
index specifications
containing discrete ranges, 15
index subtype definitions
syntax, 37-38
where used, 37-38
index subtypes
compatibility with discrete ranges, 38-39
of shift operators, 97-98
instance names, syntax of, 201-02
instantiated units
syntax, 138-39
where used, 138-39
instantiation lists
syntax, 76
where used, 76
INTEGER type, 33, 38-39
integer types
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described, 5-9
elaboration of, 161
predefined, 33
syntax, 32
integers
based, 188
syntax, 187
where used, 187, 188
interface constant declarations
syntax, 61
usage, 67
where used, 64
interface declarations
described, 43
usage, 52
where used, 64
interface file declarations
syntax, 61
where used, 64
interface lists
described, 24-26
of formal parameters, 18-19
elaboration of, 161
of generics, 6
of ports, 6
where used, 6
interface objects
defined, 61
in top-level design entity, 157
index ranges
obtained by association, 26-27
of constrained arrays, 39
specifications related to, 73-74
where used, 71
interface signal declarations
syntax, 61
where used, 64
interface variable declarations
syntax, 61
where used, 64
internal blocks, 13
SO 8859 character set, 32, 182, 183, 269
italics, meaning of, 2-4, 51, 215
iteration schemes
FOR loops, 26-27
syntax, 126
where used, 126
WHILE loops, 127
labels
block, 130
bound, 76
generate
where used, 144
instantiation
where used, 76, 138-39
loop
where declared, 126
where used, 127
of concurrent statements, 130
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process
where used, 131
syntax, 144
where used, 115, 117-19, 123, 124, 125-26, 128, 132-34
LAST_ACTIVE attribute, 44, 62, 63, 109-11, 214
LAST_EVENT attribute, 42-44, 62, 63, 109-11, 214
LAST_VALUE attribute, 62, 63, 109-11, 214
LEFT attribute, 7-8, 22-23, 214
LEFTOF attribute, 21
LENGTH attribute, 26
letters
lowercase, 1-2
syntax, 183
where used, 186, 188
uppercase, 3-4
syntax, 182
where used, 182, 186, 188
lexical elements, defined, 185
libraries
checks during elaboration, 164
design
analysis of, 154
denoting itemsin, 10-11
resource, 154-56
STD, 154-55
WORK, 154-55
working, 154-56
library clauses
syntax, 154-55
where used, 155-56
library indicators
where used, 202
library units
effects of changesto, 155-56
existence requirements, 13-16
scope of, 148
syntax, 154
where used, 154
line breaks, 186, 189
linkage ports. See: ports.
literals
abstract
based, 14
decimal, 10-11
described, 9-12
in aphysical type definition, 34
separators required between, 185
where used, 33, 104
bit string
described, 43-44, 12-17
syntax, 189, 232
where used, 104
character
in enumeration types, 31-32
where used, 31-32
described, 14-15
referenced within their own declarations, 151
scope of, 147-48
where used, 67, 72, 74-75, 89-90
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with overlapping scopes, 150
described, 44
enumeration
overloaded, 24, 31-32, 152
visibility rulesfor, 148
syntax, 31-32
values of, 31-32
where used, 31-32, 104
integer, 32, 187, 188
null, 104
numeric
allowed variations in subprograms, 29
as basic operations, 30
described, 104
syntax, 104
where used, 104
physical
syntax, 33
where used, 33, 104
real, 187, 188
string, 30
described, 42-44, 13-16
syntax, 189
where used, 18, 104
syntax, 104
where used, 94, 109-10
logical name list, 154-55
loop parameters
as context for overload resolution, 153
as objects, 52
constants, 53
usage, 52
loop parameters. See: parameter specifications—Ioop.
loop statements
as declarative regions, 147
described, 26-27
execution of, 127
syntax, 126
where used, 115
loop statements. See also: exit statements, next statements.
loops, avoiding infinite, 133-34
LOW attribute, 5-9, 23-24, 37, 214
LRM
exclusions from language definition, 3-4
intent, 1
notes, 3-4
semantics, 3-4
structure, 1-2
syntax conventions, 2-3
terminology, 1-2, 55
models, smulation of, 107-09
deltacycle, 107-08
initialization phase, 9-12
simulation cycle, 173
modes
defaults for interface declarations, 62
of formal parameters, 2-3
of interface objects, 24-26, 62, 63,
of ports, 8
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syntax, 61
where used, 61
named entities
dliases of, 67, 75-76
attributes of, 70, 92-93
groupings of, 71, 72
identifiers of, 50
overloaded, 7-8
restrictions on globally static primaries, 110-11
scope of, 147-48
specifications of, 73-74
names
alowed as primaries, 95
ambiguous, 91, 92-93, 107
as abasic operation, 30
declared in entities, 8
expanded, 14
general description, 8-9
in declarations, 50
in paths, 203
indexed
described, 16-17
syntax, 91
usage, 107
where used, 88
locally static, 7-8
logical
syntax, 154-55
usage, 2-3
where used, 154-55
of architecture bodies, 10-11
of attributes, 71
described, 22-23
syntax, 92-93
where used, 88
of delimiters, 186
of files, 57
of interface declarations, 64
of objects, 42
of primary units, 89-90
of signals, 83, 89
of slices
described, 22-23
syntax, 92-93
where used, 88
of special characters, 183
of variables, 89
overloaded, 152
prefixes
of attributes, 71
of subprograms, 152
syntax, 88
where used, 89-90, 91, 92-93
selected
described, 12-17
syntax, 89-90
where used, 88, 151
simple, 2-3
described, 9
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syntax, 89-90
where used, 74-75, 88, 89-90
static
defined, 2-3
suffixes
syntax, 89-90
usage in use clauses, 151
where used, 89-90
where used, 67, 94, 118-19
names. See also: named entities, path names.
NATURAL subtype, 41

nets
creation of, 157
defined, 172
next statements
described, 28-29
syntax, 127
usage, 127
where used, 115
non-object aliases
described, 42-44
notation, decimal, 188
NOW
predefined function, 214
null

default initial values of variables, 56
in access types, 30, 104
ranges, 31
transactions, 26, 54, 120
used as aliteral, 104
waveform elements, 120
null statements
described, 43-44
syntax, 128
where used, 115, 135
numeric types
closely related, 107-08
described, 31
operators
adding, 98-99
sign, 100-01
numeric types. See also: literals—numeric.
object aliases
described, 43-44
object declarations
described, 44
designated by access value, 42
elaboration of, 22-23
of signals, 39
of variables, 39
syntax, 52
where used, 52
objects
alocation and deallocation, 44
alowed as primaries, 95
created by allocators, 108-09
defined, 9
described, 44
explicitly declared, 52
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aliases of, 70
initial values of, 162
usage, 52
when read, 22-23
when updated, 63
open
file objects, 45
file parameters, 21
in association lists, 65, 28-29
in entity aspects, 79
in map aspects, 80
ports, 16
operands, 109-10
convertible universal, 108-09
operations
basic, 22-23, 30, 104, 107
short-circuit, 95
visibility of predefined, 150
operator symbols
referenced within their own declarations, 151
scope of, 147-48
syntax of, 18-19
where used, 18, 67, 74-75, 88, 89-90
with overlapping scopes, 150
operators, 43
absolute (abs), 103
adding
described, 23-24
where used, 94
addition (+), 98-99
arithmetic
for integer types, 32
for physical types, 34
binary, 24, 96
concatenation (&), 100-01
division (/), 28-29
equality (=), 24, 97-98, 121, 126
overloaded, 172
exponentiating (**), 103
identity (+), 24, 100-01
inequality(/=), 97-98
logical, 8-9
miscellaneous, 43-44
modulus (mod), 26
multiplication (*), 26-27
multiplying
described, 103
where used, 94
negation (-), 24, 100-01
ordering (<, <=, >, >=), 96, 97-98
overloaded, 24-26
precedence of, 7-8, 96, 100-01
predefined, 30, 95
relational
described, 10-11
where used, 94
remainder (rem), 26-27
rotate left logical (rol), 12-17
rotate right logical (ror), 21
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shift
described, 22-23
index subtypes of, 97-98
subtype of result, 98-99
values returned, 16-17
where used, 94
shift left arithmetic (sla), 14-15
shift left logical (dl), 9-12
shift right arithmetic (sra), 13-16
shift right logical (srl), 14
short-circuit, 24
sign operators, 24-26
where used, 94
subtraction (-), 98-99
unary, 24, 96, 100-01
user-defined, 24
operators. See also: characters, symbols.
optional items, 2-3
options
syntax, 134
where used, 136, 137-38
others
in array aggregates, 106
in record aggregates, 105
where used, 105
OUT ports. See: ports.
overload resolution
for selected names, 91
other factorsfor legality of named entities, 153
overloading. See: literals—enumeration, operators, resolution functions, signatures, subprograms.
package bodies
containing group declarations, 72
described, 18, 28
syntax, 28
values of deferred constants, 53
visibility, 28-29
when unnecessary, 28
where used, 154
package declarations
deferred constants, 53
denoted by group declarations, 72
described, 18, 27
scope of, 147-48
syntax, 27
where used, 154
packages
as declarative regions, 147
denoting itemsin, 9-12
elaboration of, 8-9
in instance names, 202
in path names, 202
predefined
location in STD library, 154-55
STANDARD, 111
TEXTIO, 46, 109-11
scope of declarationsin, 27
usage, 18
parameter specifications
generate
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where used, 144
loop
elaboration of, 168
restrictions on, 127
syntax, 126
where used, 126
parameters
constant, 9-12
file, 16-17

mechanisms for passing, 23, 66
of functions, 107
of procedures, 124
signal, 12-17, 160
variable, 14
parent
of subprogram, 32
passive statements, 9
path names, syntax of, 203
PATH_NAME attribute, 72-73, 109-10
portability issues, 267
physical types
described, 14
elaboration of, 161
position numbers of values, 34
predefined, 14-15
syntax, 33
unit names, 10-11
physical types. See aso: literals—physical.
port clauses
syntax, 5-6
where used, 71, 131
port lists
containing interface signals, 62
defined, 5-6
syntax, 6
where used, 5-6
port map aspect
default, 82, 83
described, 22-23
syntax, 80
usage, 14-15
where used, 77, 131, 138-39
ports
actual, 6
as signal sources, 54
connected, 8
formal, 6, 26
as objects, 52
in binding indications, 9-12
in block headers, 131
in top-level design entity, 157
INOUT, 8
input, 8
linkage, 8
portability issues, 267
of unconstrained array types, 21-23
open, 8
output, 8
restrictions on mode, 8
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scope of, 147-48
unassociated, 8
unconnected, 8, 67
where used, 64
ports. See also: interface objects.
POS attribute, 14-15, 35-36
POSITIVE subtype, 41
PRED attribute, 16-17
primaries
globally static, 110-11
locally static, 109-11
primary unit declarations
syntax, 33
where used, 33
procedure call statements
defining parentage of subprograms, 23
described, 21-23
execution of, 124
syntax, 124
usage, 18, 132-33
where used, 115, 132-33

procedure call statements. See also: concurrent procedure call statements.

procedure cals
portability issues, 267
procedures
execution of, 128
object classes for, 18-19
parents of, 116-17
persistence of variablesin, 56
restrictions when invoked by concurrent procedure
call statements, 132-33
syntax, 18
usage, 18
procedures. See also: return statements.
process declarative items
syntax, 132
where used, 132
process declarative part
syntax, 132
where used, 131
process statement part
syntax, 132
where used, 131
process statements
as declarative regions, 147
described, 9-12
driversin, 20
elaboration of, 167
execution of, 132-33, 135
labelswithin, 115
syntax, 131
where used, 9, 130
processes
communicating viafile 1/0O, 267
execution of, 132, 174-75
initialization of, 173
interconnection via concurrent statements, 130
kernel, 168
non-postponed, 132-33, 173
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passive, 132
persistence of variablesin, 56
postponed, 10-11, 116-17, 132-34, 173
suspended, 8-9
pulse rejection limits, 14, 35-36
guantities, 85
quantity lists
syntax, 85, 242-43
quantity specifications
where used, 85, 242-43
QUIET attribute, 22-23, 52, 62, 168, 214
updating of signals having, 172-73
RANGE attribute, 24-26, 193
range constraints
bounds
for floating point types, 13-16
for integer types, 9
for physical types, 9-12
elaboration of, 162
globally static, 111
in subtype indications, 31-32
locally static, 109-10
syntax, 31
where used, 32, 33, 35-36, 51-52
ranges
bounds, 31
globally static, 111
index, 37-38
locally static, 109-10
null, 31
order, 31-32
syntax, 31
undefined, 21
where used, 37-38
read-only mode. See: file types, operations.
REAL type
described, 37
REAL type. See also: literals—real.
record types
aggregates, 104
described, 42
elaboration of, 161
implicit file operations for, 45
scope of, 147-48
subprogram parameters of, 10-11
syntax, 41
where used, 37
records
index ranges of array types, 39
relations
syntax, 94
where used, 94
report statements
described, 10-11
syntax, 117-18
where used, 115
reserved words, 2-3
described, 21
resolution functions
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described, 26-27
for resolved signals, 54
portability issues, 267
references to overloaded subprograms, 23, 153
restrictions with allocators, 108-09
usage, 51-52
where used, 51, 246
resolution limit, 35-36
return statements
described, 43
restrictions, 128, 153
syntax, 128
where used, 115, 128
REVERSE_RANGE attribute, 24-26
RIGHT attribute, 8-9, 22-23, 214
RIGHTOF attribute, 22-23
scalar types
described, 30, 31
implicit file operations for, 45
restrictions
on signals, 54
subprogram parameters of, 18-19
used as formal signal parameters, 21
scope
of block configurations, 14
of declarations, 2-3, 50
of library clauses, 154-55
overlapping, 151
rulesfor elaboration, 161
secondary unit declarations
syntax, 33
where used, 33
selected signal assignments, 24
described, 21-23
syntax, 137-38
where used, 134
sensitivity clauses
application of rulesfor, 132-33, 135
described, 2-3
syntax, 115
where used, 115
sensitivity lists, 62
restrictions within process statements, 132
syntax, 115
where used, 115, 131, 132
sequence of statements
syntax, 115
where used, 124, 125-26
sequential statements
syntax, 115
where used, 22, 115, 132
sequential statements. See also: elaboration—dynamic, process statements.
SEVERITY_LEVEL type, 117-18
where used, 117-18
shared variable declarations
described, 55-56
portability issues, 267
syntax, 55-56
where used, 8, 10-11, 27, 28-29
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signal assignment statements, 55-56
described, 16-17
drivers affected by, 121
drivers associated with, 169
in procedures outside of processes, 121
restrictions on typesin, 118-19
syntax, 118-19
targets of
composite types, 12-17
scalar types, 13-16
where used, 115, 135
signal assignment statements. See also: concurrent signal assignment statements, conditional signal assign-
ments, selected signal assignments.
signal declarations
described, 14
syntax, 54
where used, 8, 10-11, 27, 52
signal kind
syntax, 54
where used, 54
signal lists
syntax, 83
where used, 83
signal transforms
described, 135
where used, 22-23, 135
signals
active, 44-46, 172
associations
with formal parameters, 14-15
with formal ports, 66
basic, 72-73, 172
bus, 21, 27, 62
denoted by concurrent procedure call statements, 132-33
drivers of, 20, 169
eventson, 171
explicit, 54, 180-81
when updated, 171
GUARD, 8-9, 133-34, 135, 168
effect on simulation cycle, 180-81
when updated, 172
guarded, 21, 22, 54, 62, 83
elaboration of, 164
usage, 120
implicit, 8-9, 22, 180-81
when updated, 107, 172
index ranges of, 39
initial values of, 55-56
quiet, 170, 172
registers, 172
when updated, 171
resolved, 9-12, 26, 51-52
restrictions within blocks, 160
sources of, 54
terminology, 55-56
unresolved, 54, 172
used as subprogram parameters, 13-16
values
default, 10-11, 55-56

Copyright © 1999 IEEE. All rights reserved. 297



IEEE
Std 1076.1-1999 IEEE STANDARD VHDL ANALOG

driving, 126, 172
effective, 104-07, 170
in blocks, 160
propagation of, 24, 107
when updated, 63
where used, 65, 115
signatures
described, 24-26
syntax, 26
usage, 22-23
where used, 67, 73-74, 92-93
signs. See: operators—sign operators.
simple expressions, where used, 31
simple names, where used, 92-93
SIMPLE_NAME attribute, 45-49
simulation cycle. See: models, simulation of.
dices
null, 21
of constants, 53
of objects, 52
specifications
defined, 73-74
elaboration of, 24-26
STABLE attribute, 23, 52, 62, 168, 214
STANDARD package
contents of, 110-11
location in STD library, 154-55
usage, 3-4, 22, 30, 32, 35-36, 41, 95, 112
statement transforms, 13-16
step limit specifications
default
syntax, 87
syntax, 85, 244-45
STRING type, 41, 57
where used, 117-18
string types. See also: literals—string.
structural designs, 140
subaggregates. See: aggregates.
subelements
of constants, 53
of objects, 53
of signals, 55-56
of variables, 56
terminology, 31
usage, 31
subprogram bodies
containing group declarations, 72
defined in package, 28
described, 21-23
elaboration of, 12-17
execution, 22
labels within, 115
syntax, 21
usage, 18
where used, 8, 10-11, 22, 28, 132
subprogram calls
object classes for, 18-19
recursive, 18-19
to overloaded subprograms, 23, 24, 152
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usage, 22
subprogram declarations
described, 18
elaboration of, 13-16, 168
scope of, 147-48
syntax, 18
usage, 18, 22
where used, 8, 10-11, 22, 27, 28, 132
subprogram declarative part
syntax, 22
usage, 73-74
where used, 21
subprogram kind
syntax, 22
usage, 22
where used, 22
subprogram specifications
described, 22
scope of, 147-48
where used, 21
subprogram statement part
syntax, 22
where used, 22
subprograms
as declarative regions, 147
conformance rules, 29
driversin, 20
foreign, 22-23
of unconstrained array types, 22-23
overloaded, 23-24
attributes of, 75-76
resolution of, 152
visibility rulesfor, 148
parents of, 22
subtype declarations
described, 7-8
elaboration of, 21
syntax, 51
where used, 8, 10-11, 22, 27, 28-29, 132
subtype indications
containing index constraints, 38-39
containing range constraints, 31-32
direction, 51-52
elaboration of, 161, 162, 163, 168
of incomplete types, 43
syntax, 51
where used, 37-38, 41, 42, 51, 53, 54, 55-56, 57, 61, 67, 108-09
subtypes
base type of, 51-52
bounds, 21
checking, 123
conversions, 38-39, 128
with array variables, 124
designated, 42
direction, 21
globally static, 111
locally static, 110-11
of function results, 18
operations, 31
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static, 91-93
usage, 30
SUCC attribute, 12-17
symbols
assignment (:=), 53, 54, 55-56, 62
box (<>)
in group template declarations, 71
in undefined ranges, 37-38
symbols. See also: characters, operators.
syntax, 188
targets
array variables, 124
driversfor, 120
guarded, 134
of signal assignment statements, 119-20
of variable assignment statements, 123
syntax, 118-19
where used, 118-19, 123, 136, 137-38
terms
syntax, 94
where used, 94
TEXTIO package
contents of, 110-11
location in STD library, 154-55
usage, 46
time resolutions, portability issues, 267
TIME type, 35-36, 120
timeout clauses
described, 7-8
syntax, 116
where used, 115
TRANSACTION attribute, 23-24, 43, 52, 62, 168
initial value of signals, 174-75
updating of signals having, 172-73
transactions
null, 120
transactions. See aso: drivers.
type conversions
as abasic operation, 30
described, 107-09
implicit, 120, 124, 128, 152
in association lists
as actuals, 65
asformals, 65
restrictions
in signal associations, 66
on operands, 107-08
syntax, 107-08
usage
as globally static primaries, 111
aslocally static primaries, 109-10
where used, 95
type declarations
as declarative regions, 147
described, 2-3
elaboration of, 16-17
incomplete, 43
syntax of full, 51
where used, 8, 10-11, 22, 27, 28, 132
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type marks
described, 51-52
in incomplete type declarations, 43
syntax, 51
where used, 26, 37-38, 51, 65, 70, 83, 107-08, 246
type profiles, 23, 24, 26
of enumeration literals, 31-32
types
anonymous, 32, 33, 35-36, 51, 215
universal integer, 32, 38-39, 104, 107-08, 111, 126, 187
universa real, 104, 107-08, 111, 187
base type of, 30, 51-52
character, 32
closely related, 107-08
compatibility with index constraints, 38-39
constraints, 30
designated, 42
floating point, 111
in resolution functions, 26
in rulesfor overload resolution, 21
incomplete, 43-44
of expressions, 95
operations, 2-3
portability issues, 267
predefined
BIT, 104-07
BIT_VECTOR, 108-10
BOOLEAN, 106
CHARACTER, 105-07, 221
FILE_OPEN_KIND, 110-11
FILE_OPEN_STATUS, 109-11
INTEGER, 107-08
NATURAL, 219
POSITIVE, 219
REAL, 107-09
SEVERITY_LEVEL, 107
STRING, 108-09
TIME, 108-09, 221
terminology, 31
types. See also: names of specific type categories.
underlines, 186, 187, 188, 189
universal types. See: types—anonymous.
use clauses
described, 12-17
scope of, 147-48
syntax, 151
usage, 28
with multiple mentions of alibrary unit, 155-56
with standard packages, 154-55
where used, 8, 10-11,12, 14, 22, 27, 28-29, 132, 155-56
VAL attribute, 13-16, 35-36
VALUE attribute, 14
values
allowed as primaries, 95
conversion between abstract and physical, 35-36
variable assignment statements, 56
described, 22-23
restrictions on typesin, 123
syntax, 123
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where used, 115
variable declarations
described, 14-15
syntax, 55-56
where used, 22, 53, 132
variables
default initial values, 55-56
explicit, 55-56
in kernel process, 168
index ranges of, 39
initial values of, 55-56
of accesstypes, 42, 72
used as subprogram parameters, 9
where used, 65
variables. See aso: shared variable declarations.
visibility
by selection, 8-9
direct, 5-9
hidden, 9-12
of block configurations, 14, 15
of entity declarations, 82
of entity declarative items, 8
of generic constants, 5-6
of identifiers, 50
of items in package bodies, 28-29
of logical namesin library clauses, 154-55
of overloaded subprograms, 24
of ports, 5-6
of predefined operations, 150
rules
for declarations, 13-16
for elaboration, 161
for identifiers, 14-15
within block configurations, 150
wait statements
described, 9
implicit, 132
syntax, 115
usage
with concurrent procedure call statements, 132-33
with concurrent signal assignment statements, 135
where prohibited, 116-17, 132
where used, 115
wave transforms
syntax, 137-38
where used, 21, 22-23
waveform elements
evaluation of, 120
null, restrictions on, 120, 135
syntax, 120
unaffected, 136
where used, 118-19

waveforms
conditional
syntax, 136
where used, 136
projected output
described, 169
updating, 21
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selected
syntax, 137-38
where used, 137-38
syntax, 118-19
where used, 118-19, 136, 137-38
WAVES standard, 269
write-only mode. See: file types, operations.
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