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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BEHAVIOURAL LANGUAGES -

Part 1-1: VHDL language reference manual

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organ'tion fo standardization

Technical Specifications Technical Reports, Publicly Available Specifi i ; ide$ (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to te i 8s; apy IEC National
Committee interested in the subject dealt W|th may partlmpate 1Y K. International

2) The formal decisions or agreements of IEC on technical
international consensus of opinion on Subj
representation from all interested IEC Natio

3) IEC Publications have the form of recom
Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote internatiéhal uni

indicated in the latter.

5) IEC provides no marki
equipment declafed tg

6) Attention is drawn to 005 Sl e’ of the elements of this IEC Publication may be the subject of
patent rights. IEC sheg . ible for identifying any or all such patent rights.

approval and cannot be rendered responsible for any
Publication.

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

IEEE Std FDIS Report on voting
1076 (2002) 93/193/FDIS 93/198/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives.

The committee has decided that the contents of this publication will remain unchanged until
2007.
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IEC 61691 consists of the following parts, under the general title Behavioural languages:

IEC/IEEE 61691-1-1, Part 1-1: VHDL language reference manual

IEC 61691-2, Part 2: VHDL multilogic system for model interoperability

IEC 61691-3-1, Part 3-1: Analog description in VHDL (under consideration)

IEC 61691-3-2, Part 3-2: Mathematical operation in VHDL

IEC 61691-3-3, Part 3-3: Synthesis in VHDL

IEC 61691-3-4, Part 3-4: Timing expressions in VHDL (under consideration)

IEC 61691-3-5, Part 3-5: Library utilities in VHDL (under consideration)

IEC/IEEE 61691-4, Part 4: Verilog® hardware description language

IEC/IEEE 61691-5, Part 5: VITAL ASIC (application specific integrat uit) modeling
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the |EEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any personal injury, property or other damage, of any nature whatsoever, whether special, indirect,
consequential, or compensatory, directly or indirectly resulting from the publication, yse~qf, or reliance upon
this, or any other IEC or IEEE Standard document.

professional or other services for, or on behalf of, any pe A
to perform any duty owed by any other persgn o it 2

IEC/IEEE Dual Logo Internatio IEE tandards document should rely upon the advice of a
competent professional in detefqini ise of reasoRable care in any given circumstances.

initiate action to pra propriate respohses\ Singe IEEE Standards represent a consensus of concerned

interests, it is impo
interests. For this reasen E a
not able to provide an j Naterpretation requests except in those cases where the matter has
previously received fQ i

Comments for revisi 0go International Standards are welcome from any interested party,
regardless of m S i¥h the IEC or IEEE. Suggestions for changes in documents should be in

Authorization to photocepy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

Documents

Document Sharing Hub

A [ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved.|

Full document details: IEC 61691-1-12004


http://avadocuments2026.com/doc/iec-61691-1-1-2004
http://avadocuments2026.com/doc/iec-61691-1-1-2004

-8- IEC 61691-1-1:2004(E)
IEEE 1076-2002(E)

IEEE Standard VHDL

Language Reference Manual

Sponsor

Design Automation Standards Committee
of the

IEEE Computer Society

Approved 26 July 2002

American National Sta ti

Approved 21 March 2002

Keywords: computer Janguages, electronic systems, hardware, hardware design, VHDL

Documents

[Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. | Document Sharing Hub

Full document details: IEC 61691-1-12004


http://avadocuments2026.com/doc/iec-61691-1-1-2004
http://avadocuments2026.com/doc/iec-61691-1-1-2004

IEC 61691-1-1:2004(E) —9-
IEEE 1076-2002(E)

IEEE Introduction

The VHSIC Hardware Description Language (VHDL) is a formal notation intended for use in all phases of
the creation of electronic systems. Because it is both machine readable and human readable, it supports the
development, verification, synthesis, and testing of hardware designs; the communication of hardware design
data; and the maintenance, modification, and procurement of hardware.

This document specifies IEEE Std 1076-2002™, which is a revision of IEEE Std 1076, 2000 Edition™. This
revision incorporates the addition of protected types and enhancements to the specification of shared vari-
ables which were completed in IEEE Std 1076, 2000 Edition™. As VHDL is now in wide use throughout the
world, the 1076 Working Group endeavored to maintain a high level of stability with this revision. Although
this revision does not provide significant changes to VHDL, it does enhance and clarify the [anguage specifi-
cation in several areas. Most notable is the improvement in the specification of default bjnding xules, buffer
ports, scope and visibility, allowance of multi-byte characters in comments dndh othek arsas which will
increase the portability of descriptions.

all who have participated in this revision and encourages the pafticipatic all igterestéd parties in future
language revisions. If interested in participating, please contj sg@ieee.org or visit the
following website: http://www.eda.org/pub/vasg.

It is not permissib
with the associ@
Contracts for\\nfornia iQn dpncew
tthat ayproduct has been designed to meet an IEEE standard, it is perm1551ble to state that “the

certified,” “I EEE 1Q76/ conformant,” “IEEE 1076 certified,” or the like, unless the user has obtained a
Certification License from the IEEE.
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BEHAVIOURAL LANGUAGES —

Part 1-1: VHDL language reference manual

0. Overview of this standard

This clause describes the purpose and organization of this stan
Reference Manual.

dard VHDL Language

0.1 Intent and scope of this standard

At the time of its public
may become necessar

may be published iR _sef
tion and remain i
0.2 Structure and

This standard, is 0 e-\ C
Within each clausexindividyal constructs or concepts are discussed in each subclause.

construct is described dsing one or more grammatroaluctions

A set of paragraphs describing the meaning and restrictions of the construct in narrative form then follow.
Unlike many other IEEE standards, which use the sbdtl to indicate mandatory requirements of the stan-
dard andmayto indicate optional features, the veshis used uniformly throughout this document. In all
casesis is to be interpreted as having mandatory weight.

Additionally, the wordmustis used to indicate mandatory weight. This word is preferred over the more com-
monshall, asmustdenotes a different meaning to different readers of this standard.

a) To the developer of tools that process VHBIustdenotes 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.

Documents
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b) To the VHDL model developemustdenotes that the characteristics of VHDL are natural conse-
quences of the language definition. The model developer is required to adhere to the constraint
implied by the characteristic.

c) To the VHDL model usemustdenotes that the characteristics of the models are natural conse-
quences of the language definition. The model user can depend on the characteristics of the model
implied by its VHDL source text.

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

0.2.1 Syntactic description

The form of a VHDL description is described by means of context-free synta
backus naur form; in particular:

sing a simple variant of the

a) Lowercase words in roman font, some containing embedded ungdeg e used to denote syntactic
categories, for example:

formal_port_list

Whenever the name of a syntactic category is used, 4 he syntax rules themselves, spaces
take the place of underlines (thus, “formal port list’w«c i
referring to the above syntactic category).

b) Boldface words are used to denote reservegy

array
Reserved words must be used onlyin those places indicated by the syntax.

C) ” (which is read as “can be replaced by”),
and aright-hand side aduction is always a syntactic category; the right-
hand side is a rep eaning’of a production is a textual-replacement rule: any

d) A vertical
immediat

items on the right-hand side of a production unless it occurs
hich case it stands for itself, as follows:

e)
two productionsg’ 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 (see 2.3.2) are part of the syntax of signatures and do not indicate that the entire right-
hand side is optional.

f)  Braces { } enclose a repeated item or items on the right-hand side of a production. The items may
appear zero or more times; the repetitions occur from left to right as with an equivalent left-recursive
rule. Thus, the following two productions are equivalent:

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

Documents
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g) If the name of any syntactic category starts with an italicized part, it is equivalent to the category
name without the italicized part. The italicized part is intended to convey some semantic informa-
tion. For exampletype name andubtype name are both syntactically equivalent to name alone.

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

0.2.2 Semantic description

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

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

Some clauses of
these parts always
construct described.

described in the cla eIn order to distinguish notes from the other narrative portions of this
standard, not set 8 orated paragraphs in a font smaller than the rest of the text. Cross-references
are mean : her relevant clauses of the standard. Examples, notes, and cross-references
are not p of the language.
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1. Design entities and configurations

Thedesign entitys the primary hardware abstraction in VHDL. It represents a portion of a hardware design
that has well-defined inputs and outputs and performs a well-defined function. A design entity may represent
an entire system, a subsystem, a board, a chip, a macro-cell, a logic gate, or any level of abstraction in
between. Aconfigurationcan 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 hierarciWoaks 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 bloekteraal

block that resides in a library 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 componerts. Eac

entity may be bound to a lower-level design entity in order to defing

component of a design

other design entities that may be decomposed in like manner, S i i of design entities
i ) ek ierarchy The

by aconfiguration declaration

1.1 Entity declarations

An entity declaration defing int be a given design entity and the environment in which it is

used. It may also specify d ations and statements that are part of the design entity. A given entity

declaration may be shars atities, each of which has a different architecture. Thus, an

entity declaration p epresenta class of design entities, each with the same interface.
entity_declarat:

entity identifie

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 input and output ports of the design entity.

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_Adderis
port (X, Y, Cin:in Bit; Cout, Sumpout Bit) ;
end Full_Adder ;
— An entity declaration with generic declarations alsg

entity AndGateis
generic

(N: Natural := 2);
port
(Inputs: in Bit_Vector (1tg-N
Result: out Bit) ;
end entity AndGate ;
— An entity declarati eithe

entity TesiBen
end Tes <=@. :

1.1.1.1 Generics

Generics proyide.a €hanne static information to be communicated to a block from its environment. The
following apph 9 : blocks defined by design entities and to internal blocks defined by block
statements.

generic_list Ts<genekc interface_list

The generics of a block are defined by a generic interface list; interface lists are described in 4.3.2.1. Each
interface element in such a generic interface list declares a formal generic.

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 actuala@pen), and if a default expression is specified for that generic, the value of this expres-
sion is the value of the generic. It is an error if no actual is specified for a given formal generic and no default
expression is present in the corresponding interface element. It is an error if some of the subelements of a
composite formal generic are connected and others are either unconnected or unassociated.

NOTE—Generics may be used to control structural, dataflow, or behavioral characteristics of a block, or may simply be
used as documentation. In particular, generics may be used to specify the size of ports; the number of subcomponents
within a block; the timing characteristics of a block; or even the physical characteristics of a design such as temperature,
capacitance, or location.
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1.1.1.2 Ports

Ports provide channels for dynamic communication between a block and its environment. The following

applies to 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 a block 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 a formal port.

To communicate with other blocks, the ports of a block can be associated with signals in the environment in
which the block is used. Moreover, the ports of a block may be associated Wwvith~an expression in order to
provide these ports with constant driving values; such ports must be oirmaédg

formal port:

a)

b)

c)

d)

e)
If a formal port is associatechwi ignal, or expression, then the formal port is said to be
connectedIf a for is i i ith the reserved aymed, then the formal is said to be
unconnectedlt is ron is Unconnected or unassociated (see 4.3.2.2) unless its decla-
ration includes a defé [ ee 4.3.2). It is an error if a port of any mode otlerighamcon-
nected or unassog s type is an unconstrained array type. It is an error if some of the subelements of
a composite fo d and others are either unconnected or unassociated.
NOTE—Pg be removed from a future version of the language (see Annex F).
1.1.2 Entity

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 }
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entity_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared variable_declaration
| file_declaration
| alias_declaration
| attribute_declaration
| attribute_specification
| disconnection_specification
| use_clause
| group_template_declaration
| group_declaration

configuration declaration.
The various kinds of declaration are described in
described in Clause 5. The use clause, i
described in Clause 10.

Example:

— An entity declaration
entity ROM s

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

IEC 61691-1-1:2004(E)
IEEE 1076-2002(E)

drious kinds of specification are
iged names visible within the block, is

NOTE—The entity declarative part of a design entity whose corresponding architecture is decorated with the 'FOREIGN

attribute is subject to special elaboration rules. See 12.3.
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1.1.3 Entity statement part

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

entity_statement_part ::=
{ entity_statement }

entity_statement ::=
concurrent_assertion_statement
| passiveconcurrent_procedure_call
| passiveprocess_statement

It is an error if any statements other than concurrent assertion statementsy\concurrent procedure call state-
ments, or process statements appear in the entity statement part. All enfity statementsumust be passive (see
9.2). Such statements may be used to monitor the operating condition§ stics gf a design entity.

Example:

— An entity declaration with statements:

entity Latchis
port ( Din: in Word;
Dout: out Word,;
Load: in Bit;
Clk: in Bit);
constantSetup: Time =12
constantPulseWidth: Time :

s the body of a design entity. It specifies the relationships between the inputs and
outputs of a desigr_entjty and may be expressed in terms of structure, dataflow, or behavior. Such specifica-
tions may be partial 6f complete.

architecture_body ::=
architecture identifierof 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. For the purpose of interpreting the scope and visibility of
the identifier (see 10.2 and 10.3), the declaration of the identifier is considered to occur after the final declar-
ative item of the entity declarative part of the corresponding entity declaration.
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The entity name identifies the name of the entity declaration that defines the interface of this design entity.
For a given design entity, both the entity declaration and the associated architecture body must reside in the
same library.

If a simple name appears at the end of an architecture body, it must repeat the identifier of the architecture
body.

More than one architecture body may exist corresponding to a given entity declaration. Each declares a
different body with the same interface; thus, each together with the entity declaration represents a different
design entity with the same interface.

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

1.2.1 Architecture declarative part

The architecture declarative part contains declarations of items that a se 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_declaratio
| sharedvariable,_de
| file_declaratio
| alias_declatatio
| compon%
| attribute ;

| attribute_spe

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

Examples:

— A body of entity Full_Adder:

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

— A body of entity TestBench:

library Test;

use Test.Componenddl;

architecture Structureof TestBenchs
componentFull_Adderport (X, Y, Cin: Bit; Cg
end component;
signalA,B,C,D,E,F,G: Bit;
signal OK: Boolean;

begin
UUT: Full_Adder
Generator: AdderTest

end Structure;

— A body of entity 4

architec

end if
end loop
Result <= Tempfter 10 ns;
end process
end Behavior;

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

The binding of component instances to design entities is 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 identifierof 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

If a simple name appears at the end
configuration declaration.

NOTES
1—A configuration dg clart|on
semantics assoua

2—A given configurati

Examples:

ALU port ( s+ ); end component
compoRe UX port ( *e); end component
componentLatchport ( *e* ); end component

begin
Al: ALU port map (e**) ;

M1: MUX port map (e ) ;

M2: MUX port map (e ) ;

M3: MUX port map ( e )

L1: Latchport map (s*) ;

L2: Latchport map (se*) ;
end Structure_View ;

Documents

Document Sharing Hub

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |

Full document details: IEC 61691-1-12004


http://avadocuments2026.com/doc/iec-61691-1-1-2004
http://avadocuments2026.com/doc/iec-61691-1-1-2004

IEC 61691-1-1:2004(E) 21—
IEEE 1076-2002(E)

— A configuration of the microprocessor:

library TTL, Work ;
configuration V4_27 87of Processois
use Workall ;
for Structure_View
for Al: ALU
use configurationTTL.SN74LS181 ;
end for;
for M1,M2,M3: MUX
use entity Multiplex4 (Behavior) ;

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

end configurationV4_27 87 ;

1.3.1 Block configuration

thér an internal block defined
e block is an internal block, the
cit block statement that is itself

by a block statement or an external block defined by /a desi ;
defining block statement is either an explicit bloc
defined by a generate statement.

mpli

block_configuration ::=
for block_specification
{use_clause }
{ configuratio
end for ;

block_specification ::
archite '
| block_staten

__specification ) ]

| component_configuration

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

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

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

If the scope of a declaration (see 10.2) includes the end of the declarative part of a block corresponding to a
given block configuration, then the scope of that declaration extends to each configuration item contained in
that block configuration, with the exception of block configurations that configure external blocks. Similarly,

if a declaration is visible (either directly or by selection) at the end of the declarative part of a block
corresponding to a given block configuration, then the declaration is visible in each configuration item
contained in that block configuration, with the exception of block configurations that configure external
blocks. Additionally, if a given declaration is a homograph of a declaration that a use clause in the block
configuration makes potentially directly visible, then the given declaration is ectly visible in the block
configuration or any of its configuration items. See 10.3.

index specification pp
of blocks: < >
— implicit bje ed by the corresponding generate statement, if and only if the
t has a generation scheme including the reserfiged word

&S a generation scheme including the reservémmbrﬁthe condition in
evaluates to TRUE

scheme including the reserved wifrednd 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 fanard

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

NOTES

1—As a result of the rules described in the preceding paragraphs and in 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 a name is directly 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 name appears in the corresponding configuration declaration, and the scope of that use
clause encompasses all or part of those configuration items. If such a use clause appears, then the name will be directly
visible within the corresponding configuration items except at 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 implicit configuration item

will never contain explicit configuration items.

ifthis label contains an
ange has no signifi-
afameter values denoted

index specification that is a discrete range, then the direction specified or im
cance other than to define, together with the bounds of the range, the set

for Adders(31downto 0) <= end for;
for Adders(0to 31) *s=end for;
4—A block configuration is allowed to appear immediately \

tion denoted by the entity name of the enclosing config
block specification of the block configuration )

Examples:

-- An architecture name.

-- A block label.

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 ;
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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.

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

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

If a given component instance is unbound in the corresponding block, then any explicit component configu-
ration for that instance that does not contain an explicit binding indication will contain an implicit, default

block, then any implicit component configuration for that instance will
indication.

Examples:

— A component configuration with
for all: IOPort

end for ;Q
— A component g

-- Configuration items for processing components.
end for;
end for ;
end for ;
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NOTE—The requirement that all component instances corresponding to a block configuration be bound to the same
design entity makes the following configuration illegal:

architecture A of E is
componentC is end component;
for L1: C use entityE1(X);
for L2: C use entityE2(X);
begin
L1: C;
L2: C;
end architectureA;

configuration lllegal of Work.Eis

for A
forall: C
for X -- Does not apply to the same design entity in
end for;, -- X
end for, -- C
end for, -- A

end configurationlllegal ;

&
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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
resources in a way 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, designatgdnctions, return the same value

each time they are called with the same values as actual parameters; the remgandeEfiynctions, 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 giyen ilntwo parts: a subprogram

grams declared in the package declaration.

2.1 Subprogram declarations

A subprogram declaration declares a procedure of icated by the appropriate reserved word.
subprogram_declaration ::=
subprogram_specification ;

The specificai
of a functign
reserved wordmpurey othemvise, it is said to beure. A procedure designator is always an identifier. A
function designatqr is gjther an identifier or an operator symbol. A designator that is an operator symbol is
used for the overloading of an operator (see 2.3.1). The sequence of characters represented by an operator
symbol must be an operator belonging to one of the classes of operators defined in 7.2. Extra spaces are not
allowed in an operator symbol, and the case of letters is not significant.

NOTES
1—All subprograms can be called recursively.

2—The restrictions on pure functions are enforced even when the function appears within a protected type. That is, pure
functions whose body appears in the protected type body must not directly reference variables declared immediately
within the declarative region associated with the protected type. However, impure functions and procedures whose
bodies appear in the protected type body may make such references. Such references are made only when the referenc-
ing subprogram has exclusive access to the declarative region associated with the protected type.
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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

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 is accessed within the subprogram. The mode

of a formal parameter, together with its class, also determines how such access is implemented. 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, andout. If the mode isn and no object class is explicitly specifiedngtantis assumed. If the

name denoting a variable. The actual designator associc

foral fi@m
NOTE—Attributes of an actual are never passe €
legal only if that formal has such an attribute S ve the value of the attribute associated with the

out of the subpro
granted for const

For a nonforeign \
by copy. At the the’modénier inout, the value of the actual parameter is copied into
the associated it is an error if, after applying any conversion function or type conversion
present inthe 8 applicable association element (see 4.3.2.2), the value of the actual parameter
ype denoted by the subtype indication of the formal. After completion of the
subprogram™bodyif the moedeiigut or out, the value of the formal parameter is copied back into the asso-
ciated actual parametey; it is similarly an error if, after applying any conversion function or type conversion
present in the formalpart 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 auh@lpassed by copy, then the

range of each index position of the actual parameter is copied in, and likewise for its subelements or slices.
Alternatively, an implementation may achieve these effects by reference; that is, by arranging that every use
of the formal parameter (to read or update its value) be treated as a use of the associated actual parameter
throughout the execution of the subprogram call. The language does not define which of these two 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 erroneous if its effect depends on which mechanism
is selected by the implementation.
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For a subprogram having a parameter whose type is a protected type, the parameter is passed by reference. It
is an error if the mode of the parameter is other ithaunt.

For a formal parameter of a constrained array subtype of maateénout, 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 is also an error if, in either case, 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 parameter is of mamié or inout, it is also 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 actyal.

A process statec
modeout or inout ina, sut

parameter of mode

signal name. It is an error if a conversion function or type conversion appears in either the formal part or the
actual part of an association element that associates an actual signal with a formal signal parameter.

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

If an actual signal is associated with a formal signal parameter, and if the formal is of a constrained array
subtype, then it is an error if the actual does not contain a matching element for each element of the formal.
If an actual signal is associated with a formal signal parameter, and if the subtype denoted by the subtype
indication of the declaration of the formal is an unconstrained array type, then the subtype of the formal in

any call to the subprogram is taken from the actual associated with that formal in the call to the subprogram.
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It is also an error if the mode of the formalrior 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 a formal signal parameter includes the resends word
(see 4.3.2).

NOTE—It is a consequence of the preceding rules that a procedure vath aninout 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 a formal 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 cladide, references to the actual file are passed intg/the subprogram. No particular

parameter-passing mechanism is defined by the language, but a referé parameter must be
equivalent to a reference to the actual parameter. It is an error if an_assoc ent associates an actual
with a formal parameter of a file type and that association elem sion function or type

) if and only if the actual file
0 open. Similarly, at the begin-
ile associated with (see 3.4.1) an

open file parameter are the same as, respecti - and the external file associated with the
actual file object associated with the given pa i am call

At the completion of the execution of a g ogram>call, the actual file object associated with a given
file parameter is open if and only if the ig also open. Similarly, at the completion of the
execution of a given subpreogra of and the external file associated with an open actual
file object associated wjth a\give e same as, respectively, the access mode of and the

external file associated W

2.2 Subprogra'

end [ subprogram_kind ] [ designator ] ;

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

subprogram_statement_part ::=
{ sequential_statement }

subprogram_kind ::procedure | function

The declaration of a subprogram is optional. In th
specification of the subprogram body acts as the decl
a corresponding body. If both a declaration and a Hod
shall conform (see 2.7) to the subprogram specjfication

It is an error if a variabl
and 8.1.4.)

implementati
to a foreig

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

The execution of a subprogram body is invoked by a subprogram call. For this execution, after establishing
the association between the formal and actual parameters, the sequence of statements of the body is executed
if the subprogram is not a foreign subprogram; otherwise, an implementation-defined action occurs. Upon
completion of the body or implementation-dependent action, if exclusive access to an object of a protected
type was granted during elaboration of the declaration of the subprogram (see 12.5), the exclusive access is
rescinded. Then, 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 lgaeentof a given subprogram S if that process or subprogram
contains a procedure call or function call for S or for a parent of S.
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An explicit signal is a signal other than an implicit signal GUARD or other than one of the implicit signals
defined by the predefined attributes 'DELAYED, 'STABLE, 'QUIET, or 'TRANSACTION. é&tmicit
ancestorof an implicit signal is found as follows. The implicit signal GUARD has no explicit ancestor. An
explicit ancestor of an implicit signal defined by the predefined attributes 'DELAYED, 'STABLE, 'QUIET, or
"'TRANSACTION is the signal found by recursively examining the prefix of the attribute. If the prefix
denotes an explicit signal, a slice, or a member (see Clause 3) of an explicit signal, then that is the explicit
ancestor of the implicit signal. Otherwise, if the prefix is one of the implicit signals defined by the predefined
attributes 'DELAYED, 'STABLE, 'QUIET, or ' TRANSACTION, this rule is recursively applied. If the prefix

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

If a pure function subprogram is a parent of a given procedure and if that procedure contains a reference to
an explicitly declared signal or variable object, or a slice or subelement (or slice thereof) of an explicit
signal, then that object must be declared within the declarative region formed bythe function (see 10.1) or
within the declarative region formed by the procedure; this rule also holds fox\the explicit ancestor, if any, of

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

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

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

4—The declarative parts and statement parts of subprograms decorated with the 'FOREIGN attribute are subject to
special elaboration rules. See 12.3 and 12.4.5.

5—A pure function subprogram must not reference a shared variable. This prohibition exists because a shared variable
cannot be declared in a subprogram declarative part and a pure function cannot reference any variable declared outside
of its declarative region.
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6—A subprogram containing a wait statement must not have an ancestor that is a subprogram declared within either a
protected type declaration or a protected type body.

2.3 Subprogram overloading

Two formal parameter lists are said to have the garemeter type profild and only if they have the same

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

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

A given subprogram designator can be used to designate multiple subprograms. The subprogram designator
is then said to be overloaded; the designated subprograms are also said t6 be oyerloaded and to overload
each other. If two subprograms overload each other, one of them can hidefthe o if both subprograms

have the same parameter and result type profile.

A call to an overloaded subprogram is ambiguous (and therefore §§ an if t e of the subprogram,
the number of parameter associations, the types and order of 8 3 the names of the formal

Check (Hold >5 ns, D >DataBus C >CIk2)
Check (15 ns, DataBus, CIK) ;
-- Ambiguous if 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
themselves overloaded function calls, literals, or aggregates. Ambiguities may also (but need not) arise when several
overloaded subprograms belonging to different packages are visible. These ambiguities can usually be solved in two
ways: qualified expressions can be used for some or all actual parameters and for the result, if any; or the name of the
subprogram can be expressed more explicitly as an expanded name (see 6.3).
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2.3.1 Operator overloading

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

The subprogram specification of a unary operator must have a single parameter, unless the subprogram spec-
ification is a method (see 3.5.1) of a protected type. In this latter case, the subprogram specification must
have no parameters. The subprogram specification of a binary operator must have two parameters; unless the
subprogram specification is a method of a protected type, in which case, the subprogram specification must
have a single parameter. If the subprogram specification of a binary operator has two parameters, for each
use of this operator, the first parameter is associated with the left operand, and the second parameter is asso-
ciated with the right operand.

For each of the operators “+” and “-”, overloading is allowed both a
operator.

NOTES

1—Overloading of the equality operator does not affect the selection
assignment statement, nor does it affect the propagation of sign

function "or" (L i
function "not" ;

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 } tdturn type_mark]]

(Note that the initial and terminal brackets are part of the syntax of signatures and do not indicate that the
entire right-hand side of the production is optional.) A signature is said to match the parameter and the result
type profile of a given subprogram if, and only if, all of the following conditions hold:

— The number of type marks prior to the reserved wetdrn, if any, matches the number of formal
parameters of the subprogram.
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— At each parameter position, the base type denoted by the type mark of the signature is the same as the
base type of the corresponding formal parameter of the subprogram.

— If the reserved wordeturn is present, the subprogram is a function and the base type of the type
mark following the reserved word in the signature is the same as the base type of the return type of
the function, or the reserved waeturn is absent and the subprogram is a procedure.

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

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

Because of the presence of the signature, this attribute specifi¢atio
decorates only the "or" function defined in 2.3.1.

attribute Mappingof JMP feturn OpCode] literal is "001";

2.4 Resolution functions

A resolution function is a function that defines how thelvaldeg of multi Urces of a given signal are to be
resolved into a single value for that signal. Reso Y i associated with signals that require
resolution by including the name of the{esolutigh Ti ecldration of the signal or in the declara-

tion of the subtype of the signal. A signakwit ociated resojution function is called a resolved signal

(see 4.3.1.2).

A resolution function must be i .I); moreover, it must have a single input parameter of
classconstant that is a on ensi iRed” array whose element type is that of the resolved

signal. The type of the r¢ i t also be that of the signal. Errors occur at the place of
the subtype indication N \ e resolution function if any of these checks fail (see 4.2).

The resolution fu » i ith axesolved signal determinesstileed valuef the signal as a
function of the colleg finpt S
if subelements of tha 5 sociated resolution functions, such resolution functions have no effect

connected sources n he umber of elements in the index type of the unconstrained array type used to
of the, corresponding resolution function.

element of which is determined by a corresponding source of the resolved signal, but excluding those
sources that 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 kindbus), a resolution function may thus be invoked with an input parameter that is a null
array; this occurs when all sources of the bus are drivers, and they are all off. In such a case, the resolution
function returns a value representing the value of the bus when no source is driving it.
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Example:

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

2.5 Package declarations

A package declaration defines the interface to a packag 2claration within a package can be

extended to other design units.

package_declaration ::=
packageidentifieris
package declarative part

end [ package] [ package simple na@'3

| attribute_specification

| disconnection_specification
| use_clause

| group_template_declaration
| group_declaration

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

If a package declarative item is a type declaration (i.e., a full type declaration whose type definition is a pro-
tected type definition), then that protected type definition must not be a protected type body.
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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,
deferred constants, or protected type definitions are declared in the package declaration.

Examples:

— A package declaration that needs no package body:

packageTimeConstantss
constanttPLH: Time := 10 ns;
constanttPHL :  Time := 12 ns;
constanttPLZ : Time :=7ns;
constanttPZL : Time :=8ns;
constanttPHZ :  Time :=8ns;
constanttPZH : Time := 9 ns;

end TimeConstants ;

— A package declaration that needs a package body:
packageTriStateis

type Triis ('0', '1', 'Z', 'E");

function BitVal (Value: Tri) retury’ Bit ;

function TriVal (Value: Bit) retur i;

type TriVectoris array (Naturalrangs

ri
end packageTriState ;

2.6 Package bodies

A package body defines , programs and the values of deferred constants declared in the
interface to the p €

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
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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 tlfiell 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 alname‘that denotes the deferred
constant is only allowed in the default expression for a local generic, log p mal parameter. The
result of evaluating an expression that references a deferred const elabwgation of the corre-
sponding full declaration is not defined by the language.

Example:
package bodyTriStateis

function BitVal (Value: Tri)return Bit is
constantBits : Bit_Vector ;= "Q100";
begin
return Bits(Tri'Pos(Value));
end;

function Trival (Val
begin

end;

function

storY return Tri is

end if
end loog
return V;
end;

end package bodyTriState ;
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2.7 Conformance rules

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

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

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

Two subprogram specifications are saidomformif, 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 consta

NOTES

function.
3—The following specifications do not conform since t

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

&
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3. Types

This clause describes the various categories of types that are provided by the language as well as those spe-
cific types that are predefined. The declarations of all predefined types are contained in package
STANDARD, the declaration of which appears in Clause 14.

A type is characterized by a set of values and a set of operations. The set of operations of a type 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 operatioris an operation that is inherent in one of the following:

— An assignment (in assignment statements and initializations)
— An allocator
— A selected name, an indexed name, or a slice name

— A qualification (in a qualified expression), an explicit ty veksion, a formal or actual part in the
form of a type conversion, or an implicit type co

defined by an enumeration of their valueg C pes have no el€om@pissitdypes are array
and record types; values of these types ¢onsf ; mbgesdsypes provide access to objects of a

The set of possiblg values*fo ject given type can be subjected to a condition that is called a
constraint(the ca ' intN ges no restriction is also included); a value is said to satisfy a
constraint if it satisfiésAt ditiosultypes a type together with a constraint. A value is

said tobelong to a suptype . 2 [t belongs to the type and satisfies the constraint; the given type

is called thébase typekt pe. A type is a subtype of itself; such a subtype is saiditctestrained

(it corresponds at imposes no restriction). The base type of a type is the type itself.

The set ¢f 0 ed for a subtype of a given type includes the operations defined for the type;
however, the as nent.operation to an object having a given subtype only assigns values that belong to the

The termsubelemenits used in this standard in place of the term element to indicate either an element, or an
element of another element or subelement. Where other subelements are excludedeteentia used
instead.

A given type must not have a subelement whose type is the given type itself.

A memberof an object is one of the following:

— A lice of the object
— A subelement of the object
— Asslice of a subelement of the object
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The name of a class of types is used in this standard as a qualifier for objects and values that have a type or
nature of the class considered. For example, the aeray objectis used for an object whose type is an
array type; similarly, the termccess valués used for a value of an access type.

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

3.1 Scalar types

Scalar types consist ehumeration typesnteger typesphysical typesand floating point types. Enumera-

tion types and integer types are calibscretetypes. Integer types, floating point types, and physical types
are callechumerictypes. All scalar types are ordered; that is, all relational operators are predefined for their
values. Each value of a discrete 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 ::¥ange range
range ::=

range attribute_name
| simple_expression direction simple_expressj

direction ::=to | downto

is empty.

The range lto R is called ara ingange; i ' e range is a null range. The randmainto

R is called alescendingange; if\. f e is’a null range. The smaller of L and R is called the
lower bound and the larg hg he range. The value V is saidielong to the rangd the
relations [ower bound< aM quniiare both true and the range is not a null range. The

operators >, <, a =i

range attribute) must be the same as the base type of the type mark of the subtype indication. A range
constraint icompatibtéwith a subtype if each bound of the range belongs 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 a range 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 beclaaracter typeaf at least one of its enumeration literals is a character
literal.

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

the text of a program, the type of the enumeration literal is deter
subprograms (see 2.3).

Each enumeration type definition defines an ascending ra

Examples:

type MULTI_LEVEL_LOGIC is (LOWSHIGH, \MBIGUOUS) ;
type BITis ('0','1") ;
type SWITCH_LEVELIs (0 oads '0'and '1’

3.1.1.1 Predefined enu

The predefined u
FILE_OPEN_KI .

3 s Of predefined types CHARACTER, BIT, BOOLEAN, SEVERITY_LEVEL,
FILE_OPEN E_OPEN_STATUS appear in package STANDARD in Clause 14.
NOTES

1—The first 33 nongraphic elements of the predefined type CHARACTER (from NUL through DEL) are the ASCII
abbreviations for the nonprinting characters in the ASCII set (except for those noted in Clause 14). The ASCII names are
chosen as ISO 8859-1: 1987 [B11] does not assign them abbreviations. The next 32 (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.

1The numbers in brackets correspond to those of the bibliography in Annex D.
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3.1.2 Integer types
An integer type definition defines an integer type whose set of values includes those of the specified range.
integer_type_definition ::= range_constraint
An integer 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 a range constraint that is used in an integer type definition m locally static expression
of some integer type, but the two bounds need not have the same integer typex (Negative bounds are
allowed.)

such an operation (in particular, an implici
corresponding to the mathematical resul

3.1.2.1 Predefined intéger 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 is determinable from the values of its 'LOW and 'HIGH
attributes.

3.1.3 Physical types

Values of a physical type represent measurements of some quantity. Any value of a physical type is an
integral multiple of the primary unit of measurement for that type.
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physical_type_definition ::=
range_constraint
units
primary_unit_declaration
{ secondary_unit_declaration }
end units[ physical_typesimple_name ]

primary_unit_declaration ::= identifier ;
secondary_unit_declaration ::= identifier = physical_literal ;

physical_literal ::= [ abstract_literalihit_name

A physical type defmmon defines both atype and a subtype of that type. The type iS\an anonymous type, the

whith they appear. The position numbers of
age constraint.

The abstract literghpor 3{ a‘physical literal appearing in a secondary unit declaration must be
an integer literal.

correspongi it nameig'the number of primary units represented by that unit name. The position
number ) arresponding to a physical literal with an abstract literal part is the largest integer that
is not greaterthantthe 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 all physical types (see 7.2). It is an error if the execution of
such an operation cannot deliver the correct result (i.e., if the value corresponding to the mathematical result
is not a value 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.
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type DURATION s range—1E18to 1E18

units
fs;
ps = 1000 fs;
ns = 1000 ps;
us = 1000 ns;
ms = 1000 us;
sec = 1000 ms;
min = 60 sec;
end units

type DISTANCEis range0 to 1E16
units
-- primary unit:

-- metric lengths:

nm = 10A;
um = 1000 nm;
mm = 1000 um;
cm = 10 mm;
m = 1000 mm;
km = 1000 m;

-- English lengths:
mil 254000 A
inch
ft

y :=y/10;
z:=39.34inch/ m;
NOTES

-- femtosecond
-- picosecond

-- nanosecond
-- microsecond
-- millisecond

-- second

-- minute

-- angstrom

nanometer
-- micromete
-- millimeter
-- centime

G0

. duration; variable z: integer;

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

2— The value of a physical literal, whose abstract literal is either the integer value zero 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 type is type 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
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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) isrés®lution limitfor 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 a model (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
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, unless
that unit is part of a physical literal whose abstract literal is either the integer value zero or the floating-point
value zero.

NOTE—BY selecting a secondary unit of type TIME as the resolution limit for typg
late for a longer period of simulated time, with reduced accuracy, or to simglate
period of simulated time.

possible to simu-
racy for a shorter

Cross-referencesDelay and rejection limit in a signal assignme 3.4; distonhgection, delay of a guarded
signal, 5.3; function NOW, 14.2; predefined attributes, function A ¥4.1; simulation time, 12.6.2 and
12.6.3; type TIME, 14.2; Updating a projected wavefo it
Elaboration of a declarative part, 12.3.

3.1.4 Floating point types

given in the floating\yp
name of the sub

given range.

Each bound of a ra A atis used in a floating type definition must be a locally static expression
of some floati int ' g two bounds need not have the same floating point type. (Negative bounds

e literals of an anonymous predefined type that isuralletsal_realin this

point types have no literals. However, for each floating point type there exists an
implicit conversion that converts a value of typeversal_realinto the corresponding value (if any) of the
floating point type (see 7.3.5).

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

An implementation must choose a representation for all floating-point types excaptversal_realthat
conforms either to IEEE Std 754 or to IEEE Std 854; in either case, a minimum representation size of 64 bits
is required for thi¢hosen representation
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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 allowed by the chosen representation.

NOTE—AnN 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 might 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 be the largest allowed by the chosen representation. It is defined with an ascending range.

NOTE—The range of REAL in a particular implementation is determinable from the of its 'LOW and 'HIGH

attributes.

3.2 Composite types

Composite types are used to define collections of values. Thesex
values of a homogeneous type) and records of values (calle

types).

arrays of values (collections of
f potentially heterogeneous

composite_type_definition ::=
array_type_definition
| record_type_definition

An object of a composite type represents i abjects, one for each element of the composite
s 0f file types or protected types. Thus an object of

a composite type ultimately jects of scalar or access types, one for each noncom-

posite subelement of the.co

3.2.1 Array types@

unconstrained >array) definition ::=
array (index”subtype_definition {, index_subtype_definition } )
of elementsubtype_indication

constrained_array_definition ::=
array index_constrainbf elementsubtype_indication

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

discrete_range ::=iscrete subtype_indication | range
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An array object 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
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 all the values that belong to the cor-
responding range; this range of values is calledhiihex 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
elements are as in the type definition. Trigex subtypéor a given index position is, by definition, the sub-

type denoted by the type mark of the corresponding index subtype definition. values of the left and right

bounds of each index range are not defined, but must belong to the correg i ndex subtype; similarly,

The direction of a discr rection of the range or the discrete subtype indication
that defines the discretg lon appears as a discrete range, the subtype indication
must not contain{}s

Examples:

type DATANN 3 array ¥downto0) of FIVE_LEVEL_LOGIC ;
-- An input poit type with a descending range.

— Example of unconstrained array declarations:

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

— Examples of array object declarations:

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

variable MY_MEMORY : MEMORY (0to 2**n-1) ;
-- Defines a memory of"B2-bit words.
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NOTE—The rules concerning constrained type declarations mean that a type declaration with a constrained array
definition such as

type Tis array (POSITIVErange MINIMUM to MAX) of ELEMENT;

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

whereindex_subtyp@andarray_typeare 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 pe and, thereby, the
corresponding array bounds.

ranges defines a

satisfiesan index@
index range. (Note,
subtype conversiafi.

must define a constrained array subtype (and thereby, the index range for each
index of the.gbject). The same requirement exists for the subtype indication of an element declara-
tion, if the typ€ of the record element is an array type, and for the element subtype indication of an

array type definition, if the type of the array element is itself an array type.

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

— 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).
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