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NOTE - Attention is called to the possibility that implementation of this standard may require use of subject matter
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validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents for
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those patents that are brought to its attention.
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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, IEEE Std 1076-2008, is a revision of IEEE Std 1076-2002 as amended by
IEEE Std 1076¢™-2007. Initial work on gathering requirements and developing language extensions
was undertaken by the IEEE VHDL Analysis and Standardization Group (VASG), otherwise known as the
1076 Working Group. Subsequently, Accellera® sponsored an effort to complete that work and draft a
revised Language Reference Manual. That draft was returned to IEEE for final/revision and approval,
resulting in this document and the associated machine-readable files. This revisfon incqrporates numerous

IEEE committees and the Accellera effof
language revisions.?

Notice to users

Laws and regulations

¢ publication of its standards, intend to urge action that is not in
and these documents may not be construed as doing so.

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private
uses. These include both use, by reference, in laws and regulations, and use in private self-regulation,
standardization, and the promotion of engineering practices and methods. By making this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

#More information is available at www.accellera.org.
bIf interested in participating, please contact the VASG at stds-vasg@ieee.org or visit: http://www.eda.org/vasg.
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Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance
of amendments, corrigenda, or errata, visit the IEEE Standards Association website at http://
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA website at http://standards.ieee.org.

Errata

errata periodically.

Interpretations

Current interpretations can be accessed at the
index.html.

standards.ieee.org/reading/ieee/interp/

Patents

Attention is ca
covered by pate

determining appyoprinte safety, security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/
disclaimers.html.
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Behavioural languages — Part 1-1:
VHDL Language Reference Manual

1. Overview of this standard

1.1 Scope

This standard revises 4

language interface $
IEEE Std 11
general languagdg

systems design and verification. Incorporation of previously separate, but related standards, simplifies the
maintenance of the specifications.

IThe numbers in brackets correspond to those of the bibliography in Annex J.
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1.3 Structure and terminology of this standard
1.3.1 General

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 in each subclause.

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

A set of paragraphs describing the meaning and restrictions of the construct in narrative form then follow.
In this document, the word shall is used to indicate a mandatory requirement. The word should is used to

indicate a recommendation. The word may is used to indicate a permissible action. Oxd can is used for
statements of possibility and capability.

1.3.2 Syntactic description

The form of a VHDL description is described by means of conte
Backus-Naur form (BNF); in particular:

a) Lowercase words in roman font, some containi
categories, for example:

formal port list

Whenever the name of a syntactic
take the place of underlines [thus
referring to the synt; 1

b) Boldface words a
array

Reserve

d)

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

e) Square brackets [ ] enclose optional items on the right-hand side of a production; thus, the following
two 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 (see 4.5.3) are part of the syntax of signatures and do not indicate that the entire right-
hand side is optional.
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f)  Braces { } enclose a repeated item or items on the right-hand side of a production. The items may
appear zero or more times; the repetitions occur from left to right as with an equivalent left-recursive
rule. Thus, the following two productions are equivalent:

term ::= factor { multiplying operator factor }
term ::= factor | term multiplying operator factor

g) If the name of any syntactic category starts with an italicized part, it is equivalent to the category
name without the italicized part. The italicized part is intended to convey some semantic informa-
tion. For example, fype_name and subtype 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.

1.3.3 Semantic description

The meaning and restrictions of a particular construct are described with a set of pag

following the syntactic productions. In these rules, an italicized term indicatg that term,
and identifiers appearing entirely in uppercase letters refer to definitions
16.3).

an index. The fror

Some clauses of € 'ta ndard
t the end of a clause. Examples are meant to illustrate the possible forms of the

«

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

1.3.5 Incorporation of Property Specification Language

VHDL incorporates the simple subset of the Property Specification Language (PSL) as an embedded
language for formal specification of the behavior of a VHDL description. PSL is defined by
IEEE Std 1850™-2005.2 All PSL constructs that appear in a VHDL description shall conform to the

2Information on references can be found in Clause 2.
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VHDL flavor of PSL. Within this standard, reference is made to syntactic rules of PSL. Each such reference
has the italicized prefix PSL_ and corresponds to the syntax rule in IEEE Std 1850-2005 with the same name
but without the prefix.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEC 62531:2007, Standard for Property Specification Language (PSL) |
IEEE Std 1850™-2005, IEEE Standard for Property Specification Language (PSL)

NOTE—IEEE Std 1850-2005 was adopted as IEC 62531:2007
IEEE Std 754™-1985 (Reaff 1990), IEEE Standard for Binary Floating-Point Arithmetic.> 4

IEEE Std 854™-1987 (Reaff 1994), IEEE Standard for Radix-Independent Floating Arithmetic.

ISO/IEC 8859-1:1998, Information technology—S8-bit single-byte coded grapk 3 sts—Part 1:
Latin alphabet No. 12

ISO/IEC 9899:1999, Programming languages—C.

(UML) Version 1.4.2.

3EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

“The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

SISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 chemin de la Voie-Creuse, CH-1211 Genéve
20, Switzerland/Suisse (http://www.iso.ch/) and from the IEC Central Office, Case Postale 131, 3 rue de Varembé, CH-1211 Genéve
20, Switzerland/Suisse (http://www.iec.ch/). ISO/IEC publications are also available in the United States from Global Engineering
Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA (http://global.ihs.com/). Electronic copies are available in the
United States from the American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://
www.ansi.org/).
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