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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; 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 t9

6) Attention is drawn to 0SSl 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.

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

@6@
S

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

A [ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved.|
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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 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 assogral
Contracts for\nforma n GONCCH

To represent.that axproduct has been designed to meet an | EEE standard, it is permissible to state that “the
product h engineered, designed or manufactured with the intent to meet the requirements of |IEEE Std
1076-2002™; er, 1t is Not permissible to state or refer to a product as “1076 compliant,” “1076
certified,” “IEEE conformant,” “I|EEE 1076 certified,” or the like, unless the user has obtained a

Certification License from the IEEE.

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

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

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

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