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Abstract: VHSIC Hardware Description Language (VHDL) is defined. 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. Its primary audiences are the implementors of tools supporting the
language and the advanced users of the language.

Keywords: computer languages, electronic systems, hardware, hardware design, IEEE 1076™,
VHDL
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Important Notices and Disclaimers Concerning IEEE Standards Documents
IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without compensation from IEEE. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws.
They are made available by IEEE and are adopted 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 these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, 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.

Updating of IEEE Standards documents

Users of IEEE Standards documents 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.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

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 IEEE Xplore at http://ieeexplore.ieee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards
development process, visit the IEEE SA Website at http://standards.ieee.org.

Errata

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search
for standard number and year of approval to access the web page of the published standard. Errata links are
located under the Additional Resources Details section. Errata are also available in IEEE Xplore: https://
ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for errata.

Patents

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 by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:00:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1076-2019

http://ieeexplore.ieee.org/
http://standards.ieee.org
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-1076-2019
http://www.avadocuments.com/doc/ieee-1076-2019


6
Copyright © 2019 IEEE. All rights reserved.

Participants

At the time this standard was submitted to the IEEE SA Standards Board for approval, the IEEE 1076
Working Group had the following membership:

Jim Lewis, Chair
Rob Gaddi and Patrick Lehmann, Vice Chairs

Charles Gardiner and John Willis, Technical Editors

The following members of the individual balloting committee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention. 

When the IEEE SA Standards Board approved this standard on 5 September 2019, it had the following
membership:

Gary Hoffman, Chair
Ted Burse, Vice Chair

Jean-Philippe Faure, Past Chair
Konstantinos Karachalios, Secretary

*Member Emeritus

Lars Asplund
David Bishop
Pablo Blecua
Ernst Christen
Steven Dovich
Hendrik Eeckhaut
Karl Eisenhofer
Peter Flake
Colin Paul Gloster
Steve Grout

Yann Guidon
Brent Hayhoe
Ryan Hinton
Kevin Jennings
Jarek Kaczynski
Daniel Kho Cheok Kiang
Ajeetha Kumari
Peter Ladow
Lieven Lemiengre
Torsten Meissner

Farrell Ostler
Jing Pang
Thomas Preusser
John Shields
Martin Thompson
Jakko Verhallen
Clifford Walinsky
Martin Zabel
Morten Zilmer
Mark Zwolinski

Bill Brown
Lyle Bullock
Keith Chow
Ernst Christen
Steven Dovich
Hendrik Eeckhaut
Peter Flake
Rob Gaddi
Darren Galpin
Charles Gardiner
Eric W. Gray
Randall Groves
Joachim Haase

Werner Hoelzl
Joseph Hupcey
Noriyuki Ikeuchi
Osamu Karatsu
Piotr Karocki
Daniel Kho Cheok Kiang
Stanley Krolikoski
Patrick Lehmann
Lieven Lemiengre
Jim Lewis
Timothy Mcbrayer
Arvin Patel
Thomas Preusser

Iulian Profir
Lakshman Raut
Denis Reilly
John Ries
Peter Saunderson
John Shields
Alan Sieving
Walter Struppler
Genichi Tanaka
Srinivasa Vemuru
John Vergis
Ronald Waxman
Mark Zwolinski

Masayuki Ariyoshi
Stephen D. Dukes 
J. Travis Griffith
Guido Hiertz
Christel Hunter
Joseph L. Koepfinger*
Thomas Koshy
John D. Kulick

David J. Law
Joseph Levy
Howard Li
Xiaohui Liu
Kevin Lu
Daleep Mohla
Andrew Myles

Annette D. Reilly
Dorothy Stanley
Sha Wei
Phil Wennblom
Philip Winston
Howard Wolfman
Feng Wu
Jingyi Zhou

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:00:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1076-2019

http://www.avadocuments.com/doc/ieee-1076-2019
http://www.avadocuments.com/doc/ieee-1076-2019


7
Copyright © 2019 IEEE. All rights reserved.

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 1076-2019, is a revision of IEEE Std 1076-2008. The IEEE VHDL Analysis and
Standardization Group (VASG), otherwise known as the 1076 Working Group, gathered the requirements,
developed language extensions, and completed a draft of this revised Language Reference Manual. That
draft was returned to IEEE for final revision and approval, resulting in this document. This revision
incorporates numerous enhancements, both major and minor, to previously existing language features and
several new language features. The changes are summarized in Annex E. In addition, several VHDL library
packages that were previously defined in separate standards are now defined in this standard, ensuring that
they are treated as integral parts of the language. Finally, this revision incorporates the IEEE Property
Specification Language (PSL) as part of VHDL. The combination of these changes significantly improves
VHDL as a language for specification, design, and verification of complex electronic systems.

The maintenance of the VHDL language standard is an ongoing process. The chair of the VHDL Analysis
and Standardization Group extends his gratitude to all who have participated in this revision and encourages
the participation of all interested parties in future language revisions.1

Acknowledgments

Material in clause titled “Protect Tool Directives” is derived from the document titled “A Mechanism for
VHDL Source Protection” © 2004, Cadence Design Systems Inc. Used, modified, and reprinted by
permission of Cadence Design Systems Inc.

The packages FIXED_GENERIC PKG, FIXED_PKG, FLOAT_GENERIC_PKG, FLOAT_PKG, and
FIXED_FLOAT_TYPES were modified and used with permission from Eastman Kodak Company © 2006.
Material in annex clauses titled “Using the fixed-point package” and “Using the floating-point package” is
derived from the documents titled “Fixed Point Package User’s Guide” and “Floating Point Package User’s
Guide” by Eastman Kodak Company © 2006. Used, modified, and reprinted by permission of Eastman
Kodak Company.

The package STD_LOGIC_TEXTIO was modified and used with permission of Synopsys Inc. © 1990,
1991, and 1992.

1If interested in participating, please contact the VASG at vhdl-200x@LISTSERV.IEEE.ORG or http://www.eda-twiki.org/cgi-bin/
view.cgi/P1076/WebHome.

This introduction is not part of IEEE Std 1076-2019, IEEE Standard for VHDL Language Reference Manual.
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IEEE Standard for VHDL Language Reference Manual 

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or 

environmental protection in all circumstances. Implementers of the standard are responsible for 

determining appropriate 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. 

1. Overview 

1.1 Scope 

This standard defines the syntax and semantics of the VHSIC Hardware Description Language 

(VHDL). The acronym VHSIC (Very High Speed Integrated Circuits) in the language’s name comes 

from the U.S. government program that funded early work on the standard.  

This standard revises and enhances the VHDL language reference manual (LRM) by including a 

standard C language interface specification; specifications from previously separate, but related, 

standards IEEE Std 1164
TM 

-1993 [B16],
1
 IEEE Std 1076.2

TM 
-1996 [B11], and IEEE Std 1076.3

TM 
-1997 

[B12]; and general language enhancements in the areas of design and verification of electronic 

systems. 

 

 

1
The numbers in brackets correspond to those of the bibliography in Annex J.  
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1.2 Purpose 

VHDL is a formal notation intended for use in all phases of the creation of electronic systems. Since 

it is both machine and human readable, it supports the design, development, verification, synthesis, 

and testing of hardware designs; the communication of hardware design data; and the maintenance, 

modification, and procurement of hardware. This document is intended for the implementers of 

tools supporting the language and for advanced users of the language.  

The VHDL language was defined for use in the design and documentation of electronics systems. It 

is revised to incorporate capabilities that improve the language’s usefulness for its intended purpose 

as well as extend it to address design verification methodologies that have developed in industry. 

These new design and verification capabilities are required to ensure VHDL remains relevant and 

valuable for use in electronic systems design and verification. Incorporation of previously separate, 

but related standards, simplifies the maintenance of the specifications.  

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. The word 

can is used for statements of possibility and capability. 
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Machine readable elements that are normatively referenced are available in the IEEE 1076 Open 

Source Repository (see Clause 2). 

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

1.3.2 Syntactic description 

The form of a VHDL description is described by means of context-free syntax using a simple variant 

of the Backus-Naur form (BNF); in particular: 

a) Lowercase words in roman font, some containing embedded underlines, are used to denote 

syntactic categories, for example: 

formal_port_list 

Whenever the name of a syntactic category is used, apart from the syntax rules themselves, 

spaces take the place of underlines [thus, “formal port list” would appear in the narrative 

description when referring to the syntactic category in item a)]. 

b) Boldface words are used to denote reserved words, for example:  

array 

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

c) A production consists of a left-hand side, the symbol “::=” (which is read as “can be replaced 

by”), and a right-hand side. The left-hand side of a production is always a syntactic category; 

the right-hand side is a replacement rule. The meaning of a production is a textual-

replacement rule: any occurrence of the left-hand side may be replaced by an instance of the 

right-hand side. 

d) A vertical bar (|) separates alternative items on the right-hand side of a production unless it 

occurs immediately after an opening brace, in which case it stands for itself, as follows:  

letter_or_digit ::= letter | digit 
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choices ::= choice { | choice } 

In the first instance, an occurrence of “letter_or_digit” can be replaced by either “letter” or 

“digit.” In the second case, “choices” can be replaced by a list of “choice,” separated by 

vertical bars [see item f) for the meaning of braces]. 

e) Square brackets [ ] enclose optional items on the right-hand side of a production; thus, the 

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. 

f) Braces { } enclose a repeated item or items on the right-hand side of a production. The items 

may appear zero or more times; the repetitions occur from left to right as with an equivalent 

left-recursive rule. Thus, the following two productions are equivalent:  

term ::= factor { multiplying_operator factor } 

term ::= factor | term multiplying_operator factor 

g) If the name of any syntactic category starts with an italicized part, it is equivalent to the 

category name without the italicized part. The italicized part is intended to convey some 

semantic information. For example, type_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. 
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1.3.3 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 16.3). 

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

erroneous: The condition described represents an ill-formed description; however, implementations 

are not required to detect and report this condition. Conditions are deemed erroneous only when it 

is impossible in general to detect the condition during the processing of the language.  

error: The condition described represents an ill-formed description; implementations are required to 

detect the condition and report an error to the user of the tool.  

illegal: A synonym for “error.” 

legal: The condition described represents a well-formed description. 

1.3.4 Front matter, examples, notes, references, and annexes 

Prior to this subclause are several pieces of introductory material; following Clause 24 are some 

annexes and an index. The front matter, annexes (except Annex B), and index serve to orient and 

otherwise aid the user of this standard, but are not part of the definition of VHDL; Annex B, 

however, is normative. 

Some clauses of this standard contain examples, notes, and cross-references to other clauses of the 

standard; these parts always appear at the end of a clause. Examples are meant to illustrate the 

possible forms of the construct described. Illegal examples are italicized. Notes are meant to 

emphasize consequences of the rules described in the clause or elsewhere. In order to distinguish 

notes from the other narrative portions of this standard, notes are set as enumerated paragraphs in a 

font smaller than the rest of the text. Cross-references 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. 
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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™-2010 2005.
2 
All PSL constructs that appear in a VHDL description shall conform to the 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 1850-2010 2005 with the 

same name but without the prefix. 

1.4 Word usage 

The word shall indicates mandatory requirements strictly to be followed in order to conform to the 

standard and from which no deviation is permitted (shall equals is required to).
3, 4 

The word should indicates that among several possibilities one is recommended as particularly 

suitable, without mentioning or excluding others; or that a certain course of action is preferred but 

not necessarily required (should equals is recommended that). 

The word may is used to indicate a course of action permissible within the limits of the standard 

(may equals is permitted to). 

The word can is used for statements of possibility and capability, whether material, ph ysical, or 

causal (can equals is able to). 

 

 

2
Information on references can be found in Clause 2. 

3 
The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe 

unavoidable situations. 

4
 The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact. 
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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. 

IEEE 1076 Open Source Repository.
5 

IEEE Std 754™-2019 1985 (Reaff 1990), IEEE Standard for Binary Floating-Point Arithmetic.
6, 7 3, 4 

IEEE Std 1735™-2014, IEEE Recommended Practice for Encryption and Management of Electronic 

Design Intellectual Property (IP). 

IEEE Std 854
TM 

-1987 (Reaff 1994), IEEE Standard for Radix-Independent Floating-Point Arithmetic. 

IEEE Std 1850™-2010 2005, IEEE Standard for Property Specification Language (PSL). 

ISO/IEC 8859-1:1998, Information technology—8-bit single-byte coded graphic character sets—Part 

1: 

 

 

 

5
Jim Lewis, Patrick Lehmann, Robert Gaddi, et al., 2018. “Packages” https://opensource.ieee.org/vasg/Packages/ -/archive/release/ 

Packages-release.zip (supplement to https://opensource.ieee.org/vasg/Packages). 

6
 

3
IEEE 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/). 

7
 
4
The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, 

Inc. 

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:00:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1076-2019

https://opensource.ieee.org/vasg/Packages
http://www.avadocuments.com/doc/ieee-1076-2019
http://www.avadocuments.com/doc/ieee-1076-2019


Latin alphabet No. 1.
8 5 

ISO/IEC 9899:2018, Information technology—1999, Programming 

Languages—C. 

ISO/IEC 9899:1999/Cor 1:2001, Programming languages—C, Technical Corrigendum 1. 

ISO/IEC 9899:1999/Cor 2:2004, Programming languages—C, Technical Corrigendum 2. 

ISO/IEC 19501:2005, Information technology—Open Distributed Processing—Unified Modeling 

Language (UML) Version 1.4.2. 

 

 

 

 

 

 

 

 

 

 

 

 

8 5
ISO publications are available from the International Organization for Standardization (http://www.iso.org/). /IEC publications are 

available from the International Electrotechnical Commission ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, 

Genève 20, Switzerland/Suisse (http://www.iec  iso.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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3. Design entities and configurations 

3.1 General 

The design entity is the primary hardware abstraction in VHDL. It represents a portion of a hardware 

design that has well-defined inputs and outputs and performs a well-defined function. A design 

entity may represent an entire system, a subsystem, a board, a chip, a macro-cell, a logic gate, or any 

level of abstraction in between. A configuration can be used to describe how design entities are put 

together to form a complete design. 

A design entity may be described in terms of a hierarchy of blocks, each of which represents a portion 

of the whole design. The top-level block in such a hierarchy is the design entity itself; such a block is 

an external block that resides in a library and may be used as a component of other designs. Nested 

blocks in the hierarchy are internal blocks, defined by block statements (see 11.2). 

A design entity may also be described in terms of interconnected components. Each component of a 

design entity may be bound to a lower-level design entity in order to define the structure or 

behavior of that component. Successive decomposition of a design entity into components, and 

binding those components to other design entities that may be decomposed in like manner, results 

in a hierarchy of design entities representing a complete design. Such a collection of design entities 

is called a design hierarchy. The bindings necessary to identify a design hierarchy can be specified in a 

configuration of the top-level entity in the hierarchy. 

This clause describes the way in which design entities and configurations are defined. A design 

entity is defined by an entity declaration together with a corresponding architecture body. A 

configuration is defined by a configuration declaration. 
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3.2 Entity declarations 

3.2.1 General 

An entity declaration defines the interface between a given design entity and the environment in 

which it is used. It may also specify declarations and statements that are part of the design entity. A 

given entity declaration may be shared by many design entities, each of which has a different 

architecture. Thus, an entity declaration can potentially represent a class of design entities, each with 

the same interface. 

 

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 shall repeat the identifier of the entity  

declaration. 

3.2.2 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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The generic list in the formal generic clause defines generics whose associated actuals may be 

determined by the environment (see 6.5.6.2). The port list in the formal port clause defines the input 

and output ports of the design entity (see 6.5.6.3).  

In certain circumstances, the names of generics and ports declared in the entity header become 

visible outside of the design entity (see 12.2 and 12.3).  

Examples: 

— An entity declaration with port declarations only: 

 

— An entity declaration with generic declarations also: 

 

— An entity declaration with neither: 

entity  TestBench is 

end TestBench; 

3.2.3 Entity declarative part 

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

entities whose interfaces are defined by the given entity declaration.  
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Names declared by declarative items in the entity declarative part of a given entity declaration are 

visible within the bodies of corresponding design entities, as well as within certain portions of a 

corresponding configuration declaration. 

The various kinds of declaration are described in Clause 6, and the various kinds of specification are 

described in Clause 7. The use clause, which makes externally defined names visible within the 

block, is described in Clause 12. 

Example: 

— An entity declaration with entity declarative items: 
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NOTE—The entity declarative part of a design entity whose corresponding architecture is decorated 

with the 'FOREIGN attribute is subject to special elaboration rules. See 14.4.1.
9 6 

3.2.4 Entity statement part 

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

this interface. 

 

 

9 6
Notes in text, tables, and figures are given for information only and do not contain requirements needed to imple ment the 

standard. 
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It is an error if any statements other than concurrent assertion statements, concurrent procedure call 

statements, process statements, or PSL directives appear in the entity statement part. All entity 

statements shall be passive (see 11.3). Such statements may be used to monitor the operating 

conditions or characteristics of a design entity. 

Example: 

— An entity declaration with statements: 

 

NOTE—The entity statement part of a design entity whose corresponding architecture is decorated 

with the 'FOREIGN attribute is subject to special elaboration rules. See 14.5.1.  

3.3 Architecture bodies 

3.3.1 General 

An architecture body defines the body of a design entity. It specifies the relationships between the 

inputs and outputs of a design entity and may be expressed in terms of structure, dataflow, or 

behavior. Such specifications may be partial or complete.  

 

The identifier defines the simple name of the architecture body; this simple name distinguishes 

architecture bodies associated with the same entity declaration. 
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The entity name identifies the name of the entity declaration that defines the interface of this design 

entity. For a given design entity, both the entity declaration and the associated architecture body 

shall reside in the same library. 

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

architecture body. 

More than one architecture body may exist corresponding to a given entity declaration. Each 

declares a different body with the same interface; thus, each together with the entity declaration 

represents a different design entity with the same interface. 

NOTE—Two architecture bodies that are associated with different entity declarations may have the 

same simple name, even if both architecture bodies (and the corresponding entity declarations) 

reside in the same library. 

3.3.2 Architecture declarative part 

The architecture declarative part contains declarations of items that are available for use within the 

block defined by the design entity. 

 
(New) 
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(Deleted) 

 

The various kinds of declaration are described in Clause 6, and the various kinds of specification are 

described in Clause 7. The use clause, which makes externally defined names visible within the 

block, is described in Clause 12. 

NOTE—The declarative part of an architecture decorated with the 'FOREIGN attribute is subject to 

special elaboration rules. See 14.4.1. 

3.3.3 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.  
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All of the statements in the architecture statement part are concurrent statements, which execute 

asynchronously with respect to one another. The various kinds of concurrent statements are 

described in Clause 11. 

Examples: 

— A body of entity Full_Adder: 

 

— A body of entity TestBench: 

 

— A body of entity AndGate: 
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NOTE—The statement part of an architecture decorated with the 'FOREIGN attribute is subject to 

special elaboration rules. See 14.5.1. 

3.4 Configuration declarations 

3.4.1 General 

The binding of component instances to design entities is performed by configuration specifications 

(see 7.3); 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. 

 

The entity name identifies the name of the entity declaration that defines the design entity at the root 

of the design hierarchy. For a configuration of a given design entity, both the configuration 

declaration and the corresponding entity declaration shall reside in the same library.  

If a simple name appears at the end of a configuration declaration, it shall repeat the identifier of the 

configuration declaration. 

A verification unit binding indication in a configuration declaration binds one or more PSL 

verification units to the design entity at the root of the design hierarchy. Verification unit binding 

indications are described in 7.3.4. 
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NOTE 1—A configuration declaration achieves its effect entirely through elaboration (see Clause 

14). There are no behavioral semantics associated with a configuration declaration.  

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

configuration. 

Examples: 

— An architecture of a microprocessor: 

 

— A configuration of the microprocessor: 

 

3.4.2 Block configuration 

A block configuration defines the configuration of a block. Such a block is either an internal block 

defined by a block statement or an external block defined by a design entity. If the block is  an 

internal block, the defining block statement is either an explicit block statement or an implicit block 

statement that is itself defined by a generate statement. 
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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 shall be an architecture name, and that architecture name 

shall 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 shall be fully bound (see 7.3.2.2), the block specification of that block 

configuration shall be an architecture name, and that architecture name shall denote the same 

architecture body as that to which the corresponding components are bound.  

If a block configuration appears immediately within another block configuration, then the block 

specification of the contained block configuration shall be a block statement or generate statement 

label, and the label shall denote a block statement or generate statement that is contained 

immediately within the block denoted by the block specification of the containing block 

configuration. 
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If the scope of a declaration (see 12.2) includes the end of the declarative part of a block 

corresponding to a given block configuration, then the scope of that declaration extends to each 

configuration item contained in that block configuration, with the exception of block configurations 

that configure external blocks. Similarly, if a declaration is visible (either directly or by selection) at 

the end of the declarative part of a block corresponding to a given block configuration, then the 

declaration is visible in each configuration item contained in that block configuration, with the 

exception of block configurations that configure external blocks. Additionally, if a given declaration 

is a homograph of a declaration that a use clause in the block configuration makes potentially 

directly visible, then the given declaration is not directly visible in the block configuration or any of 

its configuration items. See 12.3. 

For any name that is the label of a block statement appearing immediately within a given block, a 

corresponding block configuration may appear as a configuration item immediately within a block 

configuration corresponding to the given block. For any collection of names that are labels of 

instances of the same component appearing immediately within a given block, a corresponding 

component configuration may appear as a configuration item immediately within a block 

configuration corresponding to the given block. 
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For any name that is the label of a generate statement immediately within a given block, one or more 

corresponding block configurations may appear as configuration items immediately within a block 

configuration corresponding to the given block. Such block configurations apply to implicit blocks 

generated by that generate statement. If such a block configuration contains a generate specification 

that is a static discrete range, then the block configuration applies to those implicit block statements 

that are generated for the specified range of values of the corresponding generate parameter; the 

discrete range has no significance other than to define the set of generate statement parameter values 

implied by the discrete range. If such a block configuration contains a generate specification that is a 

static expression, then the block configuration applies only to the implicit block statement generated 

for the specified value of the corresponding generate parameter. If such a block configuration 

contains a generate specification that is an alternative label, then the block configuration applies 

only to the implicit block generated for the generate statement body following the alternative label 

in the generate statement, if and only if the condition after the alternative label evaluates to TRUE 

(for an if generate statement) or the case generate alternative containing the alternative label is the 

chosen alternative (for a case generate statement). If no generate specification appears in such a 

block configuration, then it applies to exactly one of the following sets of blocks:  

— All implicit blocks (if any) generated by the corresponding generate statement, if and only if 

the corresponding generate statement is a for generate statement.  

— The implicit block generated by the corresponding generate statement, if and only if the 

corresponding generate statement is an if generate statement and if the first condition after if 

evaluates to TRUE. 

— No implicit or explicit blocks, if and only if the corresponding generate statement is an if 

generate statement and the first condition after if evaluates to FALSE. 

If the block specification of a block configuration contains a generate statement label, and if this label 

contains a generate specification, then: 
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— If the generate specification is a discrete range or an expression, then it is an error if the 

generate statement denoted by the generate statement label is not a for generate statement. 

Moreover, for a generate specification that is a discrete range, it is an error if the type of the 

discrete range is not the same as the type of the discrete range of the generate parameter 

specification and if any value in the range does not belong to the discrete range of the 

generate parameter specification. Similarly, for a generate specification that is an expression, 

it is an error if the type of the expression is not the same as the type of the discrete range of 

the generate parameter specification and if the value of the expression does not belong to the 

discrete range of the generate parameter specification. 

— If the generate specification is an alternative label, then it is an error if the generate statement 

denoted by the generate statement label is not an if generate statement that includes the 

alternative label or a case generate statement that includes the alternative label.  

If the block specification of a block configuration contains a generate statement label that denotes an 

if generate statement, and if the first condition after if has an alternative label, then it is an error if 

the generate statement label does not contain a generate specification that is an alternative label. 

Similarly, if the block specification of a block configuration contains a generate statement label that 

denotes a case generate statement, then it is an error if the generate statement label does not contain 

a generate specification that is an alternative label. 

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

assumed to appear for any block statement that appears within the block corresponding to the given 

block configuration, if no explicit block configuration appears for that block statement. Similarly, an 

implicit component configuration is assumed to appear for each component instance that appears 

within the block corresponding to the given block configuration, if no explicit component 

configuration appears for that instance. Such implicit configuration items are assumed to appear 

following all explicit configuration items in the block configuration. 

It is an error if, in a given block configuration, more than one configuration item is defined for the 

same block or component instance. 
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NOTE 1—As a result of the rules described in the preceding paragraphs and in Clause 12, a simple 

name that is visible by selection at the end of the declarative part of a given block is also visible by 

selection within any configuration item contained in a corresponding block configuration. If such a 

name is directly visible at the end of the given block declarative part, it will likewise be directly 

visible in the corresponding configuration items, unless a use clause for a different declaration with 

the same simple name appears in the corresponding configuration declaration, and the scope of that 

use clause encompasses all or part of those configuration items. If such a use clause appears, then 

the name will be directly visible within the corresponding configuration items except at those places 

that fall within the scope of the additional use clause (at which places neither name will be directly 

visible). 

NOTE 2—If an implicit configuration item is assumed to appear within a block configuration, that 

implicit configuration item will never contain explicit configuration items.  

NOTE 3—If the block specification in a block configuration specifies a generate statement label, and 

if this label contains a generate specification that is a discrete range, then the direction specified or 

implied by the discrete range has no significance other than to define, together with the bounds of 

the range, the set of generate statement parameter values denoted by the range. Thus, the following 

two block configurations are equivalent: 

for Adders(31 downto 0) ··· end for; 

for Adders(0 to 31) ··· end for; 

NOTE 4—A block configuration is allowed to appear immediately within a configuration 

declaration only if the entity declaration denoted by the entity name of the enclosing configuration 

declaration has associated architectures. Furthermore, the block specification of the block 

configuration will shall denote one of these architectures. 

Examples: 

— A block configuration for a design entity: 
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— A block configuration for a block statement: 

 

3.4.3 Component configuration 

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

corresponding block. 

 

The component specification (see 7.3) 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 7.3.2), then the component 

configuration implies a configuration specification for the component instances to which it applies. 

This implicit configuration specification has the same component specification and binding 

indication as that of the component configuration. 

If a given component instance is unbound in the corresponding block, then any explicit component 

configuration for that instance that does not contain an explicit binding indication will contain an 

implicit, default binding indication (see 7.3.3). Similarly, if a given component instance is unbound 

in the corresponding block, then any implicit component configuration for that instance will contain 

an implicit, default binding indication. 
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A verification unit binding indication in a configuration declaration bin ds one or more PSL 

verification units to the instance of the design entity bound to the component instances identified by 

the component specification. Verification unit binding indications are described in 7.3.4.  

It is an error if a component configuration contains an explicit block configuration and the 

component configuration does not bind all identified component instances to the same design entity. 

Within a given component configuration, whether implicit or explicit, an implicit block 

configuration is assumed for the design entity to which the corresponding component instance is 

bound, if no explicit block configuration appears and if the corresponding component instance is 

fully bound. 

Examples: 

— A component configuration with binding indication:  

 

— A component configuration containing block configurations:  

 

NOTE—The requirement that all component instances corresponding to a block configuration be 

bound to the same design entity makes the following configuration illegal:  
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4. Subprograms and packages 

4.1 General 

Subprograms define algorithms for computing values or exhibiting behavior. They may be used as 

computational 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 or different 

parts of a given design unit to share the same declarations.  

There are two forms of subprograms: procedures and functions. A procedure call is a statement; a 

function call is an expression and returns a value. Certain functions, designated pure functions, 

return the same value each time they are called with the same values as actual parameters; the 

remainder, impure functions, may return a different value each time they are called, even when 

multiple calls have the same actual parameter values. For the purposes of determining purity, the 

return identifier of a function is considered a parameter. In addition, impure functions can update 

objects outside of their scope and can access a broader class of values than can pure functions. The 

definition of a subprogram can be given in two parts: a subprogram declaration defining its calling 

conventions, and a subprogram body defining its execution. 

Packages may also be defined in two parts. A package declaration defines the visible contents of a 

package; a package body provides hidden details. In particular, a package body contains the bodies 

of any subprograms declared in the package declaration. 

4.2 Subprogram declarations 

4.2.1 General 

A subprogram declaration declares a procedure or a function, as indicated by the appropriate 

reserved word. 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:00:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1076-2019

http://www.avadocuments.com/doc/ieee-1076-2019
http://www.avadocuments.com/doc/ieee-1076-2019


 

 

 

 
(New) 

 

 
(Deleted) 

 

 

 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:00:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1076-2019

http://www.avadocuments.com/doc/ieee-1076-2019
http://www.avadocuments.com/doc/ieee-1076-2019


The specification of a procedure specifies its designator, its generics (if any), and its formal 

parameters (if any). The specification of a function specifies its designator, its generics (if any), its 

formal parameters (if any), its return identifier (if any), the subtype of the returned value (the result 

subtype), and whether or not the function is pure. A function is impure if its specification contains the 

reserved word impure; otherwise, it is said to be pure. A procedure designator is always an 

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

operator symbol is used for the overloading of an operator (see 4.5.2). The sequence of characters 

represented by an operator symbol shall be an operator belonging to one of the classes of operators  

defined in 9.2. Extra spaces are not allowed in an operator symbol, and the case of letters is not 

significant. 

For a function that includes a return identifier, an implicit subtype declaration, whose name is the 

return identifier, is created as the first declaration in the subprogram declarative part. The properties 

of the implicitly declared subtype denoted by the return identifier shall be determined from the 

immediate context of the function call, as follows: 

a) If the function call is the expression following the assignment symbol ":=" in a constant, 

variable, or signal declaration, then the subtype denoted by the return identifier is the 

subtype of the corresponding object declaration. 

b)  If the function call is the value expression in an assignment statement whose target is not an 

aggregate, then the subtype denoted by the return identifier is the subtype of the target of 

the assignment statement. 

c)  If the function call is the actual in an association element, then the subtype denoted by the 

return identifier is the subtype of the corresponding formal.  

d)  If the function call is the formal in an association element, then the subtype denoted by the 

return identifier is the subtype of the corresponding actual.  

e)  If the function call is the operand in a qualified expression, then the subtype denoted by the 

return identifier is the subtype defined by the type mark of the qualified expression.  
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It is an error if a function has a return identifier and 

— the function is called from a context other than the ones above or 

— the subtype of the return identifier is a unconstrained or partially constrained composite 

subtype. 

If the subprogram header is empty, the subprogram declared by a subprogram declaration is called 

a simple subprogram. If the subprogram header contains the reserved word generic, a generic list, and 

no generic map aspect, the subprogram is called an uninstantiated subprogram. If the subprogram 

header contains the reserved word generic, a generic list, and a generic map aspect, the subprogram 

is called a generic-mapped subprogram. A subprogram declared with a generic list in which every 

generic declaration has a default, and with no generic map aspect, is considered to be an 

uninstantiated subprogram, not a generic-mapped subprogram with default associations for all of 

the generic declarations. A generic list in a subprogram declaration is equivalent to a generic clause 

containing that generic list (see 6.5.6.2). 

An uninstantiated subprogram without a generic map aspect shall not be called, except as a 

recursive call within the body of the uninstantiated subprogram. Moreover, an uninstantiated 

subprogram shall not be used as a resolution function or used as a conversion function in an 

association list. 

It is an error if the result subtype of a function denotes either a file type, a protected type, or a 

composite type with a subelement of either a file type or a protected type. Moreover, it is an error if 

the result subtype of a pure function denotes an access type or a subtype that has a subelement of an 

access type. 

NOTE 1—All subprograms can be called recursively. In the case of an instantiated subprogram, a 

reference to the uninstantiated subprogram within the uninstantiated subprogram is interpreted as a 

reference to the instance (see 4.4). Hence, the subprogram can be called recursively using the name 

of the uninstantiated subprogram. The effect is a recursive call of the instance.  

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:00:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1076-2019

http://www.avadocuments.com/doc/ieee-1076-2019
http://www.avadocuments.com/doc/ieee-1076-2019


NOTE 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 will shall 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 referencing 

subprogram has exclusive access to the declarative region associated with the protected type.  

NOTE 3—The rule stating equivalence of a generic list in a subprogram header to a generic clause 

containing the generic list ensures that the generic list conforms to the same rules as a generic clause. 

A subprogram header is not defined to contain a generic clause directly, since that would introduce 

a semicolon into the syntax of a subprogram header. 

4.2.2 Formal parameters 

4.2.2.1 Formal parameter lists 

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 or an impure function are in, inout, and out. If the mode is in and no object class is 

explicitly specified, constant is assumed. If the mode is inout or out, and no object class is explicitly 

specified, variable is assumed. 

For those parameters with modes, the only mode that is allowed for formal parameters of a pure 

function is the mode in (whether this mode is specified explicitly or implicitly). The object class shall 

be constant, signal, or file. If no object class is explicitly given, constant is assumed. 
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In a subprogram call, the actual designator (see 6.5.7.1) associated with a formal parameter of class 

signal shall be a name denoting a signal. The actual designator associated with a formal of class 

variable shall be a name denoting a variable. The actual designator associated with a formal of class 

constant shall be an expression. The actual designator associated with a formal of class file shall be a 

name denoting a file. 

NOTE 1—Variable class parameters of access and protected types are allowed for procedures and 

impure functions. 

NOTE 2 —Attributes of an actual are never passed into a subprogram. References to an attribute of a 

formal parameter are legal only if that formal has such an attribute. Such references retrieve the 

value of the attribute associated with the formal. 

4.2.2.2 Constant and variable parameters 

For parameters of class constant or variable, only the values of the actual or formal are transferred 

into or out of the subprogram call. The manner of such transfers, and the accompanying access 

privileges that are granted for constant and variable parameters, are described in this subclause.  

For a non-foreign subprogram having a parameter of a scalar type or an access type, or for a 

subprogram decorated with the 'FOREIGN attribute defined in package STANDARD for which th e 

attribute value is of the form described in 20.2.4, the parameter is passed by copy. At the start of 

each call, if the mode is in or inout, the value of the actual parameter is copied into the associated 

formal parameter; it is an error if, after applying any conversion function or type conversion present 

in the actual part of the applicable association element (see 6.5.7.1), the value of the actual parameter 

does not belong to the subtype denoted by the subtype indication of the formal. After completion of 

the subprogram body, if the mode is inout or out and the associated actual parameter is not forced, 

the value of the formal parameter is copied back into the associated actual parameter; it is similarly 

an error if, after applying any conversion function or type conversion present in the formal part of 

the applicable association element, the value of the formal parameter does not belong to the subtype 

denoted by the subtype indication of the actual.  
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