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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Com-
mittees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members of the Institute. The standards
developed within IEEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of IEEE that have expressed an interest in participating in the development of
the standard.

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. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is rea-
sonable 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.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of
all concerned interests, it is important to ensure that any interpretation has also received 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 interpretation requests except in those cases where
the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

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 stgndard,
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 inquirig¢s into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy 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, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA,; (978) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copy-
right Clearance Center.
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Introduction

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

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

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

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

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

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

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

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

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

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

Mart Altmée Doug Dunlop Siep Onneweer

Kenneth Bakalar Hazem El-Tahawy Joannis Papanuskas

Jim Barby Joerg-Oliver Fischer-Binder Steffen Rochel

David Barton Dan Fitzpatrick Dominique Rodriguez

Ingrid Bausch-Gall Serge Garcia-Sabiro Jacques Rouillard

William Bell Joe Gwinn Denis Rouquier

Jean-Michel Bergé Tom J. Kazmierski Hisashi Sasaki

Mark Brown Howard Ko C.-J. Richard Shi

Harold W. Carter Ken Kundert David W. Smith

Ed Cheng S. Peter Liebmann Richard Trihy

Ernst Christen Jean-José Mayol Alain Vachoux

Robert A. Cottrell Paul Menchini Kevin Walsh

Dan Damon Eduard Moser John C. Willis

Raphaél Dorado Kevin Nolan LunYe
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The following people attended meetings of the IEEE 1076.1 Working Group, or participated otherwise in its

decision making process:

Antonio Acosta
Ayman Ahmed

Mart Altmae

Bernd Arbegard
Peter Ashenden
Stephen A. Bailey
Kenneth Bakalar
Bruce Bandali

Jim Barby

Angel Barriga

David L. Barton
Mark Basten

David Beat

Ulrich Becher
William Bell
Jacques Benkoski
Jean-Michel Bergé
Victor Berman
Carsten Borchers
Frédérique Bouchard
Mark Brown

Kevin Cameron
Ariel Cao

Lorna Carmichael
Andy Carpenter
Michael Carroll
Harold W. Carter
Jeff Carter

Chetput L. Chandrashekar
Jean-Jacques Charlot
Praveen Chawla

Ed Cheng

Ernst Christen

Bob Collins

Robert A. Cottrell
David Crabbs
Bennet Cullen

Dan Damon

Gary L. Dare

Nagu Dhanwada
Akis Doganis
Raphaél Dorado
Steven L. Drager
Ingemar Drejhammar
Mike Dukes
Douglas D. Dunlop
Héléne Durantis
Thomas Eckenrode
Wolfgang Ecker
Hazem El-Tahawy
Antony Fan

Farag Fattouh

Eric Filseth
Joerg-Oliver Fischer-Binder
Dan Fitzpatrick
Christopher Flynn
Yvonne Fritzsch
Patrick Gallagher
Serge Garcia-Sabiro
Vassilios Gerousis
lan Getreu

Alfred Gilman
Steven S. Greenberg

* Deceased
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Steve Gregor
Edmund Greske
Christoph Grimm
Paul Grojean

Steve Grout
Andrew Guyler
Scott Guyton
Joachim Haase
Kim Hailey

James P. Hanna
William A. (Bill) Hanna
David Hanson
Donald F. Hanson
Chong Hoc Hao
Randolph E. Harr
Andreas Hohl

John Hillawi

Robert G. Hillman
Christophe Hui-Bon-Hoa
Sylvie Hurat

Jutta Ipsen

Michel Israél

Jake Karrfalt

Tom J. Kazmierski
Dave Kener
Eugene Ko

Howard Ko
Andreas Koldehoff
Marq Kole

Tokimori Kozawa
Stan Krolikoski
Arun Kumar

Ken Kundert
Howard Lane
Sylvie Lasserre
Claude Le Faou
Gunther Lehmann
S. Peter Liebmann
Al Lowenstein
Hans Lunden
Serge Maginot
Theodor Maier
Magsoodul Mannan
Erich Marschner
Francoise Martinolle
Lewis Matthew
Ramesh S. Mayiladuthurai
Jean-José Mayol
Jim McCracken
Peter Meijer

Paul Menchini

Jean Mermet

Jeff Meyer

Kenneth Miller

Joe Mitchell

Larry Moore
Eduard Moser
Vincent Moser
Philippe Moyer
Wolfgang Mueller
Zainalabedin Navabi
Wolfgang Nebel
Kathiresan Nellayappan
Tim Noh

Kevin Nolan

Arto Nummela
Kevin O’'Brien
Martin O’Leary

Siep Onneweer
Hidetoshi Onodera
Peter Ostrap
Joannis Papanuskas
Bill Pascoe

Andrew Patterson
Bill Paulsen

Greg Peterson
Alexandre Petit-Bianco
Kun Qian

Tray Read

David Rhodes
Steffen Rochel
Dominique Rodriguez
Andrzej RosinsKi
Jacques Rouillard
Denis Rouquier
Chris Ryan
Toshiyuki Saito
Wojciech Sakowski
Bertrand Saliou
Ambar Sartav
Hisashi Sasaki
Anton Sauer

Eric Sax

Martin Schubert
Peter Schwartz
Vasu Shanmugasundavan
Graham Shenton

C. J. Richard Shi
Ken Simone

Peter Sinander
David W. Smith

J. Dennis Soderberg
Alec Stanculescu
Pamela Stearman
Maciej A. Styblinski
Prasad Subramaniam
Michael Sullivan
Chuck Swart
Catherine Taste
Krishnaprasad Thirunarayan
David Thornhill

Rick Traversy
Richard Trihy

Alain Vachoux
Hamid Vakilzadian
Bruno Verhaeghe
Kevin Walsh
Dominique Wartelle
Sam Wasche

Ron Waxman

John C. Willis

Ed Woods

LunYe

Bruce Young

Alex N. Zamfirescu
Wendy Zhou

Mark Zwolinski
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The following members of the balloting committee voted on this standard:
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Larrie Carr
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Jean P. Mermet
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Israel Michel
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Kevin O'Brien
Martin O’Leary
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Yoichi Onishi

Siep Onneweer
Hidetoshi Onodera

Timm Ostermann
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When the IEEE-SA Standards Board approved this standard on 18 March 1999, it had the following

membership:
Richard J. Holleman, Chair
Donald N. Heirman, Vice Chair

Judith Gorman, Secretary
Satish K. Aggarwal James H. Gurney Louis-Francois Pau
Dennis Bodson Lowell G. Johnson Ronald C. Petersen
Mark D. Bowman Robert J. Kennelly Gerald H. Peterson
James T. Carlo E. G. “Al" Kiener John B. Posey
Gary R. Engmann Joseph L. Koepfinger* Gary S. Robinson
Harold E. Epstein L. Bruce McClung Akio Tojo
Jay Forster* Daleep C. Mohla Hans E. Weinrich
Ruben D. Garzon Robert F. Munzner Donald W. Zipse

*Member Emeritus

Also included is the following nonvoting IEEE-SA Standards Board liaison:

Robert E. Hebner

Kim Breitfelder
IEEE Standards Project Editor
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IEEE Standard VHDL Analog and
Mixed-Signal Extensions

0. Overview

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

0.1 Purpose and scope

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

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

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

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

0.2 Standards used as references

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

IEEE Std 1076-1993, IEEE Standard VHDL Language Reference Niodel.

IEEE Std 1076.2-1996, IEEE Standard VHDL Mathermatical Packages.

1IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 13&hyPisca

NJ 08855-1331, USA (http://standards.ieee.org/). DOC um ents
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0.3 Structure and terminology of this document

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

Each clause that describes a specific construct begins with an introductory paragraph. Next, the syntax of the
construct is described using one or more grammatical “productions.” A set of paragraphs describing the
meaning and restrictions of the construct in narrative form then follow.

Unlike many other IEEE standards that use the verb “shall” to indicate mandatory requirements of the
standard and “may” to indicate optional features, the verb “is” is used uniformly throughout this document.
In all cases, “is” is to be interpreted as having mandatory weight. Additionally, the word “must” is used to

indicate mandatory weight. This word is preferred over the more common “shall,” as “must” denotes a
different meaning to different readers of this standard, as described by the following:

a) To the developer of tools that process VHDL, “must” denotes a requirement that the standard
imposes. The resulting implementation is required to enforce the requirement and to issue an error if
the requirement is not met by some VHDL source text.

b) To the VHDL model developer, “must” denotes that the characteristics of VHDL are natural
consequences of the language definition. The model developer is required to adhere to the constraint
implied by the characteristic.

c) To the VHDL model user, “must” denotes that the characteristics of the models are natural
consequences of the language definition. The model user can depend on the characteristics of the
model implied by its VHDL source text.

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

0.3.1 Syntactic description

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

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

formal_port_list

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

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

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

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.
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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:

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

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

e) Square brackets enclose optional items on the right-hand side of a production; thus the two follow-
ing productions are equivalent:

return_statement ::return [ expression];
return_statement ::return ; |return expression ;

Note, however, that the initial and terminal square brackets in the right-hand side of the production
for signatures (in 2.3.2) are part of the syntax of signatures and do not indicate that the entire right-
hand side is optional.

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.

0.3.2 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 refer to definitions in package STANDARD (see 14.2).

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

erroneous: The condition thus described represents an ill-formed description; however, implementations are
not required to detect and report this condition. Conditions are deemed erroneous only when it is impossible

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

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

illegal: See:error.

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

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

Some clauses of this standard contain examples, notes, and cross-references to other clauses of the manual;
these parts always appear at the end of a clause. Examples are meant to illustrate the possible forms of the
construct described. lllegal 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 manual. Examples, notes, and cross-references
are not part of the definition of VHDL.
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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 hierarclijyooks 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 bloektisraal

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 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 calexiga 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 arentity declaratiortogether with a correspondimagchitecture bodyA configuration is defined
by aconfiguration declaration

1.1 Entity declarations

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

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

entity _declaration ::=
entity identifieris
entity _header
entity_declarative_part
[ begin
entity _statement_part ]
end|[ entity ] [ entity_ simple_name ] ;

The entity header and entity declarative part consist of declarative items that pertain to each design entity
whose interface is defined by the entity declaration. The entity statement part, if present, consists of
concurrent statements that are present in each such design entity.

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

1.1.1 Entity header
The entity header declares objects used for communication between a design entity and its environment.

entity _header ::=
[ formal_generic_clause ]
[ formal port_clause ]
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generic_clause ::=

generic( generic_list) ;
port_clause ::=

port ( port_list) ;

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

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

Examples:

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

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

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

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

1.1.1.1 Generics

Generics provide a channel for static information to be communicated to a block from its environment. The
following applies to both external blocks defined by design entities and to internal blocks defined by block
statements.

generic_list ::=generic interface_list

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

Documents

) “  Document Sharing Hub
6 Copyright © 1999 |IEEE. All rights reserved.
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:02:32 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1076.1-1999


http://www.avadocuments.com/doc/ieee-1076-1-1999
http://www.avadocuments.com/doc/ieee-1076-1-1999

IEEE
AND MIXED-SIGNAL EXTENSIONS Std 1076.1-1999

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, location, etc.

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. A formal port may be a signal port, a quantity port or
a terminal port.

To communicate with other blocks, the signal ports, terminal ports, or quantity ports of a block can be
associated with signals, terminals, or quantities, respectively, in the environment in which the block is used.
Moreover, the signal ports and quantity ports of a block may be associated with an expression in order to
provide these ports with constant driving values; such ports must be ofimaddleignal port is itself a

signal (see 4.3.1.2); a terminal port is itself a terminal (see 4.3.1.5); and a quantity port is itself a quantity
(see 4.3.1.6); thus, a formal port of a block may be associated as an actual with a formal port of an inner
block. The port, signal, quantity, terminal, or expression associated with a given formal port is called the
actual corresponding to the formal port (see 4.3.2.2). The actual, if not an expression, must be denoted by a
static name (see 6.1). The actual, if an expression, must be a globally static expression (see 7.4). Terminal
ports may not be associated with an expression.

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

a) Foraformal port of moda,

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

— If the formal port is a quantity port, the associated actual may only be a quantity port of mode
in orout.
b) For aformal port of modeut,

— If the formal port is a signal port, the associated actual may only be a signal port afuhate
inout.

— If the formal port is a quantity port, the associated actual may only be a quantity port of mode
out.
c¢) For aformal port of mod@out, the associated actual may only be a port of niroole.
d) For a formal port of modeuffer, the associated actual may only be a port of nhodfer.
e) For aformal port of modakage, the associated actual may be a port of any mode.

A buffer port may have at most one source (see 4.3.1.2 and 4.3.2). Furthermore, after a description is
completely elaborated (see Clause 12), any actual associated with a formal buffer port may have at most one
source.
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If a formal port is associated with an actual port, signal, terminal, quantity, or expression, then the formal
port is said to beonnected|If a formal port is instead associated with the reserved woped, then the

formal is said to baunconnectedA signal port or quantity port of moda may be unconnected or
unassociated (see 4.3.2.2) only if its declaration includes a default expression (see 4.3.2). A signal port or
guantity port of any mode other thanmay be unconnected or unassociated as long as its type is not an
unconstrained array type. A terminal port may be unconnected or unassociated as long as its nature is not an
unconstrained array nature. It is an error if some of the subelements of a composite formal port are
connected and others are either unconnected or unassociated. It is an error if any quantity is associated as an
actual with more than one formal of maulet.

1.1.2 Entity declarative part

The entity declarative part of a given entity declaration declares items that are common to all design entities
whose interfaces are defined by the given entity declaration.

entity_declarative_part ::=

{ entity_declarative_item }
entity_declarative_item ::=

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| disconnection_specification

| | step_limit_specification

| use_clause

| group_template_declaration

| group_declaration

| nature_declaration

| subnature_declaration

| quantity_declaration

| terminal_declaration

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

Example:

— An entity declaration with entity declarative items:

entity ROMis
port ( Addr: in Word;
Data: out Word,;
Sel: in Bit);
type Instructionis array (1to 5) of Natural;
type Programis array (Naturalrange <>) of Instruction;

useWork.OpCodesll, Work.RegisterNamesil;
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constantROM_Code: Program :=

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

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.

1.1.3 Entity statement part

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

entity_statement_part ::=
{ entity_statement }

entity_statement ::=
concurrent_assertion_statement
| passive concurrent_procedure_call
| passive process_statement

Only concurrent assertion statements, concurrent procedure call statements, or process statements may
appear in the entity statement part. All such statements must be passive (see 9.2). Such statements may be
used to monitor the operating conditions or characteristics of 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 ns;
constant PulseWidth: Time := 50 ns;
useWork.TimingMonitorsall;

begin
assertClk="1'or Clk'Delayed'Stable (PulseWidth);
CheckTiming (Setup, Din, Load, CIk);

end;

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

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

architecture_body ::=
architecture 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.

The entity name identifies the name of the entity declaration that defines the interface of this design entity.
For a given design entity, both the entity declaration and the associated architecture body must reside in the
same library.

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

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

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

1.2.1 Architecture declarative part

The architecture declarative part contains declarations of items that are available for use within the block
defined by the design entity.

architecture_declarative_part ::=
{ block_declarative_item }
block_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared variable_declaration
| file_declaration
| alias_declaration
| component_declaration
| attribute_declaration
| attribute_specification
| configuration_specification
| disconnection_specification

| | step_limit_specification
| use_clause
Documents
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| group_template_declaration
| group_declaration

| nature_declaration

| subnature_declaration

| quantity_declaration

| terminal_declaration

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

NOTE—The declarative part of an architecture decorated with the 'FOREIGN attribute is subject to special elaboration
rules. See 12.3.

1.2.2 Architecture statement part

The architecture statement part contains statements that describe the internal organization and/or operation
of the block defined by the design entity.

architecture_statement_part ::=
{ architecture_statement }
architecture_statement ::= simultaneous_statement | concurrent_statement

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

Examples:

— A body of entity Full_Adder:
architecture DataFlowof Full_Adderis
signal A,B: Bit;
begin
A<= XXxorY,;
B <= Aand Cin;
Sum <= Axor Cin;
Cout <= Bor (X andY);
end architecture DataFlow ;

— A body of entity TestBench:
library Test;
useTest.Componentall;
architecture Structureof TestBenchs
componentFull_Adder
port (X, Y, Cin: Bit; Cout, Sumout Bit);
end component;
signalA,B,C,D,E,F,G: Bit;
signal OK: Boolean;
begin
UUT: Full_Adder port map (A,B,C,D,E);
Generator: AdderTest port map (A,B,C,F,G);
Comparator: AdderCheck port map (D,E,F,G,OK);
end Structure;
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— A body of entity AndGate:
architecture Behaviorof AndGateis
begin

process(Inputs)
variable Temp: Bit;
begin
Temp :='1"
for iin Inputs’'Rangéoop
if Inputs(i) = '0then
Temp :='0";
exit;
end if;
end loop
Result <= Tempfter 10 ns;
end process
end Behavior;

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

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

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

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

NOTES

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

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

— An architecture of a microprocessor:
architecture Structure_Viewof Processois
componentALU port ( *e); end component
componentMUX port (s ); end component
componentLatchport ( *e); end component
begin
Al: ALU port map (*e¢);
M1: MUX port map (e ) ;
M2: MUX port map (=) ;
M3: MUX port map ( =)
L1: Latchport map (*e*) ;
L2: Latchport map (*e¢) ;
end Structure_View ;

— A configuration of the microprocessor:
library TTL, Work ;
configuration V4_27_87of Processois
useWorkall ;
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

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

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

architecture name

| block_statementabel

| generate_statemeriaibel [ ( index_specification ) ]
index_specification ::=

discrete_range

| static_expression
configuration_item ::=

block_configuration

| component_configuration

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

If 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.

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 not directly visible in the block
configuration or any of its configuration items. See 10.3 for more information.

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

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

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

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

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, that implicit configuration item
will never contain explicit configuration items.

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

for Adders(31downto 0) <+ end for;
for Adders(Oto 31) seeend for;

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

Examples:

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

end for ;

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

1.3.2 Component configuration

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

component_configuration ::=
for component_specification
[ binding_indication ; ]
[ block_configuration ]
end for ;

The component specification (see 5.2) identifies the component instances to which this component
configuration applies. A component configuration that appears immediately within a given block
configuration applies to component instances that appear immediately within the corresponding block.

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
binding indication (see 5.2.2). Similarly, if a given component instance is unbound in the corresponding
block, then any implicit component configuration for that instance will contain an implicit, default binding
indication.

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

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

Examples:

— A component configuration with binding indication:
for all: IOPort
use entity StdCells.PadTriState4 (DataFlow)
port map (Pout=>A, Pin=>B, 10=>Dir, Vdd=>Pwr, Gnd=>Gnd) ;
end for ;
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A component configuration containing block configurations:

for D1: DSP
for DSP_STRUCTURE
-- Binding specified in design entity or else defaults.

for Filterer
-- Configuration items for filtering components.
end for ;
for Processor
-- Configuration items for processing components.
end for ;
end for ;
end for ;

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

architecture A of Eis
componentCis end componen(C;
for L1: Cuse entity E1(X);
for L2: Cuse entity E2(X);
begin
L1: C;
L2: C;
end architectureA,;

configuration lllegal of Work.Eis

for A
orall: C
for X  -- Does not apply to the same design entity in all instances of C.
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, designetdédnctions, return the same value

each time they are called with the same values as actual parameters; the remmandesiunctions, may

return a different value each time they are called, even when multiple calls have the same actual parameter
values. In addition, impure functions can update objects outside of their scope and can access a broader class
of values than can pure functions. The definition of a subprogram can be given in two parts: a subprogram
declaration defining its calling conventions, and a subprogram body defining its execution.

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

2.1 Subprogram declarations

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

subprogram_declaration ::=
subprogram_specification ;

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

designator ::= identifier | operator_symbol
operator_symbol ::= string_literal

The specification of a procedure specifies its designator and its formal parameters (if any). The specification
of a function specifies its designator, its formal parameters (if any), the subtype of the returned value (the
resultsubtypé, and whether or not the function is pure. A functioimipureif its specification contains the

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

NOTE—AIl subprograms can be called recursively.

2.1.1 Formal parameters

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

formal_parameter_list ::sparameter interface_list
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Formal parameters of subprograms may be constants, variables, signals, or files. In the first three cases, the
mode of a parameter determines how a given formal parameter may be accessed within the subprogram. The
mode of a formal parameter, together with its class, may also determine 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 specifiednstantis assumed. If the
mode isinout or out, and no object class is explicitly specifigdriable is assumed.

For those parameters with modes, the only mode that is allowed for formal parameters of a function is the
modein (whether this mode is specified explicitly or implicitly). The object class mustrimant, signal,
orfile. If no object class is explicitly givenpnstantis assumed.

In a subprogram call, the actual designator (see 4.3.2.2) associated with a formal parametesighalass
must be a signal. The actual designator associated with a formal ofaledde must be a variable. The
actual designator associated with a formal of ctasstant must be an expression. The actual designator
associated with a formal of clafiie must be a file.

NOTE—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.

2.1.1.1 Constant and variable parameters

For parameters of clasenstantor variable, only the values of the actual or formal are transferred into or
out of the subprogram call. The manner of such transfers, and the accompanying access privileges that are
granted for constant and variable parameters, are described in this subclause.

For a nonforeign subprogram having a parameter of a scalar type or an access type, the parameter is passed
by copy. At the start of each call, if the modéni®r inout, the value of the actual parameter is copied into

the associated formal parameter; it is an error if, after applying any conversion function or type conversion
present in the actual part of the applicable association element (see 4.3.2.2), the value of the actual parameter
does not belong to the subtype denoted by the subtype indication of the formal. After completion of the
subprogram body, if the modeiigut or out, the value of the formal parameter is copied back into the asso-
ciated actual parameter; it is similarly an error if, after applying any conversion function or type conversion
present in the formal part of the applicable association element, the value of the formal parameter does not
belong to the subtype denoted by the subtype indication of the actual.

For a nonforeign subprogram having a parameter whose type is an array or record, an implementation may
pass parameter values by copy, as for scalar types. If a parameter aduh@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.

For a formal parameter of a constrained array subtype of maaldnout, 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
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any conversion function or type conversion present in the actual part) does not belong to the element subtype
of the formal. If the formal parameter is of maulé 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 actual.

NOTES

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

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

2.1.1.2 Signal parameters

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

For a signal parameter of moitheor inout, the actual signal is associated with the corresponding formal sig-
nal parameter at the start of each call. Thereafter, during the execution of the subprogram body, a reference
to the formal signal parameter within an expression is equivalent to a reference to the actual signal.

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

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

For a signal parameter of mom@ut or out, the driver of an actual signal is associated with the correspond-

ing driver of the formal signal parameter at the start of each call. Thereafter, during the execution of the
subprogram body, an assignment to the driver of a formal signal parameter is equivalent to an assignment to
the driver of the actual signal.

If an actual signal is associated with a signal parameter of any mode, the actual must be denoted by a static
signal name. It 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 formalrisor 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 resend 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 into the subprogram. No particular
parameter-passing mechanism is defined by the language, but a reference to the formal parameter must be
equivalent to a reference to the actual parameter. It is an error if an association element associates an actual
with a formal parameter of a file type and that association element contains a conversion function or type
conversion. It is also an error if a formal of a file type is associated with an actual that is not of a file type.

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

At the completion of the execution of a given subprogram call, the actual file object associated with a given
file parameter is open if and only if the formal parameter is also open. Similarly, at the completion of the
execution of a given subprogram call, the access mode of and the external file associated with an open actual
file object associated with a given file parameter are the same as, respectively, the access mode of and the
external file associated with the associated formal parameter.

2.2 Subprogram bodies
A subprogram body specifies the execution of a subprogram.

subprogram_body ::=
subprogram_specificatios
subprogram_declarative_part
begin
subprogram_statement_part
end [ subprogram_kind ] [ designator | ;

subprogram_declarative_part ::=
{ subprogram_declarative_item }

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

| attribute_declaration

| attribute_specification

| use_clause

| group_template_declaration
| group_declaration

subprogram_statement_part ::=
{ sequential_statement }

subprogram_kind ::9procedure | function

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

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

Itis an error if a variable declaration in a subprogram declarative part declares a shared variable. (See 4.3.1.3
and 8.1.4.)

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

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

An explicit signalis a signal other than an implicit signal GUARD or other than one of the implicit signals
defined by the predefined attributes 'ABOVE, 'DELAYED, 'STABLE, 'QUIET, or TRANSACTION. The
explicit ancestorof an implicit signal is found as follows. All implicit GUARD signals and any signal
defined by the predefined attribute '"ABOVE have no explicit ancestor. An explicit ancestor of an implicit sig-
nal 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. Other-
wise, 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, or a
| signal defined by the predefined attribute '"ABOVE, then the signal has no explicit ancestor.
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If a pure function subprogram is a parent of a given procedure and if that procedure contains a reference to
an explicitly declared signal or variable object, or a slice or subelement (or slice thereof) of an explicit sig-
nal, then that object must be declared within the declarative region formed by the function (see 10.1) or
within the declarative region formed by the procedure; this rule also holds for the explicit ancestor, if any, of
an implicit signal and also for the implicit signal GUARD. If a pure function is the parent of a given
procedure, then that procedure must not contain a reference to an explicitly declared file object (see 4.3.1.4)
or to a shared variable (see 4.3.1.3).

Similarly, if a pure function subprogram contains a reference to an explicitly declared signal or variable
object, or a slice or subelement (or slice thereof) of an explicit signal, then that object must be declared
within the declarative region formed by the function; this rule also holds for the explicit ancestor, if any, of
an implicit signal and also for the implicit signal GUARD. A pure function must not contain a reference to
an explicitly declared file object.

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

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

Example:

— The declaration of a foreign function subprogram:
packagePis

function Freturn INTEGER,;

attribute FOREIGNof F: function is "implementation-dependent information™;
end packageP;

NOTES

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

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

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

4—The declarative parts and statement parts of subprograms decorated with the 'FOREIGN attribute are subject to
special elaboration rules. See 12.3 and 12.4.5. A pure function subprogram may not reference a shared variable. This
prohibition exists because a shared variable may not be declared in a subprogram declarative part and a pure function
may not reference any variable declared outside of its declarative region.

2.3 Subprogram overloading

Two formal parameter lists are said to have the gaaremeter 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 gmarmmeter 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.
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A given subprogram designator can be used in several subprogram specifications. The subprogram designa-
tor is then said to be overloaded; the designated subprograms are also said to be overloaded and to overload
each other. If two subprograms overload each other, one of them can hide the other only if both subprograms
have the same parameter and result type profile.

A call to an overloaded subprogram is ambiguous (and therefore is an error) if the name of the subprogram,
the number of parameter associations, the types and order of the actual parameters, the names of the formal
parameters (if named associations are used), and the result type (for functions) are not sufficient to identify
exactly one (overloaded) subprogram specification.

Similarly, a reference to an overloaded resolution function name in a subtype indication is ambiguous (and is

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

Examples:

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

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

— Calls to overloaded subprograms:
Dump (Sys_Output, 12) ;
Dump (Sys_Error, "Actual output does not match expected output™) ;

Check (Setup=>10 ns, D=>DataBus, C=>CIk1);
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 Clk.

NOTES

1—The notion of parameter and result type profile does not include parameter names, parameter classes, parameter
modes, parameter subtypes, or default expressions or their presence or absence.

2—Ambiguities may (but need not) arise when actual parameters of the call of an overloaded subprogram are them-

selves overloaded function calls, literals, or aggregates. Ambiguities may also (but need not) arise when several over-

loaded subprograms belonging to different packages are visible. These ambiguities can usually be solved in two ways:

qualified expressions can be used for some or all actual parameters and for the result, if any; or the name of the subpro-
gram can be expressed more explicitly as an expanded name (see 6.3).

2.3.1 Operator overloading

The declaration of a function whose designator is an operator symbol is used to overload an operator. The
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. The subprogram
specification of a binary operator must have two parameters; for each use of this operator, the first parameter
is associated with the left operand, and the second parameter is associated with the right operand.
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For each of the operators “+” and “-”, overloading is allowed both as a unary operator and as a binary
operator.

NOTES

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

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

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

Examples:

type MVL is (0", '1','Z', 'X") ;

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

signal Q,R,S: MVL ;

Q<="X'or'l}
R <: Ilorll (IOI,IZI);
S <=(QandR)or not S;

2.3.2 Signatures

A signature distinguishes between overloaded subprograms and overloaded enumeration literals based on
their parameter and result type profiles. A signature can be used in an attribute name, entity designator, or
alias declaration.

signature ::= [[type_mark {, type_mark } fdturn 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 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.

— 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.
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Example:

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

Because of the presence of the signature, this attribute specification
decorates only the "or" function defined in the previous clause.
attribute Mappingof JMP [eturn OpCode] literal is "001";

2.4 Resolution functions

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

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

The resolution function associated with a resolved signal determinesstiieed valueof the signal as a

function of the collection of inputs from its multiple sources. If a resolved signal is of a composite type, and

if subelements of that type also have associated resolution functions, such resolution functions have no effect

on the process of determining the resolved value of the signal. It is an error if a resolved signal has more con-

nected sources than the number of elements in the index type of the unconstrained array type used to define
the parameter of the corresponding resolution function.

Resolution functions are implicitly invoked during each simulation cycle in which corresponding resolved
signals are active (see 12.6.1). Each time a resolution function is invoked, it is passed an array value, each
element of which is determined by a corresponding source of the resolved signal, but excluding those
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.

Example:

function WIRED_OR (Inputs: BIT_VECTORijeturn BIT is
constantFloatValue: BIT :='0";
begin
if Inputs’Length = @hen
-- This is a bus whose drivers are all off.
return FloatValue;
else
for Iin Inputs’'Rangéoop
if Inputs(l) = '1then
return '1"
end if;
end loop
return '0"
end if;
end function WIRED_OR,;
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A package declaration defines the interface to a package. The scope of a declaration within a package can be

extended to other design units.

package_declaration ::=
packageidentifieris

package declarative part

end [ package] [ package simple_name ] ;

package declarative part ::=

{ package_declarative_item }

package declarative_item ::=

subprogram_declaration

| type_declaration

| subtype_declaration
| constant_declaration
| signal_declaration

| shared variable_declaration

| file_declaration
| alias_declaration

| component_declaration

| attribute_declaration
| attribute_specification

| disconnection_specification

| use_clause

| group_template_declaration

| group_declaration
| nature_declaration

| subnature_declaration

| terminal_declaration

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

declaration.

Items declared immediately within a package declaration become visible by selection within a given design
unit wherever the name of that package is visible in the given unit. Such items may also be made directly
visible by an appropriate use clause (see 10.4).

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

Examples:

— A package declaration that needs no package body:

packageTimeConstantss
constanttPLH :
constanttPHL :
constanttPLZ :
constanttPZL :
constanttPHZ :
constanttPZH :

end TimeConstants ;

Time
Time
Time
Time
Time
Time
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— A package declaration that needs a package body:
packageTriStateis

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

function BitVal (Value: Tri)return Bit ;

function TriVal (Value: Bit)return Tri;

type TriVectoris array (Naturalrange <>) of Tri ;

function Resolve (Sources: TriVectagturn Tri ;
end packageTriState ;

2.6 Package bodies

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

package_body ::=
package bodypackage simple_namés
package body declarative part
end [ package body] [ packagesimple_name ] ;

package body declarative part ::=
{ package _body declarative_item }

package body declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| shared variable_declaration
| file_declaration
| alias_declaration
| use_clause
| group_template_declaration
| group_declaration

The simple name at the start of a package body must repeat the package identifier. If a simple name appears
at the end of the package body, it must be the same as the identifier in the package declaration.

In addition to subprogram body and constant declarative items, a package body may contain certain other
declarative items to facilitate the definition of the bodies of subprograms declared in the interface. Items
declared in the body of a package cannot be made visible outside of the package body.

If a given package declaration contains a deferred constant declaration (see 4.3.1.1), then a constant declara-
tion with the same identifier must appear as a declarative item in the corresponding package body. This
object declaration is called tiigll declaration of the deferred constant. The subtype indication given in the

full declaration must conform to that given in the deferred constant declaration.

Within a package declaration that contains the declaration of a deferred constant, and within the body of that
package (before the end of the corresponding full declaration), the use of a name that denotes the deferred
constant is only allowed in the default expression for a local generic, local port, or formal parameter. The
result of evaluating an expression that references a deferred constant before the elaboration of the corre-
sponding full declaration is not defined by the language.
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Example:

package bodyTriStateis
function BitVal (Value: Tri)return Bit is
constantBits : Bit_Vector := "0100";
begin
return Bits(Tri'Pos(Value));
end;
function Trival (Value: Bit)return Triis
begin
return Tri'Val(Bit'Pos(Value));
end;

function Resolve (Sources: TriVector) return Tri is
variable V: Tri :='Z",
begin
for i in Sources'Rangeop
if Sources(i) /= 'Zthen
if V ='Z'then
V := Sources(i);
else
return 'E';
end if;
end if;
end loop
return V;
end;
end package bodyTriState ;

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 saidoaformif, apart from comments and the above allowed varia-
tions, both specifications are formed by the same sequence of lexical elements and if corresponding lexical
elements are given the same meaning by the visibility rules.

Conformance is likewise defined for subtype indications in deferred constant declarations.
NOTES

1—A simple name can be replaced by an expanded name even if the simple name is itself the prefix of a selected name.
For example, Q.R can be replaced by P.Q.R if Q is declared immediately within P.

2—The subprogram specification of an impure function is never conformant to a subprogram specification of a pure
function.

3—The following specifications do not conform since they are not formed by the same sequence of lexical elements:

procedure P (X,Y : INTEGER)
procedure P (X: INTEGER; Y : INTEGER)
procedure P (X,Y :in INTEGER)
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3. Types and natures

| This clause describes the various categories of types and natures that are provided by the language as well as
those specific types that are predefined. The declarations of all predefined types are contained in package
STANDARD, the declaration of which 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 type conversion, a formal or actual part in the
form of a type conversion, or an implicit type conversion of a value of uppeersal integer or
universal real to the corresponding value of another numeric type

— A numeric literal (for a universal type), the literalll (for an access type), a string literal, a bit string
literal, an aggregate, or a predefined attribute

There are four classes of typ8salartypes are integer types, floating point types, physical types, and types
defined by an enumeration of their values; values of these types have no el€orepissitedypes are array

and record types; values of these types consist of element vatgessypes provide access to objects of a
given type File types provide access to objects that contain a sequence of values of a given type.

The set of possible values for an object of a given type can be subjected to a condition that i€@alled a
straint (the case where the constraint imposes no restriction is also included); a value is said to satisfy a
constraint if it satisfies the corresponding conditiosultypeis a type together with a constraint. A value is

said tobelong to a subtypef a given type if it belongs to the type and satisfies the constraint; the given type

is called thébase typef the subtype. A type is a subtype of itself; such a subtype is saiditecdiestrained

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

The set of operations defined for a subtype of a given type includes the operations defined for the type;
however, the assignment operation to an object having a given subtype only assigns values that belong to the
subtype. Additional operations, such as qualification (in a qualified expression) are implicitly defined by a
subtype declaration.

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

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

A memberof an object is either

— A slice of the object,
— A subelement of the object, or
— A slice of a subelement of the object.
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The name of a class of types or natures is used in this manual as a qualifier for objects and values that have a
type or nature of the class considered. For example, the ternohjeayis used for an object whose type is

an array type, or whose nature is an array nature; similarly, theatexess 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 calkliscretetypes. 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_expression
direction ::=to | downto

A range specifies a subset of values of a scalar type. A range is saidriiolbeiage if the specified subset
is empty.

The range lto R is called amscendingange; if L > R, then the range is a null range. The rand@ainto

R is called adescendingange; if L < R, then the range is a null range. The smaller of L and R is called the
lower bound and the larger, thepper boundof the range. The value V is saidielong to the rangé the

relations [ower bound<= V) and (V <=upper bounylare both true and the range is not a null range. The
operators >, <, and <= in the preceding definitions are the predefined operators of the applicable scalar type.

For values of discrete or physical types, a value V1 is saidttthe left ofa value V2 within a given range

if both V1 and V2 belong to the range and either the range is an ascending range and V2 is the successor of
V1 or the range is a descending range and V2 is the predecessor of V1. A list of values of a given range is in
left to right orderif each value in the list is to the left of the next value in the list within that range, except for

the last value in the list.

If a range constraint is used in a subtype indication, the type of the expressions (likewise, of the bounds of a
range attribute) must be the same as the base type of the type mark of the subtype indication. A range
constraint icompatiblewith 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 belaaracter typdf at least one of its enumeration literals is a character
literal.

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

If the same identifier or character literal is specified in more than one enumeration type definition, the corre-
sponding literals are said to beerloaded At any place where an overloaded enumeration literal occurs in
the text of a program, the type of the enumeration literal is determined according to the rules for overloaded
subprograms (see 2.3).

Each enumeration type definition defines an ascending range.
Examples:

type MULTI_LEVEL_LOGIC is (LOW, HIGH, RISING, FALLING, AMBIGUOUS) ;
type BIT is (0','1)) ;
type SWITCH_LEVELis (0','1,'X") ; -- Overloads '0' and '1'

3.1.1.1 Predefined enumeration types

The predefined enumeration types are CHARACTER, BIT, BOOLEAN, SEVERITY_LEVEL,
FILE_OPEN_KIND, and FILE_OPEN_STATUS.

The predefined type CHARACTER is a character type whose values are the 256 characters of the ISO
| 8859-1: 1997 [B4ﬁ character set. Each of the 191 graphic characters of this character set is denoted by
the corresponding character literal.

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

NOTES

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

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

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

2The numbers in brackets correspond to those of the bibliography in Annex E.
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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 must be a locally static expression
of some integer type, but the two bounds need not have the same integer type. (Negative bounds are
allowed.)

Integer literals are the literals of an anonymous predefined type that iswalledsal_integein this stan-

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

The position number of an integer value is the corresponding value of thenfypesal_integer

The same arithmetic operators are predefined for all integer types (see 7.2). It is an error if the execution of
such an operation (in particular, an implicit conversion) cannot deliver the correct result (that is, if the value
corresponding to the mathematical result is not a value of the integer type).

An implementation may restrict the bounds of the range constraint of integer types other than type
universal_integerHowever, an implementation must allow the declaration of any integer type whose range
is wholly contained within the bounds —2147483647 and +2147483647 inclusive.

Examples:

type TWOS_COMPLEMENT_INTEGERSs range—32768to 32767,

type BYTE_LENGTH_INTEGERIs rangeQto 255;

type WORD_INDEXis range 31 downto O;

subtypeHIGH_BIT_LOW is BYTE_LENGTH_INTEGERange 0to 127,

3.1.2.1 Predefined integer types

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

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

3.1.3 Physical types

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

physical_type_definition ::=
range_constraint
units
primary_unit_declaration
{ secondary_unit_declaration }
end units[ physical_typesimple_name ]
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primary_unit_declaration ::= identifier
secondary_unit_declaration ::= identifier = physical_literal ;
physical_literal ::= [ abstract_literaljhit_name

A physical 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 physical 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 a physical type definition must be a locally static expression
of some integer type, but the two bounds need not have the same integer type. (Negative bounds are
allowed.)

Each unit declaration (either the primary unit declaration or a secondary unit declaration) defiites a
name Unit names declared in secondary unit declarations must be directly or indirectly defined in terms of
integral multiples of the primary unit of the type declaration in which they appear. The position numbers of
unit names need not lie within the range specified by the range constraint.

If a simple name appears at the end of a physical type declaration, it must repeat the identifier of the type
declaration in which the physical type definition is included.

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

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

There is a position number corresponding to each value of a physical type. The position number of the value
corresponding to a unit name is the number of primary units represented by that unit name. The position
number of the value corresponding to a physical literal with an abstract literal part is the largest integer that
is not greater than the product of the value of the abstract literal and the position number of the accompany-
ing unit name.

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

Examples:

type DURATION is range—1E18to 1E18

units

fs; -- femtosecond

ps = 1000 fs; -- picosecond

ns = 1000 ps; -- nanosecond

us = 1000 ns; -- microsecond

ms = 1000 us; -- millisecond

sec = 1000 ms; -- second

Documents
) “  Document Sharing Hub
34 Copyright © 1999 IEEE. Al rights reserved.

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:02:32 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1076.1-1999


http://www.avadocuments.com/doc/ieee-1076-1-1999
http://www.avadocuments.com/doc/ieee-1076-1-1999

IEEE

AND MIXED-SIGNAL EXTENSIONS Std 1076.1-1999
min = 60 sec; -- minute
end units,

type DISTANCE s rangeOto 1E16
units
-- primary unit:
A, -- angstrom

-- metric lengths:

nm = 10A; -- nanometer

um = 1000 nm; -- micrometer (or micron)
mm = 1000 um,; -- millimeter

cm = 10 mm; -- centimeter

m = 1000 mm; -- meter

km = 1000 m; -- kilometer

-- English lengths:

mil = 254000 A; -- mil
inch = 1000 mil; -- inch
ft = 12inch; -- foot
yd = 3ft -- yard
fm = 6ft -- fathom
mi = 5280 ft; -- mile
lg = 3mi -- league

end units DISTANCE;

variable x: distance; variable y: duration; variable z: integer;

X =5A+ 13 ft— 27 inch;

y :=3ns + 5 min;

Z:=ns/ps;

X:=z*mi

y :=y/10;

z:=39.34inch/ m;
NOTES

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

2— 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
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
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the design hierarchy defining a model to be executed, and if the position number of that unit is less than that
of the secondary unit selected as the resolution limit for type TIME during the execution of the model.

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

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

3.1.4 Floating point types

Floating point types provide approximations to the real numbers. Floating point types are useful for models
in which the precise characterization of a floating point calculation is not important or not determined.

floating_type_definition ::= range_constraint

A floating type definition defines both a type and a subtype of that type. The type is an anonymous type, the

range of which is selected by the implementation; this range must be such that it wholly contains the range

given in the floating type definition. The subtype is a named subtype of this anonymous base type, where the
name of the subtype is that given by the corresponding type declaration and the range of the subtype is the
given range. The tolerance group of the subtype (see 4.2) is a value of type STRING equal to an empty string
literal.

Each bound of a range constraint that is used in a floating type definition must be a locally static expression
of some floating point type, but the two bounds need not have the same floating point type. (Negative bounds
are allowed.)

Floating point literals are the literals of an anonymous predefined type that isuralledsal_realin this
standard. Other floating point types have no literals. However, for each floating point type there exists an
implicit conversion that converts a value of typaversal_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 may restrict the bounds of the range constraint of floating point types other than type
universal_real However, an implementation must allow the declaration of any floating point type whose
range is wholly contained within the bounds —1.0E38 and +1.0E38 inclusive. The representation of floating
point types must include a minimum of six decimal digits of precision.

NOTE—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 may not be easily accomplished on
many host systems.

3.1.4.1 Predefined floating point types

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

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

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

types).

composite_type_definition ::=
array_type_definition
| record_type_definition

An object of a composite type represents a collection of objects, one for each element of the composite

object. A composite type may only contain elements that are of scalar, composite, or access types; elements
of file types are not allowed in a composite type. Thus an object of a composite type ultimately represents a

collection of objects of scalar or access types, one for each noncomposite subelement of the composite
object.

3.2.1 Array types

An array object is a composite object consisting of elements that have the same subtype. The name for an
element of an array uses one or more index values belonging to specified discrete types. The value of an
array object is a composite value consisting of the values of its elements.

array_type_definition ::=
unconstrained_array_definition | constrained_array_definition
unconstrained_array_definition ::=
array (index_subtype_definition {, index_subtype_definition } )
of elementsubtype_indication

constrained_array_definition ::=
array index_constraindf elementsubtype_indication

index_subtype_definition ::= type_madnge <>
index_constraint ::= ( discrete_range {, discrete_range } )
discrete_range ::=liscrete subtype_indication | range

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 calledhithex range

An unconstrained array definition defines an array type and a name denoting that type. For each object that
has the array type, the number of indices, the type and position of each index, and the subtype of the ele-
ments are as in the type definition. Thdex subtypéor a given index position is, by definition, the subtype
denoted by the type mark of the corresponding index subtype definition. The values of the left and right
bounds of each index range are not defined but must belong to the corresponding index subtype; similarly,
the direction of each index range is not defined. The symbol <> (cdll@) | an index subtype definition

stands for an undefined range (different objects of the type need not have the same bounds and direction).
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A constrained array definition defines both an array type and a subtype of this type:

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

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

If a constrained array definition is given for a type declaration, the simple name declared by this declaration
denotes the array subtype.

The direction of a discrete range is the same as the direction of the range or the discrete subtype indication
that defines the discrete range. If a subtype indication appears as a discrete range, the subtype indication
must not contain a resolution function.

Examples:

— Examples of constrained array declarations:

type MY_WORD s array (0to 31)of BIT ;
-- A memory word type with an ascending range.
type DATA_IN is array (7 downto 0) of FIVE_LEVEL_LOGIC ;
-- An input port 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.

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

type T is array (POSITIVErange MINIMUM to MAX) of ELEMENT;
is equivalent to the sequence of declarations

subtypeindex_subtypé POSITIVErange MINIMUM to MAX;
type array_typeis array (index_subtypeange <>) of ELEMENT;
subtypeT is array_type (index_subtype)

whereindex_subtypandarray_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 array type and, thereby, the
corresponding array bounds.
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For a discrete range used in a constrained array definition and defined by a range, an implicit conversion to the
predefined type INTEGER is assumed if each bound is either a numeric literal or an attribute, and if the type
of both bounds (prior to the implicit conversion) is the type&/ersal_integerOtherwise, both bounds must

be of the same discrete type, other thaiversal_integerthis type must be determined independently of the
context, but using the fact that the type must be discrete and that both bounds must have the same type. These
rules apply also to a discrete range used in an iteration scheme (see 8.9) or a generation scheme (see 9.7).

If an index constraint appears after a type mark in a subtype indication, then the type or subtype denoted by
the type mark must not already impose an index constraint. The type mark must denote either an uncon-
strained array type or an access type whose designated type is such an array type. In either case, the index
constraint must provide a discrete range for each index of the array type, and the type of each discrete range
must be the same as that of the corresponding index.

An index constraint isompatiblewith the type denoted by the type mark if and only if the constraint defined

by each discrete range is compatible with the corresponding index subtype. If any of the discrete ranges
defines a null range, any array thus constrainechigl@array, having no components. An array vabadis-

fiesan index constraint if at each index position the array value and the index constraint have the same index
range. (Note, however, that assignment and certain other operations on arrays involve an implicit subtype
conversion.)

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

| — For a variable, signal, or quantity declared by an object declaration, the subtype indication of the cor-
responding object declaration must define a constrained array subtype (and thereby, the index range
for each index of the object). The same requirement exists for the subtype indication of an element
declaration, if the type of the record element is an array type, and for the element subtype indication
of an array type definition, if the type of the array element is itself an array type.

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

— 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).

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

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

— For a formal parameter of a subprogram that is of an unconstrained array type and whose
subelements are associated individually (see 4.3.2.2), the index ranges are obtained as follows: The
directions of the index ranges of the formal parameter are that of the type of the formal; the high and
low bounds of the index ranges are respectively determined from the maximum and minimum values
of the indices given in the association elements corresponding to the formal.
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— For a formal generic or a formal port of a design entity or of a block statement that is of an
unconstrained array type and that is associated in whole, the index ranges are obtained from the cor-
responding association element in the generic map aspect (in the case of a formal generic) or port
map aspect (in the case of a formal port) of the applicable (implicit or explicit) binding indication.

— For a formal generic or a formal port of a design entity or of a block statement that is of an uncon-
strained array type and whose subelements are associated individually, the index ranges are obtained
as follows: The directions of the index ranges of the formal generic or formal port are that of the type
of the formal; the high and low bounds of the index ranges are respectively determined from the
maximum and minimum values of the indices given in the association elements corresponding to the
formal.

— For a local generic or a local port of a component that is of an unconstrained array type and that is
associated in whole, the index ranges are obtained from the corresponding association element in the
generic map aspect (in the case of a local generic) or port map aspect (in the case of a local port) of
the applicable component instantiation statement.

— For a local generic or a local port of a component that is of an unconstrained array type and whose
subelements are associated individually, the index ranges are obtained as follows: The directions of
the index ranges of the local generic or local port are that of the type of the local; the high and low
bounds of the index ranges are respectively determined from the maximum and minimum values of
the indices given in the association elements corresponding to the local.

If the index ranges for an interface object or member of an interface object are obtained from the corre-
sponding association element (when associating in whole) or elements (when associating individually), then
they are determined either by the actual part(s) or by the formal part(s) of the association element(s),
depending upon the mode of the interface object, as follows:

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

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

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

Examples:

type Wordis array (NATURAL range <>) of BIT;
type Memoryis array (NATURAL range <>) of Word (31downto 0);

constantA_Word: Word :="10011";
-- The index range of A_Word ist0 4

entity Eis
generic (ROM: Memory);
port (Op1, Op2in Word; Resultout Word);
end entity E;
-- The index ranges of the generic and the ports are defined by the actuals associated
-- with an instance bound to E; these index ranges are accessible via the predefined
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