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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DESIGN AUTOMATION -

Part 1: VHDL language reference manual

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international co-operation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes Intérnational Standards.
Their preparation is entrusted to technical committees; any IEC National Com
subject dealt with may participate in this preparatory work. International and non-
governmental organizations liaising with the IEC also participate in this preparation. TR aborates
closely with the International Organization for Standardization (ISO) i ¢ € conditions
determined by agreement between the two organizations.

2) The formal decisions or agreements of the IEC on technical matters expres
international consensus of opinion on the relevant subjects
representation from all interested National Committees.

3) The documents produced have the form of recommendations fo
4) In order to promote international unification IEC Natig

5) The IEC provides no marklng procedure

6) Attentlon is drawn to the pSS|b|I|ty that §

International Standa
Design autom@
This standard b
Manual (1993).

IEC 61691

This standard~does
Part 3 of the I1SO,

ot follow the rules for the structure of international standards given in
ZC Directives.

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

FDIS Report on voting

93/42/FDIS 93/45/RVD

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

Annexes A, B, C, D, and E are for information only.

1) To be published
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Design automation — VHDL language
reference manual

Section 0: General

The object of this international standakd isf define accurately. Its primary audiences are the

prior to reading this st
a VHDL-complia i
At the time of its i

publication gnd_rexpalr ine
revised.

t untirsuperseded by subsequent standards, or until the standard is officially

0.2 Structure andterm
This standard is organized into sections, each of which focuses on some particular area of the language.
Within each section, individual constructs or concepts are discussed in each clause.

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

A set of paragraphs describing the meaning and restrictions of the construct in narrative form then follow.
Unlike many other IEEE standards, which 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 standard.
In all cases, “is” is to be interpreted as having mandatory weight.
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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.

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 pe \clauses.

0.2.1 Syntactic description

a)

b)

d)

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

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

g) If the name of any syntactic category starts with an italicized part, it is equivalent to the category
name without the italicized part. The italicized part is intended to convey some semantic
information. For exampleype name andubtypename are both syntactically equivalent to
name alone.

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

0.2.2 Semantic description

The meaning and restrictions of a particular construct are describ p
immediately following the syntactic productions. In these rules, af italicizeo Y } s the definition
of that term and identifiers appearing entirely in uppercase r i [
(see clause 14.2).

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

0.2.4 Normative reference

The following normative document contains provisions which, through reference in this text, constitute
provisions of this International Standard. At the time of publication, the edition indicated was valid. All
normative documents are subject to revision, and parties to agreements based on this International Standard
are encouraged to investigate the possibility of applying the most recent edition of the normative document
indicated below. Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 8859-1: 1987nformation processing — 8-bit single-byte coded graphic character sets — Part 1: Latin
alphabet No. 1
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Section 1: Design entities and configurations

The design entity is the primary hardware abstraction in VHDL. It represents a portion of a hardware
design that has well-defined inputs and outputs and performs a well-defined function. A design entity may
represent an entire system, a subsystem, a board, a chip, a macro-cell, a logic gate, or any level of
abstraction in between. A configuration can be used to describe how design entities are put together to
form a complete design.

A design entity may be described in terms of a hierarchy of blocks, each of which represents a portion of
the whole design. The top-level block in such a hierarchy is the design enfity itself; such a block is an
external block that resides in a library and may be used as a component of other~designs. Nested blocks in

A design entity may also be described in terms of interconnected 9 5. Bach somponent of a design
entity may be bound to a lower-level design entity in order tg

representing a complete design. Such a collection g
bindings necessary to identify a design hierarchy can
in the hierarchy.

This section describes the way in whic
defined by an entity declaration togeth
defined by a configuration declaration.

AN

1.1 Entity declaratioqs

An entity declaratiqn de
used. It may @ Ci
declaration may be

entity declaratio

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.
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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 ]

generic_clause ::=
generic( generic_list) ;

port_clause ::=
port ( port_list) ;

The generic list in the formal generic clause defines generic constants whgse| valuesgay be determined by
the environment. The port list in the formal port clause defines the inpu put parts of the design
entity.

In certain circumstances, the names of generic constants and p S ntity header become

visible outside the design entity (see clauses 10.2 and 10.3).
Examples:

—An entity declaration with port declarations only:

entity Full_Adderis

port (X, Y, Cin:in Bit; Cout, Su

end Full_Adder ;

—An entity declaration wi

entity AndGateis
generic

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.
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