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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BEHAVIOURAL LANGUAGES -

Part 6: VHDL Analog and Mixed-Signal Extensions
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of IEC is to

promote international co-operation on all questions concerning standardization in the elegtrical and

elecfronic fields. To this end and in addition to other activities, IEC publishes International\St

hndards,

TecHnical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (Hereafter

referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any |IEC
Compmittee interested in the subject dealt with may participate in this preparatory Wwork. Inter

National
hational,

govgrnmental and non-governmental organizations liaising with the IEC also participatein this preparation.

IEC [collaborates closely with the International Organization for Standardization (I8@) in accorda
conditions determined by agreement between the two organizations.

hce with

The |formal decisions or agreements of IEC on technical matters expressi(as nearly as posgible, an

interpational consensus of opinion on the relevant subjects since , éagh technical commit
repré¢sentation from all interested IEC National Committees.

IEC
Com
Publjcations is accurate, IEC cannot be held responsible for the{way in which they are used or
misipterpretation by any end user.

ublications have the form of recommendations for international use and are accepted by IEC

In ofder to promote international uniformity, IEC National Committees undertake to apply IEC Pub|

ee has

National

ittees in that sense. While all reasonable efforts are made to ensure that the technical conterjt of IEC

for any

ications

trangparently to the maximum extent possible in their national and regional publications. Any diergence
between any IEC Publication and the corresponding national or regional publication shall bg clearly

ted in the latter.

IEC |tself does not provide any attestation of confarmity. Independent certification bodies provide cd
assgssment services and, in some areas, accessto IEC marks of conformity. IEC is not responsible
services carried out by independent certification bodies.

Attenmtion is drawn to the possibility thatysome of the elements of this IEC Publication may be the s
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEEE Std FDIS Report on voting
1076.1 (2007) 93/280/FDIS 93/286/RVD

nformity
for any

ibject of

h IEC

bort on

A list of parts of the TEC 616971 series can be found on the IEC web site.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

===

Use of gmtECHEEE D=t togotmtermatiomat-Starmdard—swhotty votomtary—ThetHECamdtEEE disctamrtigbility for
any pegsonal injury, property or other damage, of any nature whatsoever, whether specidl)\lindirect,
conseqyential, or compensatory, directly or indirectly resulting from the publication, use of, or-teliance upon
this, or any other IEC or IEEE Standard document.

The IEQ and IEEE do not warrant or represent the accuracy or content of the material contained hergin, and
expressly disclaim any express or implied warranty, including any implied warranty of mefchantability o fitness
for a specific purpose, or that the use of the material contained herein is free from, patent infringement.
IEC/IEEE Dual Logo International Standards documents are supplied “AS IS”.
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IEEE introduction

The IEEE 1076.1 language, informally known as VHDL-AMS, is a superset of IEEE Std 1076-2002 (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 non electrical energy domains. The modeled analog systems arelumped 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 extengt 4 24 T — C
IEEE Std 1076 targeted for a 1993 release. A large number of requirements to support analog and mixed-Signjal systems
were submfitted, and it soon became apparent that the complexity of the topic required the formation of a’s¢pardte working
group. Th¢ design of the IEEE 1076.1 language formally began in 1993, when the IEEE 1076.1 Working [Group was
formed ungler the auspices of the Design Automation Standards Committee of the IEEE Computer'\Society, unider Project
Authorizatjon Request (PAR) 1076.1. Its charter was to extend the IEEE 1076 (VHDL)language to qupport the
requiremerfts for the description and simulation of analog and mixed-signal systems. The IEEE 1076.1 Worlting 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 2007 fevision includes changes made to IEEE Std 1076-2002 since the first rel€ase of the IEEE 1076.1 standard. It
also inclugles clarification of IEEE 1076.1 language definitions and correCtions of typographical errors|that were
introduced in the 1999 version of the IEEE 1076.1 language reference nfanual. See the Annex D for a list pf changes
from the 1p99 release.

Notice fo users
Errata
Errata, iff any, for this and all other standards can be accessed at the following UR[L: http:/

standards.jeee.org/reading/ieece/updates/errata/index:-html. Users are encouraged to check this URL [for errata
periodically.

Interpretations

Current inferpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/index.html.

Patents

Attention s called to-th€ possibility that implementation of this standard may require use of subject matter ¢govered by
patent rights. By publieation of this standard, no position is taken with respect to the existence or validity of|any patent
rights in cqnnection.therewith. The IEEE is not responsible for identifying Essential Patent Claims for which a ljcense may
be required, forconducting inquiries into the legal validity or scope of Patents Claims or determining whether anly licensing
terms or cdnditi ided i i i issi i i i ing hgreements
are reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the validity of any
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further information may be
obtained from the IEEE Standards Association.

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or environmental protection
in all circumstances. Implementers of the standard are responsible for determining appropriate safety, security,
environmental, and health practices or regulatory requirements.

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

Part 6: VHDL Analog and Mixed-Signal Extensions

0. Overview

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

0.1 Purpofe and scope

This standayd defines IEC 61691-6/IEEE 1076.1™ language, a hardware description language forthe' des¢ription and
the simulatfon of analog, digital, and mixed-signal systems. The language, also informally knéwn as VHDLAMS, is
built on th¢ IEC 61691-1-1/IEEE 1076™ (VHDL) language and extends it to provide capabilities of writing and
simulating analog and mixed-signal models.

This docunpent contains the complete reference of the IEC 61691-6/IEEE 1076.1 \WHDL language, irfcluding the
unchanged portions of the base language and the extensions. Formally, IEC 61691-6:2009/IEEE Std 1076.1-2007 defines
ions only, and portions of text marked with change bars are either exclusively part of IEC 61691-4:2009/IEEE
Std 1076.1-p007 or define changes compared to IEC 61691-1-1:2004/IEEE Std1076-2002." Portions of text| not marked
with changg bars are identical in this document and in IEC 61691-1-1:2004/AEEE Std 1076-2002.

The primary audience of this document are implementers of tools stpporting the language and advanced sers of the
language. Tlhe document is not intended to provide any introductory or tutorial information. It rather proviides formal
definitions pf language elements and language constructs.

The IEC 611691-6/IEEE 1076.1 language is a superset of the TEC 61691-1-1/IEEE 1076 language (VHDL). As such,
any legal IEC 61691-1-1/IEEE 1076 model is a IEC161691-6/IEEE 1076.1 model, and any IEC 61p91-6/IEEE
1076.1 tool shall provide the same simulation r¢sults as obtained with an IEC 61691-1-1/IEEE [ 1076 tool.
IEC 6169141-1:2004/IEEE Std 1076-2002 and~JEC 61691-6:2009/IEEE Std 1076.1-2007 will remdin separate
standards. This means that when IEC 61691-1-+:2004/IEEE Std 1076-2002 is revised, IEC 61691-6:2009/IEEE Std
1076.1-200)7 will not be automatically revised accordingly. A separate effort will be required to keep both standards
synchroniz¢d and to avoid inconsistencies.

0.2 Normative references

The followjing referenced .documents are indispensable for the application of this document (i.e., thpy must be
understood|and used, soveach referenced document is cited in the text and its relationship to this document is
explained).|For dated~téferences, only the edition cited applies. For undated references, the latest edjtion of the
referenced flocument (ihcluding any amendments or corrigenda) applies.

rd¢is ‘dependent upon IEC 61691-1-1:2004/IEEE Std 1076-2002. In addition, certain defini

ions in this
thematical

This standg
document d
functions that can be used within VHDL design units.

IEC 61691-1-1:2004 Behavioural languages - Part 1-1: VHDL language reference manual

IEEE Std 1076-2002, IEEE Standard VHDL Language Reference Manual> ™"

1
Information on references can be found in 0.2.

2

IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA
(http://standards.iece.org/). IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case
Postale 131, 3, rue de Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://www.iec.ch/).'

3
The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

4
IEEE Std 1076-2002 was adopted as IEC 61691-1-1:2004.
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IEEE Std 1076.2-1996 (Reaff 2002), IEEE Standard VHDL Mathematical Packages.

0.3 Structure and terminology of this standard

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

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

A set f‘parqgraphe Hpcnrihing the meaning and restrictions of the constructin narrative form then follow.
5

In this|document, the word shall is used to indicate a mandatory requirement. The word showuld-is fised to
indicate a recommendation. The word may is used to indicate a permissible action. The word c¢an is used for
statemgpnts of possibility and capability.

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

The foym of a VHDL description is described by means of context-fre¢ syntax using a simple varianf of the
Backu$-Naur Form; in particular:

a) | Lowercase words in roman font, some containing embedded underlines, are used to denote syntactic
categories, for example:

formal port_list

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

b) | Boldface words are used to denote.reserved words, for example:
array
Reserved words shall be u§ed only in those places indicated by the syntax.

¢) | A production consistsef 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; th¢ right-
hand side is a réplacement rule. The meaning of a production is a textual-replacement rule: any
occurrence of the left-hand side may be replaced by an instance of the right-hand side.

d) | A verticallbar (]) separates alternative items on the right-hand side of a production unless it{occurs
immediately after an opening brace, in which case it stands for itself, as follows:
lefter 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 following
two productions are equivalent:

return_statement ::= return [ expression ] ;
return_statement ::= return ; | return expression ;
Note, however, that the initial and terminal square brackets in the right-hand side of the production

for signatures (see 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)

2)

h)

0.3.2

The m

1076.1-2007(E)

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

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

The term simple name is used for any occurrence of an identifier that already denotes some
declared entity.

Bemantic description

paning and restrictions of a particular construct are described with a set of narrative rulesimmediately

follow|ng the syntactic productions. In these rules, an italicized term indicates the definition of that tefm and
identiffers appearing entirely in uppercase letters refer to definitions in package STANDARD (see 14.2).

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

errongous: The condition described represents an ill-formed description; hewever, implementations pre not
requirgd to detect and report this condition. Conditions are deemed erreneous only when it is impossible in

genera] to detect the condition during the processing of the languagg,

error:

the corjdition and report an error to the user of the tool.

illegal
legal:
0.3.3

Prior t

The condition described represents an ill-formed descripfion; implementations are required td detect

A synonym for “error.”
[he condition described represents a well{formed description.
Front matter, examples, notes,‘teferences, and annexes

this subclause are several pieces of introductory material; following Clause 15 are some annexes and

an ind¢x. The front matter, annexes, and index serve to orient and otherwise aid the user of this standqrd, but

are nof part of the definition of\VHDL.

Some

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

these jarts always appear at the end of a clause. Examples are meant to illustrate the possible formg of the
constryct described: Illegal examples are italicized. Notes are meant to emphasize consequences of te rules
descrifjed in theiclause or elsewhere. In order to distinguish notes from the other narrative portions|of this

standa
are mg

d, notes are set as enumerated paragraphs in a font smaller than the rest of the text. Cross-refgrences
antto guide the user to other relevant clauses of the standard. Examples, notes, and cross-ref¢rences

are not part of the definition of the language.
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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 entity itself; such a block is an external
block that resides in a library and may be used as a component of other designs. Nested blocks in the

hierard

A desipn entity may also be described in terms of interconnected components. Each componentiof a
entity may be bound to a lower-level design entity in order to define the structure or;behavior

compo)
other
represg
bindin
the hig
This ¢

define
by a cd

11E

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

used. ]
declarg
entity

entity |
ent

[b

end [ entity(] [yentity_simple name ];

The e
whose

iy are iniernal blocks, derimed by block statements (see .1).

nent. Successive decomposition of a design entity into components, and binding thése compor]
lesign entities that may be decomposed in like manner, results in a hierarchy of design
nting a complete design. Such a collection of design entities is called "a, design hierarch
bs necessary to identify a design hierarchy can be specified in a configuration of the top-level e
rarchy.

ause describes the way in which design entities and configurations are defined. A design e
| by an entity declaration together with a corresponding archifecture body. A configuration is
nfiguration declaration.

ntity declarations

t may also specify declarations and statéments that are part of the design entity. A given
leclaration can potentially represent'aclass of design entities, each with the same interface.

declaration ::=

ity identifier is

entity header

entity declarative- part
pgin

entity statement part ]

tity header and entity declarative part consist of declarative items that pertain to each desigi

design
of that
ents to
bntities
y. The
ntity in

htity is
lefined

ch it is
entity

tion may be shared by many design.entities, each of which has a different architecture. Thus, an

entity

interface is defined by the entity declaration. The entity statement part, if present, cong

ists of

concurrent statements that are present in each such design entity.

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

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 ]
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[formal port clause |

generic_clause ::=
generic ( generic_list) ;

port_clause ::=
port ( port_list) ;

1-2007(E)

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 cert
visible]

Examp

1.1.1.

Generl

pin circumstances, the names of generic constants and ports declared in the entity header’h
outside of the design entity (see 10.2 and 10.3).

les:
An entity declaration with port declarations only:
entity Full Adder is
port (X, Y, Cin: in Bit; Cout, Sum: out Bit);
end Full Adder;
An entity declaration with generic declarations also:
entity AndGate is
generic (N: Natural := 2);
port (Inputs: in Bit Vector (1 to\N);
Result: out Bit);
end entity AndGate;
An entity declaration with neither:

entity TestBench is
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;

Generics

cs¢rovide a channel for static information to be communicated to a block from its environme

follow

ccome

ht. The
/ block

ngapplies to both external blocks defined by design entities and to internal blocks defined by

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 actual is open), and if a default expression is specified for that generic, the value of this
expression is the value of the generic. It is an error if no actual is specified for a given formal generic and no
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default 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, data flow, 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 timin§ characteristics of a block; or even the physical characteristics of a design such as temperature,
capacitance, or location.

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,
lnClud gyt e g o raada e chada - SRR EP PRSIy Iy By 1 - P SR

port_ligt ::= port interface list

The pdrts 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 is a signal poeft)la quantity port, or a
terminpl port.

To communicate with other blocks, the signal ports, terminal ports, or gquantity ports of a block [can be
associgted with signals, terminals, or quantities, respectively, in the environment in which the block is used.
Moreoyver, the signal ports and quantity ports of a block may be asso€iated with an expression in drder to
providg these ports with constant driving values; such ports shall.le of mode in. A signal port is ftself a
signal [see 4.3.1.2); a terminal port is itself a terminal (see 4.371.5); and a quantity port is itself a guantity
(see 4.B.1.6); thus, a formal port of a block may be associated as an actual with a formal port of ah 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). Théjactual, if not an expression, shall be denot¢d by a
static jame (see 6.1). The actual, if an expression, shall be a globally static expression (see 7.4). A tgrminal
port shall not be associated with an expression.

After 4 given description is completely elaborated (see Clause 12), if a formal port is associated With an
actual fhat is itself a port, then the following restrictions apply depending upon the mode (see 4.3.2),|if any,
of the formal port:

a) | For a formal port of mode in;,

— If the formal pottis a signal port, the associated actual shall be a signal port of mode inJinout,
or buffer.

— If the forimal port is a quantity port, the associated actual shall be a quantity port of mode in or
out.

b) | For a fermal port of mode out,

— (If'the formal port is a signal port, the associated actual shall be a signal port of mode outinout,
or buffer.

— If the formal port is a quantity port, the associated actual shall be a quantity port of mode out.
¢) For a formal port of mode inout, the associated actual shall be a port of mode inout, or buffer.
d) For a formal port of mode buffer, the associated actual shall be a port of mode out, inout, or buffer.
e) For a formal port of mode linkage, the associated actual may be a port of any mode.
If a formal port is associated with an actual port, signal, terminal, quantity, or expression, then the formal
port is said to be connected. If a formal port is instead associated with the reserved word open, then the

formal is said to be unconnected. 1t is an error if a signal or quantity port of mode in is unconnected or

“Notes in text, tables, and fi gures are given for information only and do not contain requirements needed to implement the standard.
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unassociated (see 4.3.2.2) unless its declaration includes a default expression (see 4.3.2). It is an error if a
signal port or quantity port of any mode other than in is unconnected or unassociated and its type is an
unconstrained array type. It is an error if a terminal port is unconnected or unassociated and its nature is 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 mode out.

NOTE—Ports of mode linkage may be removed from a future version of the language (see Annex E).

1.1.2 Entity declarative part

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

whoselinterfaces are defined by the given entity declaration.

entity [declarative part ::=

{ entity_declarative item }

entity [declarative item ::=

| sybprogram_body

| type_declaration

| sybtype_declaration
| cgnstant declaration
| sipnal_declaration

sybprogram_declaration

| sHared_variable declaration

| file declaration

| aljas_declaration

| afribute _declaration

| atfribute_specification

| disconnection_specification

| step_limit_specification

| ude clause

| gloup_template declaration

| gloup_declaration

| ngture declaration

| sybnature declaration
| qyantity declaration

| tefminal_declaration

Nameq declared by{declarative items in the entity declarative part of a given entity declaration are [visible
within|the badies“of corresponding design entities, as well as within certain portions of a corresppnding

configpiration declaration.

The various kinds of dectaration arc described in Clause 4, and the various Kinds of specitication are
described in Clause 5. The use clause, which makes externally defined names visible within the block, is

described in Clause 10.

Example:

— An entity declaration with entity declarative items:

entity ROM is
port (Addr:
Data:

Sel:

type Instruction is array

in Word;
out Word;
in Bit);

(1 to 5)
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type Program is array (Natural range <>) of Instruction;
use Work.OpCodes.all, Work.RegisterNames.all;
constant ROM Code: Program :=
(
(sTM, R14, R12, 12, R13),
(Lb, R7, 32, 0, R1),
(BAL, R14, O, 0, R7),

) 7
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 erftity statement part contains concurrent statements that are common fo gach design entity with this
interfage.

entity [statement part ::=
{ entity_statement }

entity [statement ::=
cdncurrent_assertion_statement

| pgssive_concurrent_procedure call
| pgssive_process_statement

It is an error if any statements other than concurrent assertion statements, concurrent procedure call
statemgpnts, or process statements appear-in the entity statement part. All entity statements shall be passive
(see 9P). Such statements may beused to monitor the operating conditions or characteristics of a|design
entity.

Example:
— | An entity declaration with statements:

entity-¥atch is
poxrt (Din: in Word;
Dout: out Word;
Load: in Bit;
Clk: in Bit );
constant Setup: Time := 12 ns;
constant PulseWidth: Time := 50 ns;

use Work.TimingMonitors.all;

begin
assert Clk='l' or Clk'Delayed'Stable (PulseWidth);
CheckTiming (Setup, Din, Load, Clk);

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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https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

-10 - IEC 61691-6:2009(E)
IEEE Std 1076.1-2007(E)

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, data flow,
equations, or behavior. Such specifications may be partial or complete.

architecture_body ::=
architecture identifier of entity name is
architecture_declarative part
begin
architecture statement part
endl | architecture | | archifecture simple name | ;

The idgntifier defines the simple name of the architecture body; this simple name distinguishes.architecture
bodies|associated with the same entity declaration.

The erftity name identifies the name of the entity declaration that defines the interfacelof this design|entity.
For a given design entity, both the entity declaration and the associated architecture.body shall resid¢ in the
same l{brary.

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

More than one architecture body may exist corresponding to{@ given entity declaration. Each dedlares a
differept body with the same interface; thus, each together with the entity declaration represents a d{fferent
design|entity with the same interface.

NOTE-+-Two architecture bodies that are associated with différent entity declarations may have the same simplp name,
even if poth architecture bodies (and the corresponding entity declarations) reside in the same library.

1.2.1 Architecture declarative part

The arghitecture declarative part containis declarations of items that are available for use within th¢ block
definedl by the design entity.

architecture declarative partyis
{ block declarative_ijtem)}

block [declarative item ::=
sybprogranm—declaration
| sybprogram. body
| type ~declaration
| sybtype_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

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |
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| use clause

| 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 €laporation

rules. Sge 12.3.

1.2.2 Architecture statement part

The arfhitecture statement part contains statements that describe the internal organization and/or opgration

of the block defined by the design entity.

architgcture_statement part ::=
| { afchitecture_statement }

architecture statement ::= simultaneous_statement | concurrent statement

All of[the statements in the architecture statement part are either concurrent or simultaneous statgments,
which jexecute asynchronously with respect to one anothers The various kinds of concurrent statemdnts are

| descrifed in Clause 9; the various kinds of simultaneous statements are described in Clause 15.

Examples:
— | A body of entity Full Adder:

architecture DataFlow ©f Full Adder is
signal A,B: Bit;
begin
A <= X xor Y%
B <= A and~Cin;
Sum <= A( ®x6r Cin;
Cout <=\B or (X and Y);
end architecture DataFlow;

— | A body of-entity TestBench:

library Test;
usé Test.Components.all;

architecture Structure of TestBench is
component Full Adder
port (X, Y, Cin: Bit; Cout, Sum: out Bit);
end component;
signal A,B,C,D,E,F,G: Bit;
signal OK: Boolean;
begin
UUT: Full Adder port map (A,
Generator: AdderTest port map (A,
Comparator: AdderCheck port map (D
end Structure;
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— A body of entity AndGate:

architecture Behavior of AndGate is
begin
process (Inputs)
variable Temp: Bit;
begin
Temp := '1"';
for i in Inputs'Range loop
if Inputs(i) = '0' then
Temp := '0';

exit
end if;
end loop;
Result <= Temp after 10 ns;
end process;
end Behavior;

— | A body of entity Multiplier:

architecture Sample of Multiplier
begin
Output == Inputl * Input2;
OutOfBound <= Output'Above (Bound) or-not Output'Above (-Bounfd) ;
end architecture Sample;

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

1.3 Cpnfiguration declarations

The bipding of component instances to design entities is performed by configuration specifications (s¢e 5.2);
such specifications appear in the declarative part of the block in which the corresponding comjponent
instandes are created. In certain casé€s,-iowever, it may be appropriate to leave unspecified the bindling of
component instances in a given block and to defer such specification until later. A configuration declpration
providps the mechanism for specifying such deferred bindings.

configpration declaration =

configuration identifier of entity name is
configuration-declarative part
block_configuration
endl [ 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 shall reside in the same library.
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If a simple name appears at the end of a configuration declaration, it shall repeat the identifier of the
configuration declaration.

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

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

Examples:
— An architecture of a microprocessor:

architecture Structure View of Processor is

component ALU port ( --: ); end component;
[ _component MUX Pport ( - - - J, end component;

component Latch port ( :--- ); end component;
begin

Al: ALU port map ( )

M1l: MUX port map ( )

M2: MUX port map ( ) ;

M3: MUX port map ( )

Ll: Latch port map ( --- );

L2: Latch port map ( - );

end Structure View;
— | A configuration of the microprocessor:

library TTL, Work;
configuration V4 27 87 of Processor.is
use Work.all;
for Structure View
for Al: ALU
use configuration TTL.SN74LS181;
end for;
for M1,M2,M3: MUX
use entity Multiplex4 (Behavior);
end for;
for all: Latich
-- use, defaults
end for;
end for;
end configuration V4 27 87;

1.3.1 Block canfiguration

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

block configuration ::=
for block specification
{ use_clause }
{ configuration_item }
end for ;

block_specification ::=
architecture_name
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| block statement label
| generate statement label [ (index_specification ) ]

index_specification ::=
discrete_range
| static_expression

configuration_item ::=
block configuration
| component_configuration

The blpckspecificatiom idemntities the fmtermat or extermat biock to-witcir tiisbiock configuratiom appjies.

If a blgck configuration appears immediately within a configuration declaration, then the block\spéciffication
of that|block configuration shall be an architecture name, and that architecture name shall denote a|design
entity body whose interface is defined by the entity declaration denoted by the entity name of the englosing
configpiration declaration.

If a blpck configuration appears immediately within a component configuration, then the corresppnding
compomnents shall be fully bound (see 5.2.1.1), the block specification of that bleck configuration shall be an
architgcture name, and that architecture name shall denote the same architecture body as that to whiich the
corresponding components are bound.

If a Block configuration appears immediately within anothés” block configuration, then the| block
specification of the contained block configuration shall be a block statement or generate statement lafjel, and
the label shall denote a block statement or generate statemeht'that is contained immediately within th¢ block
denotef by the block specification of the containing blo€k configuration.

If the dcope of a declaration (see 10.2) includes theiend of the declarative part of a block corresponding to a
given block configuration, then the scope of that\declaration extends to each configuration item contafined in
that block configuration, with the exception of block configurations that configure external plocks.
Similafly, if a declaration is visible (eitherdirectly or by selection) at the end of the declarative pgrt of a
block ¢orresponding to a given block cenfiguration, then the declaration is visible in each configurati¢n item
contaiped 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 th¢ block
configpiration makes potentially directly visible, then the given declaration is not directly visible in th¢ block
configfiration or any of ifs ¢onfiguration items. See 10.3.

For arly name thdt.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
configpration ‘cotresponding to the given block. For any collection of names that are labels of instafices of
the sarhe. Component appearing immediately within a given block, a corresponding component configpration

e o o ediate . given

For any name that is the label of a generate statement immediately within a given block, one or more
corresponding block configurations may appear as configuration items immediately within a block
configuration corresponding to the given block. Such block configurations apply to implicit blocks
generated by that generate statement. If such a block configuration contains 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
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parameter. If no 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 reserved word for.

The implicit block generated by the corresponding generate statement, if and only if the correspond-
ing generate statement has a generation scheme including the reserved word if and if the 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 word if and the condition in the generate scheme evaluates to
FALSE.

contai
have a

Within
to app
config
compo
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instand
in the |

It is aff
block

NOTE
by sele
contain|
ative pa
declara
clause
visible
clause

NOTE
configu

If the It)lock specification of a block configuration contains a generate statement label, and ifithis label

s an index specification, then it is an error if the generate statement denoted by the label dpes not
generation scheme including the reserved word.

a given block configuration, whether implicit or explicit, an implicit block configuration is agsumed
ear for any block statement that appears within the block corresponding to the given| block
iration, if no explicit block configuration appears for that block statement. Similarly, an implicit
nent configuration is assumed to appear for each component instanee.that appears within th¢ block
onding to the given block configuration, if no explicit componént-Configuration appears I)r that
e. Such implicit configuration items are assumed to appear following all explicit configuratiop items
lock configuration.

error if, in a given block configuration, more than one ‘configuration item is defined for thp same
r component instance.

|l—As a result of the rules described in the preceding paragraphs and in Clause 10, a simple name that if visible
tion at the end of the declarative part of a given block is also visible by selection within any configuration item
bd in a corresponding block configuration. If such'a name is directly visible at the end of the given blocld declar-
rt, it will likewise be directly visible in the corresponding configuration items, unless a use clause for a different
ion with the same simple name appears in.the corresponding configuration declaration, and the scope of that use
ncompasses all or part of those configuration items. If such a use clause appears, then the name will be directly
vithin the corresponding configuratiofritems except at those places that fall within the scope of the additignal use
at which places neither name wilkbe“directly visible).

2—If an implicit configuration item is assumed to appear within a block configuration, that jmplicit
ration item will never contain explicit configuration items.

NOTE
contain|

3—If the block specifieation in a block configuration specifies a generate statement label, and if this label
an index specificatien that is a discrete range, then the direction specified or implied by the discrete rajnge has

no signfificance other.than' to define, together with the bounds of the range, the set of generate statement parameter

values dlenoted by thefange. Thus, the following two block configurations are equivalent:

for
for

ders (31 downto 0) --- end for;
ders (0 to 31) --- end for;

NOTE 4—A block configuration is allowed to appear immediately within a configuration declaration only if the entity
declaration denoted by the entity name of the enclosing configuration declaration has associated architectures. Further-
more, the block specification of the block configuration shall denote one of these architectures.

Examples:

A block configuration for a design entity:

for ShiftRegStruct -- An architecture name.
-- Configuration items
-— for blocks and components
-- within ShiftRegStruct.

end for;
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— A block configuration for a block statement:

for B1 -- A block label.
-- Configuration items
-— for blocks and components
-- within block Bl.

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 ]

endl for ;

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

It is an error if two component configurations apply to the same ¢omponent instance.

If the gomponent configuration contains a binding indication ¢see 5.2.1), then the component configpration
implies a configuration specification for the component instances to which it applies. This implicit
configpration specification has the same component{specification and binding indication as that|of the
compopnent configuration.

If a gjven component instance is unbound in the corresponding block, then any explicit component
configpration for that instance that does notcontain an explicit binding indication will contain an irpplicit,
defaul{ binding indication (see 5.2.2), Similarly, if a given component instance is unbound [in the
corresponding block, then any impli¢it component configuration for that instance will contain an ifpplicit,
defaulq binding indication.

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

Withir] a given €omponent configuration, whether implicit or explicit, an implicit block configurgtion is
assumg¢d for thexdesign entity to which the corresponding component instance is bound, if no explicit block
configpration 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, I0O=>Dir, Vdd=>Pwr, Gnd=>Gnd)
end for;
— A component configuration containing block configurations:
for D1: DSP

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

archi X of E 1S
conponent C is end component C;

fof L1: C use entity El (X);
foy L2: C use entity E2(X);

begin
Llg C;
L21 C;

end agchitecture A;

confiquration Illegal of Work.E is
fox A

for all: C
for X -- Does not apply to the same design(éntity in all instances pf C.

end for; -- X
end for; -- C

end for; -- A
end cé¢nfiguration Illegal;
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2. Subprograms and packages

Subprograms define algorithms for computing values or exhibiting behavior. They may be used as
computational resources to convert between values of different types, to define the resolution of output
values driving a common signal, or to define portions of a process. Packages provide a means of defining
these and other resources in a way that allows different design units to share the same declarations.

There are two forms of subprograms: procedures and functions. A procedure call is a statement; a function
call is an expression and returns a value. Certain functions, designated pure functions, return the same value
each time they are called with the same values as actual parameters; the remainder, impure functions, may
return a different value each time they are called, even when multiple calls have the same actual parameter
values[Ti addition, /mpure Tunctions can update objects outside ol their scope and can access a broadgr class
of valyes than can pure functions. The definition of a subprogram can be given in two parts: a subpfogram
declargtion 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 conténts of a pgckage;
a paclage body provides hidden details. In particular, a package body contains)the bodies pf any
subprograms declared in the package declaration.

2.1 Spbprogram declarations
A subpjrogram declaration declares a procedure or a function, as indieated by the appropriate reserved word.

subprogram_declaration ::=
suljprogram_specification ;

subprogram_specification ::=

procedure designator [ ( formal parameter list) |

bure | impure | function designator [ ( formal parameter list ) ]
return type mark

—

designptor ::= identifier | operator .symbol
operatpr_symbol ::= string_literal

The spgcification of a procedure specifies its designator and its formal parameters (if any). The speciffication
of a function specifiesyits designator, its formal parameters (if any), the subtype of the returned valpe (the
result §ubtype), and whether or not the function is pure. A function is impure if its specification contdins the
reserv¢d word itnpure; otherwise, it is said to be pure. A procedure designator is always an identifier. A

functidn designator is either an identifier or an operator symbol. A designator that is an operator syfbol is
used for the-everloading of an operator (see 2.3.1). The sequence of characters represented by an operator
symbo] shall 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 1—All subprograms can be called recursively.

NOTE 2—The restrictions on pure functions are enforced even when the function appears within a protected type. That
is, pure functions whose body appears in the protected type body shall not directly reference variables declared immedi-
ately within the declarative region associated with the protected type. However, impure functions and procedures whose
bodies appear in the protected type body may make such references. Such references are made only when the referenc-
ing subprogram has exclusive access to the declarative region associated with the protected type.

2.1.1 Formal parameters

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

Formal parameters of subprograms may be constants, variables, signals, or files. In the first three cases, the
mode of a parameter determines how a given formal parameter is accessed within the subprogram. The
mode of a formal parameter, together with its class, also determines how such access is implemented. In the
fourth case, that of files, the parameters have no mode.

For those parameters with modes, the only modes that are allowed for formal parameters of a procedure are
in, inout, and out. If the mode is in and no object class is explicitly specified, constant is assumed. If the
mode is inout or out, and no object class is explicitly specified, variable is assumed.

is the
mode in (whether this mode is specified explicitly or implicitly). The object class shall be constant)signal,
or file.|If no object class is explicitly given, constant is assumed.

In a subprogram call, the actual designator (see 4.3.2.2) associated with a formal parameter of class|signal
shall bp a name denoting a signal. The actual designator associated with a formal of class variable shall be a
name {lenoting a variable. The actual designator associated with a formal of class’constant shall be an
exprespion. The actual designator associated with a formal of class file shall be amame denoting a filg.

NOTE-{-Attributes of an actual are never passed into a subprogram. References to an attribute of a formal parameter are
legal ofly 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 class constant or variable, only the valies of the actual or formal are transferred [into or
out of the subprogram call. The manner of such transfefs; and the accompanying access privileges that are
grantedl for constant and variable parameters, are desctibed in this subclause.

For a jonforeign subprogram having a parameter-of a scalar type or an access type, the parameter is[passed
by coply. At the start of each call, if the mode, is in or inout, the value of the actual parameter is copied into
the asgociated formal parameter; it is anerror if, after applying any conversion function or type conyersion
presen in the actual part of the applicable association element (see 4.3.2.2), the value of the actual pajameter
does npt belong to the subtype dendted by the subtype indication of the formal. After completion| of the
subprogram body, if the mode, is-inout or out, the value of the formal parameter is copied back ipto the
associgted actual parameter; it is similarly an error if, after applying any conversion function ¢r type
conversion present in the ~formal part of the applicable association element, the value of the [formal
paramg¢ter does not beleng to the subtype denoted by the subtype indication of the actual.

For a fjonforeign subprogram having a parameter whose type is an array or record, an implementati¢on may
pass parametet, values by copy, as for scalar types. If a parameter of mode out is passed by copy, then the
range ¢f gaclrindex position of the actual parameter is copied in, and likewise for its subelements o1 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
mechanisms 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 subprogram having a parameter whose type is a protected type, the parameter is passed by reference.
It is an error if the mode of the parameter is other than inout.

For a formal parameter of a constrained array subtype of mode in or inout, it is an error if the value of the
associated actual parameter (after application of any conversion function or type conversion present in the
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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
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 mode out or inout, it is also an error if, at the end of the
subprogram 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.

NOTE—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 implemen-
tation uses copying for parameter passing. If, however, there are multiple access paths to such a parameter (for example,
if anotler Tormal parameter 1s associated with the same actual parameter), then the value ol the formal 1s undefined after
updatinfg the actual other than by updating the formal. A description using such an undefined value is erroneQus.

2.1.1.2 Signal parameter

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

For a gignal parameter of mode in or inout, the actual signal is associatéd with the corresponding [formal
signal [parameter at the start of each call. Thereafter, during the excéution of the subprogram Hody, a
referer]ce to the formal signal parameter within an expression is equivalent to a reference to the actual|signal.

It is an error if signal-valued attributes 'STABLE, 'QUIET,‘TRANSACTION, and 'DELAYED of [formal
signal [parameters of any mode are read within a subprogram; similarly, it is an error if quantity{valued
attribufes 'RAMP or 'SLEW are read within a subprogram,

A prodess statement contains a driver for each agtital signal associated with a formal signal parameter of
mode put or inout in a subprogram call. Similarly, a subprogram contains a driver for each formal signal
paramg¢ter of mode out or inout declared incts subprogram specification.

For a [signal parameter of mode-ineut or out, the driver of an actual signal is associated wjth the
corresponding driver of the formal'signal parameter at the start of each call. Thereafter, during the ex¢cution
of the[subprogram body, an_assignment to the driver of a formal signal parameter is equivalenf to an
assignment to the driver of/the actual signal.

If an aftual signal is‘associated with a signal parameter of any mode, the actual shall be denoted by h static
signal hame. It ig-an error if a conversion function or type conversion appears in either the formal parf or the
actual part of.an.association element that associates an actual signal with a formal signal parameter.

If an ag¢tualsignal is associated with a signal parameter of any mode, and if the type of the formal is g 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.
It is also an error if the mode of the formal is in or inout and if the value of each element of the actual array
does not belong to the element subtype of the formal.
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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 reserved word bus
(see 4.3.2).

NOTE—It is a consequence of the preceding rules that a procedure with an out or inout 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 class file, references to the actual file are passed into the subprogram. No particular
parameter—peassine—echanismis-defined-by-thelansuasebut-areference-to-the—formalparametershall be
equivajent to a reference to the actual parameter. It is an error if an association element associates-ar| actual
with a|formal parameter of a file type and that association element contains a conversion furictien pr type
converpion. It is also an error if a formal of a file type is associated with an actual that is not-of-a file fype.

At the peginning of a given subprogram call, a file parameter is open (see 3.4.1) if andonly if the actpal file
object [associated with the given parameter in a given subprogram call is alse ‘open. Similarly,|at the
beginnjing of a given subprogram call, both the access mode of and external file@ssociated with (seg 3.4.1)
an opeh file parameter are the same as, respectively, the access mode of and thelexternal file associat¢d with
the actpal file object associated with the given parameter in the subprogram‘eall.

At the completion of the execution of a given subprogram call, the actual file object associated with & given
file pafameter is open if and only if the formal parameter is alspropen. Similarly, at the completion] of the
executjon of a given subprogram call, the access mode of and:the external file associated with an oper] actual
file object associated with a given file parameter are the same as, respectively, the access mode of gnd the
externgl file associated with the associated formal parameter.

2.2 Subprogram bodies
A subgrogram body specifies the execution ef a subprogram.

subprogram_body ::=
sublprogram_specification is

subprogram_declarative part

begin

subprogram_statémient part

endl [ subprogram:kind | [ designator ] ;

subprogram_declarative part ::=
{ spibprogram_declarative item }

subprogram_declarative item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant declaration
| variable_declaration
| file declaration
| alias_declaration
| attribute _declaration
| attribute_specification
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| use clause
| group_template declaration
| group_declaration

subprogram_statement part ::=
{ sequential statement }

subprogram_kind ::= procedure | function

The declaration of a subprogram is optional. In the absence of such a declaration, the subprogram
all be

subprogram specification. If a designator appears at the end of a subprogram body, it shall repgat the

It is an error if a variable declaration in a subprogram declarative part deelares a shared variablg. (See
43.1.3)

A forgign subprogram is one that is decorated with the atttibute 'FOREIGN, defined in ppckage
STANDPARD (see 14.2). The STRING value of the attribute’may specify implementation-degendent
informiation about the foreign subprogram. Foreign subprograms 'may have non-VHDL implementatigns. An
implerhentation may place restrictions on the allowable nigdes, classes, and types of the formal pargmeters
to a fofeign subprogram; such restrictions may include réstrictions on the number and allowable ordef of the
paramgters.

Excepfing foreign subprograms, the algorithm,'performed by a subprogram is defined by the sequ¢nce of
statempnts that appears in the subprogram statement part. For a foreign subprogram, the algdorithm
performed is implementation defined.

The execution of a subprogram body/is invoked by a subprogram call. For this execution, after establlishing
the asspciation between the fonmal and actual parameters, the sequence of statements of the body is ejecuted
if the qubprogram is not a fereign subprogram; otherwise, an implementation-defined action occurs| Upon
compl¢tion of the body ¢t implementation-dependent action, if exclusive access to an object of a prptected
type wps granted durifig elaboration of the declaration of the subprogram (see 12.5), the exclusive adcess is
rescinded. Then, return is made to the caller (and any necessary copying back of formal to actual pargmeters
occurs).

A prodess,or-a subprogram is said to be a parent of a given subprogram S if that process or subptogram

contaims & procedure call or function call for S or foraparentofS. |

An explicit signal is 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 ancestor of 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
signal 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.
Otherwise, 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
signal, then that object shall 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 shall 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 shall be declared
within the declarative region formed by the function; this rule also holds for the explicit ancestor, if any, of
an imptcitsigmatamdatso for the tmplicitsigm- GOARD A pure furnction sttt ot comtaima Tefergnce to
an explicitly declared file object.

A purd function shall not be the parent of an impure function.

The rujes of the preceding three paragraphs apply to all pure function subprogramsgFor pure functidns that
are nof foreign subprograms, violations of any of these rules are errors. However, since implemerftations
cannot|in general check that such rules hold for pure function subprograms that are foreign subprogfams, a
description calling pure foreign function subprograms not adhering to theserules is erroneous.

Example:
— | The declaration of a foreign function subprogram:

package P is
function F return INTEGER;
attribute FOREIGN of F: function is
"implementation-dependent” information";
end package P;

NOTE |[l—It follows from the visibility rules that a subprogram declaration shall be given if a call of the subpgrogram
occurs fextually before the subprogram body,-and that such a declaration shall occur before the call itself.

NOTE P—The preceding rules concetning pure function subprograms, together with the fact that function parpmeters
shall bg of mode in, imply that a pure function has no effect other than the computation of the returned value. [Thus, a
pure fupction invoked explicitly.as part of the elaboration of a declaration, or one invoked implicitly as part of the simu-
lation cycle, is guaranteed to Havie'no effect on other objects in the description.

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

NOTE #—The decldrative parts and statement parts of subprograms decorated with the 'FOREIGN attribute are|subject
to specfal elaboration rules. See 12.3 and 12.4.5.

NOTE p—A( pute function subprogram shall not reference a shared variable. This prohibition exists because g shared
variabl¢ canhot be declared in a subprogram declarative part and a pure function cannot reference any variable declared
outsidelotiits declarative region

NOTE 6—A subprogram containing a wait statement shall not have an ancestor that is a subprogram declared within
either a protected type declaration or a protected type body.

2.3 Subprogram overloading

Two formal parameter lists are said to have the same parameter type profile if 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 same parameter and result type profile if and 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 to designate multiple subprograms. The subprogram designator
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.

Similarly, a reference to an overloaded resolution function name in a subtype indication is ambiguous (and
is thergfoream errory if the marme of e {OTCtol, e MUmber ot fOTTal parammeters, e resuit type, and the
relatiopships between the result type and the types of the formal parameters (as defined in 2:4))are not
sufficignt to identify exactly one (overloaded) subprogram specification.

Exampyles:
— | Declarations of overloaded subprograms:

procedure Dump (F: inout Text; Value: Integer);
procedure Dump (F: inout Text; Value: String)y

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

— | Calls to overloaded subprograms:
Dump (Sys Output, 12);
Dump (Sys Error, "Actual output doeés not match expected output|

~.

Check (Setup=>10 ns, D=>DataBus, C=>Clkl);

Check (Hold=>5 ns, D=>DataBus, C=>Clk2);

Check (15 ns, DataBus, Clk) ;
-- Ambiguous i1f the “base type of DataBus is the same type
-— as the base type of Clk.

NOTE [I—The notion of parameter andtesult type profile does not include parameter names, parameter classes,|param-
eter modes, parameter subtypes, otrdefault expressions or their presence or absence.

NOTE P—Ambiguities may- (but need not) arise when actual parameters of the call of an overloaded subprogfam are
themse]ves overloaded funetion calls, literals, or aggregates. Ambiguities may also (but need not) arise when|several
overloafded subprograms)\belonging to different packages are visible. These ambiguities can usually be solved in two
ways: dualified expressions can be used for some or all actual parameters and for the result, if any; or the namg of the
subprogram can be expressed more explicitly as an expanded name (see 6.3).

2.3.1 Pperator 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 shall be one of the operators in the operator classes defined in
7.2.

The subprogram specification of a unary operator shall have a single parameter, unless the subprogram
specification is a method (see 3.5.1) of a protected type. In this latter case, the subprogram specification
shall have no parameters. The subprogram specification of a binary operator shall have two parameters;
unless the subprogram specification is a method of a protected type, in which case, the subprogram
specification shall have a single parameter. If the subprogram specification of a binary operator has 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.

NOTE 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 affect the propagation of signal values.

NOTE 2—A user-defined operator that has the same designator as a short-circuit operator (i.e., a user-defined operator
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.

NOTE 3—Functions that overload operator symbols may also be called using function call notation rather than operator
notation. 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 '1l"';
R <: "Or" (IOI,IZI);
S <=|(Q0 and R) or not S;

2.3.2 Bignatures

A signature distinguishes between overloaded subprograms“and overloaded enumeration literals bgsed on
their pprameter and result type profiles. A signature can“be used in an attribute name, entity designgtor, or
alias dgclaration.

signatyre ::= [ [ type_mark {, type mark } ]-[\return type mark ] ]

(Note that the initial and terminal brackets are part of the syntax of signatures and do not indicate that the
entire fight-hand side of the productien'is optional.) A signature is said to match the parameter and th¢ result
type piofile of a given subprogramif, and only if, all of the following conditions hold:

— | The number of type marks prior to the reserved word return, 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 samg¢ as the
base type ofythe corresponding formal parameter of the subprogram.

If the reServed word return 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 fype of
the function, or the reserved word return 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.

Example:

attribute BuiltIn 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 2.3.1.
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attribute Mapping of JMP [return 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
resolution 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

A reso

(see 4.3.1.2).

lution function shall be a pure function (see 2.1); moreover, it shall have a single input parameter of

class d
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cInstant FloatVadue: BIT := '0';

n of the collection of inputs from its multiple sources. If a resolved signal is 0fi\a’composite ty,

he the parameter of the corresponding resolution function.

are active (see 12.6.1). Each time a resolution function\is invoked, it is passed an array valu

5 that are drivers whose values are determined by null transactions (see 8.4.1). Such drivers are
For certain invocations (specifically, those involving the resolution of sources of a signal d
e signal kind bus), a resolution function may thus be invoked with an input parameter that i
his occurs when all sources of the bus ar¢drivers, and they are all off. In such a case, the res
n returns a value representing the value-of the bus when no source is driving it.

le:

tion WIRED OR (Inputs: BIT VECTOR) return BIT is

Inputs'Length = 0 then

-— Thissds a bus whose drivers are all off.
return &loatvValue;

 se

for)TI in Inputs'Range loop

if Inputs(I) = 'l' then

onstant that is a one-dimensional, unconstrained array whose element type is that of thergsolved
The type of the return value of the function shall also be that of the signal. Errors occur at'the place of
type indication containing the name of the resolution function if any of these checks fail (see 4.2).

solution function associated with a resolved signal determines the resolved value. of the signjal as a

be, and

lements of that type also have associated resolution functions, such reselution functions hpve no
bn the process of determining the resolved value of the signal. It is ari error if a resolved sigpal has
onnected sources than the number of elements in the index type of.thé unconstrained array type used

tion functions are implicitly invoked during each simulation cycle in which corresponding rgsolved

e, each

t of which is determined by a corresponding sourcevof the resolved signal, but excluding those

said to
bclared
a null
blution

return 'L ',
end if;
end loop;
return '0';

end if;
end function WIRED OR;

2.5 Package declarations

A package declaration defines the interface to a package. The scope of a declaration within a package can be
extended to other design units.
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package declaration ::=
package identifier is
package declarative part
end [ package | [ package simple name ] ;

package declarative part ::=
{ package declarative item }

package declarative item ::=
subprogram_declaration
| type_declaration

| Sy Lt_yyu_duulcuaﬁuu

| cqnstant_declaration

| siknal declaration

| sHared_variable declaration
| file declaration

| aljas_declaration

| cqmponent_declaration

| atfribute _declaration

| afribute specification

| disconnection_specification
| ude clause

| gloup template declaration
| gloup_declaration

| ngture _declaration

| sybnature declaration

| tefminal_declaration

If a sithple name appears at the end of the packagg-declaration, it shall repeat the identifier of the ppckage
declargtion.

If a package declarative item is a type _declaration (i.e., a full type declaration whose type definitipn is a
protecfed type definition), then that prétected type definition shall not be a protected type body.

Items dleclared 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 subprpgrams,
deferreql constants, orprotected type definitions are declared in the package declaration.

Examples:

— | ASpackage declaration that needs no package body:

package TimeConstants 1s

constant tPLH: Time := 10 ns;
constant tPHL: Time := 12 ns;
constant tPLZ: Time := 7 ns;
constant tPZL: Time := 8 ns;
constant tPHZ: Time := 8 ns;
constant tPZH: Time := 9 ns;

end TimeConstants;
— A package declaration that needs a package body:

package TriState is
type Tri is ('0', '1l', 'z', 'E");
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function BitVal (Value: Tri) return Bit;

function TrivVal (Value: Bit) return Tri;

type TriVector is array (Natural range <>) of Tri;

function Resolve (Sources: TriVector) return Tri;
end package TriState;

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.

packade body ::=

patkage body package simple name is
package body declarative part
endl [ package body | [ package simple name | ;

packade body declarative part ::=
{ package body declarative item }

package body declarative item ::=
sybprogram_declaration

| sybprogram_body

| type_declaration

| sybtype declaration

| cqnstant_declaration

| sHared_variable declaration
| file declaration

| aljas declaration

| ude clause

| gloup template declaration
| g:loup_declaration

The sifple name at the start of a package body shall repeat the package identifier. If a simple name gppears
at the ¢gnd of the package bodys.it shall be the same as the identifier in the package declaration.

In add]tion to subprogram body and constant declarative items, a package body may contain certaip other
declargtive items to fagilifate the definition of the bodies of subprograms declared in the interface| Items
declargd in the body.0f a package cannot be made visible outside of the package body.

If a glven package declaration contains a deferred constant declaration (see 4.3.1.1), then a cpnstant
declargtiofy with the same identifier shall appear as a declarative item in the corresponding packagg¢ body.
This objeet’declaration is called the full declaration of the deferred constant. The subtype indication given in
the full declaration shall 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
corresponding full declaration is not defined by the language.

Example:

package body TriState is
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function BitVal (Value: Tri) return Bit is
constant Bits : Bit Vector := "0100";
begin
return Bits (Tri'Pos (Value)):;
end;

function Trival (Value: Bit) return Tri is
begin

return Tri'Val (Bit'Pos (Value)) ;
end;

f$nction Resolve (Sources: TriVector) return Tri is
variable V: Tri := 'Z';
begin
for i in Sources'Range loop
if Sources (i) /= 'Z' then

if v = "'Z"' then
V := Sources (i) ;
else
return 'E';
end if;
end if;
end loop;
return V;

end;

end package body TriState;

2.7 Cpnformance rules

Whengver the language rules either require or allow the specification of a given subprogram to be provided
in morg 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 thg same
value.
— | A simple name c¢an 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 spibprogram_specifications are said to conform if, apart from comments and the preceding allowed
variatipns, both specifications are formed by the same sequence of lexical elements and if corresppnding
lexicallelements are given the same meaning by the visibility rules.

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

NOTE 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.

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

NOTE 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 basif operation is 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 parf in the
form of a type conversion, or an implicit type conversion of a value. oftype universal int¢ger or
universal_real to the corresponding value of another numeric type

— | A numeric literal (for a universal type), the literal null (for an acdess'type), a string literal, a bif string
literal, an aggregate, or a predefined attribute

There fire five classes of types. Scalar types are integer types, floating-point types, physical types, an{l types
definedl by an enumeration of their values; values of these types have no elements. Composite types ate array
and red¢ord types; values of these types consist of element valties. Access types provide access to objegts of a
given fype. File types provide access to objects that contain a sequence of values of a given type. Prptected
types fJrovide atomic and exclusive access to variables-accessible to multiple processes.

The st of possible values for an object of a.given type can be subjected to a condition that is cplled a
constrqint (the case where the constraint imiposes no restriction is also included); a value is said to satisfy a
constrgint if it satisfies the correspondihg-condition. A subtype is a type together with a constraint. 4 value
is said|to belong to a subtype of a given type if it belongs to the type and satisfies the constraint; th¢ given
type if called the base fype of the-subtype. A type is a subtype of itself; such a subtype is said to be
uncondtrained (it corresponds te, a’condition that imposes no restriction). The base type of a type is the type
itself.

The sqt of operations. defined for a subtype of a given type includes the operations defined for thp type;
howevr, the assighment operation to an object having a given subtype only assigns values that belong to the
subtypp. Additional operations, such as qualification (in a qualified expression) are implicitly defin¢d by a
subtypg declaration.

The tL/ juny ;)l/LLl;CI»ICIILCIlt ;D ub\zd ;11 th;a Dtalldald ;ll }J}d\/\/ Uf th\/ t\zllll Lzl\/lll\zllt tU iud;uatu U;th\zl alr \41\/111\411 5 Or an
element of another element or subelement. Where other subelements are excluded, the term element is used
instead.

A given type shall not have a subelement whose type is the given type itself. Similarly, a given nature shall
not have a subelement whose nature is the given nature itself. Natures are introduced in 3.6.

A member of an object is one of the following:
— A slice of the object
— A subelement of the object

— 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 standard as a qualifier for objects and values that have
a type or nature of the class considered. For example, the term array object is used for an object whose type
is an array type or whose nature is an array nature; similarly, the term access value is 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 of enumeration types, integer types, physical types, and floating-point types.
Enumeration types and integer types are called discrete types. Integer types, floating-point types, and
physichl types are called numeric types. All scalar types are ordered; that is, all relational operatprs 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 ::=
efumeration_type_definition
| integer type_definition
| flpating_type definition
| plysical type definition

range [constraint ::= range range

range {=
rqnge_attribute_name
| simple_expression direction simple_expression

directipn ::= to | downto

A rangle specifies a subset of values of a scalar type. A range is said to be a nul/l range if the specified subset
is emply.

The raphge L to R is called an ascending range; if L > R, then the range is a null range. The range L downto
R is cdlled a descending range; if L <R, then the range is a null range. The smaller of L and R is called the
lower bound, and the langer; the upper bound, of the range. The value V is said to belong to the rangp if the
relatiops (lower bound<= V) and (V <= upper bound) are both true and the range is not a null range. The
operatdrs >, <, and <="1n the preceding definitions are the predefined operators of the applicable scalgr type.

For values of discrete or physical types, a value V1 is said to be to the left of a value V2 within a giveh range
if both|{ V4 and V2 belong to the range and either the range is an ascending range and V2 is the succdssor of
V1, ortheranse-isa-descendingrange-and is-the-predecessoro —Ahst-of-values-ofa-sivensane is in
left to right order if each value in the list is to the left of the next value in the list within that range, e

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) shall be the same as the base type of the type mark of the subtype indication. A range
constraint is compatible with a subtype if each bound of the range belongs to the subtype or if the range
constraint 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.
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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

enume;
literal;
declar4
enume;

An en
literal.

Each ¢
enume;
of the
one m

If the
corresj
occurs
overlo

Each ¢

Examp

type

type

type

3.1.1.

for the purpose of determining the parameter and result type profile of an enumeration liter
tion is equivalent to the declaration of a parameterless function whose designator is the samg
ration literal and whose result type is the same as the enumeration type.

imeration type is said to be a character type if at least one of its enumeration literals is a ch

numeration literal yields a different enumeration value. The predefined order relations b
ration values follow the order of corresponding position numbers. The position number of th

re than that of its predecessor in the list.

same identifier or character literal is specified in more than one enumeration type definiti
onding literals are said to be overloaded. At any\place where an overloaded enumeration|
in the text of a program, the type of the enumeration literal is determined according to the rv
hded subprograms (see 2.3).

numeration type definition defines an asceénding range.

les:

MULTI LEVEL LOGIC is (LOW, HIGH, RISING, FALLING, AMBIGUOUS) ;
BIT is ('0'/'X");

SWITCH_LEVEL is ('0','1','X"); -- Overloads '0' and '1'

Predefined enumeration types

The identifiers and character literals listed by an enumeration type definition shall be distinct within the

meration

al, this
as the

aracter

Ptween
e value

first listed enumeration literal is zero; the position number for éach additional enumeration literal is

bn, the
literal
les for

The predefined enumeration types are CHARACTER, BIT, BOOLEAN, SEVERITY L
FILE OPEN KIND, and FILE OPEN_STATUS.

VEL,

The predefined type CHARACTER is a character type whose values are the 256 characters of the
ISO/IEC 8859-1:1998 [B7]° 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.

5The numbers in brackets correspond to those of the bibliography in Annex F.
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NOTE 1—The first 33 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/IEC 8859-1:1998 [B7] does not assign them abbreviations. The next 32 (C128 through C159)
are also not assigned abbreviations, so names unique to VHDL are assigned.

NOTE 2—Type BOOLEAN can be used to model either active high or active low logic depending on the particular con-
version 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.

integer_fypp_ﬂpﬁhiﬁ'nn = rqngn constraint

An intg¢ger type definition defines both a type and a subtype of that type. The type is an anonymous type, the
range ¢f which is selected by the implementation; this range shall be such that it wholly contains th¢ range
given in the integer type definition. The subtype is a named subtype of this anonymous base’type, where the
name ¢f the subtype is that given by the corresponding type declaration and the rangeyof the subtypg is the
given fange.

Each Yound of a range constraint that is used in an integer type definition shall be a locally static expression
of sonje integer type, but the two bounds need not have the same integer type. (Negative bounds are
alloweg.)

Integet literals are the literals of an anonymous predefined type/that is called universal integer [in this
standafd. Other integer types have no literals. However, for each integer type there exists an implicit
converpion that converts a value of type universal integerrinto the corresponding value (if any)|of the
integeq type (see 7.3.5).

The pdsition number of an integer value is the corresponding value of the type universal_integer.
The sajme arithmetic operators are predefin€d for all integer types (see 7.2). It is an error if the execition of
such ap 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 resttict*the bounds of the range constraint of integer types other than type
univerfal integer. Howevef,an implementation shall allow the declaration of any integer type whos¢ range
is wholly contained within the bounds —2147483647 and +2147483647 inclusive.

Examples:

type |TWQS ,COMPLEMENT INTEGER is range -32768 to 32767;

type BYTE LENGTH TINTEGER 1s range U to Z55;

type WORD INDEX is range 31 downto O;

subtype HIGH BIT LOW is BYTE LENGTH INTEGER range 0 to 127;
3.1.2.1 Predefined integer types

The only predefined integer type is the type INTEGER. The range of INTEGER is implementation
dependent, but it is guaranteed to include the range —2147483647 to +2147483647. It is defined with an
ascending range.
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NOTE—The range of INTEGER in a particular implementation is determinable from the values of its '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

primar
second
physic
A phyj
range

given

the naf

the giv

Each b

units

[JIillldly_l,llliL_L‘lCleldLiUll

{ secondary unit_declaration }
end units [ physical type simple name ]
y unit_declaration ::= identifier ;

ary unit_declaration ::= identifier = physical literal ;

h1 literal ::= [ abstract_literal | unit_name

f which is selected by the implementation; this range shall be such that it wholly contains th

en range.

ound of a range constraint that is used in a physical type definition shall be a locally static exp

ical type definition defines both a type and a subtype of that type-"The type is an anonymous type, the

b range

n the physical type definition. The subtype is a named sabtype of this anonymous base type| where
ne of the subtype is that given by the corresponding, type declaration and the range of the subtype is

ression

of sonpe integer type, but the two bounds neéd'not have the same integer type. (Negative bounpds are

allowe

Each |
name.

.)

nit declaration (either the primary unit declaration or a secondary unit declaration) defines|

integr
unit n;

If a sithple name appears-at the end of a physical type declaration, it shall repeat the identifier of t}
declargtion in which the physical type definition is included.

The abstract literal portion (if present) of a physical literal appearing in a secondary unit declaration s

an int

Unit names declared in secgndary unit declarations shall be directly or indirectly defined in tg
| multiples of the primary-unit of the type declaration in which they appear. The position num|
es need not lie within-the range specified by the range constraint.

erliteral.

a unit
rms of
bers of

e type

hall be

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
accompanying 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 (i.e., if the value corresponding to the mathematical result
is not a value of the physical type).
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An implementation may restrict the bounds of the range constraint of a physical type. However, an
implementation shall allow the declaration of any physical type whose range is wholly contained within the
bounds —2147483647 and +2147483647 inclusive.

Examples:

type DURATION is range -1E18 to 1E18

units
fs; --femtosecond
pPs = 1000 fs; --picosecond
ns = 1000 ps; --nanosecond
us = 1000 ns; --microsecond
ms = 1000 us; --millisecond
sec = 1000 ms; --second
min = 60 sec; --minute

end units;

type |DISTANCE is range 0 to 1lE16
units
-- primary unit:
A; —-—angstrom

-- metric lengths:

o

nm = 10 A; --nanometer

um = 1000 nm; -“mlcrometer (or micron)
mm = 1000 um; t4amillimeter

cm = 10 mm; --centimeter

m = 1000 mm; --meter

km = 1000 m; --kilometer

-- English lengths:

mil = 254006004; --mil
inch = 1000Nmil; --inch
ft = 12\inch; --foot
yd = 3~ ft; --yard
fm = 6 ft; --fathom
mi = 5280 ft; --mile
1g = 3 mi; --league

end. units DISTANCE;

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

x := 5 A + 13 ft - 27 inch;
y := 3 ns + 5 min;

z :=ns / ps;

X =z * mi;

y = y/10;

z := 39.34 inch / m;

NOTE 1—The 'POS and 'VAL attributes may be used to convert between abstract values and physical values.
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NOTE 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 shall 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) is the resolution limit for type TIME. Any TIME
value whose ) aller than this limit is tru 0) time uni implementation
low a given execution of a model (see 12.6) to select a secondary unit of type TIME as the fesplution
limit. Furthermore, an implementation may restrict the precision of the representation of values ¢f type
TIME fnd the results of expressions of type TIME, provided that values as small as the resglution limit are
repres¢ntable within those restrictions. It is an error if a given unit of type TIME appears@nywhere|within
the deqign 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,
unless [that unit is part of a physical literal whose abstract literal is either thé~integer value zero|or the
floating-point value zero.

o A
[1) [ Al 1INPICIT)

NOTE+}-By selecting a secondary unit of type TIME as the resolution limit for type TIME, it may be possible o simu-
late for]a longer period of simulated time, with reduced accuracy, or to simulate with greater accuracy for afshorter
period ¢f simulated time.

Cross-feferences: Delay and rejection limit in a signal assighment, 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 waveforin, 8.4.1; wait statements, timeout clause n, 8.1;
Elaborption of a declarative part, 12.3.

3.1.4 Floating-point types
Floatinjg-point types provide approximations to the real numbers.
floating_type definition ::= range\ constraint

A floafing type definition defines both a type and a subtype of that type. The type is an anonymous ty|pe, the
range ¢f which is select¢d by the implementation; this range shall be such that it wholly contains th¢ range
given in the floating type-definition. The subtype is a named subtype of this anonymous base type, where the
name ¢f the subtype.s that given by the corresponding type declaration and the range of the subtyp¢ is the
given fange. The tolerance group of the subtype (see 4.2) is a value of type STRING equal to an|empty
string literal-

Each blound of a range constraint that is used in a floating type definition shall 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 is called universal real in 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 type universal real into 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).
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An implementation shall choose a representation for all floating-point types except for universal real that
conforms either to IEEE Std 754™-1985 [B2] or to IEEE Std 854™-1987 [B3]; in either case, a minimum
representation size of 64 bits is required for this chosen representation.

An implementation may restrict the bounds of the range constraint of floating-point types other than type
universal real. However, an implementation shall allow the declaration of any floating-point type whose
range is wholly contained within the bounds allowed by the chosen representation.

NOTE—An 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 might not be easily accomplished
on many host systems.

3.1.4. 1 Predefined-floating=point-types

The onjly predefined floating-point type is the type REAL. The range of REAL is host-dependent, hut it is
guaranfteed to be the largest allowed by the chosen representation. It is defined with an ascending ranpe.

NOTE+-The range of REAL in a particular implementation is determinable from the values, of‘its 'LOW and 'HIGH
attributgs.

3.2 Composite types

Compgsite 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_ef values of potentially heterogeneous

types).

compogite type definition ::=
afray type_ definition
| rgcord type definition

An obfect of a composite type represents a collection of objects, one for each element of the composite
object|It is an error if a composite type contains elements of file types or protected types. Thus an object of
a composite type ultimately represents, a“collection of objects of scalar or access types, one fqr each
noncoinposite subelement of the composite object.

3.2.1 Array types
An arrhy object is a composite object consisting of elements that have the same subtype. The namg for an
elemerft of an array uses one or more index values belonging to specified discrete types. The valug¢ of an

array dbject is a composite value consisting of the values of its elements.

array fype definition ::=
ungonstrained array definition | constrained array definition

unconstrained_array definition ::=
array ( index subtype definition {, index_subtype definition } )
of element subtype indication

constrained_array definition ::=
array index constraint of element _subtype indication

index_subtype_definition ::= type_mark range <>

index_constraint ::= ( discrete_range { , discrete range } )
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discrete range ::= discrete_subtype_indication | range

An array object is characterized by the number of indices (the dimensionality of the array); the type,
position, 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
corresponding range; this range of values is called the index range.

An un
has th
elemer
subtyp
right b

similafly, the direction of each index range is not defined. The symbol <> (called a pox) in an index

definit
directi
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onstrained array definition defines an array type and a name denoting that type. For each obj
b array type, the number of indices, the type and position of each index, and the subtype
ts are as in the type definition. The index subtype for a given index position is, by definiti
e denoted by the type mark of the corresponding index subtype definition. The values.of the |
ounds of each index range are not defined, but shall belong to the corresponding index sy

on stands for an undefined range (different objects of the type need not-have the same boun
b1).

trained 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 (in
unconstrained array definition, in which the element subtype indication is that of the cons
array definition and in which the type mark of each index subtype definition denotes the s
defined by the corresponding discrete range.

The array subtype is the subtype obtained by imposition of the index constraint on the array t

nstrained array definition is given for a type-declaration, the simple name declared by this decl|
5 the array subtype.
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bt contain a resolution function.

les:
Examples of constrained array declarations:

type MY/WORD is array (0 to 31) of BIT;
-=( A memory word type with an ascending range.

type DATA IN is array (7 downto 0) of FIVE LEVEL LOGIC;

ication

A IR~ ~C T N PN Tt ol condl o oo
£

it 3
AAAAAA put—port—type—with—a—descending
Example of unconstrained array declarations:

type MEMORY is array (INTEGER range <>) 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 (0 to 2**n-1);
-- Defines a memory of 2" 32-bit words.
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NOTE—The rules concerning constrained type declarations mean that a type declaration with a constrained array defini-
tion such as

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

subtype index subtype is POSITIVE range MINIMUM to MAX;

type array type is array (index subtype range <>) of ELEMENT;

subtype T is array type (index subtype);

where index_subtype and array_type are both anonymous. Consequently, T is the name of a subtype and all objects
declarefl " with this type mark arc arrays that have the same mdex range.

3.2.1.1 Index constraints and discrete ranges

An indlex constraint determines the index range for every index of an array type and, thereby, the
corresponding array bounds.

For a discrete range used in a constrained array definition and defined by a rangey’an implicit conversion to
the prddefined type INTEGER is assumed if each bound is either a numeri¢ literal or an attribute, anfl if the
type of both bounds (prior to the implicit conversion) is the type universal\integer. Otherwise, both bounds
shall bg of the same discrete type, other than universal integer; this type shall be determined independently
of the ¢ontext, but using the fact that the type shall be discrete and.that both bounds shall have the sanfe type.
These fules apply also to a discrete range used in an iteration scheme (see 8.9) or a generation scherhe (see
9.7).

If an idex constraint appears after a type mark in a subfype indication, then the type or subtype dengted by
the type mark shall not already impose an index\constraint. The type mark shall denote either an
uncongtrained array type or an access type whose-designated type is such an array type. In either cdse, the
index ¢onstraint shall provide a discrete range for each index of the array type, and the type of each discrete
range ghall be the same as that of the corresponding index.

An index constraint is compatible with’ the type denoted by the type mark if, and only if, the copstraint
definedl by each discrete range is eompatible with the corresponding index subtype. If any of the discrete
ranges|defines a null range, any array thus constrained is a null array, having no elements. An array value
satisfigs an index constraintiifiat each index position the array value and the index constraint have the same
index fange. (Note, howeyer, that assignment and certain other operations on arrays involve an implicit
subtypg conversion.)

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

a) | For(a wariable, signal, or quantity declared by an object declaration, the subtype indication| of the
cofresponding object declaration shall define a constrained array subtype (and thereby, th¢ index
Tange 10T each index of e object). 1he Same Tequirement 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.

b) For a terminal declared by an object declaration, the subnature indication of the corresponding
object declaration shall 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 declara-
tion 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).
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d)

2

h)

)

k)

If the
corresf
then th
depend

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; other-
wise, 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

+la 1. L1 1 1
T~ apprCavTCc STUPTU ST AT Uart.

For a formal parameter of a subprogram that is of an unconstrained array type (@nd|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 those of the base type ©f tHe fornpal; the
high and low bounds of the index ranges are respectively determined fromithe maximym and
minimum values of the indices given in the association elements corresponding’to the formal

For a formal generic or a formal port of a design entity or of a blogk ‘statement that i of an
unconstrained array type and that is associated in whole, the index(tanges are obtained frpm the
corresponding association element in the generic map aspect (in thé<ase of a formal generic)|or port
map aspect (in the case of a formal port) of the applicable (impli¢it or explicit) binding indicgtion.

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) orport 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 compaonent 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 those of the base type of the local; the high and
low bounds of the index ranges are respectively determined from the maximum and minimym val-
ues of the indices given in the association elements corresponding to the local.

index ranges for an interface;-Object or member of an interface object are obtained fr¢m the
onding association element\(when associating in whole) or elements (when associating individually),
ey are determined eithér by the actual part(s) or by the formal part(s) of the association elenent(s),
ing upon the mode of'the interface object, as follows:

For an interface object or member of an interface object whose mode is in, inout, or linkagg, if the
actual part ificludes a conversion function or a type conversion, then the result type of that finction
or the typeimark of the type conversion shall be a constrained array subtype, and the index|ranges
are obtained from this constrained subtype; otherwise, the index ranges are obtained from thq object
or,value denoted by the actual designator(s).

For“an interface object or member of an interface object whose mode is out, buffer, input, or

For an

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 shall 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).

interface object of mode inout or linkage, the index ranges determined by the first rule shall be

identical to the index ranges determined by the second rule.

Examples:

type

Word is array (NATURAL range <>) of BIT;
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type Memory is array (NATURAL range <>) of Word (31 downto 0);

constant A Word: Word := "10011";
-- The index range of A Word is 0 to 4

entity E is
generic (ROM: Memory) ;
port (Opl, Op2: in Word; Result: out Word);
end entity E;
-—- The index ranges of the generic and the ports are defined by

1-2007(E)

- Ltlie aCltiudls asSsocldted wW1lUtIl dll 1isStdlice DOoOUlld TO L, CllesSe 111
-1 ranges are accessible via the predefined array attributeg
- (see 14.1).

signal A, B: Word (1 to 4);
signal C: Word (5 downto 0);

Instdnce: entity E

ge¢neric map (1 to 2 => (others => '0'))

pIrt map (A, Op2(3 to 4) => B(l to 2), Op2(2))=> B(3),

Result => C(3 downto 1)) ;

-1 In this instance, the index range of/ROM is 1 to 2 (matching
- that of the actual), the index range of Opl is 1 to 4 (match
-1 the index range of A), the index“range of Op2 is 2 to 4, and
- the index range of Result is (3 downto 1) (again matching tI
-1+ 1index range of the actual).

3.2.1.2 Predefined array types

The pfedefined array types are STRING, REAL VECTOR, and BIT VECTOR, defined in p|
STANDARD in Clause 14.

The values of the predefined type STRING are one-dimensional arrays of the predefine
CHARACTER, indexed/by-values of the predefined subtype POSITIVE:

subtype POSITIVE is INTEGER range 1 to INTEGER'HIGH;
type |STRING. 1is array (POSITIVE range <>) of CHARACTER;

The valués of the predefined types BIT VECTOR and REAL VECTOR are one-dimensional arrays

lex

I ng

e

ackage

1 type

of the

df ad + RIT AREAL 1 1 o | d 1 1 £ 4] daf = Lt MNATLIRA
pI‘e CImeer CypPUDOTT anU I TOSPLCTveTy - THOCACT O Yy v arat s OT e protlmet-SUOty pCINZ Y T O T

subtype NATURAL is INTEGER range 0 to INTEGER'HIGH;
type BIT VECTOR is array (NATURAL range <>) of BIT;
type REAL VECTOR is array (NATURAL range <>) of REAL;
Examples:

variable MESSAGE: STRING (1 to 17) := "THIS IS A MESSAGE";

signal LOW BYTE: BIT VECTOR (0 to 7);
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3.2.2 Record types

A record type is a composite type, objects of which consist of named elements. The value of a record object
is a composite value consisting of the values of its elements.

record type definition ::=
record
element_declaration
{ element_declaration }
end record [ record type simple name |

elemerft_dectaration 7=
identifier list : element subtype definition ;

identifjer list ::= identifier { , identifier }

element_subtype definition ::= subtype indication
Each dlement declaration declares an element of the record type. The identifiers of all elements of a|record
type shall be distinct. The use of a name that denotes a record element is ngt aHowed within the recopd type
definitjon that declares the element.
An elgment declaration with several identifiers is equivalent to a~séquence of single element declagations.
Each {ingle element declaration declares a record element whose subtype is specified by the dlement

subtypg definition.

If a sifnple name appears at the end of a record type-détlaration, it shall repeat the identifier of tle type
declargtion in which the record type definition is included.

A recard type definition creates a record type;\it consists of the element declarations in the order inf which
they appear in the type definition.

Exampyle:

type |DATE is

record
DAY : INTEGER range 1 to 31;
MONTH : «MONTH NAME;
YEAR (INTEGER range 0 to 4000;

end recoxrd;

3.3 Access types

An object declared by an object declaration is created by the elaboration of the object declaration and is
denoted by a simple name or by some other form of name. In contrast, objects that are created by the
evaluation of allocators (see 7.3.6) have no simple name. Access to such an object is achieved by an access
value returned by an allocator; the access value is said to designate the object.

access_type_definition ::= access subtype indication
For each access type, there is a literal null that has a null access value designating no object at all. The null

value of an access type is the default initial value of the type. Other values of an access type are obtained by
evaluation of a special operation of the type, called an allocator. Each such access value designates an object
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of the subtype defined by the subtype indication of the access type definition. This subtype is called the
designated subtype and the base type of this subtype is called the designated type. The designated type shall
not be a file type or a protected type; moreover, it shall not have a subelement that is a file type or a
protected type.

An object declared to be of an access type shall be an object of class variable. An object designated by an
access value is always an object of class variable.

The only form of constraint that is allowed after the name of an access type in a subtype indication is an
index constraint. An access value belongs to a corresponding subtype of an access type either if the access
value is the null value or if the value of the designated object satisfies the constraint.

Examples:

type |ADDRESS is access MEMORY;
type |BUFFER PTR is access TEMP BUFFER;

NOTE |l—An access value delivered by an allocator can be assigned to several variables/of‘the corresponding access
type. Hpnce, it is possible for an object created by an allocator to be designated by more than one variable of th¢ access
type. A access value can only designate an object created by an allocator; in particular, it cannot designate afp object
declarefl by an object declaration.

NOTE p—If the type of the object designated by the access value is an array/ type, this object is constrained yvith the
array bpunds supplied implicitly or explicitly for the corresponding allocatdr:

3.3.1 Incomplete type declarations

The ddsignated type of an access type can be of any type except a file type or a protected type (see $.3). In
particylar, the type of an element of the designated type‘can be another access type or even the same|access
type. This permits mutually dependent and recursiv@ access types. Declarations of such types require|a prior
incomplete type declaration for one or more typgs.

incomplete_type declaration ::= type identifier ;
For earh incomplete type declarafion there shall be a corresponding full type declaration with the same
identifjer. This full type declaration shall occur later and immediately within the same declarative part as the
incomplete type declaration to-which it corresponds.
Prior t¢ the end of the ¢orresponding full type declaration, the only allowed use of a name that denoteq a type
declar¢d by an incemplete type declaration is as the type mark in the subtype indication of an acceps type

definitjon; no comnstraints are allowed in this subtype indication.

Example of \aiecursive type:

type CELL; -- An incomplete type declaration.
type LINK is access CELL;

type CELL is

record
VALUE : INTEGER;
SuUcCcC : LINK;
PRED : LINK;
end record CELL;
variable HEAD: LINK := new CELL' (0, null, null);
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variable \NEXT\: LINK := HEAD.SUCC;
Examples of mutually dependent access types:

type PART; -- Incomplete type declarations.
type WIRE;

type PART PTR is access PART;
type WIRE PTR is access WIRE;

-+

type PARFTFIST—is—array T E—range

tPOSTEE of—P&
type |WIRE LIST is array (POSITIVE range <>) of WIRE PTR;

type |PART LIST PTR is access PART LIST;
type |WIRE LIST PTR is access WIRE LIST;

type | PART is
record
PART NAME : STRING (1 to MAX STRING LEN),
CONNECTIONS : WIRE LIST PTR;
end record;

type |WIRE is

record
WIRE NAME : STRING (1 to MAX_STRING_LEN);
CONNECTS : PART_LIST_PTR;

end record;
3.3.2 Allocation and deallocation of objects

An object designated by an access\value is allocated by an allocator for that type. An allocator is a grimary
of an |expression; allocators are -described in 7.3.6. For each access type, a deallocation operation is
implicitly declared immedjately following the full type declaration for the type. This deallocation opgration
makesl|it possible to deallocate explicitly the storage occupied by a designated object.

Given fthe following-access type declaration:

type |AT (iss access T;

the followingoperatiom is mpticitty dectared immediatety fottowimg the access type dectaratiorn
procedure DEALLOCATE (P: inout AT);

Procedure DEALLOCATE takes as its single parameter a variable of the specified access type. If the value
of that variable is the null value for the specified access type, then the operation has no effect. If the value of
that variable is an access value that designates an object, the storage occupied by that object is returned to
the system and may then be reused for subsequent object creation through the invocation of an allocator. The
access parameter P is set to the null value for the specified type.

NOTE—If an access value is copied to a second variable and is then deallocated, the second variable is not set to null
and thus references invalid storage.
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3.4 File types

A file type definition defines a file type. File types are used to define objects representing files in the host
system environment. The value of a file object is the sequence of values contained in the host system file.

file_type definition ::= file of type _mark

The type mark in a file type definition defines the subtype of the values contained in the file. The type mark
may denote either a constrained or an unconstrained subtype. The base type of this subtype shall not be a file
type, an access type, or a protected type. If the base type is a composite type, it shall not contain a
subelement of an access type, a file type, or a protected type. If the base type is an array type, it shall be a
one-difnensional array type.

Examples:

file|of STRING -- Defines a file type that can contain
-- an indefinite number of strings-of
-- arbitrary length.

file|of NATURAL -- Defines a file type that(can contain
-- only nonnegative intege¥ values.

3.4.1 File operations

The lapguage implicitly defines the operations for objects-of‘a file type. Given the following file type
declargtion:

type F[I is file of TM;

where |type mark TM denotes a scalar type, astecord type, or a constrained array subtype, the following
operatjons are implicitly declared immediately following the file type declaration:

procedure FILE OPEN (file.'B: FT;
External Name: in STRING;
Open Kind: in FILE OPEN KIND := READ MODE);

procedure FILE OPEN (Status: out FILE OPEN STATUS;

file F: FT;

External Name: in STRING;

Open Kind: in FILE OPEN KIND := READ MODE);

proc?dure FILE CLOSE (file F: FT);

procedure READ (file F: FT; VALUE: out TM);

procedure WRITE (file F: FT; VALUE: in TM);

function ENDFILE (file F: FT) return BOOLEAN;

The FILE OPEN procedures open an external file specified by the External Name parameter and associate
it with the file object F. If the call to FILE _OPEN is successful (see below), the file object is said to be open

and the file object has an access mode dependent on the value supplied to the Open Kind parameter (see
14.2).
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If the value supplied to the Open Kind parameter is READ MODE, the access mode of

the file

object is read-only. In addition, the file object is initialized so that a subsequent READ will return
the first value in the external file. Values are read from the file object in the order that they appear in

the external file.

If the value supplied to the Open_Kind parameter is WRITE_MODE, the access mode of
object is write-only. In addition, the external file is made initially empty. Values written to
object are placed in the external file in the order in which they are written.

If the value supplied to the Open_Kind parameter is APPEND MODE, the access mode of

the file
the file

the file

object is write-only. In addition, the file object is initialized so that values written to it will be added

to the end of the external file in the order in which they are written.

tecond form of FILE OPEN, the value returned through the Status parameter indicates the(re

the prdcedure call:

The fi
under

A call

Simila

OPEN

If a fi
extern

A value of OPEN OK indicates that the call to FILE OPEN was successful: If the

access mode of the file object passed to the call is write-only, then the externaDfile is created

with it.

append to an external file that does not exist). This value isralse returned if the external file
be associated with the file object for any reason.

Open_Kind.

dentical conditions, would return a Status value other than OPEN_OK.

| OK.

e object F is associated ‘with an external file, procedure FILE CLOSE terminates access

FILE [CLOSE has no effect-In either case, the file object is no longer open after a call to FILE_CLO
associgtes the file object with the formal parameter F.

An implicit call to FILE CLOSE exists in a subprogram body for every file object declared
corresponding subprogram declarative part. Each such call associates a unique file object with the

param

ter’Frand is called whenever the corresponding subprogram completes its execution.

ults of

call to

FILE OPEN specifies an external file that does not exist at the beginning of the’call, and if the
A value of STATUS _ERROR indicates that the file object already has.ah.external file asspciated

A value of NAME ERROR indicates that the external file does not‘exist (in the case of an attgmpt to
read from the external file) or the external file cannot be created (in the case of an attempt to write or

cannot

A value of MODE ERROR indicates that the externak file cannot be opened with the requested

st form of FILE OPEN causes an error to oceur if the second form of FILE OPEN, when| called

to FILE _OPEN of the first form is successful if and only if the call does not cause an error to] occur.
ly, a call to FILE OPEN of the secend form is successful if and only if it returns a Status vplue of

to the

11 file associated with.F-and closes the external file. If F is not associated with an external file, then

SE that

in the
formal

Procedure READ retrieves the next value from a file; it is an error if the access mode of the file object is
write-only or if the file object is not open. Procedure WRITE appends a value to a file; it is similarly an error
if the access mode of the file object is read-only or if the file is not open. Function ENDFILE returns FALSE
if a subsequent READ operation on an open file object whose access mode is read-only can retrieve another
value from the file; otherwise, it returns TRUE. Function ENDFILE always returns TRUE for an open file
object whose access mode is write-only. It is an error if ENDFILE is called on a file object that is not open.

For a file type declaration in which the type mark denotes an unconstrained array type, the same operations
are implicitly declared, except that the READ operation is declared as follows:

procedure READ (file F: FT; VALUE: out TM; LENGTH: out Natural);
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The READ operation for such a type performs the same function as the READ operation for other types, but
in addition it returns a value in parameter LENGTH that specifies the actual length of the array value read by
the operation. If the object associated with formal parameter VALUE is shorter than this length, then only
that portion of the array value read by the operation that can be contained in the object is returned by the
READ operation, and the rest of the value is lost. If the object associated with formal parameter VALUE is
longer than this length, then the entire value is returned and remaining elements of the object are unaffected
by the READ operation.

An error will occur when a READ operation is performed on file F if ENDFILE(F) would return TRUE at
that point.

At the ppegmmmgoftheexecutiomrofanyfitcoperation;theexecutiomrof thefitcoperatromrbfocks(sep 12.5)
until exclusive access to the file object denoted by the formal parameter F can be granted. Exclusive|access
to the |given file object is then granted and the execution of the file operation proceeds,.Once the file
operatfon completes, exclusive access to the given file object is rescinded.

NOTE+-Predefined package TEXTIO is provided to support formatted human-readable I/O. (If\defines type TEXT (a
file typp representing files of variable-length text strings) and type LINE (an access type that_designates such §trings).

READ fand WRITE operations are provided in package TEXTIO that append or extract(data from a single ling. Addi-
tional ierations are provided to read or write entire lines and to determine the statuS of the current line or of]the file
itself. Package TEXTIO is defined in Clause 14.

3.5 Plotected types

A protpcted type definition defines a protected type. A protected type implements instantiatiable regions of
sequeritial statements, each of which are guaranteed exclusive access to shared data. Shared data is 4 set of
variable objects that may be potentially accessed as a unit by multiple processes.

protecfed type definition ::=
protected type declaration
| pfotected type body

Each grotected type declaration appearing immediately within a given declarative region (see 10.1) shall
have ¢xactly one corresponding protected type body appearing immediately within the same declarative
region|and textually subsequent to the protected type declaration. Similarly, each protected typ¢ body
appearjng immediately within-a given declarative region shall have exactly one corresponding prptected
type declaration appearing—immediately within the same declarative region and textually prior|to the
protecfed type body.

3.5.1 Protectedtype declarations

A protgcted\type declaration declares the external interface to a protected type.

protected type declaration ::=
protected
protected type declarative part
end protected [ protected type simple name ]

protected type declarative part ::=
{ protected_type declarative item }

protected type declarative item ::=
subprogram_declaration
| attribute_specification
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| use clause

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

Each subprogram specified within a given protected type declaration defines an abstract operation, called a
method, that operates atomically and exclusively on a single object of the protected type. In addition to the
(implied) object of the protected type operated on by the subprogram, additional parameters may be
explicitly specified in the formal parameter list of the subprogram declaration of the subprogram. Such
formal parameters shall not be of an access type or a file type; moreover, they shall not have a subelement
that is an access type or a file type. Additionally, in the case of a function subprogram, the return type of the

functi

type of a file type.

Examples:

type |SharedCounter is protected
p¥rocedure increment (N: Integer := 1);
pyocedure decrement (N: Integer := 1);

inure function value return Integer;
end

type

rotected SharedCounter;

ComplexNumber is protected

pyocedure extract (wvariable r, i: out Real);

pyocedure add (variable a, b: inout CemplexNumber) ;

end protected ComplexNumber;

type

VariableSizedBitArray is protected

p¥ocedure add bit (index: Positive; value: Bit);

i
end

3.5.2
A prot

protect
pr

en

pure function size return Natural;
rotected VariableSizedBitArray;

Protected type bodies

pcted type body provides the implementation for a protected type.
ed type body ::5

ptected body

protected type body declarative part
protected)body [ protected type simple name |

protecfed/type body declarative part ::=

{

oteCted type body declarative item }

1 11 41 £ e Ll e bR | 11 41 1 1 el s
11 SHAaIlN TTUT DT UL all dULTSS 1y PU UL THU 1y pPuU, HIUTCUVUL, 1L SHAIT TTUL TIaVe a SUUTIUVIHIVIIU UIat 15 dll

access

protected type body declarative item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant declaration
| variable declaration
| file declaration

| al

ias_declaration

| attribute _declaration

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

—50 -

| attribute_specification

| use clause

| group template declaration
| group_declaration

IEC 61691-6:2009(E)
IEEE Std 1076.1-2007(E)

Each subprogram declaration appearing in a given protected type declaration shall have a corresponding

subprogram body appearing in the corresponding protected type body.

NOTE—Subprogram bodies appearing in a protected type body not conformant to any of the subprogram declarations in
the corresponding protected type declaration are visible only within the protected type body. Such subprograms may
have parameters and (in the case of functions) return types that are or contain access and file types.

Examptes-

type |SharedCounter is protected body

riable counter: Integer := 0;
p¥ocedure increment (N: Integer := 1) is
begin

counter := counter + N;

end procedure increment;

pyocedure decrement (N: Integer := 1) is
begin
counter := counter - Ny

end procedure decrement;
imppure function value return Intéger is
begin
return counter;
end function value;
end 1rotected body SharedCounter;
type |ComplexNumber is protected body

variable re, ims~Real;

pyocedure extract (r, i: out Real) is

begin
r :=/\(re;
i 4="im;

er procedure extract;

procedure add (variable a, b: inout ComplexNumber)

variable a real, b real: Real;
variable a imag, b imag: Real;

begin
a.extract (a real, a imag);
b.extract (b _real, b imagq);
re := a real + b real;
im := a imag + b _imag;

end procedure add;

end protected body ComplexNumber;
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type

VariableSizeBitArray is protected body

type bit vector access is access Bit Vector;

variable bit array: bit vector access := null;
variable bit array length: Natural := 0;

procedure add bit (index: Positive; value: Bit) is

variable tmp: bit vector access;

begin

if index > bit array length then
tmp := bit array;

Dit_array := nNew bit_vector (I to 1ndex);
if tmp /= null then
bit array (1 to bit array length) := tmp.all;
deallocate (tmp);
end if;
bit array length := index;
end if;
bit array (index) := value;

end procedure add bit;

i
b

pure function size return Natural is
gin
return bit array length;

end function size;
end 1

3.6N
A nat

type (
quanti
be scal

3.6.1

A scal
termin|

scalar |

rotected body VariableSizeBitArrays;

atures
re defines values which may be accessed through the attributes of a terminal. These attributes
gether, the branch types of. the nature), which are used indirectly to define the types of

ies. It is an error if an object other than a terminal is declared as being of a given nature. Naturj
ar or composite.

its cm%patibility with other terminals, the reference terminal of the nature, and its across type and ¢

Bcalar natures

ir nature definition defines a scalar nature and its branch types, and declares the name of the re
h1, which (s ‘of the nature.

natute- definition ::=

typ

nclude
hrough
branch
es may

ference

e niark across

type_mark through
identifier reference

The two type marks define, respectively, the across type and through type of the scalar nature. The type
marks shall denote floating-point types. The simple nature of a scalar nature is the nature itself.

Examples.

A nature declaration for electrical systems:

subtype Voltage is REAL tolerance "voltage";
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subtype Current is REAL tolerance "current";
nature Electrical is

Voltage across -- across type is Voltage
Current through -- through type is Current
Ground reference; -- reference terminal is named Ground

A nature declaration for thermal systems:

subtype Temperature is REAL tolerance "temp";
subtype Heatflow is REAL tolerance "heat";
nature Thermal is

ITmMperacure dacross =— dCrOSsS LCype s Iemperacare
Heatflow through -— through type is Heatflow
Th ref reference; -- reference terminal is named Th\rxef

3.6.2 Composite natures

Compgsite natures are used to define collections of terminals. These include arrays.of terminals and fecords
of ternjinals.

compogite nature_definition ::=
arrpy nature definition | record nature definition

A ternfinal of a composite nature represents a collection of scalar'terminals, one for each scalar subglement
of the ¢omposite nature. The scalar subelements of a composite nature shall all have the same simple [nature,
which [is also the simple nature of the composite nature.

3.6.2.1 Array natures

An arrgty nature is a composite nature. Terminal‘objects of an array nature consist of identical elemenfts, each
associgted with some index value. The branch types defined by an array nature definition are array types. A
terminhl object of an array nature is referred to as an array object, just as is an object of an array type

array_pature definition ::=
ung¢onstrained_nature definition | constrained nature definition

uncongtrained nature definition ::=
array ( index_subtype definition { , index subtype_ definition } )
of subnaturgLindication

constrgined sature definition ::=
arrayindex_constraint of subnature indication

The across type defined by an unconstrained nature definition is equivalent to a type defined by an
unconstrained array definition. The list of index subtype definitions of the unconstrained array definition is
the list of index subtype definitions of the unconstrained nature definition. The across type defined by a
constrained nature definition is equivalent to the type defined by a constrained array definition. The index
constraint of the constrained array definition is the index constraint of the constrained nature definition. In
each case, the element subtype indication of the equivalent type definition is that of the across type defined
by the nature of the subnature indication, together with the index constraint of the subnature indication.

The through type defined by an unconstrained nature definition is equivalent to a type defined by an
unconstrained array definition. The list of index subtype definitions of the unconstrained array definition is
the list of index subtype definitions of the unconstrained nature definition. The through type defined by a
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constrained nature definition is equivalent to the type defined by a constrained array definition. The index
constraint of the constrained array definition is the index constraint of the constrained nature definition. In
each case, the element subtype indication of the equivalent type definition is that of the through type defined
by the nature of the subnature indication, together with the index constraint of the subnature indication.

Example:

A one-

dimensional array nature:

nature Electrical vector is
array (NATURAL range <>) of Electrical;

3.6.2.]

A reco
branch

record
re(

endl record [ record nature_simple name |

nature |
id¢

elemer
sul

Each n
simple
denote

A naty
declarg
by the

The ad
definit
elemet]
matchi
across

P Record natures

rd nature is a composite nature. Terminal objects of a record nature consist of named terminaj
types defined by a record nature definition are record types.

| nature_definition ::=

ord
nature_element_declaration

{ nature_element declaration }

| element_declaration ::=
ntifier list : element subnature definition ;

t_subnature definition ::=
nature indication

ature element declaration declares an element of the record nature. All elements shall have th
nature. The identifiers of all elements of a record nature shall be distinct. The use of a nai
5 a record element is not allowed.within the record nature definition itself.

re element declaration with.séveral identifiers is equivalent to a sequence of single nature d
tions. Each single nature element declaration declares a record element whose subnature is sp
element subnature definition.

ross type defined-by a record nature definition is equivalent to the type defined by a reco
on in whiclithere is a matching element declaration for each nature element declaration. F
t declaration of the record type definition, the identifier list is the same as the identifier list
ng nature element declaration, and the subtype indication of the element subtype definitior]
type defined by the nature of the subnature indication of the nature element declaration, togeth|
ex constraint of the subnature indication of the nature element declaration

Is. The

E same
he that

lement
ecified

d type
r each
of the
is the
er with

the in

The through type defined by a record nature definition is equivalent to the type defined by a record type
definition in which there is a matching element declaration for each nature element declaration. For each
element declaration of the record type definition, the identifier list is the same as the identifier list of the
matching nature element declaration, and the subtype indication of the element subtype definition is the
through type defined by the nature of the subnature indication of the nature element declaration, together
with the index constraint of the subnature indication of the nature element declaration.

Examples:

A reco

rd nature:
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nature Electrical bus is
record
Strobe: Electrical;
Databus: Electrical vector (0 to 7);
end record;

A mixed record nature:
nature Mixed is

record
ElJunction: Electrical;

e . o =5 2 2.7 2 j==5) 2 =] o : 2 7
LIITOUITC U LUIL. LIICTLINNA L, L L ILCYHd L. LIITC LIl qagliud L ITCCL  LCal UU lOt

-= have the same simple natup

%

end record;,
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4. Declarations
The language defines several kinds of entities that are declared explicitly or implicitly by declarations.

declaration ::=

type_declaration

| subtype declaration

| object declaration

| interface declaration

| alias_declaration

| attribute_declaration

| cdmponent_declaration

| gloup template declaration

| gdoup declaration

| entity declaration

| cqnfiguration_declaration

| sybprogram_declaration

| pgckage declaration

| pfimary_unit

| architecture_body

| ngture declaration

| sybnature _declaration

For each form of declaration, the language rules define a cettain region of text called the scope|of the
declargtion (see 10.2). Each form of declaration associates ainidentifier with a named entity. Only within its
scope, [there are places where it is possible to use the identifier to refer to the associated declared|entity;
these flaces are defined by the visibility rules (see 10.3).%At such places the identifier is said to be a name of
the entfity; the name is said to denote the associated entity.

This clause describes type and subtype declarations, nature and subnature declarations, the various kjiinds of
object |declarations, alias declarations, attsibute declarations, component declarations, and group and group
templatte declarations. The other kinds 0f-declarations are described in Clause 1 and Clause 2.

A declaration takes effect through-the process of elaboration. Elaboration of declarations is discugsed in
Clausd 12.

4.1 Type declarations
A type|declaration)declares a type.
type_declaration ::=

full type declaration
| incomplete type declaration

full type declaration ::=
type identifier is type definition ;

type_definition ::=
scalar_type definition
| composite type definition
| access_type definition
| file_type definition
| protected type definition
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The types created by the elaboration of distinct type definitions are distinct types. The elaboration of the
type definition for a scalar type or a constrained array type creates both a base type and a subtype of the base

type.

The simple name declared by a type declaration denotes the declared type, unless the type declaration
declares both a base type and a subtype of the base type, in which case the simple name denotes the subtype
and the base type is anonymous. A type is said to be anonymous if it has no simple name. For explanatory
purposes, this standard sometimes refers to an anonymous type by a pseudo-name, written in italics, and
uses such pseudo-names at places where the syntax normally requires an identifier.

NOTE 1—Two type definitions always define two distinct types, even if they are lexically identical. Thus, the type def-
initions in the following two integer type declarations define distinct types:

type A is range 1 to 10;
type B is range 1 to 10;

This applies to type declarations for other classes of types as well.

NOTE P—The various forms of type definition are described in Clause 3. Examples of type deelarations are algo given
in that ¢lause.

4.2 Subtype declarations
A subtype declaration declares a subtype.

subtype_declaration ::=
subtype identifier is subtype_indication ;

subtypg_indication ::=
[ r¢solution function name ] type mark [ constraint ] [ tolerance aspect ]

type_nhark ::=
Hpe_name
| nqubtype _name

constrgint ::=
rgnge constraint
| index constraint

tolerarfce aspect ™
tolprancessfring expression

A type|mark denotes a type or a subtype. If a type mark is the name of a type, the type mark denotes tlis type
and also the corresponding unconstrained subtype. The base type of a type mark is, by definition, the base
type of the type or subtype denoted by the type mark.

A subtype indication defines a subtype of the base type of the type mark.

If a subtype indication includes a resolution function name, then any signal declared to be of that subtype
will be resolved, if necessary, by the named function (see 2.4); for an overloaded function name, the
meaning of the function name is determined by context (see 2.3 and 10.5). It is an error if the function does
not meet the requirements of a resolution function (see 2.4). The presence of a resolution function name has
no effect on the declarations of objects other than signals or on the declarations of files, aliases, attributes, or
other subtypes.
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If the subtype indication does not include a constraint, the subtype is the same as that denoted by the type
mark. The condition imposed by a constraint is the condition obtained after evaluation of the expressions
and ranges forming the constraint. The rules defining compatibility are given for each form of constraint in
the appropriate clause. These rules are such that if a constraint is compatible with a subtype, then the
condition imposed by the constraint cannot contradict any condition already imposed by the subtype on its
values. An error occurs if any check of compatibility fails.

If the subtype indication includes a tolerance aspect, then the string expression of the tolerance aspect shall
be a static expression, and the tolerance group of each scalar subelement of the subtype is the value of the
string expression of the tolerance aspect. It is an error if in this case the subtype is not a nature type (see
4.3.1.6 for the definition of a nature type). If a subtype indication does not include a tolerance aspect, and the

base t

£l 1ot . ‘- ‘- 41 4] | ol 1 1 ool PR | 1 .
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the sarhe as that of the matching scalar subelement of the type denoted by the type mark.

The difection of a discrete subtype indication is the same as the direction of the range constraint that gppears

as the

Constraint of the subtype indication. If no constraint is present, and the type mark denotes a syibtype,

the dirpction of the subtype indication is the same as that of the denoted subtype. If no)constraint is gresent,
and th¢ type mark denotes a type, the direction of the subtype indication is the same as’that of the range used
to defipe the denoted type. The direction of a discrete subtype is the same as the direction of its qubtype

indicatfion.

A subtlype indication denoting an access type, a file type, or a protected, type shall not contain a res

blution

functign. Furthermore, the only allowable constraint on a subtype dddication denoting an access type is an

index

A subt]
constrgint.

NOTE

NOTE
similar

4.3 Opbjects

| An ob

follow|ng:

onstraint (and then only if the designated type is an arraytype).

| —A subtype declaration does not define a new type:

requirements concerning the accuracy and tolerance of the quantity values.

ect is a named entity that is'a terminal or that contains (has) a value of a type. An object is ong

An object declared by an object declaration (see 4.3.1)
A loop or generate parameter (see 8.9 and 9.7)

A formal parameter of a subprogram (see 2.1.1)

A formal port (see 1.1.1.2 and 9.1)

A\formal generic (see 1.1.1.1 and 9.1)

ype indication denoting a subtype of a record type,‘a-file type, or a protected type shall not contain a

D—The tolerance group of a subtype is a string-value that may be used by a model to group quantities that have

of the

A local port (see 4.5)
A local generic (see 4.5)

An implicit signal GUARD defined by the guard expression of a block statement (see 9.1)

In addition, the following are objects, but are not named entities:
An implicit signal defined by any of the predefined attributes '"ABOVE, 'DELAYED, 'STABLE,

'QUIET, and 'TRANSACTION (see 14.1)

An implicit quantity defined by any of the predefined attributes 'DOT, 'INTEG, 'DELAYED,
'LTF, 'ZTF, 'REFERENCE, 'CONTRIBUTION, 'RAMP, and 'SLEW (see 14.1)

An element or slice of another object (see 6.3, 6.4, and 6.5)
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— An object designated by a value of an access type (see 3.3)

There are six classes of objects: constants, signals, variables, quantities, terminals, and files. The variable
class of objects also has an additional subclass: shared variables. The class of an explicitly declared object is
specified by the reserved word that shall or may appear at the beginning of the declaration of that object. For
a given object of a composite type or nature, each subelement of that object is itself an object of the same
class and subclass, if any, as the given object. The value (if any) of a composite object is the aggregation of
the values of its subelements.

Objects declared by object declarations are available for use within blocks, processes, subprograms, or
packages. Loop and generate parameters are implicitly declared by the corresponding statement and are
availaljle for use only within that statement. Other objects, declared by interface declaratiopns,| create
channdls for the communication of values between independent parts of a description.

4.3.1 Dbject declarations

An obfect declaration declares an object of a specified type or nature. Such an objéetyis called an explicitly
declargd object.

object [declaration ::=
constant_declaration
| sipnal declaration

| vdriable declaration
| file declaration

| qyantity declaration
| tefminal_declaration

An ob|ect declaration other than a branch quantity declaration is called a single-object declaratiop if its
identiffer list has a single identifier; it is called*a multiple-object declaration if the identifier list has|two or
more iflentifiers. A multiple-object declaration is equivalent to a sequence of the corresponding number of
singleobject declarations. For each ddentifier of the list, the equivalent sequence has a singletobject
declargtion formed by this identifi€t, followed by a colon and by whatever appears at the right of th¢ colon
in the nultiple-object declaration; the equivalent sequence is in the same order as the identifier list. A [pbranch
quantify declaration can be asmultiple object declaration; however, it is not governed by the transformation
in thid paragraph (see 4.3.1.6 for the rules governing the creation of objects by a branch quantity
declargtion).

A simillar equivalénce applies also for interface object declarations (see 4.3.2).

NOTEH-The subelements of a composite declared object are not declared objects.

4.3.1. T Constantdectarations

A constant declaration declares a constant of the specified type. Such a constant is an explicitly declared
constant.

constant_declaration ::=
constant identifier list : subtype indication [ := expression ] ;

If the assignment symbol ":=" followed by an expression is present in a constant declaration, the expression
specifies the value of the constant; the type of the expression shall be that of the constant. The value of a
constant cannot be modified after the declaration is elaborated.
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If the assignment symbol ":=" followed by an expression is not present in a constant declaration, then the
declaration declares a deferred constant. Such a constant declaration shall appear in a package declaration.
The corresponding full constant declaration, which defines the value of the constant, shall appear in the body
of the package (see 2.6).

Formal parameters of subprograms that are of mode in may be constants, and local and formal generics are
always constants; the declarations of such objects are discussed in 4.3.2. A loop parameter is a constant
within the corresponding loop (see 8.9); similarly, a generate parameter is a constant within the
corresponding generate statement (see 9.7). A subelement or slice of a constant is a constant.

It is an error if a constant declaration declares a constant that is of a file type, an access type, a protected
type, Of @ compositc type that nas a subclement that 1s a 111¢ type, an access type, or a protecied type.

NOTE+The subelements of a composite declared constant are not declared constants.

Examples:

constant TOLER: DISTANCE := 1.5 nm;

constant PI: REAL := 3.141592;

constant CYCLE TIME: TIME := 100 ns;

constant Propagation Delay: DELAY LENGTH; -- A deférred constant.

4.3.1.2 Signal declarations
A signhl declaration declares a signal of the specified type. Sugh a signal is an explicitly declared sigpal.

signal |declaration ::=
signal identifier list : subtype indication [ signal kind ][ := expression ] ;

signal |kind ::= register | bus

If the ame of a resolution function appears in the declaration of a signal or in the declaration of the qubtype
used tq declare the signal, then that resolution function is associated with the declared signal. Such g signal
is calldd a resolved signal.

If a signal kind appears in a-signal declaration, then the signals so declared are guarded signals of tle kind
indicafed. For a guarded signal that is of a composite type, each subelement is likewise a guarded sigrjal. For
a guardled signal that'is' of an array type, each slice (see 6.5) is likewise a guarded signal. A guarded signal
may b¢ assigned values under the control of Boolean-valued guard expressions (or guards). When g given
guard [becomes~False, the drivers of the corresponding guarded signals are implicitly assigned|a null
transadtion (see 8.4.1) to cause those drivers to turn off. A disconnection specification (see 5.3) is fised to
specify thetime required for those drivers to turn off.

If the signal declaration includes the assignment symbol followed by an expression, it shall be of the same
type as the signal. Such an expression is said to be a default expression. The default expression defines a
default value associated with the signal or, for a composite signal, with each scalar subelement thereof. For a
signal declared to be of a scalar subtype, the value of the default expression is the default value of the signal.
For a signal declared to be of a composite subtype, each scalar subelement of the value of the default
expression is the default value of the corresponding subelement of the signal.

In the absence of an explicit default expression, an implicit default value is assumed for a signal of a scalar
subtype or for each scalar subelement of a composite signal, each of which is itself a signal of a scalar
subtype. The implicit default value for a signal of a scalar subtype T is defined to be that given by T'LEFT.
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It is an error if a signal declaration declares a signal that is of a file type, an access type, a protected type, or
a composite type having a subelement that is a file type, an access type, or a protected type. It is also an error
if a guarded signal of a scalar type is neither a resolved signal nor a subelement of a resolved signal.

A signal may have one or more sources. For a signal of a scalar type, each source is either a driver (see
12.6.1) or an out, inout, buffer, or linkage port of a component instance or of a block statement with which
the signal is associated. For a signal of a composite type, each composite source is a collection of scalar
sources, one for each scalar subelement of the signal. It is an error if, after the elaboration of a description, a
signal has multiple sources and it is not a resolved signal. It is also an error if, after the elaboration of a
description, a resolved signal has more sources than the number of elements in the index range of the type of
the formal parameter of the resolution function associated with the resolved signal.

If a subelement or slice of a resolved signal of composite type is associated as an actual in a port(map| aspect
(either|in a component instantiation statement, a block statement, or in a binding indication),) and if the
corresponding formal is of mode out, inout, buffer, or linkage, then every scalar subelenient of tha{ signal
shall be associated exactly once with such a formal in the same port map aspect, and thé collectior] of the
corresponding formal parts taken together constitute one source of the signal. df-a resolved signal of
compogite type is associated as an actual in a port map aspect, that is equivalent to.¢ach of its subelpments
being 3ssociated in the same port map aspect.

If a supelement of a resolved signal of composite type has a driver irfka given process, then every| scalar
subelement of that signal shall have a driver in the same process, and‘the collection of all of those drivers
taken together constitute one source of the signal.

The dgfault value associated with a scalar signal defines,thé\value component of a transaction that is the
initial fontents of each driver (if any) of that signal. The, time component of the transaction is not defined,
but the transaction is understood to have already occurfed by the start of simulation.

Examples:

signal S: STANDARD.BIT VECTOR- (1 to 10);
signal CLK1l, CLK2: TIME;
signal OUTPUT: WIRED OR\MULTI VALUED LOGIC;

NOTE [l—Signal ports of any'mode are also signals. The term signal is used in this standard to refer to objects declared
either by signal declaration§ or by signal port declarations (or to subelements, slices, or aliases of such objects)| It also
refers tp the implicit signal GUARD (see 9.1) and to implicit signals defined by the predefined attributes 'ABOVE,
'DELAYED, 'STABLENQUIET, and 'TRANSACTION. The term signal port is used to refer to objects declared|by port
declarations only.

NOTE pP—Signals are given initial values by initializing their drivers. The initial values of drivers are then propagated
througl the’ cerresponding net to determine the initial values of the signals that make up the net (see 12.6.3).

NOTE 3=Thcvatucof = sigmat s mdirectty modified- by asigmatassigmmentstaterment (see—8-4); Sucirassignments
affect the future values of the signal.

NOTE 4—The subelements of a composite, declared signal are not declared signals.

Cross-references: Disconnection specifications, 5.3; disconnection statements, 9.5; guarded assignment,
9.5; guarded blocks, 9.1; guarded targets, 9.5; signal guard, 9.1.

4.3.1.3 Variable declarations

A variable declaration declares a variable of the specified type. Such a variable is an explicitly declared
variable.
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variable declaration ::=
[ shared ] variable identifier list : subtype indication [ := expression | ;

A variable declaration that includes the reserved word shared is a shared variable declaration. A
variable declaration declares a shared variable. Shared variables are a subclass of the variable ¢
objects. The base type of the subtype indication of a shared variable declaration shall be a protecte

shared
lass of
d type.

Variables declared immediately within entity declarations, architecture bodies, packages, package bodies,
and blocks shall be shared variables. Variables declared immediately within subprograms, processes, and
simultaneous procedural statements shall not be shared variables. Variables may appear in protected type

bodies; such variables, which shall not be shared variables, represent shared data.

Ifagi .
type d¢noted by the subtype indication of the variable declaration shall not be the protected type-defi
the prdtected type body.

If the [variable declaration includes the assignment symbol followed by an expression;” the exp
specifies an initial value for the declared variable; the type of the expression shall be\that of the v
Such an expression is said to be an initial value expression. A variable declaration;-whether it is a

ression
iriable.
shared

variable declaration or not, whose subtype indication denotes a protected type shall not have an initigl value

exprespion (moreover, it shall not include the immediately preceding assignment symbol).

If an initial value expression appears in the declaration of a variable, thient the initial value of the var

value null for that type.

able is
initial
type T
type is
s itself
be the

NOTE [[—The value of a variable that is not a shared(vatiable is modified by a variable assignment statement (gee 8.5);

such aspignments take effect immediately.

NOTE R—The variables declared within a given procedure persist until that procedure completes and returnp to the

caller. For procedures that contain wait statements, a variable therefore persists from one point in simulation
another} and the value in the variable is‘thits maintained over time. For processes, which never complete, all v
persist from the beginning of simulation iintil the end of simulation.

NOTE B—The subelements of a.composite, declared variable are not declared variables.

NOTE #—Since the language'\guarantees mutual exclusion of accesses to shared data, but not the order of access|
data by|multiple processgs inthe same simulation cycle, the use of shared variables can be both non-portable aj
deterministic. For example; consider the following architecture:

archiftecture\UseSharedVariables of SomeEntity is

time to
hriables

to such
hd non-

suptype ‘ShortRange is INTEGER range -1 to 1;
type/ ShortRangeProtected is protected
Set (V: ShortRange):

procedure Get (V: out ShortRange);
end protected;

type ShortRangeProtected is protected body

variable Local: ShortRange := 0;
begin
procedure Set (V: ShortRange) is
begin
Local := V;

end procedure Set;

procedure Get (V: out ShortRange) is
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shared variable Counter: ShortRangeProtected;

begin
PROC1l: process

variable V: ShortRange;
begin
Counter.Get (V) ;

o - i
TUlIICC L - oe C

wait;

Tl
A

end process PROC1;

PROC2: process

variable V: ShortRange;
begin

Counter.Get (V) ;

Counter.Set (V-1);

wait;
end process PROC2;
end ajrchitecture UseSharedVariables;

In partifular, the value of Counter after the execution of both processes-is\not guaranteed to be 0.

NOTE p—Variables that are not shared variables may have a subtype.indication denoting a protected type.

Examples:

varigble INDEX: INTEGER range 0 toi99 := 0;

-1+ Initial value is determined by the initial value expression

variable COUNT: POSITIVE;

-1+ Initial value is PQSTTIVE'LEFT; that is,1

variable MEMORY: BITMATRIX (0 to 7, 0 to 1023);
-1 Initial wvaluesis the aggregate of the initial wvalues of each

elemgnt

shared variable Counter: SharedCounter;

-1+ See 3.3.1 and 3.5.2 for the definitions of SharedCounter

shared/variable addend, augend, result: ComplexNumber;
-+ See 3.5.1 and 3.5.2 for the definition of ComplexNumber

variable bit stack: VariableSizeBitArray;

-- See 3.5.1 and 3.5.2 for the definition of VariableSizeBitArray;

4.3.1.4 File declarations

A file declaration declares a file of the specified type. Such a file is an explicitly declared file.

file_declaration ::=

file identifier list : subtype indication [ file open_information ] ;
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file_open_information ::= [ open file_open kind_expression ] is file_logical name

file_logical name ::= string expression

The subtype indication of a file declaration shall define a file subtype.

If file open information is included in a given file declaration, then the file declared by the declaration is
opened (see 3.4.1) with an implicit call to FILE_OPEN when the file declaration is elaborated (see 12.3.1.4).
This implicit call is to the FILE _OPEN procedure of the first form, and it associates the identifier with the
file parameter F, the file logical name with the External Name parameter, and the file open kind expression
with the Open_Kind parameter. If a file open kind expression is not included in the file open information of

a give
declar4

If file
not op

The fi
interpr
some

define

The fil
This a:
during

If mul
that is
with th
file, nq

The la
to mul
numbg

If a foymal subprogram parameter is of the class file, it shall be associated with an actual that is a file

Examp

type

file

Tfric—dectaratiom;themrthe—defauttvatoeof READ—MODBETsused—durmg—~taboratiomrof—

tion.

he file

pen information is not included in a given file declaration, then the file declared by-theldeclarjtion is

ened when the file declaration is elaborated.

e logical name shall be an expression of predefined type STRING. The value of this expreq
pted as a logical name for a file in the host system environment. An_implementation shall
mechanism to associate a file logical name with a host-dependent file. Such a mechanism|
| by the language.

e logical name identifies an external file in the host file systém that is associated with the file
sociation provides a mechanism for either importing datacentained in an external file into the
simulation or exporting data generated during simulatien to an external file.

iple file objects are associated with the same external file, and each file object has an acces

e file object. The language does not define-the order in which such values are read from the ¢
r does it define whether each value is read-once or multiple times (once per file object).

hguage does not define the order.of and the relationship, if any, between values read from and

iple file objects that are associated with the same external file. An implementation may rest
r of file objects that are associated at one time with a given external file.

les:
IntegerfFile is file of INTEGER;

Fi:“~IntegerFile;

file

No implicit FTLE OPEN is performed during elaboration

F2: IntegerFile is "test.dat";

-- At elaboration, an implicit call is performed:
-- FILE OPEN (F2, "test.dat");
-— The OPEN_KIND parameter defaults to READ MODE.

file

F3: IntegerFile open WRITE MODE is "test.dat";

-- At elaboration, an implicit call is performed:
-— FILE OPEN (F3, "test.dat", WRITE MODE);

NOTE—ALI file objects associated with the same external file should be of the same base type.
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4.3.1.5 Terminal declarations

A terminal declaration declares a terminal, and also the reference quantity and contribution quantity of the
terminal.

terminal_declaration ::=
terminal identifier list : subnature indication ;

Each terminal of a scalar nature and each scalar subelement of a terminal of composite nature is a scalar
terminal.

The a mp T T T - mph 0 name
that depotes a terminal is the across type of the nature of the terminal. The across type implied by-a‘tgrminal
name that is a slice name is the base type of the across type of the nature of the terminal together|with a
constrgint that is the range of the slice name. The across type implied by a terminal name-that’is a sglected
name denoting an element of a record or by a terminal name that is an indexed name is the-across typ¢ of the
nature jof the denoted element.

The thfough type implied by a terminal name is determined as follows. The through type implied by f name
that dgnotes a terminal is the through type of the nature of the terminal,/The through type impligd by a
terminpl name that is a slice name is the base type of the through type of the'nature of the terminal t¢gether
with a|constraint that is the range of the slice name. The through typecniplied by a terminal name that is a
selected name denoting an element of a record or by a terminal name that is an indexed name is the through
type of the nature of the denoted element.

The simple nature of a terminal is identical to the simple nature of the nature of the terminal.

Each aftribute name T'/REFERENCE, where T is a tetininal name, denotes the reference quantity of tgrminal
T. TREFERENCE is an across quantity of the across type implied by T whose plus terminal is T and|whose
minus [terminal is the reference terminal of the-simple nature of T. If T is composite, then each| scalar
subelement of TREFERENCE is the reference quantity of the matching scalar subelement of T.

Each afttribute name T'CONTRIBUTION, where T is a terminal name, denotes the contribution quaptity of
terminpl T. TTCONTRIBUTION i§_athrough quantity of the through type implied by T. If T is coniposite,
then epch scalar subelement f T'CONTRIBUTION is the contribution quantity of the matching scalar
subelement of T. See 12.4.-formore information on expressions of the form T'CONTRIBUTION.

Exampyles:

terminal Arnode, Cathode: Electrical;
terminal -T3, T4: Electrical bus;

4.3.1.6 Quantity declarations

A quantity declaration declares one or more quantities.

quantity declaration ::=
free quantity declaration
| branch _quantity declaration
| source quantity declaration

free_quantity declaration ::=
quantity identifier list : subtype indication [ := expression ] ;
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branch_quantity declaration ::=
quantity [ across_aspect ] [ through_aspect | terminal aspect ;

source_quantity declaration ::=
quantity identifier list : subtype indication source aspect ;

across_aspect ::=
identifier list [ tolerance_aspect ] [ := expression | across

through_aspect ::=
identifier list [ tolerance aspect ] [ := expression ] through

termin|
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source
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Each ¢
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shall b
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the mi

of a sc
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spectrum magnitude _simple_expression , phase_simple_expression

the scallar nature shall be the nature of the scalar subelements of the composite terminal. If both termi

A quantity nammed in an across aspect is an across quantity, and similarly a quantity named in a t

hl aspect ;==
s _terminal_name [ to minus_terminal_name |

| aspect ;==
Dise power simple_expression

uantity of a scalar type and each scalar subelement of a quantity. 0f a composite type is a
[y.

quantity declaration declares one or more quantities of thespecified type. Similarly, a branch ¢
tion declares one or more quantities whose type(s) are:determined by the rules given below. A
a floating-point type or a composite type whose elemerts are of a nature type. The type of a ¢
e a nature type.

error if a branch quantity declaration includes neither an across aspect nor a through aspect.
inal aspect that does not include an explicit minus terminal name is equivalent to a terminal
e given plus terminal name and the name of the reference terminal of the simple nature of its na
s terminal name.

erminals denoted by the terminal names of a terminal aspect are both of composite natures, th
e of the same natures-and for each element of the plus terminal there shall be a matching eler

hlar nature then-they shall be of the same scalar nature.

is & through quantity. A branch quantity is either an across quantity or a through quantity.

scalar

pantity
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hus terminal. If one terminal is a terminal of a composite nature and the other of a scalar natuﬂe, then
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The type of an across quantity is determined as follows. If both terminals denoted by the terminal aspect are
of a scalar nature, then the type is the across type implied by the plus terminal name. If only one terminal
denoted by the terminal aspect is of a composite nature, then the type is the across type implied by that
terminal name. If both terminals denoted by the terminal aspect are of composite natures, then the type is the

The type of a through quantity is determined as follows. If both terminals denoted by the terminal aspect are
of a scalar nature, then the type is the through type implied by the plus terminal name. If only one terminal
denoted by the terminal aspect is of a composite nature, then the type is the through type implied by that
terminal name. If both terminals denoted by the terminal aspect are of composite natures, then the type is the
through type implied by the plus terminal name.
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The plus terminal and the minus terminal of a branch quantity are determined as follows:

a) If both terminals of the terminal aspect are scalar, then the plus and minus terminals of the quantity
are, respectively, the plus and minus terminals of the terminal aspect.

b) Ifboth terminals of the terminal aspect are composite, then the plus and minus terminals of each sca-
lar subelement of the quantity are, respectively, the matching scalar subelements of the plus and
minus terminals of the terminal aspect.

¢) Ifthe plus terminal is composite and the minus terminal is scalar, then the plus and minus terminals
of each scalar subelement of the quantity are, respectively, the matching scalar subelement of the
plus terminal and the scalar minus terminal of the terminal aspect.

d) If the plus terminal is scalar and the minus terminal is composite, then the plus and minus terminals

of cachscatarsubetement-of thecompositequantityare; respectivety;thescatar ptustermimal and

the matching scalar subelement of the minus terminal of the terminal aspect.

A sourge quantity declaration declares one or more source quantities. A source quantity whoselsource aspect
includ¢s the reserved word spectrum is a spectral source quantity. A source quantity whose source|aspect
includ¢s the reserved word noise is a noise source quantity. The type of the magnitide simple expression,
phase $imple expression, and power simple expression in a source aspect shall be that-of the source qyantity.
It is an| error if the name of a source quantity appears in an expression in a source.aspect.

If the quantity declaration includes the assignment symbol followed by an‘expression, the expression|is said
to be ah initial value expression. The expression specifies an initial valye for the declared quantity. The type
of the|expression shall be that of the quantity. The initial valugé/of the quantity is determined [by the
exprespion when the quantity is elaborated. In the absence ofsaminitial value expression, a defaul{ initial
value gpplies. The default initial value for a quantity of a scalar type T is the value of the expression [T(0.0).
The ddfault initial value of a quantity of composite type Gs.the aggregate of the initial values of itq scalar
subelements.

The to]erance group of a scalar free quantity or a séalar source quantity is the tolerance group of its syibtype.
The tojerance group of a scalar across or throisgh quantity is the tolerance group of its subtype or if the
across |or through aspect respectively includes a tolerance aspect, the value of the string expression| of the
tolerarfce aspect.

Examples:
quantity Isense: Current; -- A free quantity.

quantity Power:\\REAL tolerance "power";
-1 A free/guantity whose tolerance group is "power".

quantity-Vd" across Id, Ic through Anode to Cathode;
-1 &A,sCalar across quantity and two scalar through quantities
-+ with plus terminal Anode and minus terminal Cathode.
-— The type of Vd is Voltage, the type of Id and Ic is Current.

quantity V2 across T3 to T4;
-- A composite across quantity with plus terminal T3 and
-- minus terminal T4. Its type is Electrical bus'ACROSS,
-- its elements are V2.Strobe and V2.Databus.

quantity I3 through T4;
-- A composite through gquantity with plus terminal T4 and minus
-- terminal Ground. Its type is Electrical bus'THROUGH.
-—- Its elements are I3.Strobe and I3.Databus.
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quantity Ac: Voltage spectrum 1.0, 0.0;

-— A spectral source quantity of type Voltage whose magnitude is 1.0

-- and whose phase is 0.0 radians.

constant Kf: REAL := 1.0e-14;
quantity Flns: REAL noise Kf*Id/FREQUENCY;
-- A noise source quantity describing flicker noise in a diode.

4.3.2 Interface declarations

ear as ports of a design entity, a component, or a block.

e _declaration ::=

erface constant declaration
erface signal declaration
erface_variable declaration
erface file declaration
erface terminal declaration
erface quantity declaration

e_constant_declaration ::=
nstant ] identifier list : [ in | subtype indication [ := static_expression ]

e _signal declaration ::=
nal ] identifier list : [ mode ] subtype indication [ bus ] [ := static_expression |

interfape variable declaration ::=
[ variable ] identifier list \f.mode ] subtype indication [ := static_expression ]

interfape file declaration :i=
filg identifier listisubtype indication

mode {= in | out{inout | buffer | linkage

interfageé\tefminal declaration ::=

rface declaration declares an interface object of a specified type. Interface objects include-iz
ts that appear as generics of a design entity, a component, or a block, or as constant paramg
rams; interface signals that appear as signal ports of a design entity, component, ©r ‘blocK, or as
arameters of subprograms; interface variables that appear as variable parameter§of subpro
e files that appear as file parameters of subprograms; and interface terminals and‘interface qu

ferface
ters of

lerams;
intities

terminal identifier_list : subnature indication

interface_quantity declaration ::=
quantity identifier list : [ in | out ] subtype indication [ := static_expression ]

If no mode is explicitly given in an interface declaration other than an interface file declaration, mode in is

assumed.

For an interface constant declaration or an interface signal declaration, the subtype indication shall define a
subtype that is neither a file type, an access type, nor a protected type. Moreover, the subtype indication
shall not denote a composite type with a subelement that is a file type, an access type, or a protected type.
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For an interface file declaration, it is an error if the subtype indication does not denote a subtype of a file
type.

For an interface quantity declaration, the subtype indication shall define a subtype whose base type denotes
a nature subtype. See 12.6.6 for a discussion of the effect of modes in and out in an interface quantity
declaration.

If an interface signal declaration includes the reserved word bus, then the signal declared by that interface
declaration is a guarded signal of signal kind bus.

If an interface declaration contains a ":=" symbol followed by an expression, the expression is said to be the
defaulfexpressionof the mterface objectThe type of @ defauttexpression stratt-betiatof thetorresppnding
interfape object. It is an error if a default expression appears in an interface declaration and-any| of the
follow|ng conditions hold:

— | The mode is linkage
— | The interface object is a formal signal parameter
— | The interface object is a formal variable parameter of mode other than in

— | The subtype indication of the interface declaration denotes a protected-type

In an ipterface signal declaration appearing in a port list, the default expression defines the default vialue(s)
associgted with the interface signal or its subelements. In the absencé of a default expression, an implicit
defaulq value is assumed for the signal or for each scalar subelement, as defined for signal declaratiops (see
4.3.1.2)). The value, whether implicitly or explicitly providedsis used to determine the initial contents of
drivery, if any, of the interface signal as specified for signal deéclarations.

An intgrface object provides a channel of communication’between the environment and a particular portion
of a dgscription. The value of an interface object may'be determined by the value of an associated ofjject or
exprespion in the environment; similarly, the value of an object in the environment may be determined by
the value of an associated interface object. Thé,manner in which such associations are made is descrjibed in
4322

The vdlue of an object is said to be rea' when one of the following conditions is satisfied:

— | When the object is evaluated, and also (indirectly) when the object is associated with an interface
object of the modes in,\inout, or linkage.

— | When the object is a-signal and a name denoting the object appears in a sensitivity list in a waft state-
ment or a procgss-statement.
— | When the©bject is a signal and the value of any of its predefined attributes 'SLEW, "RAMP,
'STABLE,) '"QUIET, 'DELAYED, 'TRANSACTION, 'EVENT, 'ACTIVE, 'LAST EVENT,
'LASTACTIVE, or 'LAST VALUE is read.

— | Wiien the object is a quantity and its predefined attribute '"ABOVE is read.

— When one of 1ts subelements 1s read.
—  When the object is a file and a READ operation is performed on the file.

—  When the object is a file of type STD.TEXTIO.TEXT and the procedure STD.TEXTIO.READLINE
is called with the given object associated with the formal parameter F of the given procedure.

The value of an object is said to be updated when one of the following conditions is satisfied:

—  When it is the target of an assignment, and also (indirectly) when the object is associated with an
interface object of the modes out, buffer, inout, or linkage.

—  When one of its subelements is updated.

—  When the object is a file and a WRITE operation is performed on the file.
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Itisan

When the object is a file of type STD.TEXTIO.TEXT and the procedure STD.TEXTIO.WRITE-
LINE is called with the given object associated with the formal parameter F of the given procedure.

When the object is a quantity and the analog solver determines an analog solution point.

error if an object other than a signal, variable, quantity, or file object is updated.

An interface object of class signal, variable, or constant has one of the following modes:

in. The value of the interface object is allowed to be read, but it shall not be updated. Reading an
attribute of the interface object is allowed, unless the interface object is a subprogram signal param-
eter and the attribute is one of 'STABLE, 'QUIET, 'DELAYED, 'RAMP, 'SLEW, 'TRANSACTION,

'DRIVING, or 'DRIVING VALUE

NOTE

NOTE
mal of

NOTE
| NOTE

4.3.2.

An int
design

interfa
int

interfa

out. The value of the interface object is allowed to be updated, but it shall not be read. Read
attributes of the interface element, other than the predefined attributes 'STABLE;” '
'DELAYED, 'RAMP, 'SLEW, 'TRANSACTION, 'EVENT, 'ACTIVE, .LAST E
'LAST ACTIVE, and 'LAST VALUE, is allowed. No other reading is allowed,

inout. Reading and updating the value of the interface object is allowed. Reading the attribute
interface object, other than the attributes 'STABLE, 'QUIET, 'DELAYED;'"RAMP, 'SLE}
'"TRANSACTION of a signal parameter, is also permitted.

buffer. Reading and updating the value of the interface object is allowed. Reading the attrib
the interface object is also permitted.

linkage. Reading and updating the value of the interface object is allowed, but only by appea
an actual corresponding to an interface object of mode‘linkage. No other reading or upd3
permitted.

| —A subprogram parameter that is of a file type shall be’declared as a file parameter.

P—Since shared variables are a subclass of variablegyashared variable may be associated as an actual wi
lass variable.

B—Ports of mode linkage may be removed ftera future version of the language. See Annex E.

—Interface file objects and interface terfinal objects do not have modes.
Interface lists

brface list contains the declarations of the interface objects required by a subprogram, a compq
entity, or a block statement.

be list ==
prface element{ ; interface element }

ce element ::= interface declaration

ing the
UIET,
VENT,

5 of the
IV, and

utes of

ring as
ting is

h a for-

nent, a

A gen

brie—interfacelist-consistsentirelyofinterface—constant-deelarations—A—portinterfacetist-eonsists

entirely of interface signal declarations, interface terminal declarations, interface quantity declarations, or
any combination thereof. A parameter interface list may contain interface constant declarations, interface
signal declarations, interface variable declarations, interface file declarations, or any combination thereof.

A name that denotes an interface object shall not appear in any interface declaration within the interface list
containing the denoted interface object except to declare this object.

NOTE—The restriction mentioned in the previous sentence makes the following three interface lists illegal:

entity E is
generic (Gl: INTEGER; GZ2: INTEGER := G1); -- Illegal

[Published by
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port (Pl1: STRING; P2: STRING (P1'RANGE)) ;
procedure X (Y1, Y2: INTEGER; Y3: INTEGER range Y1 to Y2);
end E;

However, the following interface lists are legal:

entity E is
generic (Gl, G2, G3, G4: INTEGER);
port (P1, P2: STRING (Gl to G2));
procedure X (Y3: INTEGER range G3 to G4);
end E;

IEC 61691-6:2009(E)
IEEE Std 1076.1-2007(E)

-- Illegal
-- Illegal

4.3.2.2 Association lists

An asdociation list establishes correspondences between formal or local generic, port, or parameter|names

on the fone hand and local or actual names or expressions on the other.

associgtion_list ::=
association_element { , association_element }

associgtion_element ::=
[ fgrmal part => ] actual part

formal| part ::=

fqrmal designator

| fidnction name ( formal designator )
| type_mark ( formal designator )

formal| designator ::=
generic_name

| pgrt name

| parameter _name

actual [part ::=

adtual designator

| finction_name ( actual_‘designator )
| type_mark ( actual designator )

actual [designator z5
eXpression

| signal _name

| vdriable/name

| file_name

| terminal_name
| quantity name
| open

Each association element in an association list associates one actual designator with the corresponding
interface element in the interface list of a subprogram declaration, component declaration, entity declaration,
or block statement. The corresponding interface element is determined either by position or by name.

An association element is said to be named if the formal designator appears explicitly; otherwise, it is said to
be positional. For a positional association, an actual designator at a given position in an association list

corresponds to the interface element at the same position in the interface list.
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Named associations can be given in any order, but if both positional and named associations appear in the
same association list, then all positional associations shall occur first at their normal position. Hence once a
named association is used, the rest of the association list shall use only named associations.

In the following paragraphs, the term actual refers to an actual designator, and the term formal refers to a
formal designator.

The formal part of a named association element may be in the form of a function call, where the single
argument of the function is the formal designator itself, if and only if the mode of the formal is out, inout,
buffer, or linkage, and if the actual is not open. In this case, the function name shall denote a function
whose single parameter is of the type of the formal and whose result is the type of the corresponding actual.
Such arconversionfamctionprovidesfortypeconverstomr i threevent thatdataflowsfromrthe—formma] to the

actual.

Alternjtively, the formal part of a named association element may be in the form of a-type conviersion,
where fthe expression to be converted is the formal designator itself, if and only if the mode“of the fopmal is
out, infout, buffer, or linkage, and if the actual is not open. In this case, the base typejdenoted by the type
mark dhall be the same as the base type of the corresponding actual. Such a typé.cenversion provifes for
type conversion in the event that data flows from the formal to the actual. It istan error if the typd of the
formal|is not closely related to the type of the actual. (See 7.3.5.)

Similafly, the actual part of a (named or positional) association element'may be in the form of a fynction
call, where the single argument of the function is the actual designator itself, if and only if the modg of the
formallis in, inout, or linkage, and if the actual is not open. Iithis case, the function name shall d¢note a
functiqn whose single parameter is of the type of the dctual, and whose result is the type [of the
corresponding formal. In addition, the formal shall not bé‘of class constant for this interpretation fo hold
(the acfual is interpreted as an expression that is a functioh call if the class of the formal is constant). [Such a
convergion function provides for type conversion in the event that data flows from the actual to the fgrmal.

Alterngtively, the actual part of a (named or positional) association element may be in the form of{a type
conversion, where the expression to be type-eonverted is the actual designator itself, if and only if th¢ mode
of the formal is in, inout, or linkage, and if‘the actual is not open. In this case, the base type denoted by the
type miark shall be the same as the basetype of the corresponding formal. Such a type conversion pfovides
for type conversion in the event that data flows from the actual to the formal. It is an error if the typg¢ of the
actual |s not closely related to the type of the formal.

The type of the actual (after’applying the conversion function or type conversion, if present in thel actual
part) shall be the sam®@.as the type of the corresponding formal, if the mode of the formal is in, input, or
linkagp, and if the/actual is not open. Similarly, if the mode of the formal is out, inout, buffer, or linkage,
and if the actual 1$ not open, then the type of the formal (after applying the conversion function ¢r type
convergion, if\present in the formal part) shall be the same as the corresponding actual.

If the Iformal designator of a formal part is a terminal name, then the formal part shall be the [formal
designator itself (neither a conversion function nor a type conversion is allowed). Similarly, if the actual
designator of an actual part is a terminal name, then the actual part shall be the actual designator itself.

The association of terminals is allowed only if the formal and actual are of the same nature or if the actual is
open. The association of a formal of a given composite nature with an actual of the same nature is equivalent
to the association of each scalar subelement of the formal with the matching scalar subelement of the actual.

For the association of signals or quantities with corresponding formal ports, association of a formal of a
given composite type with an actual of the same type is equivalent to the association of each scalar
subelement of the formal with the matching subelement of the actual, provided that no conversion function
or type conversion is present in either the actual part or the formal part of the association element. If a
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conversion function or type conversion is present, then the entire formal is considered to be associated with
the entire actual.

Similarly, for the association of actuals with corresponding formal subprogram parameters, association of a
formal parameter of a given composite type with an actual of the same type is equivalent to the association
of each scalar subelement of the formal parameter with the matching subelement of the actual. Different
parameter passing mechanisms may be required in each case, but in both cases the associations will have an
equivalent effect. This equivalence applies provided that no actual is accessible by more than one path (see
2.1.1.1).

A formal shall be either an explicitly declared interface object or member (see Clause 3) of such an interface
object| In the former case, such a formal is said to be associated in whole. In the latter cases; [named
associgtion shall be used to associate the formal and actual; the subelements of such a formal are_said to be
associqited individually. Furthermore, every scalar subelement of the explicitly declared interface| object
shall be associated exactly once with an actual (or subelement thereof) in the same association list, and all
such gssociations shall appear in a contiguous sequence within that association Jdists Each association
element that associates a slice or subelement (or slice thereof) of an interface object'shall identify the[formal
with a [locally static name.

If an ipterface element in an interface list includes a default expression fora formal generic, for a[formal
signal port of any mode other than linkage, for a formal quantity port of'tmode in, or for a formal variable or
constapt parameter of mode in, then any corresponding association list need not include an association
elemerjt for that interface element. For an interface element thats.a formal generic, a formal signal port, or
a formpl variable or constant parameter, if the association element is not included in the association lit, or if
the actpal is open, then the value of the default expressiontis used as the actual expression or signal value in
an impflicit association element for that interface element; For an interface element that is a formal quantity
port, if the association element is not included in the*association list, or if the actual is open, then th¢ value
of the [default expression is used as the value of.the quantity; this is equivalent to a simple simultaneous
statemgpnt setting the quantity port to the value ofthe default expression.

It is an error if an actual of open is associated with a formal that is associated individually. An adtual of
open dounts as the single association:afowed for the corresponding formal, but does not supply a cdnstant,
signal,|or variable (as is appropriate-to the object class of the formal) to the formal.

NOTE [[—It is a consequence-of these rules that, if an association element is omitted from an association list in prder to
make ufe of the default expression on the corresponding interface element, all subsequent association element in that
association list shall be named associations.

NOTE R—In the cas¢ of a port of kind signal, although a default expression can appear in an interface elempnt that
declare a (local, or formal) port, such a default expression is not interpreted as the value of an implicit asspciation
elemenf for that port. Instead, the value of the expression is used to determine the effective value of that por{ during
simulatjoniif'the port is left unconnected (see 12.6.2).

NOTE 3—Named association may not be used when invoking implicitly delined operators, since the formal parameters
of these operators are not named (see 7.2).

NOTE 4—Since information flows only from the actual to the formal when the mode of the formal is in, and since a
function call is itself an expression, the actual associated with a formal of object class constant is never interpreted as a
conversion function or a type conversion converting an actual designator that is an expression. Thus, the following asso-
ciation element is legal:

Param => F (open)

under the conditions that Param is a constant formal and F is a function returning the same base type as that of Param
and having one or more parameters, all of which may be defaulted. It is an error if a conversion function or type conver-
sion appears in the actual part when the actual designator is open.
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4.3.3 Alias declarations

An alias declaration declares an alternate name for an existing named entity.

alias_declaration ::=
alias alias_designator [ : alias_indication ] is name [ signature | ;

alias_designator ::= identifier | character_literal | operator_symbol

alias_indication ::= subtype indication | subnature indication

An ob
quantif
entity

and ge

The al
the sig
variab
termin
(includ
literal,

If the
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2.3.1.
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NOTE
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a)
b)

D—The alias of an overloadable naméd entity is itself overloadable.
Object aliases

lowing rules apply to object aliases:

A signature shall not appear in a declaration of an object alias.

ect alias is an alias whose alias designator denotes an object (i.e., a constant, a variable, a'signal, a
y, a terminal, or a file). A nonobject alias is an alias whose alias designator denotes seme [named
ther than an object. An alias can be declared for all named entities except for labels, 16dpparameters,
herate parameters.

as designator in an alias declaration denotes the named entity specified by, the name and, if gresent,
hature in the alias declaration. An alias of a signal denotes a signal; an dlias of a variable depotes a
e; an alias of a constant denotes a constant; an alias of a quantity dénotes a quantity; an alips of a
hl denotes a terminal; and an alias of a file denotes a file. Similarly, an alias of a subpfogram
ing an operator) denotes a subprogram, an alias of an enumeration literal denotes an enumgration
and so forth.

alias designator is a character literal, the name shall ‘denote an enumeration literal. If the alias
htor is an operator symbol, the name shall denote a function, and that function then overloads the
r symbol. In this latter case, the operator symbol and'the function both shall meet the requirements of

l—Since, for example, the alias of a variable is;asvariable, every reference within this document to a degignator
, character literal, or operator symbol) that requires the designator to denote a named entity with certain|charac-
(e.g., to be a variable) allows the designator to denote an alias, so long as the aliased name denotes g named
entity hlaving the required characteristics. This situation holds except where aliases are specifically prohibited.

The nam€shall be a static name (see 6.1) that denotes an object. The base type of the name specified
in an-alias declaration shall be the same as the base type of the type mark in the subtype indication
(if the) subtype indication is present); this type shall not be a multidimensional array type. When the
objéct denoted by the name is referenced via the alias defined by the alias declaration, the following

rules apply:

1)

2)

If the subtype indication is absent or if it is present and denotes an unconstrained array type

— If the alias designator denotes a slice of an object, then the subtype of the object is viewed
as if it were of the subtype specified by the slice.

— Otherwise, the object is viewed as if it were of the subtype specified in the declaration of
the object denoted by the name.

If the subtype indication is present and denotes a constrained array subtype, then the object is
viewed as if it were of the subtype specified by the subtype indication; moreover, the subtype
denoted by the subtype indication shall include a matching element (see 7.2.2) for each element
of the object denoted by the name.
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3) If the subtype indication denotes a scalar subtype, then the object is viewed as if it were of the
subtype specified by the subtype indication; moreover, it is an error if this subtype does not
have the same bounds and direction as the subtype denoted by the object name.

¢) The same applies to attribute references where the prefix of the attribute name denotes the alias.

d) A reference to an element of an object alias is implicitly a reference to the matching element of the
object denoted by the alias. A reference to a slice of an object alias consisting of the elements ey, e,
..., e, is implicitly a reference to a slice of the object denoted by the alias consisting of the matching
elements corresponding to each of e; through e,,.

The preceding rules apply to object aliases for terminals as well, with appropriate substitutions of nature for
type and subnature for subtype.

4.3.3.2 Nonobject aliases

The following rules apply to nonobject aliases:
a) | An alias indication shall not appear in a nonobject alias.

b) | A signature is required if the name denotes a subprogram (including an opeérator) or enumerafion lit-
eral. In this case, the signature is required to match (see 2.3) the parameter and result type profile of
exactly one of the subprograms or enumeration literals denoted by the.name.

c¢) | If the name denotes an enumeration type, then one implicit aliag declaration for each of the [literals
of the type immediately follows the alias declaration for the énumeration type; each such implicit
declaration has, as its alias designator, the simple name or-character literal of the literal and |has, as
its name, a name constructed by taking the name of thelalias for the enumeration type and supstitut-
ing the simple name or character literal being aliased\for the simple name of the type. Each implicit
alias has a signature that matches the parameter and result type profile of the literal being aligsed.

d) | Alternatively, if the name denotes a physical,type, then one implicit alias declaration for each of the
units of the type immediately follows the alias declaration for the physical type; each such implicit
declaration has, as its alias designator, the'simple name of the unit and has, as its name, a nanje con-
structed by taking the name of the alias*for the physical type and substituting the simple nam¢ of the
unit being aliased for the simple name of the type.

e) | Finally, if the name denotes a fype, then implicit alias declarations for each predefined opergtor for
the type immediately follgwjthe explicit alias declaration for the type and, if present, any implicit
alias declarations for litetals or units of the type. Each implicit alias has a signature that matches the
parameter and resulttype profile of the implicit operator being aliased.

Examples:

varigble REAL'NUMBER: BIT VECTOR (0 to 31);

aliag SIGN: BIT is REAL NUMBER (0);
I STGN is now a scalar (BIT) wvalue

alias MANTISSA: BIT VECTOR (23 downto 0) is REAL NUMBER (8 to 31);
-— MANTISSA is a 24bit value whose range is 23 downto 0.
-- Note that the ranges of MANTISSA and REAL NUMBER (8 to 31)
-- have opposite directions. A reference to MANTISSA (23 downto 18)
-- 1s equivalent to a reference to REAL NUMBER (8 to 13).

alias EXPONENT: BIT VECTOR (1 to 7) is REAL NUMBER (1 to 7);
-— EXPONENT is a 7-bit value whose range is 1 to 7.

alias STD BIT is STD.STANDARD.BIT; -- explicit alias
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-- implicit aliases

-- alias '0" is STD.STANDARD.'O' [return STD.STANDARD.BIT];
-- alias '1l' is STD.STANDARD.'l' [return STD.STANDARD.BIT];
-- alias "and" is STD.STANDARD."and" [STD.STANDARD.BIT,

-= STD.STANDARD.BIT

-= return STD.STANDARD.BIT];
-- alias "or" is STD.STANDARD."or" [STD.STANDARD.BIT,

-= STD.STANDARD.BIT

- return STD.STANDARD.BIT];
-- alias "nand" is STD.STANDARD."nand" [STD.STANDARD.BIT,

- STD.STANDARD.BIT

- return STD.STANDARD.BTITY
-- alias "nor" is STD.STANDARD.'"nor" [STD.STANDARD.BIT,

- STD.STANDARD.BIT

- return STD.STANDARD.BIT]
-- alias "xor" is STD.STANDARD."xor" [STD.STANDARD.BIT;

- STD.STANDARD.BIT

- return STD.STANDARD.BIT]
-- alias "xnor" is STD.STANDARD."xnor" [STD.STANDARD.BIT,

- STD.STANBDARD.BIT

- return STD.STANDARD.BIT]
-- alias "not" is STD.STANDARD.'"not" [STD¢STANDARD.RIT,

- STD. STANDARD.BIT

- return STD.STANDARD.BIT]
-- alias "=" is STD.STANDARD."=" fSTD.STANDARD.BIT,

- STD.STANDARD.BIT

- return STD.STANDARD.BOOLFAN];
-- alias "/=" is STD.STANDARD. /=" [STD.STANDARD.RIT,
- STD.STANDARD.BIT
- return STD.STANDARD.BOOLFAN];
-- alias "<" is STD.STANDARD."<" [STD.STANDARD.RIT,
- STD.STANDARD.BIT
- return STD.STANDARD.BOOLFAN];
-- alias "<=" is STD.STANDARD."<=" [STD.STANDARD.BIT,
-— STD.STANDARD.BIT
—-= return STD.STANDARD.BOOLFAN] ;
-- alias ">" is STD.STANDARD.">" [STD.STANDARD.BIT,
-— STD.STANDARD.BIT
—-= return STD.STANDARD.BOOLFAN] ;
-- alias ">=" is STD.STANDARD.">=" [STD.STANDARD.BIT,
-— STD.STANDARD.BIT
—-= return STD.STANDARD.BOOLEAN] ;

NOTE—An alias of an explicitly declared object is not an explicitly declared object, nor is the alias of a subelement or
slice of an explicitly declared object an explicitly declared object.

4.4 Attribute declarations

An attribute is a value, function, type, range, signal, quantity, or constant that may be associated with one or
more named entities in a description. There are two categories of attributes: predefined attributes and user-
defined attributes. Predefined attributes provide information about named entities in a description. Clause 14
contains the definition of all predefined attributes. Predefined attributes that are signals shall not be updated.
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User-defined attributes are constants of arbitrary type. Such attributes are defined by an attribute declaration.

attribute_declaration ::=
attribute identifier : type mark ;

The identifier is said to be the designator of the attribute. An attribute may be associated with an entity
declaration, an architecture, a configuration, a procedure, a function, a package, a type, a subtype, a nature, a
subnature, a constant, a signal, a variable, a quantity, a terminal, a component, a label, a literal, a unit, a
group, or a file.

It is an-errarif the ty pe mark denotes an access ty pe 2 file type a prntpr‘md type ora rnmpncitp type with a

subelement that is an access type, a file type, or a protected type. The denoted type or subtype nééd|not be
constrgined.

Examples:

type |[COORDINATE is record X,Y: INTEGER; end record;
subtype POSITIVE is INTEGER range 1 to INTEGER'HIGH;
attribute LOCATION: COORDINATE;

attrijbute PIN NO: POSITIVE;

NOTE [l—A given named entity E will be decorated with the user-definedhattribute A if and only if an attribute [specifi-
cation for the value of attribute A exists in the same declarative part{as the declaration of E. In the absence of such a
specifidation, an attribute name of the form E'A is illegal.

NOTE P—A user-defined attribute is associated with the named entity denoted by the name specified in a declaration,
not with the name itself. Hence, an attribute of an object canbe referenced by using an alias for that object rather than
the declared name of the object as the prefix of the attribute'name, and the attribute referenced in such a way is the same
attributp (and therefore has the same value) as the attribute referenced by using the declared name of the objedt as the
prefix.

NOTE B—A user-defined attribute of a port, signal, variable, quantity, terminal, or constant of some compositq type is
an attripute of the entire port, signal, variable, quantity, terminal, or constant, not of its elements. If it is necepsary to
associafe an attribute with each element ef 8ome composite object, then the attribute itself can be declared to|be of a
compodite type such that for each element'of the object, there is a corresponding element of the attribute.

4.5 Component declarations

A component declaration declares an interface to a virtual design entity that may be used in a component
instantjation statenient. A component configuration or a configuration specification can be used to associate
a component instance with a design entity that resides in a library.

compopent” declaration ::=

component identifier [ is ]
[ local generic clause ]
[ local port_clause ]
end component [ component_simple_name ] ;

Each interface object in the local generic clause declares a local generic. Each interface object in the local
port clause declares a local port.

If a simple name appears at the end of a component declaration, it shall repeat the identifier of the
component declaration.
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4.6 Group template declarations

A group template declaration declares a group template, which defines the allowable classes of named
entities that can appear in a group.

group_template _declaration ::=
group identifier is ( entity class_entry list) ;

entity class entry list ::=
entity class_entry {, entity class_entry }

entity [cTass_entry ;.= entity_class | ]

A groyp template is characterized by the number of entity class entries and the entity class at-each pgsition.
Entity [lasses are described in 5.1.

An enfity class entry that is an entity class defines the entity class that may appear ab that position in the
group fype. An entity class entry that includes a box (<>) allows zero or more group constituents to appear in
this pdsition in the corresponding group declaration; such an entity class entry shall be the last one|within
the entfity class entry list.

Examples:

group PIN2PIN is (signal, signal); -- Groups of this type consist|of
-- two signals.

group RESOURCE is (label <>); -- AGroups of this type consist|of
</ any number of labels.

group DIFF CYCLES is (group <>); -- A group of groups.

4.7 Group declarations

A groyp declaration declares a groups ‘a named collection of named entities. Named entities are descijibed in
5.1

group [declaration ::=
group identifier : group template name ( group_constituent list ) ;

group |constituent)list ::= group constituent { , group_constituent }

group |conistittient ::= name | character_literal

It is an error if the class of any group constituent in the group constituent list is not the same as the class
specified by the corresponding entity class entry in the entity class entry list of the group template.

A name that is a group constituent shall not be an attribute name (see 6.6). Moreover, if such a name
contains a prefix, it is an error if the prefix is a function call.

If a group declaration appears within a package body, and a group constituent within that group declaration
is the same as the simple name of the package body, then the group constituent denotes the package
declaration and not the package body. The same rule holds for group declarations appearing within
subprogram bodies containing group constituents with the same designator as that of the enclosing
subprogram body.
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If a group declaration contains a group constituent that denotes a variable of an access type, the group

declaration declares a group incorporating the variable itself, and not the designated object, if any.
Examples:

group Gl: RESOURCE (L1, L2); -- A group of two labels.
group G2: RESOURCE (L3, L4, L5); -— A group of three labels.

group C2Q: PIN2PIN (PROJECT.GLOBALS.CK, Q);

-- Groups may associate named

-- entities in different declarative

-- parts (and regions).

group CONSTRAINTLI: DIFE CYCLES (GL, G3); -= A group OI groups.

4.8 Npture declaration

A natufe declaration declares a nature and defines the across and through types of the nature. A scala

declarg

nature [definition.

nature |
na

nature |

subnatpire declaration ::=
subpnature identifier is subnature indication ;

subnatpire_indication ::=
nature mark [ index_constraint | [ tolerance string expression across string expression through |

nature| mark ::=

na
For an
denote]

denote]

The n4

the na

scdlar nature definition | composite nature definition

the na‘T‘\re definittion for a scalar nature or a constrained array nature creates both a nature and a subna

tion also declares the reference terminal of its simple nature denoted by the¢ identifier of itd
declaration ::=
ure identifier is nature definition ;

definition ::=

ure_name | subnature_name

y nature name N, ap-attribute name of the form N'ACROSS denotes the across type of the
d by N, and an attribute name of the form N'THROUGH denotes the through type of the
d by N.

tures created by the elaboration of distinct nature definitions are distinct natures. The elaborg

Ie.

nature
scalar

nature
nature

tion of
ture of

The simple name declared by a nature declaration denotes the declared nature, unless the nature declaration
declares both a nature and a subnature of the nature, in which case the simple name denotes the subnature
and the nature is anonymous.

A subnature declaration declares a subnature. A condition imposed by an index constraint is said to be
compatible with a nature if it is compatible with the across and through types of the nature. The condition
imposed by the index constraint of a subnature indication shall be compatible with the nature denoted by the

nature

mark.

If a subnature indication includes a tolerance specification, then the tolerance group of the across type of the
subnature is the value of the string expression preceding the reserved word across. Similarly, the tolerance
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group of the through type of the subnature is the value of the string expression preceding the reserved word
through. Both string expressions in the tolerance specification shall be static expressions.

If the subnature indication does not include an index constraint, the subnature is the same as that denoted by
the nature mark. The condition imposed by an index constraint is the condition obtained after the evaluation
of the expressions and ranges forming the constraint. The rules defining compatibility are given in 3.2.1.1.
These rules are such that if an index constraint is compatible with a subnature, then the condition imposed
by the index constraint cannot contradict any condition already imposed by the subnature. An error occurs if
any check for compatibility fails.
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5. Specifications

This clause describes specifications, which may be used to associate additional information with a VHDL
description. A specification associates additional information with a named entity that has been previously
declared. There are four kinds of specifications: attribute specifications, configuration specifications,
disconnection specifications, and step limit specifications.

A specification always relates to named entities that already exist; thus a given specification shall either
follow or (in certain cases) be contained within the declaration of the entity to which it relates. Furthermore,
a specification shall always appear either immediately within the same declarative part as that in which the
declaration of the named entity appears, or (in the case of specifications that relate to design units or the
interfaf€ objects of design units, Subprograms, or DIOCK statements) immediately within the declarative part
associgted with the declaration of the design unit, subprogram body, or block statement.

5.1 Attribute specification

An attfibute specification associates a user-defined attribute with one or more named(éntities and defipes the
value ¢f that attribute for those entities. The attribute specification is said to decérgte the named entity.

attribufe_specification ::=
attyibute attribute designator of entity specification is expression ;

entity [specification ::=
entity name list : entity class

entity [class ::=
tity

| architecture

| cqnfiguration
| procedure

| nature

| subnature
| quantity

| terminal

entity name_list ::=
entity designator {, entity designator }
| others
| all
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entity designator ::= entity tag [ signature ]
entity tag ::= simple name | character literal | operator symbol

The attribute designator shall denote an attribute. The entity name list identifies those named entities, both
implicitly and explicitly defined, that inherit the attribute, described as follows:

— Ifalist of entity designators is supplied, then the attribute specification applies to the named entities
denoted by those designators. It is an error if the class of those names is not the same as that denoted
by the entity class.

— If the reserved word others is supplied, then the attribute specification applies to named entities of
the specified class that are declared in the immediately enclosing declarative part, provided that each
such entity is not explicitly named in the entity name list of a previous attribute specification|for the
given attribute.

— |If the reserved word all is supplied, then the attribute specification applies to all named|entitie$ of the
specified class that are declared in the immediately enclosing declarative part.

An attfibute specification with the entity name list others or all for a given entity'class that appegrs in a
declargtive part shall be the last such specification for the given attribute for the)given entity class|in that
declargtive part. It is an error if a named entity in the specified entity class is'declared in a given declarative
part following such an attribute specification.

If a nafne in an entity name list denotes a subprogram or package, it’denotes the subprogram declardtion or
package declaration. Subprogram and package bodies cannot be-attributed.

An entfty designator that denotes an alias of an object is required to denote the entire object, not a merber of
an obj¢ct.

The entity tag of an entity designator containiig’ a signature shall denote the name of one of more
subprojgrams or enumeration literals. In this case; the signature shall match (see 2.3.2) the parameter and
result fype profile of exactly one subprogram or enumeration literal in the current declarative pgrt; the
enclosng attribute specification then decorates that subprogram or enumeration literal.

The exjpression specifies the valuelofithis attribute for each of the named entities inheriting the attribyte as a
result ¢f this attribute specification. The type of the expression in the attribute specification shall be the same
as (or Implicitly convertible-te) the type mark in the corresponding attribute declaration. If the entity name
list depiotes an entity declaration, architecture body, or configuration declaration, then the expression is
requirdd to be locally §tatic (see 7.4).

An attfibute spécification for an attribute of a design unit (i.e., an entity declaration, an architedture, a
configpiration; or a package) shall appear immediately within the declarative part of that desigh unit.
Simila

block statement. An attribute specification for an attribute of a procedure, a function, a type, a subtype, a
nature, a subnature, an object (i.e., a constant, a file, a signal, a quantity, a terminal, or a variable), a
component, literal, unit name, group, or a labeled entity shall appear within the declarative part in which that
procedure, function, type, subtype, nature, subnature, object, component, literal, unit name, group, or label,
respectively, is explicitly or implicitly declared.

For a given named entity, the value of a user-defined attribute of that entity is the value specified in an
attribute specification for that attribute of that entity.

It is an error if a given attribute is associated more than once with a given named entity. Similarly, it is an
error if two different attributes with the same simple name (whether predefined or user-defined) are both
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associated with a given named entity. The single exception to this is the predefined attribute
'LAST EVENT, where the two different attributes are disambiguated by the return type of the attribute.

An entity designator that is a character literal is used to associate an attribute with one or more character
literals. An entity designator that is an operator symbol is used to associate an attribute with one or more
overloaded operators.

If the entity tag is overloaded and the entity designator does not contain a signature, all named entities
already declared in the current declarative part and matching the specification are decorated.

If an attribute specification appears, it shall follow the declaration of the named entity with which the
attribufe 1s associated, and it shall precede all references to that atiribute of that named entity. Aftribute
specifications are allowed for all user-defined attributes, but are not allowed for predefined attributes

An attfibute specification may reference a named entity by using an alias for that entity ib-the entity name
list, but such a reference counts as the single attribute specification that is allowed for a.given attribyite and
therefdre prohibits a subsequent specification that uses the declared name of the entity-(or any other alias) as
the entfity designator.

An atfribute specification whose entity designator contains no signatufer and identifies an ovefloaded
subprogram or enumeration literal has the effect of associating that attribute with each of the designated
overlogded subprograms or enumeration literals declared within that declarative part.

Exampyles:

attrijbute PIN NO of CIN: signal is 10;

attrijbute PIN NO of COUT: signal is &7

attribute LOCATION of ADDER1: label is (10,15);
attribute LOCATION of others: label is (25,77);
attribute CAPACITANCE of all:,.signal is 15 pF;
attribute IMPLEMENTATION of, G1: group is "74LS152";
attrijbute RISING DELAY of./C2Q: group is 7.2 ns;

NOTE [l—User-defined attributes represent local information only and cannot be used to pass information frpm one
description to another. For instance; assume some signal X in an architecture body has some attribute A. Further,|assume
that X is associated with someleeal port L of component C. C in turn is associated with some design entity E(B), and L
is assodiated with E’s formal port P. Neither L nor P has attributes with the simple name A, unless such attribfites are
suppliefl via other attribute Specifications; in this latter case, the values of P'A and X'A are not related in any way.

NOTE P—The local\perts and generics of a component declaration cannot be attributed, since component declprations
lack a declarative part.

NOTE B—If an attribute specification applies to an overloadable named entity, then declarations of additional named
entities| with the same simple name are allowed to occur in the current declarative part unless the aforemgntioned
attributk qppr‘iﬁr‘minn has ag its entity name list either of the reserved waords others or all

NOTE 4—Attribute specifications supplying either of the reserved words others or all never apply to the interface
objects of design units, block statements, or subprograms.

NOTE 5—An attribute specification supplying either of the reserved words others or all may apply to none of the
named entities in the current declarative part, in the event that none of the named entities in the current declarative part
meet all of the requirements of the attribute specification.

5.2 Configuration specification

A configuration specification associates binding information with component labels representing instances
of a given component declaration.
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configuration_specification ::=
for component_specification binding_indication ;

component_specification ::=
instantiation_list : component name

instantiation_list ::=
instantiation_label { , instantiation_label }
| others
| all

The ifstantiation 1St identities thoSe COMpONent instances with which binding information is| to be
associgted, defined as follows:

— |If a list of instantiation labels is supplied, then the configuration specification (applies [to the
corresponding component instances. Such labels shall be (implicitly) declased within the
immediately enclosing declarative part. It is an error if these component instances are not ingtances
of the component declaration named in the component specification. It is al$e-an error if any of the
labels denote a component instantiation statement whose corresponding instantiated unit dpes not
name a component.

— | If the reserved word others is supplied, then the configuration speeification applies to instances of
the specified component declaration whose labels are (implicitly) declared in the immediately
enclosing declarative part, provided that each such component iristance is not explicitly namedl in the
instantiation list of a previous configuration specification{. This rule applies only to those component
instantiation statements whose corresponding instantiated units name components.

— | If the reserved word all is supplied, then the configuration specification applies to all instances of the
specified component declaration whose labels arg’(implicitly) declared in the immediately en¢losing
declarative part. This rule applies only to thosé component instantiation statements whose| corre-
sponding instantiated units name componefts.

A configuration specification with the instantiation list others or all for a given component name that
appearp in a declarative part shall be.the“ast such specification for the given component name [in that
declargtive part.

The elpboration of a configuration specification results in the association of binding information with the
labels |dentified by the instantiation list. A label that has binding information associated with it is said to be
bound| 1t is an error if the elaboration of a configuration specification results in the association of hinding
informpation with a component label that is already bound, unless the binding indication in the configpiration
specification is an’inctemental binding indication (see 5.2.1). It is also an error if the elaboratign of a
configpration specification containing an incremental binding indication results in the association of hinding
information with a component label that is already incrementally bound.

NOTE-{-Aonfiguration specification supplying either of the reserved words others or all may apply to nong¢ of the
componentinstancesi-the-current-declarative-part—his-is-the-case-when-none-of the-componentinstancesin-the current
declarative part meet all of the requirements of the given configuration specification.

5.2.1 Binding indication

A binding indication associates instances of a component with a particular design entity. It may also
associate actuals with formals declared in the entity declaration.

binding_indication ::=
[ use entity aspect ]
[ generic_map_aspect |
[ port map aspect ]
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The entity aspect of a binding indication, if present, identifies the design entity with which the instances of a
component are associated. If present, the generic map aspect of a binding indication identifies the
expressions to be associated with formal generics in the entity declaration. Similarly, the port map aspect of
a binding indication identifies the signals, terminals, quantities, or values to be associated with formal ports
in the entity declaration.

When a binding indication is used in an explicit configuration specification, it is an error if the entity aspect
is absent.

A binding indication appearing in a component configuration shall have an entity aspect unless the block
corresponding to the block configuration in which the given component configuration appears has one or

more

component configuration. The binding indications appearing in these configuration specifications
corresponding primary binding indications. A binding indication need not have an entity aspeet;_ in th

either
bindin

It is any error if a formal port appears.in-the port map aspect of the incremental binding indication an
formalfport that is associated with ‘an’actual other than open in one of the primary binding indicationg.

If the generic map aspect orport map aspect of a primary binding indication is not present, then the

rules a

It is arf error if an‘explicit entity aspect in an incremental binding indication does not adhere to any

follow

omlgura[ion specincations that togeiner conrigure all component instances denoted im I

r both of a generic map aspect or a port map aspect shall be present in the binding indication.

binding indications, the given formal generic is bound to the actuakwith which it is associate
generic map aspect of the incremental binding indication.

primary binding indication has no effect for the given instance.

For each formal port appearing in the port map aspect of the incremental binding indicati
denoting a formal port that is unassociated or associated with open in any of the primary 1
indications, the given formal port is bound to the actual with which it is associated in the pd
aspect of the incremental binding indication.

5 described in 5.22 apply.

ng rules:

If the entity aspect in the corresponding primary binding indication is of the first form (fully b
astspecified in 5.2.1.1, then the entity aspect in the incremental binding indication shall als

given
are the
it case,
Such a

b indication is an incremental binding indication. An incremental binding indication is ysed to
incrementally rebind the ports and generics of the denoted instance(s) under the follewing conditions|:

For each formal generic appearing in the generic map aspect of the incremental binding indication
and denoting a formal generic that is unassociated or associated with open in any of the grimary

| in the

For each formal generic appearing in the generic map aspect of the incremental binding indjication
and denoting a formal generic that is associated with an actual other than open in one of the grimary
binding indications, the given formal generic is rebound. to the actual with which it is associlated in
the generic map aspect of the incremental binding.indication. That is, the association given in the

bn and
inding
rt map

litisa

default

of the

ound),
b be of

the Tirst form and shall denofe the same entity declaration as that ol the primary binding indication.
An architecture name shall be specified in the incremental binding indication if and only if the
primary binding indication also identifies an architecture name; in this case, the architecture name in
the incremental binding indication shall denote the same architecture name as that of the primary

binding indication.

If the entity aspect in the primary binding indication is of the second form (that is, identifying

a con-

figuration), then the entity aspect of the incremental binding indication shall be of the same form

and shall denote the same configuration declaration as that of the primary binding indication.

NOTE 1—The third form (open) of an entity aspect does not apply to incremental binding indications as this form can-
not include either a generic map aspect or a port map aspect and incremental binding indications shall contain at least
one of these aspects.
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NOTE 2—The entity aspect of an incremental binding indication in a component configuration is optional.

NOTE 3—The presence of an incremental binding indication will never cause the default rules of 5.2.2 to be applied.

Examples:

entity AND GATE is

generic (I1toO, I2toO: DELAY LENGTH := 4 ns);
port (I1, I2: in BIT; O: out BIT);
end entity AND GATE;
entity XOR GATE is
g¢neric (lI1to0, I[Zto0: DELAY LENGTH := 4 ns);
pI;; (I1, I2: in BIT; O: out BIT);
end entity XOR GATE;
package MY GATES is
component AND GATE is
generic I1toO, I2toO: DELAY LENGTH := 4 ns);
port (I1, I2: in BIT; O: out BIT);

end component AND GATE;

component XOR GATE is
generic (IltoO, I2toO:
port (I1l, I2: in BIT;

end component XOR GATE;
end package MY GATES;

entity Half Adder is
port (X, Y: in BIT;
end entity Half Adder;

Sum,

use |
archj
for L1: XOR GATE use

[ORK.MY GATES.all;

Ll tecture Structure of\Half Adder is

entity WORK.XOR, GATE (Behavior)

DELAY LENGTH
O: out BIT);

4 ns);

Carrysyout BIT);

The primary binding

generic map. (3 ns, 3 ns) -- indication for instance|Ll.
port map (I1 => Il1, I2 => I2, O => O);
for L2: AND GATE use
entity{JIORK.AND GATE (Behavior) -- The primary binding
generic map (3 ns, 4 ns) -- indication for instance|L2.
port map (I1, open, O);
begi
Ll XOR_GATR port map (X, V Sum) ;
L2: AND GATE port map (X, Y, Carry);
end architecture Structure;
use WORK.GLOBAL SIGNALS.all;
configuration Different of Half Adder is
for Structure
for L1: XOR GATE
generic map (2.9 ns, 3.6 ns); -- The incremental binding
end for; -- indication of L1l; rebinds

for L2: AND GATE

its generics.
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generic map (2.8 ns, 3.25 ns) -— The incremental binding
port map (I2 => Tied High); -— indication of L2; rebinds
end for; -- its generics and binds

-- 1its open port.
end for;
end configuration Different;

5.2.1.1 Entity aspect

An entity aspect identifies a particular design entity to be associated with instances of a component. An
entity aspect may also specify that such a binding is to be deferred.

entity [aspect ::=
entity entity name [ ( architecture_identifier ) |
| cqnfiguration configuration name
| open

The fifst form of entity aspect identifies a particular entity declaration and (6ptionally) a corresppnding
architecture body. If no architecture identifier appears, then the immediately enclosing binding indicgtion is
imply the design entity whose interface is defined by the entity ‘déelaration denoted by thg entity
name gnd whose body is defined by the default binding rules for architecture identifiers (see 5.2.2). If an
architecture identifier appears, then the immediately enclosing binding indication is said to imply the|design
entity ponsisting of the entity declaration denoted by the entityname together with an architecturp body
associgted with the entity declaration; the architecture identifier defines a simple name that is used |[during
the elgboration of a design hierarchy to select the appropriate architecture body. In either cape, the

At the|time of the analysis of an entity aspect of the first form, the library unit corresponding to th¢ entity
declargtion denoted by the entity name is requiréd to exist; moreover, the design unit containing th¢ entity
aspect|depends on the denoted entity declaration. If the architecture identifier is also present, the librdry unit
corresponding to the architecture identifieris required to exist only if the binding indication is pdrt of a
ent configuration containing.€xplicit block configurations or explicit component configugations;
this case does the design Gnit containing the entity aspect also depend on the denoted architecture

design entity impliediby the enclosing binding indication is bound to the component ifistance
denotefd by the component ‘configuration or configuration specification containing the binding indication; if
the libgary unit corresponding to the architecture identifier was required to exist during analysis, it is gn error
if the architecture jidentifier does not denote the same library unit as that denoted during analysis. The(library
esponding)to the architecture identifier, if it exists, shall be an architecture body associated with the

ond form of entity aspect identifies a design entity indirectly by identifying a configuration.|In this
case, the entity aspect is said to imply the design entity at the apex of the design hierarchy that is defined by
the configuration denoted by the configuration name.

At the time of the analysis of an entity aspect of the second form, the library unit corresponding to the
configuration name is required to exist. The design unit containing the entity aspect depends on the
configuration denoted by the configuration name.

The third form of entity aspect is used to specify that the identification of the design entity is to be deferred.
In this case, the immediately enclosing binding indication is said to nrot imply any design entity.
Furthermore, the immediately enclosing binding indication shall not include a generic map aspect or a port
map aspect.
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5.2.1.2 Generic map and port map aspects

A generic map aspect associates values with the formal generics of a block. Similarly, a port map aspect
| associates signals, quantities, terminals, or values with the formal ports of a block. The following applies to
both external blocks defined by design entities and to internal blocks defined by block statements.

generic_map_aspect ::=
generic map ( generic_association_list )

port_map_aspect ::=
port map ( port association list )

Both npmed and positional association are allowed in a port or generic association list.

The fo]lowing definitions are used in the remainder of this subclause:

— | The term actual refers to an actual designator that appears either in an associafipn element ot a port
association list or in an association element of a generic association list.

— | The term formal refers to a formal designator that appears either in ap-association element of a port
association list or in an association element of a generic association Jist’

The pyrpose of port and generic map aspects is as follows:

— | Generic map aspects and port map aspects appearing immediately within a binding indication pssoci-
ate actuals with the formals of the entity declaration.implied by the immediately enclosing binding
indication. It is an error if a scalar formal may be assoeiated with more than one actual. It is an error
if a scalar subelement of any composite formal is,associated more than once in the same association
list.

Each scalar subelement of every local port-of the component instances to which an enclosing fonfig-
uration specification or component configuration applies shall be associated as an actual ith at
least one formal or with a scalar subelement thereof. The actuals of these associations for 3 given
local port shall be either the entige local port or any slice or subelement (or slice thereof) of tHe local
port. The actuals in these assoéiations shall be locally static names.

— | Generic map aspects and, port map aspects appearing immediately within a component instantiation
statement associate actuals with the formals of the component instantiated by the statement. [[t is an
error if a scalar formal‘s associated with more than one actual. It is an error if a scalar subelement of
any composite formal is associated with more than one scalar subelement of an actual.

— | Generic mapaspects and port map aspects appearing immediately within a block header asgociate
actuals with the formals defined by the same block header. It is an error if a scalar formal is
associated with more than one actual. It is an error if a scalar subelement of any composite fofmal is
associated with more than one actual or with a scalar subelement thereof.

An actual associated with a formal generic in a generic map aspect shall be an expression or the reserved
word open; an actual associated with a formal port in a port map aspect shall be a signal, a quantity, a
terminal, an expression, or the reserved word open.

Certain restrictions apply to the actual associated with a formal port in a port map aspect; these restrictions
are described in 1.1.1.2.

A formal that is not associated with an actual is said to be an unassociated formal.
NOTE—A generic map aspect appearing immediately within a binding indication need not associate every formal

generic with an actual. These formals may be left unbound so that, for example, a component configuration within a
configuration declaration may subsequently bind them.
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Example:

entity Buf is

generic (Buf Delay: TIME := 0 ns);
port (Input pin: in Bit; Output pin: out Bit);
end Buf;

architecture DataFlow of Buf is
begin

Output pin <= Input pin after Buf Delay;
end DataFlow;

entity Test Bench is
end Test Bench;

archjtecture Structure of Test Bench is
component Buf is
generic (Comp Buf Delay: TIME);
port (Comp I: in Bit; Comp O: out Bit);
end component;
-1 A binding indication; generic and port mapk%aspects within a
-1 binding indication associate actuals (Ceomp-I, etc.) with
-1 formals of the entity declaration (Input:pin, etc.):
for UUT: Buf
use entity Work.Buf (DataFlow)
generic map (Buf Delay => Comp ‘Buf Delay)
port map (Input pin => Comp(I; Output pin=> Comp O);

signal S1,S52: Bit;
begin

-1+ A component instantriation statement; generic and port map aspects
-1+ within a componegitvinstantiation statement associate actuals
-1 (s1, etc.) with the formals of a component (Comp I, etc.):
UPT: Buf

generic map-\(Comp Buf Delay => 50 ns)

port map ((Cemp I => S1, Comp O => S2);

-1 A block statement; generic and port map aspects within the
-1 Dbleoek header of a block statement associate actuals (in thig
- case, 4) with the formals defined in the block header:
B{ b¥ock

generic (G: INTEGER);

generic map (G => 4);
begin
end block;

end Structure;

NOTE 1—A local generic (from a component declaration) or formal generic (from a block statement or from the entity
declaration of the enclosing design entity) may appear as an actual in a generic map aspect. Similarly, a local port (from
a component declaration) or formal port (from a block statement or from the entity declaration of the enclosing design
entity) may appear as an actual in a port map aspect.

NOTE 2—If a formal generic is rebound by an incremental binding indication, the actual expression associated by the
formal generic in the primary binding indication is not evaluated during the elaboration of the description.
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Cross-references: Generics, 1.1.1.1; ports, 1.1.1.2; interface declarations, 4.3.2.
5.2.2 Default binding indication

In certain circumstances, a default binding indication will apply in the absence of an explicit binding
indication. The default binding indication consists of a default entity aspect, together with a default generic
map aspect and a default port map aspect, as appropriate.

If no visible entity declaration has the same simple name as that of the instantiated component, then the
default entity aspect is open. A visible entity declaration is either

a)  An entity declaration that has the same simple name as that of the instantiated component and that is
directly visible (see 10.3),

b) | An entity declaration that has the same simple name as that of the instantiated component apd that
would be directly visible in the absence of a directly visible (see 10.3) component declaration with
the same simple name as that of the entity declaration, or

¢) | An entity declaration denoted by “L.C”, where L is the target library and C(s, the simple name of
the instantiated component. The target library is the library logical name.0fthe library confaining
the design unit in which the component C is declared.

These pisibility checks are made at the point of the absent explicit binding.indication that causes the default
binding indication to apply.

Otherise, the default entity aspect is of the form
entity entity name ( architecture identidfier )

where the entity name is the simple name of the instantiated component, and the architecture identifidr is the
same §s the simple name of the most recentlylanalyzed architecture body associated with the| entity
declargtion. If this rule is applied either to-a binding indication contained within a configpiration
specification or to a component configuration that does not contain an explicit inner block configyration,
then the architecture identifier is determined during elaboration of the design hierarchy containing the
binding indication. Likewise, if a component instantiation statement contains an instantiated unit confaining
the rederved word entity but does not contain an explicitly specified architecture identifier, this |rule is
applied during the elaboration of the design hierarchy containing a component instantiation statemenf. In all
other dases, this rule is applied-during analysis of the binding indication.

It is anf error if there istno architecture body associated with the entity declaration denoted by an entity name
that is the simple name of the instantiated component.

The d¢fault-binding indication includes a default generic map aspect if the design entity implied [by the
entity fspéct-Contains formal generics. The default generic map aspect associates each local generiq in the
corresponding component instantiation (if an ith a formal of the same simple name. It is an errorfif such
a formal does not exist or if its mode and type are not appropriate for such an association. Any remaining
unassociated formals are associated with the actual designator open.

The default binding indication includes a default port map aspect if the design entity implied by the entity
aspect contains formal ports. The default port map aspect associates each local port in the corresponding
component instantiation (if any) with a formal of the same simple name. It is an error if such a formal does
not exist or if its mode and type are not appropriate for such an association. Any remaining unassociated
formals are associated with the actual designator open.

If an explicit binding indication lacks a generic map aspect, and if the design entity implied by the entity
aspect contains formal generics, then the default generic map aspect is assumed within that binding
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indication. Similarly, if an explicit binding indication lacks a port map aspect, and the design entity implied
by the entity aspect contains formal ports, then the default port map aspect is assumed within that binding
indication.

5.3 Disconnection specification

A disconnection specification defines the time delay to be used in the implicit disconnection of drivers of a
guarded signal within a guarded signal assignment.

disconnection_specification ::=

d

guarded signal specification ::=
gudqirded signal list : type mark

signal
s

Each sjgnal name in a signal list in a guarded signal specification shallbe a locally static name that ¢
a guardled signal (see 4.3.1.2). Each guarded signal shall be an explicitly declared signal or member

a sign

If the

indicated in the guarded signal specification (see 4.3.1¢2). If the guarded signal is an array elemen|
explicitly declared signal, the type mark shall be the'same as the element subtype indication in the (4
or implicit) array type declaration that declares the'base type of the explicitly declared signal. If the g
s a record element of an explicitly declatéd signal, then the type mark shall be the same as the type
mark ih the element subtype definition of the record type declaration that declares the type of the ex
declarg¢d signal. Each signal shall be declared in the declarative part enclosing the disconi
specification.

signal

Subjedt to the aforementioned,rules, a disconnection specification applies to the drivers of a guarded
S of whose type mark denotes:the type T under the following circumstances:

| omhers
|a

onnect guarded signal specification after time expression ;

list ::=
ignal name { , signal name }

ql.

guarded signal is a declared signal or a slice thereofs the'type mark shall be the same as the typ|

For a scalar signdl S;71f an explicit or implicit disconnection specification of the form
disconneect\*S: T after time expression;

exists, then'this disconnection specification applies to the drivers of S.

For a.Gomposite signal S, an explicit or implicit disconnection specification of the form

disconnect S: T after time expression;

lenotes
f such

e mark
t of an
xplicit
uarded

plicitly
hection

signal

1S equivalem TO a serics of 1mp11cit disconnection specincatlons, one Ior each scalar subcIc

nent of

the signal S. Each disconnection specification in the series is created as follows: it has, as its single
signal name in its signal list, a unique scalar subelement of S. Its type mark is the same as the type of
the same scalar subelement of S. Its time expression is the same as that of the original disconnection

specification.

The characteristics of the disconnection specification shall be such that each implicit disconnection

specification in the series is a legal disconnection specification.

If the signal list in an explicit or implicit disconnection specification contains more than one signal
name, the disconnection specification is equivalent to a series of disconnection specifications, one
for each signal name in the signal list. Each disconnection specification in the series is created as

follows: It has, as its single signal name in its signal list, a unique member of the signal list fr
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original disconnection specification. Its type mark and time expression are the same as those in the
original disconnection specification.

The characteristics of the disconnection specification shall be such that each implicit disconnection
specification in the series is a legal disconnection specification.

— An explicit disconnection specification of the form
disconnect others: T after time expression;

is equivalent to an implicit disconnection specification where the reserved word others is replaced
with a signal list comprised of the simple names of those guarded signals that are declared signals
declared in the enclosing declarative part, whose type mark is the same as T, and that do not
otherwise have an explicit disconnection specification applicable to its drivers; the remainder of the
disconnection specification is otherwise unchanged. If there are no guarded signals in the en¢losing
declarative part whose type mark is the same as T and that do not otherwise have(an-¢xplicit
disconnection specification applicable to its drivers, then the preceding disconnectioh ‘speciffication
has no effect.

The characteristics of the explicit disconnection specification shall be such that the implicit ¢liscon-
nection specification, if any, is a legal disconnection specification.

— | An explicit disconnection specification of the form
disconnect all: T after time expression;

is equivalent to an implicit disconnection specification where the\reserved word all is replac¢d with
a signal list comprised of the simple names of those guarded signals that are declared pignals
declared in the enclosing declarative part and whose type.mark is the same as T; the remainde} of the
disconnection specification is otherwise unchanged. If there are no guarded signals in the en¢losing
declarative part whose type mark is the same as T, then the preceding disconnection specifiication
has no effect.

The characteristics of the explicit disconnection specification shall be such that the implicit ¢liscon-
nection specification, if any, is a legal disceninection specification.

A discpnnection specification with the signal list others or all for a given type that appears in a declarative
part shiall be the last such specification‘for the given type in that declarative part. It is an error if a guarded
signal pf the given type is declared in‘a-given declarative part following such a disconnection specifi¢ation.

The tifne expression in a disconnection specification shall be static and shall evaluate to a non-nggative
value.

It is anerror if more‘than one disconnection specification applies to drivers of the same signal.
If, by the aforémentioned rules, no disconnection specification applies to the drivers of a guarded] scalar

signal [S whose type mark is T (including a scalar subelement of a composite signal), then the following
defaulq disconnection specification is implicitly assumed:

disconnect S : T after 0 ns;

A disconnection specification that applies to the drivers of a guarded signal S is the applicable
disconnection specification for the signal S.

Thus the implicit disconnection delay for any guarded signal is always defined, either by an explicit
disconnection specification or by an implicit one.

NOTE 1—A disconnection specification supplying either the reserved words others or all may apply to none of the
guarded signals in the current declarative part, in the event that none of the guarded signals in the current declarative part
meet all of the requirements of the disconnection specification.
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NOTE 2—Since disconnection specifications are based on declarative parts, not on declarative regions, ports declared in
an entity declaration cannot be referenced by a disconnection specification in a corresponding architecture body.

Cross-references: Disconnection statements, 9.5; guarded assignment, 9.5; guarded blocks, 9.1; guarded
signals, 4.3.1.2; guarded targets, 9.5; signal guard, 9.1.

5.4 Step limit specification

A step limit specification specifies a maximum amount of time that is permitted to elapse between the
determination of the values of a quantity and the next determination of the value of that quantity.

Each ¢
quantit

If the
indicat
declarg
implic
is a req
in the
declarg
specifi

Subjeq
denote

uantity name in a quantity list in a step limit specification.Shall be a locally static name that depotes a
y. Each quantity shall be an explicitly declared quantity or a member of such a quantity.

uantity is a declared quantity or a slice thereofthe type mark shall be the same as the typg mark
ed in the quantity declaration for that quantitys, If the quantity is an array element of an explicitly
d quantity, the type mark shall be the same as the element subtype indication in the (explicit or
t) array type declaration that declares thebase type of the explicitly declared quantity. If the guantity
ord element of an explicitly declared-quantity, then the type mark shall be the same as the type mark
element subtype definition of the record type declaration that declares the type of the explicitly
d quantity. Each quantity shall be declared in the declarative part enclosing the step limit
Cation.

t to the aforementionedstules, a step limit specification applies to a quantity Q whose typg mark
5 the type T underthefollowing circumstances:

For a scalar quantity Q, if an explicit or implicit step limit specification of the form
limit 0T with real expression;
exists,-then this step limit specification applies to Q.

Fot,a-composite quantity Q, an explicit or implicit step limit specification of the form

limit O T with rog] Draccilaone.
= ™

7

is equivalent to a series of implicit step limit specifications, one for each scalar subelement of the
quantity Q. Each step limit specification in the series is created as follows: It has, as its single quan-
tity name in its quantity list, a unique scalar subelement of Q. Its type mark is the same as the type of
the same scalar subelement of Q. Its real expression is the same as that of the original step limit
specification.

The characteristics of the step limit specification shall be such that each implicit step limit specifica-
tion in the series is a legal step limit specification.

If the quantity list in an explicit or implicit step limit specification contains more than one quantity
name, the step limit specification is equivalent to a series of step limit specifications, one for each
quantity name in the quantity list. Each step limit specification in the series is created as follows: It
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has, as its single quantity name in its quantity list, a unique member of the quantity list from the
original step limit specification. Its type mark and time expression are the same as those in the orig-
inal step limit specification.

The characteristics of the step limit specification shall be such that each implicit step limit specifica-
tion in the series is a legal step limit specification.

— An explicit step limit specification of the form
limit others: T with real expression;
is equivalent to an implicit step limit specification where the reserved word others is replaced with a
quantity list comprised of the simple names of those quantities that are declared quantities declared
in the enclosing declarative part, whose type mark is the same as T, and that do not otherwise have

man EXPpIicit step limit specilication applicable to it, the remainder of e step limit specilicgtion is
otherwise unchanged. If there are no quantities in the enclosing declarative part whose typeark is
the same as T and that do not otherwise have an explicit step limit specification applicable t¢ them,
then the preceding step limit specification has no effect.

The characteristics of the explicit step limit specification shall be such that the.implicit step limit
specification, if any, is a legal step limit specification.

— | An explicit step limit specification of the form
limit all: T with real expression;

is equivalent to an implicit step limit specification where the reserved word all is replaced|with a
quantity list comprised of the simple names of those quantities-that are declared quantities d¢clared
in the enclosing declarative part and whose type mark ig-the same as T; the remainder of the step
limit specification is otherwise unchanged. If there are i@ quantities in the enclosing declarative part
whose type mark is the same as T, then the preceding.step limit specification has no effect.

The characteristics of the explicit step limit specification shall be such that the implicit step limit
specification, if any, is a legal step limit specification.

A step|limit specification with the quantity list others or all for a given type that appears in a declarative part
shall b the last such specification for the given'type in that declarative part. It is an error if a quantity of the
given fype is declared in a given declarative:part following such a step limit specification.
It is anf error if more than one step dimit specification applies to the same quantity.

T (including a scalar subelement of a composite quantity), then the following default step limit specification

If, by 1:6 aforementioned rulesyno step limit specification applies to a scalar quantity Q whose type rark is
is implicitly assumed:

limit O : T"with X;

where [X js the universal time corresponding to REAL'HIGH.

Thus the step limit expression for any quantity is always defined, either by an explicit step limit
specification or by an implicit one. If the value of a quantity is determined at time T, its value is next
determined at a time that is not greater than T plus the value of the step limit expression evaluated at time T
(see 12.6.6 for the process by which the analog solver determines the values of quantities, and 12.6.4 for the
role that the analog solver plays in the simulation cycle).

Example:
library IEEE;

use IEEE.Math real.all;
entity source is
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generic (Amplitude: REAL; Freqg: REAL);
port (quantity Sine: out REAL);

limit Sine: REAL with 0.05/Freq; -- ensures that there are at least
-- 20 analog solution points per

-- period of the sine wave

end entity source;

architecture Sinusoid of source is
begin

Sine == Amplitude * sin (Math 2 pi * Freq * NOW);
end architecture Sinusoid;

NOTE [—A step limit specification supplying either the reserved words others or all may apply to none of-quan

the cu
ments (

NOTE
declare

Cross-|

ent declarative part, in the event that none of the quantities in the current declarative part meet allofthe
f the step limit specification.

2—Since step limit specifications are based on declarative parts, not on declarative regions, quanti
 in an entity interface cannot be referenced by a step limit specification in a corresponding ‘architecture

peferences: Quantity declarations, 4.3.1.6; analog solver, 12.6.6.

tities in
equire-

y ports
ody.
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6. Names

The rules applicable to the various forms of names are described in this clause.

6.1 Names

Names can denote declared entities, whether declared explicitly or implicitly. Names can also denote the
following:

Objects denoted by access values
Methods (see 3.5.1) of protected types

name :
si

| of

| s

| in

| sl

| atfribute_name

prefix |:

n
| fu

Certaifp forms of name (indexed and selected names, slice names, and attribute names) include a prej
e or a function call. If the prefix of a name is a function call, then the name denotes an elefent, a

is a na
slice, @
design

If the t
mode ¢

A pref]

Subelements of composite objects
Subelements of composite values
Slices of composite objects
Slices of composite values

Attributes of any named entity

ple name
erator_symbol
lected name
dexed name
ce_name

yme
nction_call

r an attribute, either of the result of the function call, or (if the result is an access value) of thg
hted by the result. Function calls are defined in 7.3.3.

pe of a prefix is dn access type, then the prefix shall not be a name that denotes a formal paran
put or a membetithereof.

x is said to_be appropriate for a type or nature in either of the following cases:

The(type or nature of the prefix is the type or nature considered

fix that

object

eter of

Thietype of the prefix is an access type whose designated type is the type considered

The evaluation of a name determines the named entity denoted by the name. The evaluation of a name that
has a prefix includes the evaluation of the prefix, that is, of the corresponding name or function call. If the
type of the prefix is an access type, the evaluation of the prefix includes the determination of the object
designated by the corresponding access value. In such a case, it is an error if the value of the prefix is a null
access value. It is an error if, after all type analysis (including overload resolution) the name is ambiguous.

A nam

e is said to be a static name if and only if one of the following conditions holds:

The name is a simple name or selected name (including those that are expanded names) that does not
denote a function call, an object or value of an access type, or an object of a protected type and (in

the case of a selected name) whose prefix is a static name.
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— The name is an indexed name whose prefix is a static name, and every expression that appears as part
of the name is a static expression.

— The name is a slice name whose prefix is a static name and whose discrete range is a static discrete
range.

— The name is an attribute name whose prefix is a static signal name and whose suffix is one of the pre-
defined attributes 'DELAYED, 'STABLE, 'QUIET, "TRANSACTION, 'RAMP, or 'SLEW.

— The name is an attribute name whose prefix is a static quantity name and whose suffix is one of the
predefined attributes '"ABOVE, 'DOT, 'INTEG, 'DELAYED, 'SLEW, 'LTF, 'ZOH, or 'ZTF.

Furthermore, a name is said to be a locally static name if and only if one of the following conditions hold:

— | The name is a simple name or selected name (including those that are expanded names) thatig not an
alias and that does not denote a function call, an object or value of an access type, or an.obj¢ct of a
protected type and (in the case of a selected name) whose prefix is a locally static name:

— | The name is a simple name or selected name (including those that are expanded hames) that is an
alias, and that the aliased name given in the corresponding alias declaration (see 4.3.3) is a[locally
static name, and (in the case of a selected name) whose prefix is a locally stafic name.

— | The name is an indexed name whose prefix is a locally static name,‘and every expressipn that
appears as part of the name is a locally static expression.

— | The name is a slice name whose prefix is a locally static name and whose discrete range is a [locally
static discrete range.

A static signal name is a static name that denotes a signal. Thedongest static prefix of a signal name is the
name iself, if the name is a static signal name; otherwise, it\is‘the longest prefix of the name that is p static
signal hame. Similarly, a static variable name is a static name that denotes a variable, and the longedt static
prefix pf a variable name is the name itself, if the namenis a static variable name; otherwise, it is the |ongest
prefix pf the name that is a static variable name. The t€rms static quantity name and its longest static|prefix,
and stdtic terminal name and its longest static préfix are defined similarly.

Examples:
S(C,2) --A stati€ .mame: C 1is a static constant.
R(J %o 16) --A nonstatic name: J is a signal.
--R i8ythe longest static prefix of R(J to 16).
T (n) %A static name; n is a generic constant.
T(2) =-A locally static name.

6.2 Simple’names

A simple name for a named entity is either the identifier associated with the entity by its declaration or
another identifier associated with the entity by an alias declaration. In particular, the simple name for an
entity declaration, a configuration, a package, a procedure, or a function is the identifier that appears in the
corresponding entity declaration, configuration declaration, package declaration, procedure declaration, or
function declaration, respectively. The simple name of an architecture is that defined by the identifier of the
architecture body.

simple name ::= identifier

The evaluation of a simple name has no other effect than to determine the named entity denoted by the
name.
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6.3 Selected names

A selected name is used to denote a named entity whose declaration appears either within the declaration of
another named entity or within a design library.

selected name ::= prefix . suffix

suffix ::=
simple_name

| character literal

| oierator_symbol
|a

A selefted name can denote an element of a record, an object designated by an access value, or a[named
entity whose declaration is contained within another named entity, particularly withimya library, a pgckage,
or a pfotected type. Furthermore, a selected name can denote all named entities'\Whose declaratigns are
contaijed within a library or a package.

For a delected name that is used to denote a record element, the suffix shall’be a simple name denofing an
elemerjt of a record object or value. The prefix shall be appropriate forythe type or nature of this olfjject or
value.

For a gelected name that is used to denote the object designated by an access value, the suffix shalll be the
reservg¢d word all. The prefix shall belong to an access type:

The remaining forms of selected names are called expanded names. The prefix of an expanded nanfe shall
not be ja function call.

An expanded name denotes a primary unit¢entained in a design library if the prefix denotes the librgry and
the sufffix is the simple name of a primary unit whose declaration is contained in that library. An expanded
name ¢lenotes all primary units contained in a library if the prefix denotes the library and the suffiy is the
reservgd word all. An expanded.name is not allowed for a secondary unit, particularly for an architecture
body.

An exppanded name denotes a named entity declared in a package if the prefix denotes the package and the
suffix |s the simple-name, character literal, or operator symbol of a named entity whose declaration|occurs
immediately within\that package. An expanded name denotes all named entities declared in a packagp if the
prefix fenotes-the package and the suffix is the reserved word all.

An expandéd name denotes a named entity declared immediately within a named construct if the| prefix
denotes a construct that is an entity declaration, an architecture body, a subprogram declaration, a
subprogram body, a block statement, a process statement, a simultaneous procedural statement, a generate
statement, or a loop statement, and the suffix is the simple name, character literal, or operator symbol of a
named entity whose declaration occurs immediately within that construct. This form of expanded name is
only allowed within the construct itself, or if the prefix denotes an entity declaration and the expanded name
occurs within an architecture body corresponding to the entity declaration.

An expanded name denotes a named entity declared immediately within an architecture body if the prefix
denotes the entity declaration corresponding to the architecture body and the suffix is the simple name,
character literal, or operator symbol of a named entity whose declaration occurs immediately within the
architecture body. This form of expanded name is only allowed within the architecture body.
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An expanded name denotes a named entity declared immediately within a protected type if the prefix
denotes an object of a protected type and the suffix is a simple name of a method whose declaration appears
immediately within the protected type declaration.

If, according to the visibility rules, there is at least one possible interpretation of the prefix of a selected
name as the name of an enclosing entity declaration, architecture, subprogram, block statement, process
statement, simultaneous procedural statement, generate statement, or loop statement, or if there is at least
one possible interpretation of the prefix of a selected name as the name of an object of a protected type, then
the only interpretations considered are those of the immediately preceding three paragraphs. In this case, the
selected name is always interpreted as an expanded name. In particular, no interpretations of the prefix as a
function call are considered.

Examples:
-- Glven the following declarations:
type|[INSTR TYPE is
record
OPCODE: OPCODE TYPE;
end record;
signal INSTRUCTION: INSTR TYPE;
-— The name "INSTRUCTION.OPCODE" is the name.@f a record element.

-- Glven the following declarations:

type | INSTR PTR is access INSTR TYPE;
variable PTR: INSTR PTR;

-— The name "PTR.all" is the nanie’of the object designated by PTR.
-- Glven the following library clause:

library TTL, CMOS;

-— The name "TTL.SNJ4LS221" is the name of a design unit contained 1n
-- al|library and(theé name "CMOS.all" denotes all design units contajned

-- i a librarv

-- Glven tHe)following declaration and use clause:

library, MKS;
use NKS.MEASUREMENTS, STD,STANDARD:

—-— The name "MEASUREMENTS.VOLTAGE" denotes a named entity declared in
-- a package and the name "STANDARD.all" denotes all named entities
-- declared in a package.

-- Given the following process label and declarative part:

P: process
variable DATA: INTEGER;
begin
-— Within process P, the name "P.DATA" denotes a named entity
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-- declared in process P.
end process;

counter.increment (5) ; -— See 4.3.1.3 for the definition
counter.decrement (i) ; --— of "counter."
if counter.value = 0 then ... end if;

result.add(svl, sv2); —-— See 4.3.1.3 for the definition

bit stack.add bit(1, '1"')
bit stack.add bit (2, '1'")
um)

-— of "result."
-— See 4.3.1.3 for the definition
-— of "bit stack."

~e N

bit 4

NOTE
elemen
whose
necessq

If a sub

the sufffix in this case denotes the subelement. In this case, the access value is automaticallyydereferenced.

These t

type 1

type 1

type 1

red

eng

varial
varial

list2

list2

recob]]
NOTE
NOTE

that sat{sfies(these rules, then the selected name is ambiguous.

~o

tack.add _pOit (3,

| —The object denoted by an access value is accessed differently depending on whether the entire,ebject g
of the object is desired. If the entire object is desired, a selected name whose prefix denotes the access v4
uffix is the reserved word all is used. In this case, the access value is not automatically dereferenced, si
ry to distinguish an access value from the object denoted by an access value.

element of the object is desired, a selected name whose prefix denotes the access valte'is again used; h

o cases are shown in the following example:
ec;
ecptr is access rec;

ec is

ord

value : INTEGER;
\next\ : recptr;
record;

le listl, list2: recptr;
le recobj: rec;

:= listl; -- Access values are copied;
-- (listl and list2 now denote the same object.
:= listl.\next\; -+ 1ist2 denotes the same object as listl.\next\.
=~ listl.\next\ is the same as listl.all.\next\.
-- An implicit dereference of the access value occurs befo
-- "\next\" field is selected.
:= list2.ally -- An explicit dereference is needed here.

D—Overload't€solution is used to disambiguate selected names. See rules a) and ¢) of 10.5.

B—If, aecording to the rules of this clause and of 10.5, there is not exactly one interpretation of a selectg

ra sub-
lue and
hce it is

bwever,

re the

d name

6.4 Indexed names

An indexed name denotes an element of an array.

indexed name ::= prefix ( expression { , expression } )

The prefix of an indexed name shall be appropriate for an array type or nature. The expressions specify the
index values for the element; there shall be one such expression for each index position of the array, and
each expression shall be of the type of the corresponding index. For the evaluation of an indexed name, the
prefix and the expressions are evaluated. It is an error if an index value does not belong to the range of the
corresponding index range of the array.
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Examples:
REGISTER ARRAY (5) -- An element of a one-dimensional array
MEMORY CELL (1024,7) -- An element of a two-dimensional array

NOTE—If a name (including one used as a prefix) has an interpretation both as an indexed name and as a function call,
then the innermost complete context is used to disambiguate the name. If, after applying this rule, there is not exactly
one interpretation of the name, then the name is ambiguous. See 10.5.

6.5 Slice names

A slicg name denotes a one-dimensional array composed of a sequence of consecutive elements 6f\dnother
one-difnensional array. A slice of a signal is a signal; a slice of a variable is a variable; a slice of a‘conftant is
a consfant; a slice of a value is a value; a slice of a quantity is a quantity; a slice of a terminal is-a terrpinal.

slice_rlame ::= prefix ( discrete range )

The prefix of a slice shall be appropriate for a one-dimensional array object. Thé.base type or nature|of this
array type or nature is the type or nature of the slice.

The bdunds of the discrete range define those of the slice and shall beof the type of the index of thg array.
The slice is a null slice if the discrete range is a null range. It is an-eftor if the direction of the discret¢ range
is not fhe same as that of the index range of the array denoted by)the prefix of the slice name.

For th¢ evaluation of a name that is a slice, the prefix and\the discrete range are evaluated. It is an prror if
either ¢f the bounds of the discrete range does not belongto the index range of the prefixing array, unless the
slice i§ a null slice. (The bounds of a null slice need\not belong to the subtype of the index.)

Examples:

signal R15: BIT VECTOR (0" to 31);
constant DATA: BIT VECTOR“ (31 downto 0);

R15(0 to 7) -- A slice with an ascending range.
DATA[24 downto 1) -- A slice with a descending range.
DATA[1l downto «24) -— A null slice.

DATA[24 to 2% -— An error.

NOTE-HIf A-is\a one-dimensional array of objects, the name A(N to N) or A(N downto N) is a slice that contgins one
element; its type is the base type of A. On the other hand, A(N) is an element of the array A and has the corresponding
element type’

6.6 Attribute names

An attribute name denotes a value, function, type, range, signal, quantity, or constant associated with a
named entity.

attribute_name ::=
prefix [ signature ] ' attribute designator [ ( expression { , expression } ) |

attribute designator ::= attribute simple name
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The applicable attribute designators depend on the prefix plus the signature, if any. The meaning

of the

prefix of an attribute shall be determinable independently of the attribute designator and independently of

the fact that it is the prefix of an attribute.

It is an error if a signature follows the prefix and the prefix does not denote a subprogram or enum

eration

literal, or an alias thereof. In this case, the signature is required to match (see 2.3.2) the parameter and result

type profile of exactly one visible subprogram or enumeration literal, as is appropriate to the prefix.

If the attribute designator denotes a predefined attribute, the expressions either shall or may appear,
depending upon the definition of that attribute (see Clause 14); otherwise, they shall not be present.

nd not the alias itself, except when the attribute designator denotes any of the predefined:at
'SIMPLE NAME, 'PATH_NAME, or 'INSTANCE NAME. If the prefix of an attribute namg¢yden
alias and the attribute designator denotes any of the predefined attributes SIMPLE NAME, 'PATH N

or INSTANCE NAME, then the attribute name denotes the attribute of the alias and fot of the
name.
If the gttribute designator denotes a user-defined attribute, the prefix cannot denote)a subelement or a
an obj¢ct.
Examples:
REG'LEFT (1) -— The leftmost indexybhound of array REG
INPUT PIN'PATH NAME -- The hierarchidal'path name of

-— the port INPUTL PIN
CLK'DELAYED (5 ns) -— The signal CLK delayed by 5 ns

ributes
btes an
IAME,
aliased

tlice of
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7. Expressions

The rules applicable to the different forms of expression, and to their evaluation, are given in this clause.

7.1 Expressions
An expression is a formula that defines the computation of a value.
expression ::=

relation { and relation }

|re]aﬁnn { or relation }

| reflation { xor relation }
| reflation [ nand relation ]
| reflation [ nor relation ]
| reflation { xnor relation }

relatiop ::=
shifft expression [ relational operator shift expression |

shift_expression ::=
sinfple expression [ shift operator simple expression ]

simple| expression ::=
[ sign ] term { adding_operator term }

term ::fF
factor { multiplying_ operator factor }

factor |:=

primary [ ** primary ]
| alps primary

| ngt primary

primarjy ::=
ngme
| liferal
| aggregate
| fynction_call
| qpalified expression
| type _comnversion
| aljocator
| ( expréssion )

Each primary has a value and a type. The only names allowed as primaries are attributes that yield values
and names denoting objects (except terminals; the name of a terminal is not allowed as a primary) or values.
In the case of names denoting objects other than objects of file types or protected types, the value of the
primary is the value of the object. In the case of names denoting either file objects or objects of protected
types, the value of the primary is the entity denoted by the name.

The type of an expression depends only upon the types of its operands and on the operators applied; for an
overloaded operand or operator, the determination of the operand type, or the identification of the
overloaded operator, depends on the context (see 10.5). For each predefined operator, the operand and result
types are given in the following subclause.
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NOTE—The syntax for an expression involving logical operators allows a sequence of and, or, xor, or xnor operators
(whether predefined or user-defined), since the corresponding predefined operations are associative. For the operators
nand and nor (whether predefined or user-defined), however, such a sequence is not allowed, since the corresponding
predefined operations are not associative.

7.2 Operators

The operators that may be used in expressions are defined as follows. Each operator belongs to a class of
operators, all of which have the same precedence level; the classes of operators are listed in order of
increasing precedence.

logical[operator 7= and { or | nand | MOr | XOF | XNor

relatiopal_operator = = | /= | < | <= | > | >=
shift dperator ::= sll | srl | sla | sra | rol | ror
adding] operator ::= + | — | &

sign 1 + | —

multip]ying_operator ::= * | / | mod | rem
miscellaneous_operator ::= ** | abs | not

Operators of higher precedence are associated with théir operands before operators of lower precgdence.
Where|the language allows a sequence of operators, operators with the same precedence level are asspciated
with tHeir operands in textual order, from left to right. The precedence of an operator is fixed and cafnot be
changdd by the user, but parentheses can be used to control the association of operators and operands|

In genpral, operands in an expressionsare evaluated before being associated with operators. For [certain
operatfons, however, the right-handoperand is evaluated if and only if the left-hand operand has a [certain
value. [These operations are called\skort-circuit operations. The logical operations and, or, nand, ahd nor
definedl for operands of types BIT and BOOLEAN are all short-circuit operations; furthermore, these[are the
only short-circuit operations:

Every |predefined operator is a pure function (see 2.1). No predefined operators have named [formal
paramg¢ters; therefore; named association (see 4.3.2.2) cannot be used when invoking a predefined opgration.
NOTE [—Thewpredefined operators for the standard types are declared in package STANDARD as shown in 14{2.

NOTE p—<Phe operator not is classified as a miscellaneous operator for the purposes of defining precedence, bu is oth-
erwise ¢lassified as a logical operator

7.2.1 Logical operators

The logical operators and, or, nand, nor, xor, xnor, and not are defined for predefined types BIT and
BOOLEAN. They are also defined for any one-dimensional array type whose element type is BIT or
BOOLEAN. For the binary operators and, or, nand, nor, xor, and xnor, the operands shall be of the same
base type. Moreover, for the binary operators and, or, nand, nor, xor, and xnor defined on one-
dimensional array types, the operands shall be arrays of the same length, the operation is performed on
matching elements of the arrays, and the result is an array with the same index range as the left operand. For
the unary operator not defined on one-dimensional array types, the operation is performed on each element
of the operand, and the result is an array with the same index range as the operand.
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The effects of the logical operators are defined in the following tables. The symbol T represents TRUE for
type BOOLEAN, 'l' for type BIT; the symbol F represents FALSE for type BOOLEAN, '0' for type BIT.

For thg
evalua
operat
operat

NOTE-
cal ope

7.2.2

Relati
relatio
type B

A B AmdB A B AorB A B AxorB
T T T T T T T T F
T F F T F T T F T
F T F F T T F T T
F F F F F F F F F
A B  AmmdB A B  AnorB A B  AxnerB
T T F T T F T T T
T F T T F F T F F
F T T F T F F T F
F F T F F T F F T
A not A

T F

F T

short-circuit operations and, or, nand, and nor on. types BIT and BOOLEAN, the right opg
ed only if the value of the left operand is not sufficient to determine the result of the operati
ons and and nand, the right operand is evaldated only if the value of the left operand is
ons or and nor, the right operand is evaluated only if the value of the left operand is F.

ator not belongs to the class of operators.with the highest precedence.
Relational operators

nal operators include.tests for equality, inequality, and ordering of operands. The operands
nal operator shallbe-of the same type. The result type of each relational operator is the pre
DOLEAN.

rand is
n. For
T, for

—All of the binary logical operators belong-to the class of operators with the lowest precedence. The ungry logi-

f each
lefined

Operator Operation Operand type Result type

= Equality ANy type, other thana | BOULEAN
file type or a pro-
tected type

/= Inequality Any type, other thana | BOOLEAN
file type or a pro-
tected type

< Ordering Any scalar type or BOOLEAN

- discrete array type

>

>=
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The equality and inequality operators (= and /=) are defined for all types other than file types and protected
types. The equality operator returns the value TRUE if the two operands are equal and returns the value
FALSE otherwise. The inequality operator returns the value FALSE if the two operands are equal and
returns the value TRUE otherwise.

Two scalar values of the same type are equal if and only if the values are the same. Two composite values of
the same type are equal if and only if for each element of the left operand there is a matching element of the
right operand and vice versa, and the values of matching elements are equal, as given by the predefined
equality operator for the element type. In particular, two null arrays of the same type are always equal. Two
values of an access type are equal if and only if they both designate the same object or they both are equal to
the null value for the access type.

For two record values, matching elements are those that have the same element identifier. For:two one-
dimengional array values, matching elements are those (if any) whose index values match in the-following
sense: [the left bounds of the index ranges are defined to match; if two elements match, the elpments
immediately to their right are also defined to match. For two multidimensional array.values, mgtching
elemerjts are those whose indices match in successive positions.

The orfering operators are defined for any scalar type and for any discrete array(fype. A discrete arfay is a
one-dijnensional array whose elements are of a discrete type. Each jopetfator returns TRUE[if the
corresponding relation is satisfied; otherwise, the operator returns FALSE:

For scglar types, ordering is defined in terms of the relative valuesi/For discrete array types, the relption <
(less than) is defined such that the left operand is less than the tight.operand if and only if the left opdrand is
a null grray and the right operand is a non-null array.

Othervise, both operands are non-null arrays, and one of’the following conditions is satisfied:
a) | The leftmost element of the left operand is less'than that of the right, or
b) | The leftmost element of the left operand ds,equal to that of the right, and the tail of the left opdrand is

less than that of the right (the tail consists of the remaining elements to the right of the leftm¢st ele-
ment and can be null).

The rejation <= (less than or equal)-for discrete array types is defined to be the inclusive disjunctior] of the
results|of the < and = operators for-the same two operands. The relations > (greater than) and >= (greater
than of equal) are defined to.be\the complements of the <= and < operators, respectively, for the sae two
operands.

7.2.3 Bhift operators

The sHift operaters sll, srl, sla, sra, rol, and ror are defined for any one-dimensional array type|whose
elemerft type is*either of the predefined types BIT or BOOLEAN.
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Operator Operation Left operand type Right operand type Result

type

sll

Shift left log- | Any one-dimensional array type whose INTEGER Same as
ical element type is BIT or BOOLEAN

left

srl

Shift right Any one-dimensional array type whose INTEGER Same as
logical element type is BIT or BOOLEAN

left

sla

Shift left Any one-dimensional array type whose INTEGER Same as
arithmetic element type is BIT or BOOLEAN

left

sra

Shift right Any one- dimensiona] array type whose INTEGER Same as

ROOLILANL

left

%) 4o 1 RITE
armeTc erement L_yyu TSTOTT O D OO TT7 YTy

rol

Rotate left Any one-dimensional array type whose INTEGER Same s
logical element type is BIT or BOOLEAN

left

ror

Rotate right Any one-dimensional array type whose INTEGER Same as
logical element type is BIT or BOOLEAN

left

The in|
argum

The v4
values
referre

ex subtypes of the return values of all shift operators are the same as thé index subtypes of th
nts.

lues returned by the shift operators are defined as follows.Mn the remainder of this subclay
of their leftmost arguments are referred to as L and the‘walues of their rightmost argume
d to as R.

The sll operator returns a value that is L logically shifted left by R index positions. That is, i
or if L is a null array, the return value is L. Othetwise, a basic shift operation replaces L with
that is the result of a concatenation whose left argument is the rightmost (L'Length — 1) elem
L and whose right argument is T'Left,.where T is the element type of L. If R is positive, thi
shift operation is repeated R times to~form the result. If R is negative, then the return valug
value of the expression L srl —R.

The srl operator returns a valug(that is L logically shifted right by R index positions. That is, i
or if L is a null array, the ré€turn value is L. Otherwise, a basic shift operation replaces L with

that is the result of a concatenation whose right argument is the leftmost (L'Length — 1) elem
L and whose left argument is T'Left, where T is the element type of L. If R is positive, thi
shift operation ig-repeated R times to form the result. If R is negative, then the return valug
value of the expression L sll —R.

The sla opérator returns a value that is L arithmetically shifted left by R index positions. That
is 0 oriflVis a null array, the return value is L. Otherwise, a basic shift operation replaces L
value that is the result of a concatenation whose left argument is the rightmost (L'Length —
ments of L and whose right argument is L(L'Right). If R is positive, this basic shift oper3

ranaatad R timac t0 forn tho vacylt TED (0 pogativa thaon thao oty xaluoe e tho valyo ~fthao

eir left

se, the
nts are

Ris0
h value
ents of
s basic

is the

FRis 0
h value
ents of
s basic

is the

is, if R
with a
1) ele-
tion is

TOPOaTtCa Tt CSTOTO I THOTCS B 15+ Coatrves theh—trefettri—vargeiSsthe—vatde-otthe

sion L sra —R.

The sra operator returns a value that is L arithmetically shifted right by R index positions. Th:
Ris 0 or if L is a null array, the return value is L. Otherwise, a basic shift operation replaces
a value that is the result of a concatenation whose right argument is the leftmost (L'Length —

Xpres-

at is, if
L with
1) ele-

ments of L and whose left argument is L(L'Left). If R is positive, this basic shift operation is
repeated R times to form the result. If R is negative, then the return value is the value of the expres-

sion L sla —R.

The rol operator returns a value that is L rotated left by R index positions. That is, if R is 0 or if L is
a null array, the return value is L. Otherwise, a basic rotate operation replaces L with a value that is
the result of a concatenation whose left argument is the rightmost (L'Length — 1) elements of L and
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whose right argument is L(L'Left). If R is positive, this basic rotate operation is repeated R times to
form the result. If R is negative, then the return value is the value of the expression L ror —R.

The ror operator returns a value that is L rotated right by R index positions. That is, if R is 0 or if L
is a null array, the return value is L. Otherwise, a basic rotate operation replaces L with a value that
is the result of a concatenation whose right argument is the leftmost (L'Length — 1) elements of L
and whose left argument is L(L'Right). If R is positive, this basic rotate operation is repeated R times
to form the result. If R is negative, then the return value is the value of the expression L rol —R.

NOTE 1—The logical operators may be overloaded, for example, to disallow negative integers as the second argument.

NOTE 2—The subtype of the result of a shift operator is the same as that of the left operand.

7.24

IEC 61691-6:2009(E)
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The adding operators + and — are predefined for any numeric type and have their conventional mathematical
meanifg. The concatenation operator & is predefined for any one-dimensional array type.
Olperator Operation Left operand type Right operand type Result type
+ Addition Any numeric type Same type Same type
- Subtraction Any numeric type Same type Same type
& Concatenation | Any one-dimensional Same arraydype Same array type

array type

Any one-dimensional
array type

Theelement type

Same array type

The element type

Any one-dimensional
array type

Same array type

The element type

The element type

Any one-dimensiona
array type

For copcatenation, there are three mutually exclusive cases, as follows:

a)

b)

¢)

If both operands are_one-dimensional arrays of the same type, the result of the concatenatipn is a
one-dimensional arrayof this same type whose length is the sum of the lengths of its operanfls, and
whose elements(consist of the elements of the left operand (in left-to-right order) followed|by the
elements of the'right operand (in left-to-right order).

If both operfands are null arrays, then the result of the concatenation is the right operand. Othgrwise,
the direction and bounds of the result are determined as follows: Let S be the index subtypd of the
base type of the result. The direction of the result of the concatenation is the direction of S, 4nd the
leftbound of the result is S'LEFT.

If one of the operands is a one-dimensional array and the type of the other operand is the element
type of this aforementioned one-dimensional array, the result of the concatenation is given by the
rules in case a), using in place of the other operand an implicit array having this operand as its only
element. Both the left and right bounds of the index subtype of this implicit array is S'LEFT, and the
direction of the index subtype of this implicit array is the direction of S, where S is the index subtype
of the base type of the result.

If both operands are of the same type and it is the element type of some one-dimensional array type,
the type of the result shall be known from the context and is this one-dimensional array type. In this
case, each operand is treated as the one element of an implicit array, and the result of the
concatenation is determined as in case a). The bounds and direction of the index subtypes of the
implicit arrays are determined as in the case of the implicit array in case b).
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In all cases, it is an error if either bound of the index subtype of the result does not belong to the index
subtype of the type of the result, unless the result is a null array. It is also an error if any element of the result
does not belong to the element subtype of the type of the result.

Examples:

subtype BYTE is BIT VECTOR (7 downto O0);
type MEMORY is array (Natural range <>) of BYTE;

-- The following concatenation accepts two BIT VECTORs and returns
-— a BIT VECTOR [case a)]:

constant ZERO: BYTE := "0000™ & "0000";

r

- 'he next two examples show that the same expression can xepfesent
-- ¢ither case a) or case c), depending on the context of
-- the expression.

r

- 'he following concatenation accepts two BIT VECTORS and returns
-— & BIT VECTOR [case a)]:

constant Cl: BIT VECTOR := ZERO & ZERO;

-— The following concatenation accepts twg)BIT VECTORs and returns
& MEMORY [case c)]:

constant C2: MEMORY := ZERO & ZERO;

-- The following concatenation aeCepts a BIT VECTOR and a MEMORY,
-- Treturning a MEMORY [case b) %

constant C3: MEMORY := ZERQ( &"C2;

-- The following concatenation accepts a MEMORY and a BIT VECTOR,
-- Treturning a MEMORY :[case b)]:

constant C4: MEMQ@RY := C2 & ZERO;

-- The folldwing concatenation accepts two MEMORYs and returns
-— & MEMORY )[case a)]:

constant-C5: MEMORY := C2 & C3;

type Rl is range 0 to 7;
type R2 is range 7 downto 0;

type Tl is array (Rl range <>) of Bit;
type T2 is array (R2 range <>) of Bit;

subtype S1 is T1 (R1l);
subtype S2 is T2 (R2);

constant K1: S1 := (others => '0');
constant K2: Tl := KI1(1 to 3) & KI1(3 to 4); -- K2'Left =0

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

-112 - IEC 61691-6:2009(E)
IEEE Std 1076.1-2007(E)

-= and K2'Right = 4

constant K3: Tl := K1(5 to 7) & K1(1 to 2); -- K3'Left =0
-= and K3'Right = 4
constant K4: Tl := K1(2 to 1) & K1(1 to 2); -— K4'lLeft =0
-- and K4'Right = 1
constant K5: S2 := (others => '0');
constant K6: T2 := K5(3 downto 1) & K5(4 downto 3); -- Ko6'Left = 7
- and K6'Right = 3
constant K7- T2 -= K5 (7 downto 5) & K5 (2 downto 1) : —— Kl'left =7
- and K7'Rightls|3
constant K8: T2 := K5(1 downto 2) & K5(2 downto 1); -- K8'Left)=17
-= and K8'Right =|6

NOTE |l—For a given concatenation whose operands are of the same type, there may be visible more than one array
type thgt could be the result type according to the rules of case c). The concatenation is ambiguous and therefore pn error
if, using the overload resolution rules of 2.3 and 10.5, the type of the result is not uniquelg-determined.

NOTE p—Additionally, for a given concatenation, there may be visible array typesthat-allow both case a) and cgse c) to
apply. The concatenation is again ambiguous and therefore an error if the overloadvfesolution rules cannot befused to
determine a result type uniquely.

7.2.5 Bign operators

Signs 1 and — are predefined for any numeric type and hate.their conventional mathematical meaninjg: they
respectively represent the identity and negation functions. For each of these unary operators, the operand
and th¢ result have the same type.

Operator Operation Operand type Result type
+ Identity Any numeric type Same type
- Negation Any numeric type Same type

NOTE-{-Because of the relative precedence of signs + and — in the grammar for expressions, a signed operand shall not
follow p multiplying”operator, the exponentiating operator **, or the operators abs and net. For example, thd syntax
does ndt allow the following expressions:

A/+B -- An illegal expression.

A**-H -— An illegal expression.

However, these expressions may be rewritten legally as follows:

A/ (+B) -- A legal expression.

A ** (-B) -- A legal expression.
7.2.6 Multiplying operators
The operators * and / are predefined for any integer and any floating-point type and have their conventional

mathematical meaning; the operators mod and rem are predefined for any integer type. For each of these
operators, the operands and the result are of the same type.
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Operator Operation Left operand type Right operand type Result type
* Multiplication Any integer type Same type Same type
Any floating-point type Same type Same type
/ Division Any integer type Same type Same type
Any floating-point type Same type Same type
mod Modulus Any integer type Same type Same type
rem Remainder Any integer type Same type Same type

ivision

ss than

Integet division and remainder are defined by the following relation:
A =|(A/B) * B+ (A rem B)
where (A rem B) has the sign of A and an absolute value less than the absolute value of B. Integer d
satisfigs the following identity:
(-A)B =-(A/B)=A/(-B)
The reult of the modulus operation is such that (A mod B) has'the sign of B and an absolute value le
the abdolute value of B; in addition, for some integer valug N, \this result shall satisfy the relation:
A =B *N + (A mod B)
In addftion to the preceding table, the operators *-and / are predefined for any physical type.
Operator Operation Left operand type Right operand type Result type
* Multiplication | Any physical type INTEGER Same as left
Any physical type REAL Same as left
INTEGER Any physical type Same as right
REAL Any physical type Same as right
/ Division Any physical type INTEGER Same as left
Any physical type REAL Same as left
Any physical type The same type Universal integer

Multiplication of a value P of a physical type T, by a value I of type INTEGER is equivalent to the
following computation:

T,'Val( T, Pos(P) * 1)

Multiplication of a value P of a physical type T, by a value F of type REAL is equivalent to the following
computation:
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Division of a value P of a physical type T, by a value I of type INTEGER is equivalent to the following

computation:

Tp'Val( T,'Pos(P) /1)

Division of a value P of a physical type T,, by a value F of type REAL is equivalent to the following

computation:

T )

i 720 & Nida nl mFal ol o WAk o ¥ sl U SiVAls alli}a Y VA n AUAY A mERRY
P Al IINTLEULINC INEAL lp TOUS\1 ) )7 1))

Divisign of a value P of a physical type Tj, by a value P2 of the same physical type is equivaleng to the
follow|ng computation:

Tp

Exampyles:

rem
mod

rem
mod
rem

|
(G2 BNG 2 BN G, BN G BN G BN G) BN ) B O

—_ o~~~
|
—_ - — —

mod
rem
mod

Pos(P) / T,'Pos(P2)

w W w w w w w w
Il
|
N

Il
N

I
|
N

Il
—

([
|
=N

NOTE-{Because of the precedence rules (se€-7.2), the expression “—5 rem 2” is interpreted as “—(5 rem 2)” anfl not as

“(-5) r¢m 2.”

7.2.7 Miscellaneous operators

The urary operator abs is predefined for any numeric type.

Operator

Operation

Operand type

Result type

abs

Absolute value

Any numeric type

Same numeric type

The exponentiating operator ** is predefined for each integer type and for each floating-point type. In either
case the right operand, called the exponent, is of the predefined type INTEGER.

Operator Operation Left operand type Right operand type | Result type
Hk Exponentiation Any integer type INTEGER Same as left
Any floating-point type INTEGER Same as left
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Exponentiation with an integer exponent is equivalent to repeated multiplication of the left operand by itself
for a number of times indicated by the absolute value of the exponent and from left to right; if the exponent
is negative, then the result is the reciprocal of that obtained with the absolute value of the exponent.
Exponentiation with a negative exponent is only allowed for a left operand of a floating-point type.
Exponentiation by a zero exponent results in the value one. Exponentiation of a value of a floating-point
type is approximate.

7.3 Operands

The operands in an expression include names (that denote objects, values, or attributes that result in a value),
literals, aggregates, function calls, qualified expressions, type conversions, and allocators. In addition, an
exprespion enclosed in parentheses may be an operand in an expression. Names are defined in 6.1 thie other
kinds ¢f operands are defined in 7.3.1 through 7.3.6.

7.3.1 Literals

A literpl is either a numeric literal, an enumeration literal, a string literal, a bit sttinig literal, or thq literal
null.

literal |:=
nyumeric_literal

| elllumerationiliteral
| stfing_literal

| bit_string_literal

| null

numer]c_literal ::=
abpstract_literal
| physical literal

Numetic literals include literals of the abstract types universal _integer and universal real, as well as [literals
of physical types. Abstract literals are defined in 13.4; physical literals are defined in 3.1.3.

Enumgration literals are literals of enumeration types. They include both identifiers and character literals.
Enumgdration literals are defined in 3.1.1.

String pnd bit string literals are representations of one-dimensional arrays of characters. The type of 3 string
or bit dtring literal/shall be determinable solely from the context in which the literal appears, excluding the
literal Jtself but Gsing the fact that the type of the literal shall be a one-dimensional array of a charactgr type.
The lexical structure of string and bit string literals is defined in Clause 13.

For a non-null array value represented by either a string or bit string literal, the direction and boundg of the
array value are determined according to the rules for positional array aggregates, where the number of
elements in the aggregate is equal to the length (see 13.6 and 13.7) of the string or bit string literal. For a null
array value represented by either a string or bit string literal, the direction and leftmost bound of the array
value are determined as in the non-null case. If the direction is ascending, then the rightmost bound is the
predecessor (as given by the 'PRED attribute) of the leftmost bound; otherwise the rightmost bound is the
successor (as given by the 'SUCC attribute) of the leftmost bound.

The character literals corresponding to the graphic characters contained within a string literal or a bit string
literal shall be visible at the place of the string literal.

The literal null represents the null access value for any access type.
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Evaluation of a literal yields the corresponding value.

Examples:

3.14159 26536 -— A literal of type universal real.

5280 -— A literal of type universal integer.

10.7 ns -- A literal of a physical type.

o"47T7I" -- A bit string literal.

"54LS281" -- A string literal.

" -- A string literal representing a null array.

7.3.2 Aggregates

An aggregate is a basic operation (see the introduction to Clause 3) that combines one or more‘values into a
compogite value of a record or array type.

aggregpte ::=
(element_association { , element_association } )

elemerjt_association ::=
[ choices => ] expression

choicep ::= choice { | choice }

choice|::=
sinple_expression

| discrete_range

| element _simple_name
| ofhers

Each element association associates an expression with elements (possibly none). An element associgtion is
said to|be named if the elements are specified explicitly by choices; otherwise, it is said to be positioral. For
a positjonal association, eaclrelement is implicitly specified by position in the textual order of the elpments
in the ¢orresponding type-declaration.

Both named and pesitional associations can be used in the same aggregate, with all positional assodiations
appearjng first (in"textual order) and all named associations appearing next (in any order, except thatlit is an
error if any associations follow an others association). Aggregates containing a single element association
shall glways be specified using named association in order to distinguish them from parentlhesized
exprespions.

An element association with a choice that is an element simple name is only allowed in a record aggregate.
An element association with a choice that is a simple expression or a discrete range is only allowed in an
array aggregate: a simple expression specifies the element at the corresponding index value, whereas a
discrete range specifies the elements at each of the index values in the range. The discrete range has no
significance other than to define the set of choices implied by the discrete range. In particular, the direction
specified or implied by the discrete range has no significance. An element association with the choice others
is allowed in either an array aggregate or a record aggregate if the association appears last and has this single
choice; it specifies all remaining elements, if any.

Each element of the value defined by an aggregate shall be represented once and only once in the aggregate.
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The type of an aggregate shall be determinable solely from the context in which the aggregate appears,
excluding the aggregate itself but using the fact that the type of the aggregate shall be a composite type. The
type of an aggregate in turn determines the required type for each of its elements.

7.3.2.1 Record aggregates

If the type of an aggregate is a record type, the element names given as choices shall denote elements of that
record type. If the choice others is given as a choice of a record aggregate, it shall represent at least one
element. An element association with more than one choice, or with the choice others, is only allowed if the
elements specified are all of the same type. The expression of an element association shall have the type of

the ass

ociated record elements.
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rd aggregate is evaluated as follows. The expressions given in the element associations @ate-ev
rder (or lack thereof) not defined by the language. The expression of a named association is ev.
r each associated element. A check is made that the value of each element of the aggtegate bel
type of this element. It is an error if this check fails.

P Array aggregates

aggregate of a one-dimensional array type, each choice shall specifyvalues of the index type,
sion of each element association shall be of the element type. Anaggregate of an n-dimensiong
here #n is greater than 1, is written as a one-dimensional aggtégate in which the index subtypg
ate is given by the first index position of the array type, anid‘the expression specified for each d
tion is an (n—1)-dimensional array or array aggregate;which is called a subaggregate. A strin
iteral is allowed as a subaggregate in the place of any aggregate of a one-dimensional arr
er type.

from a final element association with.the “single choice others, the rest (if any) of the ¢
tions of an array aggregate shall be either all positional or all named. A named association of aj
ate is allowed to have a choice thatds.not locally static, or likewise a choice that is a null rang
geregate includes a single element association and this element association has a single cho
choice is locally static if the-applicable index constraint is locally static.

btype of an array aggregate that has an others choice shall be determinable from the context.
y aggregate with an'others choice shall appear only in one of the following contexts:

As an actual associated with a formal parameter or formal generic declared to be of a cons
array subtype-(or subelement thereof)

As the_default expression defining the default initial value of a port declared to be of a cons
array subtype

hluated
hluated
bngs to
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lement
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d)

2

Asthe resnlt expression of a finction_where the corresponding function resnlt type is a con

array subtype

As a value expression in an assignment statement, where the target is a declared object, and the sub-

type of the target is a constrained array subtype (or subelement of such a declared object)

As the expression defining the initial value of a constant or variable object, where that object is

declared to be of a constrained array subtype

As the expression defining the default values of signals in a signal declaration, where the
sponding subtype is a constrained array subtype

corre-

As the expression defining the value of an attribute in an attribute specification, where that attribute

is declared to be of a constrained array subtype
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h)  As the operand of a qualified expression whose type mark denotes a constrained array subtype

i)  As a subaggregate nested within an aggregate, where that aggregate itself appears in one of these
contexts

The bounds of an array that does not have an others choice are determined as follows. If the aggregate
appears in one of the contexts in the preceding list, then the direction of the index subtype of the aggregate is
that of the corresponding constrained array subtype; otherwise, the direction of the index subtype of the
aggregate is that of the index subtype of the base type of the aggregate. For an aggregate that has named
associations, the leftmost and rightmost bounds are determined by the direction of the index subtype of the
aggregate and the smallest and largest choices given. For a positional aggregate, the leftmost bound is
determined by the applicable index constraint if the aggregate appears in one of the contexts in the preceding
list; otherwise, the leftmost bound is given by S'LEFT where S is the index subtype of the base typj of the
array. |n either case, the rightmost bound is determined by the direction of the index subtype andthejumber
of elements.

The evjaluation of an array aggregate that is not a subaggregate proceeds in two steps, 'First, the chdices of
this aggregate and of its subaggregates, if any, are evaluated in some order (or lack’ thereof) thaf is not
definedl by the language. Second, the expressions of the element associations-of'the array aggregpte are
evaluafed in some order that is not defined by the language; the expression of a named associdtion is
evaluafed once for each associated element. The evaluation of a subaggregate consists of this second step
(the first step is omitted since the choices have already been evaluated).

For th¢ evaluation of an aggregate that is not a null array, a checKis*made that the index values defined by
choicep belong to the corresponding index subtypes, and also that the value of each element of the aggregate
belongs to the subtype of this element. For a multidimensional aggregate of dimension 7, a check i made
that alll (n—1)-dimensional subaggregates have the same bounds. It is an error if any one of these checlis fails.

7.3.3 Function calls

A fundtion call invokes the execution of a funietion body. The call specifies the name of the functiop to be
invoked and specifies the actual parameters, if any, to be associated with the formal parameters|of the
functiqn. Execution of the function body Tesults in a value of the type declared to be the result typg in the
declargtion of the invoked function:

functiqn_call ::=
furction_name [ ( actual_parameter part ) ]

actual |parameter_part*:= parameter association_list

For eaph formal parameter of a function, a function call shall specify exactly one corresponding| actual
param¢ter:, This actual parameter is specified either explicitly, by an association element (other than the
actual [part“open) in the association list, or in the absence of such an association element, by a default
expression (see 4.3.2).

Evaluation of a function call includes evaluation of the actual parameter expressions specified in the call and
evaluation of the default expressions associated with formal parameters of the function that do not have
actual parameters associated with them. In both cases, the resulting value shall belong to the subtype of the
associated formal parameter. (If the formal parameter is of an unconstrained array type, then the formal
parameter takes on the subtype of the actual parameter.) The function body is executed using the actual
parameter values and default expression values as the values of the corresponding formal parameters.

NOTE—If a name (including one used as a prefix) has an interpretation both as a function call and an indexed name,
then the innermost complete context is used to disambiguate the name. If, after applying this rule, there is not exactly
one interpretation of the name, then the name is ambiguous. See 10.5.
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7.3.4 Qualified expressions

A qualified expression is a basic operation (see the introduction to Clause 3) that is used to explicitly state

the typ

e, and possibly the subtype, of an operand that is an expression or an aggregate.

qualified expression ::=
type_mark ' ( expression )
| type _mark ' aggregate

The operand shall have the same type as the base type of the type mark. The value of a qualified expression

is the y

ralue of the operand. The evaluation of a qualified expression evaluates the operand and che

ks that

its vali
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Type conversions

e belongs to the subtype denoted by the type mark.

—-Whenever the type of an enumeration literal or aggregate is not known from the context, a qualified ex
ised to state the type explicitly.

conversion provides for explicit conversion between closely related types:
pnversion ::= type mark ( expression )

Fget type of a type conversion is the base type of the type mark. The type of the operand of]
sion shall be determinable independent of the context (in/particular, independent of the targe
'more, the operand of a type conversion is not allowed to be the literal null, an allocal
ate, or a string literal. An expression enclosed by parentheses is allowed as the operand of]
sion only if the expression alone is allowed.

p result of the conversion belongs to the subtype.

t type conversions are allowed between closely related types. In particular, a type is closely rel
Dther types are closely related only under the following conditions:

Abstract numeric types—Any abstract numeric type is closely related to any other abstract nf
type. In an explicittype conversion where the type mark denotes an abstract numeric type, th
and can be of any integer or floating-point type. The value of the operand is converted to thg
type, which shall also be an integer or floating-point type. The conversion of a floating-poin
to an integ€i-type rounds to the nearest integer; if the value is halfway between two integers,
ing may(be up or down.

Arraytypes—Two array types are closely related if, and only if, all of the following apply:

ression

a type
type).
for, an
a type

check

ated to

umeric
e oper-

target
t value
round-

2" The types have the same dimensionality

— For each index position, the index types are either the same or are closely related
— The element types are the same

In an explicit type conversion where the type mark denotes an array type, the following rules

apply:

If the type mark denotes an unconstrained array type and if the operand is not a null array, then, for
each index position, the bounds of the result are obtained by converting the bounds of the operand to
the corresponding index type of the target type. If the type mark denotes a constrained array subtype,
then the bounds of the result are those imposed by the type mark. In either case, the value of each

element of the result is that of the matching element of the operand (see 7.2.2).

No other types are closely related.
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In the case of conversions between numeric types, it is an error if the result of the conversion fails to satisfy
a constraint imposed by the type mark.

In the case of conversions between array types, a check is made that any constraint on the element subtype is
the same for the operand array type as for the target array type. If the type mark denotes an unconstrained
array type, then, for each index position, a check is made that the bounds of the result belong to the
corresponding index subtype of the target type. If the type mark denotes a constrained array subtype, a check
is made that for each element of the operand there is a matching element of the target subtype, and vice
versa. It is an error if any of these checks fail.

In certain cases, an implicit type conversion will be performed. An implicit conversion of an operand of type
univerfal_integer to another integer type, or of an operand of type universal real to another floating-point
type, dan only be applied if the operand is either a numeric literal or an attribute, or if the pperand is an
exprespion consisting of the division of a value of a physical type by a value of the sam¢ ftype; such an
operand is called a convertible universal operand. An implicit conversion of a convertible ‘universal operand
is applied if and only if the innermost complete context determines a unique (numeric)\target type [for the
implic]t conversion, and there is no legal interpretation of this context without this denversion.

NOTE+-Two array types may be closely related even if corresponding index positions-have different directions,

7.3.6 Allocators
The evfaluation of an allocator creates an object and yields an access value that designates the object.

allocatpr ::=
new subtype_indication

| ngw qualified expression

The type of the object created by an allocater is the base type of the type mark given in either the qubtype
indication or the qualified expression. Forvan allocator with a subtype indication, the initial value| of the
created object is the same as the default initial value for an explicitly declared variable of the desjgnated
subtyp. For an allocator with a qdalified expression, this expression defines the initial value of the ¢reated
object,

The type of the access vdlug Teturned by an allocator shall be determinable solely from the context, but using
the fact that the value returned is of an access type having the named designated type.

The onjly allowed“form of constraint in the subtype indication of an allocator is an index constrainf. If an
allocatpr inCludes a subtype indication and if the type of the object created is an array type, then the jubtype

indicafion{shall either denote a constrained subtype or include an explicit index constraint. A Subtype
indica%mm' i i i for.

If the type of the created object is an array type, then the created object is always constrained. If the allocator
includes a subtype indication, the created object is constrained by the subtype. If the allocator includes a
qualified expression, the created object is constrained by the bounds of the initial value defined by that
expression. For other types, the subtype of the created object is the subtype defined by the subtype of the
access type definition.

For the evaluation of an allocator, the elaboration of the subtype indication or the evaluation of the qualified
expression is first performed. The new object is then created, and the object is then assigned its initial value.
Finally, an access value that designates the created object is returned.
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In the absence of explicit deallocation, an implementation shall guarantee that any object created by the
evaluation of an allocator remains allocated for as long as this object or one of its subelements is accessible
directly or indirectly; that is, as long as it can be denoted by some name.

NOTE 1—Procedure deallocate is implicitly declared for each access type. This procedure provides a mechanism for

explicit

ly deallocating the storage occupied by an object created by an allocator.

NOTE 2—An implementation may (but need not) deallocate the storage occupied by an object created by an allocator,
once this object has become inaccessible.

Examples:
new NODE -- Takes on default initial value.
new NODE' (15 ns, null) -— Initial value is specified.
new NODE' (Delay => 5 ns,

\Next\=> Stack) -- Initial value is specified.
new BIT VECTOR' ("00110110") -- Constrained by initial valueé.
new $TRING (1 to 10) -- Constrained by index censtraint.
new $TRING -- Illegal: must be constrained.
7.4 Siatic expressions

Certaifp expressions are said to be szatic. Similarly, certain discrete raniges are said to be static, and the type

marks
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pf certain subtypes are said to denote static subtypes.

are two categories of static expression. Certain forms, of expression can be evaluated dur
s of the design unit in which they appear; such an expression is said to be locally static. Certaif
ession can be evaluated as soon as the design.hierarchy in which they appear is elaborated; s
sion is said to be globally static.

_ocally static primaries

An exgression is said to be locally staticif and only if every operator in the expression denotes an im

define
static [

a)
b)

¢)
d)

| operator whose operands and.result are scalar and if every primary in the expression is a
rimary, where a locally statie/primary is defined to be one of the following:

A literal of any type ether than type TIME

A constant (other-than a deferred constant) explicitly declared by a constant declaration and
ized with a locally’static expression

An alias whose aliased name (given in the corresponding alias declaration) is a locally static

A functien call whose function name denotes an implicitly defined operator and whose
pardmeters are each locally static expressions

ng the
forms
uch an

plicitly
locally
initial-

rimary

actual

A‘predefined attribute that is a value, other than the predefined attributes INSTANCE NAN

ME and

2
h)

)

'PATH_NAME, and whose prefix 1s either a locally static subtype or 1s an object name that
locally static subtype or of a locally static subnature

isofa

A predefined attribute that is a function, other than the predefined attributes 'EVENT, 'ACTIVE,

'LAST EVENT, 'LAST ACTIVE, 'LAST VALUE, 'DRIVING, and 'DRIVING VALUE,
prefix is either a locally static subtype or is an object that is of a locally static subtype or of a
static subnature, and whose actual parameter (if any) is a locally static expression

A user-defined attribute whose value is defined by a locally static expression
A qualified expression whose operand is a locally static expression
A type conversion whose expression is a locally static expression

A locally static expression enclosed in parentheses
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A locally static range is either a range of the second form (see 3.1) whose bounds are locally static
expressions, or a range of the first form whose prefix denotes either a locally static subtype or an object that
is of a locally static subtype. A locally static range constraint is a range constraint whose range is locally
static. A locally static scalar subtype is either a scalar base type or a scalar subtype formed by imposing on a
locally static subtype a locally static range constraint. A locally static discrete range is either a locally static
subtype or a locally static range.

A locally static index constraint is an index constraint for which each index subtype of the corresponding
array type is locally static and in which each discrete range is locally static. A locally static array subtype is
a constrained array subtype formed by imposing on an unconstrained array type a locally static index
constraint. A locally static record subtype is a record type whose fields are all of locally static subtypes. A

locallWWWmWdeﬁmnm@mﬁmﬂrWﬂvaubtype
denotifg a file type.

A locally static subtype is either a locally static scalar subtype, a locally static array subtype, alocally static
record[subtype, a locally static access subtype, or a locally static file subtype.

A locally static scalar subnature is a scalar subnature. A locally static array subnature’is a constrainefl array
subnatpire formed by imposing on an unconstrained array nature a locally static‘inidex constraint. A [locally
static record subnature is a record nature whose elements are all of locally static subnatures. A locally static
subnatire is either a locally static scalar subnature, a locally static arraycsubnature, or a locally static|record
subnatpre.

7.4.2 Globally static primaries

An expression is said to be globally static if and only if*¢very operator in the expression denotes|a pure
functidn and every primary in the expression is a globally static primary, where a globally static primary is a
primarjy that, if it denotes an object or a function, does not denote a dynamically elaborated named entity
(see 14.5) and is one of the following:

a) | A literal of type TIME

b) | A locally static primary

c) | A generic constant

d) | A generate parameter

e) | A constant (including.a,deferred constant)
f) | An alias whosealiased name (given in the corresponding alias declaration) is a globally static
primary

g) | An array dggregate, if and only if

1) Allexpressions in its element associations are globally static expressions, and

2y \All ranges in its element associations are globally static ranges

h A record aggregate 1f and onlv if all expressions in its element associations are globally static
(=I-Hg i) T =] 7

expressions

i) A function call whose function name denotes a pure function and whose actual parameters are each
globally static expressions

j) A predefined attribute that is a value and whose prefix is either a globally static subtype, or an object
that is of a globally static subtype or subnature, or a function call that is of a globally static subtype

k) A predefined attribute that is a function, other than the predefined attributes 'EVENT, 'ACTIVE,
'LAST EVENT, 'LAST ACTIVE, 'LAST VALUE, 'DRIVING, and 'DRIVING VALUE, whose
prefix is either a globally static subtype, or an object that is of a globally static subtype or subnature,
or a function call that is of a globally static subtype, and whose actual parameter (if any) is a glo-
bally static expression
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1) A user-defined attribute whose value is defined by a globally static expression
m) A qualified expression whose operand is a globally static expression

n) A type conversion whose expression is a globally static expression

0) An allocator of the first form (see 7.3.6) whose subtype indication denotes a globally static subtype

p)  An allocator of the second form whose qualified expression is a globally static expression

q) A globally static expression enclosed in parentheses

r) A subelement or a slice of a globally static primary, provided that any index expressions are globally
static expressions and any discrete ranges used in slice names are globally static discrete ranges

A globally static index constraint is an index constraint for which each indéx subtype of the corresp
array fype is globally static and in which each discrete range is globally static. A globally stati
subtypg is a constrained array subtype formed by imposing on an uficonstrained array type a globall
index fonstraint. A globally static record subtype is a record type whose fields are all of globally
subtypps. A globally static access subtype is a subtype denoting an access type. A globally static file 3
is a subtype denoting a file type.

A globally static subtype is either a globally static scalar subtype, a globally static array subtype, a g
static record subtype, a globally static access subtype, or a globally static file subtype.

A glohally static scalar subnature is a scalav subnature. A globally static array subnature is a cons|
array Jubnature formed by imposing on-an unconstrained array nature a globally static index con
A globally static record subnature is\a\record nature whose elements are all of globally static subnat

—The tules for locally and globally static expressions imply that a declared constant or a generic
d with an expression that is neither globally nor locally static; for example, with a call to an impure fi
The redultihg eonstant value may be globally or locally static, even though its subtype or its initial value exprd
neither| Only interface constant, variable, and signal declarations require that their initial value expressions 4
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7.5 Universal expressions

A universal_expression is either an expression that delivers a result of type universal integer or one that

delivers a result of type universal real.

The same operations are predefined for the type umiversal integer as for any integer type. The same
operations are predefined for the type universal real as for any floating-point type. In addition, these

operations include the following multiplication and division operators:
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Operator Operation Left operand type nghtt;ll::rand Result type
* Multiplication | Universal real Universal integer Universal real
Universal integer Universal real Universal real

/ Division Universal real Universal integer Universal real

The accuracy of the evaluation of a universal expression of type universal real is at least as good as the
accurapy of evaluation of expressions of the most precise predefined floating-point type supported|by the
implerhentation, apart from universal real itself.

For thg evaluation of an operation of a universal expression, the following rules apply. If thexresult is pf type
univer§al integer, then the values of the operands and the result shall lie within the rangé.of the integer type
with the widest range provided by the implementation, excluding type universal jnteger itself. If th¢ result
is of type universal real, then the values of the operands and the result shall(lie ‘within the range| of the
floating-point type with the widest range provided by the implementation, €xcluding type univers@l real
itself.

NOTE+-The predefined operators for the universal types are declared in package STANDARD as shown in 14.2.

7.6 Linear forms

A namp appears in an expression if it is textually contained in the expression and:
— |If a primary is a simple name of an object, the name appears in the expression.

— | If a selected name whose prefix denote§'a value bearing object is a primary, the longest statiq prefix
of the name is said to appear in the €xpression.

— |If an expanded name whose prefix denotes a value bearing object is a primary, the longest static pre-
fix of the name is said to appear in the expression.

— | If an indexed name whose prefix denotes a value bearing object is a primary, the longest statig prefix
of the name is saidte appear in the expression. In this case, all names that appear in all exprg¢ssions
of the indexed name as defined by this rule are also said to appear in the expression containing the
indexed name:

— |If a slicername whose prefix denotes a value bearing object is a primary, the longest static prefix of
the name s said to appear in the expression. In this case, all names that appear in all expressions in
the (slice name as defined by this rule are also said to appear in the expression containing the slice
name.

— If an attribute name is a primary and the designator denotes a value, the longest static prefix of the
attribute name is said to appear in the expression.

— If an aggregate is a primary in the expression, then all names that appear in each expression occur-
ring after the choices and the => as defined by this rule are said to appear in the expression.

— Ifafunction call is a primary in an expression, then all names that appear in each actual designator in
every parameter association, as defined by this rule, are said to appear in the expression containing
the function call. This does not apply to an actual designator of open. In addition, for any formal of
the corresponding function declaration for which a parameter association does not exist in the func-
tion call, all names in the static expression of the interface declaration of that parameter are said to
appear in the expression containing the function call.
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— If a qualified expression is a primary in the expression, then all names that appear in each expression
or aggregate qualified by the type mark, as defined by this rule, are said to appear in the expression
containing the qualified expression.

— If a type conversion is a primary in the expression, then every name that appears in the expression
type converted by the type mark, as defined by this rule, is said to appear in the expression
containing the type conversion.

— If a parenthesized expression is a primary in the expression, then all names that appear in the
expression enclosed within the parentheses are said to appear in the expression containing the
parenthesized expression.

ject that

function Ef (N: <typeofN>) return <typeofE> is

where [Ef is a name unique to the expression and the name, <typeofN> is the'type of the value denoted by the
name N, and <typeofE> is the type of expression E. Given an expression\E/of a nature type, an incfement

function Incf (N, V: <typeofN>) return <typgofE> is
d¢finition of Ef;

where [V is any value and other names are as-given previously. The partial derivative function, Pdf, of an
exprespion E with respect to the name N of avalue bearing object in expression E, evaluated at V, is defined
as follpws:

function Pdf (N,V: <typeofN>) return <typeofE> is
lefinition of InCEt;

begin
Implement RdJf;
end Pdf;

where |“implement Pdf” is any reasonable numerical algorithm that returns the limit of the following
exprespion:

Incf(N, V) / (N - V)

as the value of N approaches the value V, Incf is formed from the expression as described previously, and
other names are as given previously.

The linearized form of any expression with respect to the quantity names Ny, ..., N, in that expression
evaluated at values Vy, ..., V,, is the following expression:

Pdfy(Ng,V)*No + PAfy(N |,V )*Ny + ... + PAf, (N, Vi) *Nyy

where the Pdf’s for each name in the expression is constructed as shown.
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In all the expressions previously given, if the type of the expression is a composite type, the definitions of +,
—, /, and * shall apply to the matching scalar subelements of each operand. In all cases, the definitions of +,
/,—, and * used are those implicitly defined for the floating-point type of the scalar subelement.

NOTE 1—An expression E is said to be linear with respect to the name N of a value bearing object in E if the value of
Pdf(N,V) is the same for any value of N in its subtype. An expression is linear in a set of names if it is linear with respect
to each name in the set.

NOTE 2—An expression is independent of a name if the value of the expression does not change regardless of the value
of the name.

NOTE 3—The linearized form of an expression E is linear with respect to each quantity whose name appears in E.
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8. Se

quential statements

The various forms of sequential statements are described in this clause. Sequential statements are used to
define algorithms for the execution of a subprogram or process; they execute in the order in which they
appear.

sequen

ce_of statements ::=

{ sequential statement }

sequen
W

tial statement ::=
ait statement

| as
| re
| si
| va

sertion_statement

port statement

bnal assignment_statement
riable assignment_statement

Ip

ocedure call statement

| if] statement
| cdse statement

|1

p_statement

| ngxt statement
| eyit_statement

| r

rn_statement

| ngll_statement

| b

All se
declarg
subpro

8.1 W
The w

wait_s
[14

sensiti

sensiti

eak statement
uential statements may be labeled. Such labels”are implicitly declared at the beginning

tive part of the innermost enclosing procesS statement, simultaneous procedural statem
oram body.

ait statement
it statement causes the suspension of a process statement or a procedure.

atement ::=
bel : ] wait [ sensitiyity clause | [ condition_clause | [ timeout_clause ] ;

Vity clause="on sensitivity list

vity, list ::= signal name {, signal name }

of the
ent, or

condition_clause ::= until condition

condition ::= boolean_expression

timeout_clause ::= for time_or real expression

The sensitivity clause defines the sensitivity set of the wait statement, which is the set of signals to which the
wait statement is sensitive. Each signal name in the sensitivity list identifies a given signal as a member of
the sensitivity set. Each signal name in the sensitivity list shall be a static signal name, and each name shall
denote a signal for which reading is permitted. If no sensitivity clause appears, the sensitivity set is
constructed according to the following (recursive) rule:
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The sensitivity set is initially empty. For each primary in the condition of the condition clause, if the primary
is:

— A simple name that denotes a signal, add the longest static prefix of the name to the sensitivity set.

— A selected name whose prefix denotes a signal, add the longest static prefix of the name to the
sensitivity set.

— An indexed name whose prefix denotes a signal, add the longest static prefix of the name to the
sensitivity set and apply this rule to all expressions in the indexed name.

— A slice name whose prefix denotes a signal, add the longest static prefix of the name to the
sensitivity set and apply this rule to any expressions appearing in the discrete range of the slice
name.

— [An attribute name, if the designator denotes a signal attribute, add the Tongest static prefix] of the
name of the implicit signal denoted by the attribute name to the sensitivity set; otherwis¢, apply this
rule to the prefix of the attribute name.

— | An aggregate, apply this rule to every expression appearing after the choices and\the =>, if pny, in
every element association.

— | A function call, apply this rule to every actual designator in every parameterassociation.
— | An actual designator of open in a parameter association, do not add to thé.sensitivity set.

— | A qualified expression, apply this rule to the expression or aggregate qualified by the type nfark, as
appropriate.

— | A type conversion, apply this rule to the expression type converted by the type mark.
— | A parenthesized expression, apply this rule to the expression enclosed within the parentheses.

— | Otherwise, do not add to the sensitivity set.

This rple is also used to construct the sensitivity setsZof the wait statements in the equivalent process
statempnts for concurrent procedure call statements (9:3), concurrent assertion statements (9.4), confurrent
signal pssignment statements (9.5), and concurrent-break statements (9.8).

If a signal name that denotes a signal of a gomposite type appears in a sensitivity list, the effect is af if the
name ¢f each scalar subelement of that-signal appears in the list.

The cdndition clause specifies a condition that shall be met for the process to continue executior]. If no
conditfon clause appears, the cendition clause until TRUE is assumed.

The tifneout clause specifies’the maximum amount of time the process will remain suspended at this wait
statempnt. If no timeout clause appears, the timeout clause for (STD.STANDARD.TIME'H|GH -
STD.STANDARDNOW) is assumed. It is an error if the time or real expression in the timeout|clause
evaluafes to a négative value.

The exiecdtion of a wait statement causes the time or real expression to be evaluated to determine the gimeout
interval,thie type of the expression shall be determinable independent of the context. It also caukes the
execution of the corresponding process statement to be suspended, where the corresponding process
statement is the one that either contains the wait statement or is the parent (see 2.2) of the procedure that
contains the wait statement. The suspended process will resume, at the latest, at the greater of: 1) the current
time, and 2) the universal time corresponding to: a) if the type of the expression in the timeout clause is
TIME, the sum of the current discrete time and the value of the timeout interval, or b) if the type of the
expression in the timeout clause is REAL, the sum of the current time and the value of the timeout interval.

The suspended process can also resume as a result of an event occurring on any signal in the sensitivity set
of the wait statement. If such an event occurs, the condition in the condition clause is evaluated. If the value
of the condition is TRUE, the process will resume. If the value of the condition is FALSE, the process will
resuspend. Such resuspension does not involve the recalculation of the timeout interval.
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It is an error if a wait statement appears in a function subprogram or in a procedure that has a parent that is a
function subprogram. Furthermore, it is an error if a wait statement appears in an explicit process statement
that includes a sensitivity list or in a procedure that has a parent that is such a process statement. Finally, it is
an error if a wait statement appears within any subprogram whose body is declared within a protected type
body, or within any subprogram that has an ancestor whose body is declared within a protected type body.

Example:

type Arr is array (1 to 5) of BOOLEAN;
function F (P: BOOLEAN) return BOOLEAN;
signal S: Arr;

signgl 1, r: INTEGER range 1 to 5;

--— The following two wait statements have the same meaning:

wait|until F(S(3)) and (S(l) or S(r));
wait|on S(3), S, 1, r until F(S(3)) and (S(l) or S(r));

NOTE ||—The wait statement wait until Clk = '1"; has semantics identical to

loop

walit on Clk;

exiit when Clk = '1"';
end ljoop;

becausg of the rules for the construction of the default sensitivity‘clanse. These same rules imply that wait until Tfue; has
semant]cs identical to wait;.

NOTE P—The conditions that cause a wait statement to resime execution of its enclosing process may no longeq hold at
the tim¢ the process resumes execution if the enclosingprocess is a postponed process.

NOTE B—The rule for the construction of the default sensitivity set implies that if a function call appears in a c¢ndition
clause ¢nd the called function is an impure fundtion, then any signals that are accessed by the function but thaf{are not
passed through the association list of the call are not added to the default sensitivity set for the condition by virtue of the
appeargnce of the function call in the condition.

8.2 Apsertion statement
An assertion statement checks that a specified condition is true and reports an error if it is not.
assertipn_statement.::= [ label : ] assertion ;
assertipn x=
asgert condition

[ report expression |
[ severity expression |

If the report clause is present, it shall include an expression of predefined type STRING that specifies a
message to be reported. If the severity clause is present, it shall specify an expression of predefined type
SEVERITY_ LEVEL that specifies the severity level of the assertion.

The report clause specifies a message string to be included in error messages generated by the assertion. In
the absence of a report clause for a given assertion, the string “Assertion violation.” is the default value for
the message string. The severity clause specifies a severity level associated with the assertion. In the
absence of a severity clause for a given assertion, the default value of the severity level is ERROR.
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Evaluation of an assertion statement consists of evaluation of the Boolean expression specifying the
condition. If the expression results in the value FALSE, then an assertion violation is said to occur. When an
assertion violation occurs, the report and severity clause expressions of the corresponding assertion, if
present, are evaluated. The specified message string and severity level (or the corresponding default values,
if not specified) are then used to construct an error message.

The error message consists of at least the following:
a)  An indication that this message is from an assertion
b)  The value of the severity level

c) The value of the message string

d) I'he name o1 the design unit (sec 11.1) containing the assertion

8.3 Rpport statement
A report statement displays a message.

report |statement ::=
[ 1gbel : ]
report expression
[ severity expression ] ;

The re¢port statement expression shall be of the predefinedytype STRING. The string value pf this
exprespion is included in the message generated by the report.statement. If the severity clause is prgsent, it
shall specify an expression of predefined type SEVERITY.:LEVEL. The severity clause specifies a sgverity
level agsociated with the report. In the absence of a severity clause for a given report, the default vplue of
the sevjerity level is NOTE.

The evaluation of a report statement consists ofithe evaluation of the report expression and severity| clause
exprespion, if present. The specified message string and severity level (or corresponding default] if the
severitly level is not specified) are then used’to construct a report message.

The report message consists of at least the following:
a) | An indication that this‘message is from a report statement
b) | The value of the séyerity level
c) | The value of the message string

d) | The name<%f-the design unit containing the report statement

Example:

b N : DU,
report—"Entering process—PU;

-- A report statement with default severity NOTE.
report "Setup or Hold violation; outputs driven to 'X'"

severity WARNING;
-- Another report statement; severity is specified.

8.4 Signal assignment statement

A signal assignment statement modifies the projected output waveforms contained in the drivers of one or
more signals (see 12.6.1).
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signal assignment_statement ::=
[ label : ] target <= [ delay_mechanism ] waveform ;

delay_mechanism ::=
transport
| [ reject time_expression ] inertial

target :

name
| aggregate

wavef
W

| upaffected

If the
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e the same as the base type of the signal denoted by that name. This form of signal assignment
and side values to the drivers associated with a single (scalar or conip0site) signal.

arget of the signal assignment statement is in the form of an aggregate, then the type of the ag
e determinable from the context, excluding the aggregate itself but including the fact that the
regate shall be a composite type. The base type of the yvalue component of each transaction pr
aveform element on the right-hand side shall be ‘the same as the base type of the agg
'more, the expression in each element association-of‘the aggregate shall be a locally static naf
5 a signal. This form of signal assignment assighs slices or subelements of the right-hand side
irivers associated with the signal named as the corresponding slice or subelement of the aggreg
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nbelement thereof (if any) are(said to be identified by that element association as targets

ment statement. It is an errqr if a given signal or any subelement thereof is identified as a ta

han one element association in such an aggregate. Furthermore, it is an error if an element asso
an aggregate contains:an‘others choice or a choice that is a discrete range.

rht-hand side ofia signal assignment may optionally specify a delay mechanism. A delay mec]
t is to be(construed as transport delay. Transport delay is characteristic of hardware devices (

ission lines) that exhibit nearly infinite frequency response: any pulse is transmitted, no matt|
s duration. If no delay mechanism is present, or if a delay mechanism including the reserve
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circuits: a pulse whose duration is shorter than the switching time of the circuit will not be transmitted, or in
the case that a pulse rejection limit is specified, a pulse whose duration is shorter than that limit will not be
transmitted.

Every inertially delayed signal assignment has a pulse rejection limit. If the delay mechanism specifies
inertial delay, and if the reserved word reject followed by a time expression is present, then the time
expression specifies the pulse rejection limit. In all other cases, the pulse rejection limit is specified by the
time expression associated with the first waveform element.

It is an error if the pulse rejection limit for any inertially delayed signal assignment statement is either
negative or greater than the time expression associated with the first waveform element.

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

-132 - IEC 61691-6:2009(E)
IEEE Std 1076.1-2007(E)

It is an error if the reserved word unaffected appears as a waveform in a (sequential) signal assignment
statement.

NOTE 1—The reserved word unaffected shall only appear as a waveform in concurrent signal assignment statements
(see 9.5.1).

NOTE 2—For a signal assignment whose target is a name, the type of the target shall not be a protected type; moreover,
it is an error if the type of any subelement of the target is a protected type.

NOTE 3—For a signal assignment whose target is in the form of an aggregate, it is an error if any element of the target
is of a protected type; moreover, it is an error if the type of any element of the target has a subelement that is a protected

type.

NOTE 4—If a right-hand side value expression is either a numeric literal or an attribute that yields a result of type
universgl_integer or universal real, then an implicit type conversion is performed

Examples:
-- Agsignments using inertial delay:
-- The following three assignments are equivalent to each)other:

Outpyt pin <= Input pin after 10 ns;

Outp{tpin <= inertial Input pin after 10 ns;

Outpyt pin <= reject 10 ns inertial Input pin after 10 ns;

-- Agsignments with a pulse rejection limit&léss than the time
expre¢ssion:

Outpyt pin <= reject 5 ns inertial Input pin after 10 ns;
Outpyt pin <= reject 5 ns inertial Input pin after 10 ns,
not Input pin after 20 ns;

-- Ag$signments using transport, delay:

Outpyt pin <= transport Input pin after 10 ns;

Outpyt pin <= transport{ Input pin after 10 ns,

not Input pin after 20 ns;

-—- Their equivalent”/assignments:

Outpyt pin <F)reject 0 ns inertial Input pin after 10 ns;

Outpyt pin (<5'reject 0 ns inertial Input pin after 10 ns,
not Input pin after 20 ns;

8.4.1 Updating a projected output waveform

The effect of execution of a signal assignment statement is defined in terms of its effect upon the projected
output waveforms (see 12.6.1) representing the current and future values of drivers of signals.

waveform_element ::=
value_expression [ after time_expression |
| null [ after time_expression |

The future behavior of the driver(s) for a given target is defined by transactions produced by the evaluation
of waveform elements in the waveform of a signal assignment statement. The first form of waveform
element is used to specify that the driver is to assign a particular value to the target at the specified time. The
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second form of waveform element is used to specify that the driver of the signal is to be turned off, so that it
(at least temporarily) stops contributing to the value of the target. This form of waveform element is called a
null waveform element. It is an error if the target of a signal assignment statement containing a null
waveform element is not a guarded signal or an aggregate of guarded signals.

The base type of the time expression in each waveform element shall be the predefined physical type TIME
as defined in package STANDARD. If the after clause of a waveform element is not present, then an
implicit "after 0 ns" is assumed. It is an error if the time expression in a waveform element evaluates to a
negative value.

Evaluation of a waveform element produces a single transaction. The time component of the transaction is

the grrmmmﬁmmmmmcrete
time and the value of the time expression in the waveform element. For the first form of waveform-element,

the value component of the transaction is determined by the value expression in the waveforni.elemgnt. For
the sedond form of waveform element, the value component is not defined by the language, but it is defined
to be qf the type of the target. A transaction produced by the evaluation of the second form of wayeform
element is called a null transaction.

For th¢ execution of a signal assignment statement whose target is of a scalar{type, the waveforn] on its
right-hiand side is first evaluated. Evaluation of a waveform consists of the\evaluation of each wayeform
elemerft in the waveform. Thus, the evaluation of a waveform results in a.s€quence of transactions,| where
each transaction corresponds to one waveform element in the waveforf,"These transactions are callpd new
transagtions. It is an error if the sequence of new transactions is nof\ih ascending order with respect tp time.

The sefjuence of transactions is then used to update the projested output waveform representing the furrent
and fufure values of the driver associated with the signal dssignment statement. Updating a projected|output
wavefgrm consists of the deletion of zero or more€; previously computed transactions (called old
transagtions) from the projected output waveform and the addition of the new transactions, as followp:

a) | All old transactions that are projected tooceur at or after the time at which the earliest new tfansac-
tion is projected to occur are deleted from the projected output waveform.

b) | The new transactions are then appended to the projected output waveform in the order of th¢ir pro-
jected occurrence.

If the |nitial delay is inertial delay according to the definitions of 8.4, the projected output waveform is
furtherl modified as follows:

1) | All of the new transactions are marked.

2) | An old transaction is marked if the time at which it is projected to occur is less than the fime at
which the €itst new transaction is projected to occur minus the pulse rejection limit.

3) | For eachrémaining unmarked, old transaction, the old transaction is marked if it immediatdly pre-
cedés a-marked transaction and its value component is the same as that of the marked transacfion.

4) | The'transaction that determines the current value of the driver is marked.

5)  All unmarked transactions (all of which are old transactions) are deleted from the projected output
waveform.

For the purposes of marking transactions, any two successive null transactions in a projected output
waveform are considered to have the same value component.

The execution of a signal assignment statement whose target is of a composite type proceeds in a similar
fashion, except that the evaluation of the waveform results in one sequence of transactions for each scalar
subelement of the type of the target. Each such sequence consists of transactions whose value portions are
determined by the values of the same scalar subelement of the value expressions in the waveform, and
whose time portion is determined by the time expression corresponding to that value expression. Each such
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sequence is then used to update the projected output waveform of the driver of the matching subelement of
the target. This applies both to a target that is the name of a signal of a composite type and to a target that is
in the form of an aggregate.

If a given procedure is declared by a declarative item that is not contained within a process statement, and if
a signal assignment statement appears in that procedure, then the target of the assignment statement shall be
a formal parameter of the given procedure or of a parent of that procedure, or an aggregate of such formal
parameters. Similarly, if a given procedure is declared by a declarative item that is not contained within a
process statement, and if a signal is associated with an inout or out mode signal parameter in a subprogram
call within that procedure, then the signal so associated shall be a formal parameter of the given procedure or
of a parent of that procedure.

NOTE [I—These rules guarantee that the driver affected by a signal assignment statement is always statically, dgtermin-
able if fhe signal assignment appears within a given process (including the case in which it appears within'a prpcedure
that is declared within the given process). In this case, the affected driver is the one defined by theproc¢éss; otherwise,
the sigrjal assignment shall appear within a procedure, and the affected driver is the one passed to the proceduge along
with a dignal parameter of that procedure.

NOTE p—Overloading the operator "=" has no effect on the updating of a projected output waveform.

NOTE B—Consider a signal assignment statement of the form
T <=rgject t, inertial e| after t; {, ¢; aftert; }
The foljowing relations hold:

OnsfEt. <t

and

0 ns £t1-<tl~+1

Note thht, if t. = 0 ns, then the waveform éditing is identical to that for transport-delayed assignment; and if t,. ¥ t;, the
wavefofm is identical to that for the statement

T <A e aftert; {,e; aftert, }

NOTE f#—Consider the following signal assignment in some process:

S <= peject.'lY ns inertial 12 after 20 ns, 18 after 41 ns;

where § is,a sighal of some integer type.

Assumcthatat-the-tmre-thrsstgmatasstgmmrent tsexecuted; thedriver of-STrtheprocesshasthe-fottowmmgcontents (the

first entry is the current driving value):

NOW +3 ns +12 ns +13 ns +20 ns +42 ns

(The times given are relative to the current time.) The updating of the projected output waveform proceeds as follows:

a)  The driver is truncated at 20 ns. The driver now contains the following pending transactions:
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NOW +3 ns +12 ns +13 ns

b)  The new waveforms are added to the driver. The driver now contains the following pending transactions:

1 2 2 12 12 18

NOW. +3 ns +12 ng +13 ns 20 ns +41 ns

c) All new transactions are marked, as well as those old transactions that occur at less than the tfime of the first
new waveform (20 ns) less the rejection limit (15 ns). The driver now contains the following pending fransac-
tions (marked transactions are in bold type):

NOW +3 ns +12 ns +13 ns +20 ns +41 ns

d) | Each remaining unmarked transaction is marked if it immediately precedes a marked transaction and|has the
same value as the marked transaction. The driver now centains the following pending transactions:

NOW +3 ns +12 ns +13 ns +20 ns +41 ns

e) | The transaction that determines the current value of the driver is marked, and all unmarked transactions gre then
deleted. The final driver ¢ontents are then as follows, after clearing the markings:

NOW +3 ns +13 ns +20 ns +41 ns

,‘!.,! ale T . pello -0 = LG 8 aTalale ay e =AY S . ALLC s—aadaed driVer.
Instead, a subtype check that the value component of a transaction belongs to the subtype of the signal driven by the
driver is made when the driver takes on that value (see 12.6.1).

8.5 Variable assignment statement

A variable assignment statement replaces the current value of a variable with a new value specified by an
expression. The named variable and the right-hand side expression shall be of the same type.

variable assignment_statement ::=
[ label : ] target := expression ;
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If the target of the variable assignment statement is a name, then the name shall denote a variable, and the
base type of the expression on the right-hand side shall be the same as the base type of the variable denoted
by that name. This form of variable assignment assigns the right-hand side value to a single (scalar or
composite) variable.

If the target of the variable assignment statement is in the form of an aggregate, then the type of the
aggregate shall be determinable from the context, excluding the aggregate itself but including the fact that
the type of the aggregate shall be a composite type. The base type of the expression on the right-hand side
shall be the same as the base type of the aggregate. Furthermore, the expression in each element association
of the aggregate shall be a locally static name that denotes a variable. This form of variable assignment
assigns each subelement or slice of the right-hand side value to the variable named as the corresponding
subeleqrentorsticeof theaggregate:

If the target of a variable assignment statement is in the form of an aggregate, and if the locally statit name
in an element association of that aggregate denotes a given variable or denotes another variable’of which the
given Yariable is a subelement or slice, then the element association is said to identify the given variable as a
target ¢f the assignment statement. It is an error if a given variable is identified as atarget by more tHan one
elemerjt association in such an aggregate.

For th¢ execution of a variable assignment whose target is a variable ndme; the variable name 4nd the
exprespion are first evaluated. A check is then made that the value of the expression belongs to the qubtype
of the [variable, except in the case of a variable that is an array (in which case the assignment invplves a
subtypg conversion). Finally, the value of the expression becomes-th€ new value of the variable. A d¢sign is
erronepus if it depends on the order of evaluation of the targ€p and source expressions of an assignment
statemgnt.

The eqecution of a variable assignment whose target i$4n the form of an aggregate proceeds in a similar
, except that each of the names in the aggregate is evaluated, and a subtype check is performed for
each syibelement or slice of the right-hand side value that corresponds to one of the names in the aggregate.
lue of the subelement or slice of the righthand side value then becomes the new value of the vjariable

An errpr occurs if the aforementioned\subtype checks fail.

The dgtermination of the type of the target of a variable assignment statement may require determingtion of
the type of the expression if the target is a name that can be interpreted as the name of a variable designated
by the jaccess value returned by a function call, and similarly, as an element or slice of such a variablg.

NOTE [[—If the rightshand side is either a numeric literal or an attribute that yields a result of type universal infeger or
universpl real, themanvimplicit type conversion is performed.

NOTE p—For avariable assignment whose target is a name, the type of the target shall not be a protected typq; more-
over, itfis ah error if the type of any subelement of the target is a protected type.

sthrthe-tformotanaggregatetHisan—crro ary-eremen e target
the type of any element of the target has a subelement that is a protected

is of a protected type; moreover, it is an error if
type.

8.5.1 Array variable assignments

If the target of an assignment statement is a name denoting an array variable (including a slice), the value
assigned to the target is implicitly converted to the subtype of the array variable; the result of this subtype
conversion becomes the new value of the array variable.

This means that the new value of each element of the array variable is specified by the matching element
(see 7.2.2) in the corresponding array value obtained by evaluation of the expression. The subtype
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conversion checks that for each element of the array variable there is a matching element in the array value,
and vice versa. An error occurs if this check fails.

NOTE—The implicit subtype conversion described for assignment to an array variable is performed only for the value
of the right-hand side expression as a whole; it is not performed for subelements or slices that are array values.

8.6 Procedure call statement

A procedure call invokes the execution of a procedure body.

proced

proced

The pfocedure name specifies the procedure body to be invoked. The actual parameéter part, if g

specifi

For ea
param
actual
(see 4.

Hie—ca I Statgmequ = [labhel - 1 nrocedure—call -
— — tr L N >

ure call ::= procedure name [ ( actual parameter part) |

bs the association of actual parameters with formal parameters of the procedure:

th formal parameter of a procedure, a procedure call shall specify exactly one corresponding
ter. This actual parameter is specified either explicitly, by an association element (other t}
ppen) in the association list or, in the absence of such an association‘element, by a default exp
B.2).

resent,

actual
)an the
ression

Execufion of a procedure call includes evaluation of the actual¢parameter expressions specified in the call

and eV
have a
the ass
param:
param:

8.7If

Anif's
value

if stat
[ #

aluation of the default expressions associated with formal parameters of the procedure that
btual parameters associated with them. In both cases, the resulting value shall belong to the sub
ociated formal parameter. (If the formal parameter’is of an unconstrained array type, then the
ter takes on the subtype of the actual parameter.) The procedure body is executed using thg
ter values and default expression values @s'the values of the corresponding formal parameters

statement

tatement selects for execution’one or none of the enclosed sequences of statements, depending]
f one or more corresponding conditions.

ment ;=

| label : |

if condition then
sequence of statements

{€Isif condition then

do not
type of
formal

actual

on the

sequenee—of—statements—
[ else

sequence of statements |
end if [ if label ] ;

If a label appears at the end of an if statement, it shall repeat the if label.

For the execution of an if statement, the condition specified after if, and any conditions specified after elsif,
are evaluated in succession (treating a final else as elsif TRUE then) until one evaluates to TRUE or all
conditions are evaluated and yield FALSE. If one condition evaluates to TRUE, then the corresponding

sequen

ce of statements is executed; otherwise, none of the sequences of statements is executed.
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8.8 Case statement

A case statement selects for execution one of a number of alternative sequences of statements; the chosen
alternative is defined by the value of an expression.

case statement ::=
[ case label : ]
case expression is
case_statement alternative
{ case_statement_alternative }
end case [ case_label ] ;

case_sfatement alternative ::=
when choices =>
sequence_of statements

The expression shall be of a discrete type or of a one-dimensional array type whose-¢lement base type is a
characfer type. This type shall be determinable independently of the context in which the expression pccurs,
but using the fact that the expression shall be of a discrete type or a one-dintensional character arraly type.
Each dhoice in a case statement alternative shall be of the same type as the expression; the list of ¢hoices
specifips for which values of the expression the alternative is chosen.

If the ¢xpression is the name of an object whose subtype is locally\static, whether a scalar type or ah array
type, then each value of the subtype shall be represented once and only once in the set of choices of the case
statempnt, and no other value is allowed; this rule is likewise applied if the expression is a qualified
exprespion or type conversion whose type mark denotes a locally static subtype, or if the expression i a call
to a fupction whose return type mark denotes a locallystatic subtype.

If the fexpression is of a one-dimensional charagter array type, then the expression shall be one|of the
follow|ng:

— | The name of an object whose subtypé€ is locally static

— | An indexed name whose prefix'is one of the members of this list and whose indexing expressipns are
locally static expressions

— | A slice name whose prefix is one of the members of this list and whose discrete range is a [locally
static discrete rang€

— | A function call whese return type mark denotes a locally static subtype

— | A qualified’exptession or type conversion whose type mark denotes a locally static subtype

In such a case;“each choice appearing in any of the case statement alternatives shall be a locally static
exprespion, whose value is of the same length as that of the case expression. It is an error if the glement
subtypg of'the one-dimensional character array type is not a locally static subtype.

For other forms of expression, each value of the (base) type of the expression shall be represented once and
only once in the set of choices, and no other value is allowed.

The simple expression and discrete ranges given as choices in a case statement shall be locally static. A
choice defined by a discrete range stands for all values in the corresponding range. The choice others is only
allowed for the last alternative and as its only choice; it stands for all values (possibly none) not given in the
choices of previous alternatives. An element simple name (see 7.3.2) is not allowed as a choice of a case
statement alternative.

If a label appears at the end of a case statement, it shall repeat the case label.
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The execution of a case statement consists of the evaluation of the expression followed by the execution of
the chosen sequence of statements. A sequence of statements in a given case statement alternative is the
chosen sequence of statements if and only if the expression “E = V” evaluates to True, where “E” is the
expression, “V” is the value of one of the choices of the given case statement alternative (if a choice is a
discrete range, then this latter condition is fulfilled when V is an element of the discrete range), and the
operator “="in the expression is the predefined “=" operator on the base type of E.

NOTE 1—The execution of a case statement chooses one and only one alternative, since the choices are exhaustive and
mutually exclusive. A qualified expression whose type mark denotes a locally static subtype can often be used as the
expression of a case statement to limit the number of choices that need be explicitly specified.

NOTE 2—An others choice is required in a case statement if the type of the expression is the type universal integer (for
example, if the expression is an integer literal), since this is the only way to cover all values of the type
universpl_inieger-.

NOTE B—Overloading the operator “=" has no effect on the semantics of case statement execution.

8.9 Loop statement
A loop| statement includes a sequence of statements that is to be executed repeatedly;-Zero or more tithes.

loop_sfatement ::=
[ lqop label : ]
[ iteration_scheme ] loop
sequence_of statements
end loop [ loop label ];

iteratiqn_scheme ::=
while condition
| fdr loop parameter specification

paramgter specification ::=
identifier in discrete_range

If a lapel appears at the end of a ledp statement, it shall repeat the label at the beginning of tHe loop
statemgnt.

Execufion of a loop statement.is complete when the loop is left as a consequence of the completior] of the
iteratiqn scheme (see th¢ following), if any, or the execution of a next statement, an exit statement, or a

return ptatement.

A loop| statement without an iteration scheme specifies repeated execution of the sequence of statemgnts.

For a lpop statement with a while iteration scheme, the condition is evaluated before each executior] of the

sequenceof statements; if the value of the condition is TRUE, the sequence of statements is execumted; if

FALSE, the iteration scheme is said to be complete and the execution of the loop statement is complete.

For a loop statement with a for iteration scheme, the loop parameter specification is the declaration of the
loop parameter with the given identifier. The loop parameter is an object whose type is the base type of the
discrete range. Within the sequence of statements, the loop parameter is a constant. Hence, a loop parameter
is not allowed as the target of an assignment statement. Similarly, the loop parameter shall not be given as an
actual corresponding to a formal of mode out or inout in an association list.

For the execution of a loop with a for iteration scheme, the discrete range is first evaluated. If the discrete
range is a null range, the iteration scheme is said to be complete and the execution of the loop statement is
therefore complete; otherwise, the sequence of statements is executed once for each value of the discrete
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range (subject to the loop not being left as a consequence of the execution of a next statement, an exit
statement, or a return statement), after which the iteration scheme is said to be complete. Prior to each such
iteration, the corresponding value of the discrete range is assigned to the loop parameter. These values are
assigned in left-to-right order.

NOTE—A loop may be left as the result of the execution of a next statement if the loop is nested inside of an outer loop
and the next statement has a loop label that denotes the outer loop.

8.10 Next statement

A next statement is used to complete the execution of one of the iterations of an enclosing loop statement
(called7oop 1n the Tollowing text). The completion 1s conditional if the statement includes a condifiog.

next_sfatement ::=
[ 14bel : | next [ loop label | [ when condition ] ;

A nex{ statement with a loop label is only allowed within the labeled loop and applies to that loop;| a next
statempnt without a loop label is only allowed within a loop and applies only to thejinnermost enclosifg loop
(whether labeled or not).

For th¢ execution of a next statement, the condition, if present, is first evaluated. The current iteration of the
loop is|terminated if the value of the condition is TRUE or if there isno condition.

8.11 Exit statement

An ex{t statement is used to complete the executionh\of an enclosing loop statement (called /oop|in the
follow|ng text). The completion is conditional if the‘statement includes a condition.

exit sttement ::=
[ 1dbel : ] exit [ loop label ] [ when-gondition ] ;

An exilt statement with a loop labelds only allowed within the labeled loop and applies to that loop; jan exit
statempnt without a loop label s, only allowed within a loop and applies only to the innermost enclosing loop
(whetHer labeled or not).

For th¢ execution oftan“exit statement, the condition, if present, is first evaluated. Exit from the logp then
takes flace if the~valte of the condition is TRUE or if there is no condition.

8.12 Return statement

A return statement is used to complete the execution of the innermost enclosing function or procedure body.

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

A return statement is only allowed within the body of a function or procedure, and it applies to the innermost
enclosing function or procedure.

A return statement appearing in a procedure body shall not have an expression. A return statement appearing
in a function body shall have an expression.
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The value of the expression defines the result returned by the function. The type of this expression shall be
the base type of the type mark given after the reserved word return in the specification of the function. It is
an error if execution of a function completes by any means other than the execution of a return statement.

For the execution of a return statement, the expression (if any) is first evaluated and a check is made that the
value belongs to the result subtype. The execution of the return statement is thereby completed if the check
succeeds; so also is the execution of the enclosing subprogram. An error occurs at the place of the return
statement if the check fails.

NOTE 1—If the expression is either a numeric literal, or an attribute that yields a result of type universal integer or
universal_real, then an implicit conversion of the result is performed.

NOTE 2_If the return type mark of a function denotes a constrained array subtype. then no implicit subtype
converdions are performed on the values of the expressions of the return statements within the subprogram bedy of that
functiop. Thus, for each index position of each value, the bounds of the discrete range shall be the same a§ the {iscrete
range of the return subtype, and the directions shall be the same.

8.13 Null statement
A null|statement performs no action.

null_statement ::=
[1g4bel : ] null ;

The exjecution of the null statement has no effect other than to pass on to the next statement.

NOTE--The null statement can be used to specify explicitly that no.action is to be performed when certain copditions
are trug}, although it is never mandatory for this (or any other) purpose. This is particularly useful in conjunction ith the
case stdtement, in which all possible values of the case expression shall be covered by choices: for certain chpices, it
may be|that no action is required.

8.14 Break statement
The execution of a break statement ngtifies the analog solver that it shall determine the discontinuity
augmehtation set for the next analog.sdlution point. It may also specify reset values for quantities. Th¢ effect

is conditional if the statement incladés a condition.

break [statement ::=
[ 1gbel : ] break [ break-1ist | [ when condition ] ;

break [list ::= break)element { , break element }

break felement: = [ break selector clause ]| quantity name => expression

break_kelector clause ::= for guantity name use

In each break element the quantity denoted by the quantity name is the break quantity of the break element.
If the break selector clause is present, then the quantity name in the break selector clause is the selector
quantity of the break element; otherwise the selector quantity is the same as the break quantity. The break
quantity, the selector quantity, and the expression shall have the same type, and the selector quantity shall be
either the prefix Q of a quantity of the form Q'DOT that appears in the text of the model or a quantity of the
form Q'INTEG.

For the execution of a break statement the condition, if present, is first evaluated. A break is indicated if the
value of the condition is TRUE or if there is no condition. If a break is indicated, the break flag is set and
then each break element is evaluated in the order in which the elements appear.
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For the evaluation of a break element, the selector quantity, the break quantity, and the expression are first
evaluated. A model is erroneous if it depends on the order of this evaluation. Then the triple consisting of the
selector quantity, the break quantity, and the value of the expression is added to the break set for the current

simulation cycle (see 12.6.4 and 12.6.6.1).

It is an error if a break statement appears in a function subprogram or in a procedure that has a parent that is
a function subprogram. It is also an error if a break statement appears within any subprogram whose body is
declared within a protected type body, or within any subprogram that has a parent whose body is declared
within a protected type body.

NOTE—It is a consequence of these definitions that in the absence of a selector clause in a break element the corre-
sponding break quantity shall be either the prefix Q of a quantity of the form Q'DOT that appears in the text of the model

or a qu

Nty or tne rorm YINTEG.
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9. Concurrent statements

The various forms of concurrent statements are described in this clause. Concurrent statements are used to
define interconnected blocks and processes that jointly with simultaneous statements describe the overall
behavior or structure of a design. Concurrent statements execute asynchronously with respect to each other.

concurrent_statement ::=
block statement
| process_statement
| concurrent procedure call statement
| concurrent assertion statement

| c
| cq

| g
|c

The p

statemgnts, and the process statement, which represents a single independent sequential process. Adg
concurrent statements provide convenient syntax for representing simple, ¢ommonly occurring fo
procespes, as well as for representing structural decomposition and regular‘descriptions.

Within
some
descrif

All copcurrent statements may be labeled. Such labels are implicitly declared at the beginning
tive part of the innermost enclosing entity.‘declaration, architecture body, block statemgnt, or

declarg
general

91B

A blog]
nested

block |
blg

ncurrent_signal assignment_statement
mponent_instantiation_statement
nerate_statement

ncurrent_break statement

a given simulation cycle, an implementation may execute/concurrent statements in parallg

tion that depends upon a particular order of execution.of‘Concurrent statements is erroneous.

fe statement.

ock statement

k statement defines an internalblock representing a portion of a design. Blocks may be hierarg
to support design decomposition.

statement ::=

ck_label :

block [ ( guard\ expression ) | [ is ]
block-~h¢ader
block-declarative part

begin
block statement part

block header ::=

end block | block label |;

[ generic_clause

[ generic_map_aspect ; ] ]
[ port_clause

[ port_ map_aspect ;] ]

block declarative part ::=
{ block declarative item }
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block statement part ::=
{ architecture statement }

If a guard expression appears after the reserved word block, then a signal with the simple name GUARD of
predefined type BOOLEAN is implicitly declared at the beginning of the declarative part of the block, and
the guard expression defines the value of that signal at any given time (see 12.6.4). The type of the guard
expression shall be type BOOLEAN. Signal GUARD may be used to control the operation of certain
statements within the block (see 9.5).

The implicit signal GUARD shall not have a source.

Ifa bl bl\ lanL‘lCl apptdls ill d 1U‘IU\J\ SUALCIIICIIL, iL C)&Pllblll_y idCllLiﬁCb CCI Ldill leUCb, qudllliticb, LClllli,lals, or
signalq that are to be imported from the enclosing environment into the block and associated with [formal
generi¢s or ports. The generic and port clauses define the formal generics and formal ports of .the blogk (see
1.1.1.1f and 1.1.1.2); the generic map and port map aspects define the association of actuals witlh those
formalp (see 5.2.1.2). Such actuals are evaluated in the context of the enclosing declarative region.

If a laljel appears at the end of a block statement, it shall repeat the block label.

NOTE [[—The value of signal GUARD is always defined within the scope of a given block, and it does not impplicitly
extend fo design entities bound to components instantiated within the given block. Hewever, the signal GUARD|may be
explicifly passed as an actual signal in a component instantiation in order to extend\its value to lower-level components.

NOTE P—An actual appearing in a port association list of a given block can*never denote a formal port of tle same
block.

9.2 Process statement

A prodess statement defines an independent sequential\process representing the behavior of some poition of
the dedign.

procesp_statement ::=
[ pfocess label : |

[ postponed ] process [ ( sensitiyity list) ] [is ]
process_declarative paft

begin
process_statementipart

end [ postponed | process [ process_label ] ;

procesp_declarative) part ::=
{ process_dé¢clarative item }

procesp_declarative _item ::=
sybprogram declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| variable_declaration
| file declaration
| alias_declaration
| attribute declaration
| attribute_specification
| use_clause
| group_template declaration
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| group_declaration

process_statement part ::=
{ sequential statement }

If the reserved word postponed precedes the initial reserved word process, the process statement defines a
postponed process; otherwise, the process statement defines a nonpostponed process.

If a sensitivity list appears following the reserved word process, then the process statement is assumed to
contain an implicit wait statement as the last statement of the process statement part; this implicit wait
statement is of the form

wait oh sensitivity _list ;

where [the sensitivity list of the wait statement is that following the reserved word process:’Such a process
statemgnt shall not contain an explicit wait statement. Similarly, if such a process stafément is a pargnt of a
procedure, then it is an error if that procedure contains a wait statement.

It is ar] error if any name that does not denote a static signal name (see 6.}), for which reading is pefmitted
appearf in the sensitivity list of a process statement.

If the feserved word postponed appears at the end of a process statément, the process shall be a postponed
procesp. If a label appears at the end of a process statement, the/Iabel shall repeat the process label.

It is anjerror if a variable declaration in a process declarative-part declares a shared variable.

The exfecution of a process statement consists of the\repetitive execution of its sequence of statementg. After
the lagt statement in the sequence of statements of a process statement is executed, executign will
immediately continue with the first statementin the sequence of statements.

A prodess statement is said to be a passive process if neither the process itself, nor any procedure of which
the prqcess is a parent, contains a-signal assignment statement. It is an error if a process or a confurrent
statemgnt, other than a passive process or a concurrent statement equivalent to such a process, appear in the
entity $tatement part of an entity-declaration.

NOTE [l—The rules in 9.2 imply that a process that has an explicit sensitivity list always has exactly one (impli¢it) wait
statemgnt in it, and that wait statement appears at the end of the sequence of statements in the process statemgnt part.
Thus, af process with-a sensitivity list always waits at the end of its statement part; any event on a signal namefd in the
sensitivfity list will-eatise such a process to execute from the beginning of its statement part down to the end, wherte it will
wait aghin. Such\a-ptrocess executes once through at the beginning of simulation, suspending for the first time [when it
executds the qmplicit wait statement.

NOTE P~<The time at which a process executes after being resumed by a wait statement (see 8.1) differs depending on
whether The process 15 postponed or nonpostponed. When a nonpostponed process 1s resumed, 1t executes in the current
simulation cycle (see 2.6.4). When a postponed process is resumed, it does not execute until a simulation cycle occurs in
which the next simulation cycle is not a delta cycle. In this way, a postponed process accesses the values of signals that
are the “final” values at the current simulated time.

NOTE 3—The conditions that cause a process to resume execution may no longer hold at the time the process resumes
execution if the process is a postponed process.

9.3 Concurrent procedure call statements

A concurrent procedure call statement represents a process containing the corresponding sequential
procedure call statement.
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concurrent_procedure call statement ::=
[ label : ] [ postponed ] procedure call ;

For any concurrent procedure call statement, there is an equivalent process statement. The equivalent
process statement is a postponed process if and only if the concurrent procedure call statement includes the
reserved word postponed. The equivalent process statement has a label if and only if the concurrent
procedure call statement has a label; if the equivalent process statement has a label, it is the same as that of
the concurrent procedure call statement. The equivalent process statement also has no sensitivity list, an
empty declarative part, and a statement part that consists of a procedure call statement followed by a wait
statement.

The prpcedure call statement consists of the same procedure name and actual parameter part that-appear in
the corcurrent procedure call statement.

If ther¢ exists a name that denotes a signal in the actual part of any association element(in the confurrent
procedure call statement, and that actual is associated with a formal parameter of mode 'in or inout, then the
equivajent process statement includes a final wait statement with a sensitivity clause\that is constru¢ted by

taking [the union of the sets constructed by applying the rule of 8.1 to each actual part associated|with a
formal|parameter.
Execufion of a concurrent procedure call statement is equivalent to execution of the equivalent process
statempnt.
Example:
CheckTiming (tPLH, tPHL, Clk, D, Q); =— A concurrent procedure call
-- statement.
process -- The equivalent process.
begi

CheckTiming (tPLH, tPHL)N-Clk, D, Q);
wait on Clk, D, Q;
end process;

NOTE [l—Concurrent procedure¢icall statements make it possible to declare procedures representing commonly used
processes and to create suchprocesses easily by merely calling the procedure as a concurrent statement. The w4it state-
ment afthe end of the statement part of the equivalent process statement allows a procedure to be called withou{ having
it loop Interminably, eyen if the procedure is not necessarily intended for use as a process (i.e., it contains no wdit state-
ment). Such a procedure may persist over time (and thus the values of its variables retain state over time) if its oytermost
statemgnt is a loep.statement and the loop contains a wait statement. Similarly, such a procedure may be guarapteed to
executd only,onee, at the beginning of simulation, if its last statement is a wait statement that has no sensitivity| clause,
conditi¢pn glause, or timeout clause.

NOTE 2—The vatue of amrimpticitty dectared sigmat GUARD s o effect omevaluationof aconcurremnt procedure call
unless it is explicitly referenced in one of the actual parts of the actual parameter part of the concurrent procedure call
statement.

9.4 Concurrent assertion statements

A concurrent assertion statement represents a passive process statement containing the specified assertion
statement.

concurrent_assertion_statement ::=
[ label : ] [ postponed ] assertion ;
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For any concurrent assertion statement, there is an equivalent process statement. The equivalent process
statement is a postponed process if and only if the concurrent assertion statement includes the reserved word
postponed. The equivalent process statement has a label if and only if the concurrent assertion statement has
a label; if the equivalent process statement has a label, it is the same as that of the concurrent assertion
statement. The equivalent process statement also has no sensitivity list, an empty declarative part, and a
statement part that consists of an assertion statement followed by a wait statement.

The assertion statement consists of the same condition, report clause, and severity clause that appear in the
concurrent assertion statement.

If there exists a name that denotes a signal in the Boolean expressmn that defmes the condltlon of the
asserti se that
is congtructed by applying the rule of 8.1 to that expression; otherwise, the equivalent process.statement
contaifs a final wait statement that has no explicit sensitivity clause, condition clause, or timgdut clayse.

Execufion of a concurrent assertion statement is equivalent to execution of the equivalent process stafement.

NOTE [[—Since a concurrent assertion statement represents a passive process statement, such-a process has no putputs.
Therefdre, the execution of a concurrent assertion statement will never cause an event to oecur. However, if the afsertion
is false] then the specified error message will be sent to the simulation report.

NOTE P—The value of an implicitly declared signal GUARD has no effect on e¥aluation of the assertion unlss it is
explicily referenced in one of the expressions of that assertion.

NOTE B—A concurrent assertion statement whose condition is defined by¢astatic expression is equivalent to a|process
statemgnt that ends in a wait statement that has no sensitivity clause; stch a process will execute once through at the
beginnipg of simulation and then wait indefinitely.

9.5 Cpncurrent signal assignment statements

A congdurrent signal assignment statement represents an equivalent process statement that assigns values to
signald.

concurrent_signal assignment_statement ::=
abel : ] [ postponed ] conditional "signal assignment
| [ label : ][ postponed ] selected ‘signal assignment

—

option$ ::= [ guarded ] [ delay* mechanism |

There pre two forms 6f the concurrent signal assignment statement. For each form, the characteristfcs that
distinguish it are discissed in the following paragraphs.

Each fprm may include one or both of the two options guarded and a delay mechanism (see 8.4 ffor the
delay mechanism, 9.5.1 for the conditional 51gnal a551gnment statement and 9.5.2 for the selected| signal
assignin p

a signal GUARD changes from FALSE to TRUE or when that 51gnal has been TRUE and an event occurs
on one of the signal assignment statement’s inputs. (The signal GUARD shall be either one of the implicitly
declared GUARD signals associated with block statements that have guard expressions, or it shall be an
explicitly declared signal of type Boolean that is visible at the point of the concurrent signal assignment
statement.) The delay mechanism option specifies the pulse rejection characteristics of the signal assignment
statement.

If the target of a concurrent signal assignment is a name that denotes a guarded signal (see 4.3.1.2), or if it is
in the form of an aggregate and the expression in each element association of the aggregate is a static signal
name denoting a guarded signal, then the target is said to be a guarded target. If the target of a concurrent
signal assignment is a name that denotes a signal that is not a guarded signal, or if it is in the form of an
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aggregate and the expression in each element association of the aggregate is a static signal name denoting a
signal that is not a guarded signal, then the target is said to be an unguarded target. It is an error if the target
of a concurrent signal assignment is neither a guarded target nor an unguarded target.

For any concurrent signal assignment statement, there is an equivalent process statement with the same
meaning. The process statement equivalent to a concurrent signal assignment statement whose target is a
signal name is constructed as follows:

a) If a label appears on the concurrent signal assignment statement, then the same label appears on the
process statement.

b) The equivalent process statement is a postponed process if and only if the concurrent signal assign-
ment statement includes the reserved word postponed.

c¢) | If the delay mechanism option appears in the concurrent signal assignment, then the sam¢ delay
mechanism appears in every signal assignment statement in the process statement;(otheryise, it
appears in no signal assignment statement in the process statement.

d) | The statement part of the equivalent process statement consists of a statement transform [degcribed
in item e)].
e) | If the option guarded appears in the concurrent signal assignment statement, then the confurrent
signal assignment is called a guarded assignment. If the concurrent signal assignment statemgpnt is a
guarded assignment, and if the target of the concurrent signal assighment is a guarded targgt, then
the statement transform is as follows:

if GUARD then

signal transform
else

disconnection statements
end if;
Otherwise, if the concurrent signal assignment-statement is a guarded assignment, but if the tdrget of
the concurrent signal assignment is not a-guarded target, then the statement transform is as follows:

if GUARD then
signal transform
end if;

Finally, if the concurrent signal assignment statement is not a guarded assignment, and if th¢ target
of the concurrent signal assignment is nof a guarded target, then the statement transforrh is as
follows:

signal transform

It is an errortifia concurrent signal assignment is not a guarded assignment and the target of the con-
current signal assignment is a guarded target.

A signal transform is either a sequential signal assignment statement, an if statement, [a case
statendent, or a null statement. If the signal transform is an if statement or a case statement,|then it
confains either sequential signal assignment statements or null statements, one for each|of the
alternative waveforms. The signal transform determines which of the alternative waveforms is to be
assigned to the output signals.

f)  If the concurrent signal assignment statement is a guarded assignment, or if any expression (other
than a time expression) within the concurrent signal assignment statement references a signal, then
the process statement contains a final wait statement with an explicit sensitivity clause. The
sensitivity clause is constructed by taking the union of the sets constructed by applying the rule of
8.1 to each of the aforementioned expressions. Furthermore, if the concurrent signal assignment
statement is a guarded assignment, then the sensitivity clause also contains the simple name
GUARD. (The signals identified by these names are called the inputs of the signal assignment
statement.) Otherwise, the process statement contains a final wait statement that has no explicit
sensitivity clause, condition clause, or timeout clause.

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

IEC 61691-6:2009(E) - 149 -
IEEE Std 1076.1-2007(E)

Under certain conditions [see item e) in the preceding list] the equivalent process statement may contain a
sequence of disconnection statements. A disconnection statement is a sequential signal assignment
statement that assigns a null transaction to its target. If a sequence of disconnection statements is present in
the equivalent process statement, the sequence consists of one sequential signal assignment for each scalar
subelement of the target of the concurrent signal assignment statement. For each such sequential signal
assignment, the target of the assignment is the corresponding scalar subelement of the target of the
concurrent signal assignment, and the waveform of the assignment is a null waveform element whose time
expression is given by the applicable disconnection specification (see 5.3).

If the target of a concurrent signal assignment statement is in the form of an aggregate, then the same
transformation applies. Such a target shall contain only locally static signal names; moreover, it is an error if

: PR BT 1 : 1
any S1gImar 1s TACTIIeU Oy TOTT UTalIT OITC SIgIar Imarie:

It is an]error if a null waveform element appears in a waveform of a concurrent signal assignment Stafement.

Execufion of a concurrent signal assignment statement is equivalent to execution of the equivalent process
statemgnt.

NOTE |I—A concurrent signal assignment statement whose waveforms and target cortain only static exprespions is
equivalpnt to a process statement whose final wait statement has no explicit sensitivity, clause, so it will execyte once
througH] at the beginning of simulation and then suspend permanently.

NOTE RP—A concurrent signal assignment statement whose waveforms are all\the reserved word unaffected| has no
drivers|for the target, since every waveform in the concurrent signal assignment statement is transformed to the
statement

null;
in the efjuivalent process statement (see 9.5.1).
9.5.1 Conditional signal assignments

The cqnditional signal assignment represefits a process statement in which the signal transform is an if
statemgnt.

conditfonal signal assignment ::=
target <= options conditional’ waveforms;

conditfonal waveforms %=
{ waveform when-condition else }

wapeform [ whén condition ]

The offtions for a conditional signal assignment statement are discussed in 9.5.

For a given conditional signal assignment, there is an equivalent process statement corresponding to it as
defined for any concurrent signal assignment statement. If the conditional signal assignment is of the form

target <= options
waveforml when conditionl else
waveform?2 when condition?2 else

waveformN-1 when conditionN-1 else
waveformN when conditionN;
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then the signal transform in the corresponding process statement is of the form

if conditionl then
wave transforml

elsif condition2 then
wave transform2

elsif conditionN-1 then
wave transformN-1

elsif conditionN then
wgve transformN

end 1f;

If the ¢onditional waveform is only a single waveform, the signal transform in the eorresponding process
statemgnt is of the form

wave_[ransform

For any waveform, there is a corresponding wave transform. If the waveform is of the form
wavefgrm_elementl, waveform element2, ..., waveform_elementN

then the wave transform in the corresponding process statenient is of the form

target = [ delay_mechanism ] waveform_element],swaveform_element2, ..., waveform_elementN;
If the Waveform is of the form

unaffected

then the wave transform in the corfesponding process statement is of the form

null;

In this|example, the final null causes the driver to be unchanged, rather than disconnected. (This is the null
statempnt—not a ntll\waveform element).

The cHaractefistics of the waveforms and conditions in the conditional assignment statement shall e such
that th¢ ifstatement in the equivalent process statement is a legal statement.

Example:

S <= unaffected when Input pin = S'DrivingValue else
Input pin after Buffer Delay;

NOTE—The wave transform of a waveform of the form unaffected is the null statement, not the null transaction.
9.5.2 Selected signal assignments

The selected signal assignment represents a process statement in which the signal transform is a case
statement.
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selected signal assignment ::=
with expression select

target <= options selected waveforms ;

selected waveforms ::=
{ waveform when choices , }
waveform when choices

The options for a selected signal assignment statement are discussed in 9.5.

For a give

define

with
t

then th

case

dally CO Ul OTldl dSSISININIC dlCITCI cd OTldl d OTITIC O C 10
expression select

rget <= options waveforml when choice listl,
waveform2 when choice list2,

waveformN-1 when choice 1listNAly
waveformN when choice listNy

e signal transform in the corresponding process statement js-0f the form

expression is

when choice listl =>

wave transforml

when choice list2 =>

wave transform2

when choice listN-1 =>

wave transformN-1

when choice listN\s>

end (¢

Wave

The characferistics of the select expression, the waveforms, and the choices in the selected assig
bnfishall be such that the case statement in the equivalent process statement is a legal statement.

statem

wave transformN
base;

ransforms-ar€-defined in 9.5.1.

n selected signal assignment, there is an equivalent process statement corresponding to it as

rnment

9.6 Component instantiation statements

A component instantiation statement defines a subcomponent of the design entity in which it appears,
associates signals, quantities, terminals, or values with the ports of that subcomponent, and associates values
with generics of that subcomponent. This subcomponent is one instance of a class of components defined by

a Ccorre

sponding component declaration, design entity, or configuration declaration.

component_instantiation_statement ::=
instantiation_label :

instantiated_unit
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[ generic_map_aspect |
[ port map_aspect ] ;

instantiated_unit ::=
[ component | component name
| entity entity name [ ( architecture_identifier ) ]
| configuration configuration name

The component name, if present, shall be the name of a component declared in a component declaration.
The entity name, if present, shall be the name of a previously analyzed entity declaration; if an architecture
identifier appears in the instantiated unit, then that identifier shall be the same as the simple name of an
e. The
architecture identifier defines a simple name that is used during the elaboration of a design hietafchy to
select [the appropriate architecture body. The configuration name, if present, shall be the name of a
previopsly analyzed configuration declaration. The generic map aspect, if present, optiondlly assodiates a
single factual with each local generic (or member thereof) in the corresponding compeneiit declaration or
entity fleclaration. Each local generic (or member thereof) shall be associated at mestyonce. Similafly, the
port mpp aspect, if present, optionally associates a single actual with each local port (or member theteof) in
the cofresponding component declaration or entity declaration. Each local port (0'member thereof) shall be
associgted at most once. The generic map and port map aspects are described'in’5.2.1.2.

If an |instantiated unit containing the reserved word entity does @ot contain an explicitly specified
architecture identifier, then the architecture identifier is implicitly-specified according to the rules gfven in
5.2.2. [The architecture identifier defines a simple name that¢is used during the elaboration of a|design
hierardhy to select the appropriate architecture body.

A component instantiation statement and a corresponding configuration specification, if any, taken together,
imply [that the block hierarchy within the design entity containing the component instantiation i$ to be
extendpd with a unique copy of the block defined-by another design entity. The generic map and pdrt map
aspecty in the component instantiation stateémeént and in the binding indication of the configpration
specification identify the connections that.are to be made in order to accomplish the extension.

NOTE [lI—A configuration specification can be used to bind a particular instance of a component to a design enfity and
to assogiate the local generics and local-ports of the component with the formal generics and formal ports of thaf design
entity. A configuration specification caw’apply to a component instantiation statement only if the name in the fnstanti-
ated unft of the component instantiation statement denotes a component declaration. See 5.2.

NOTE P—The component instantiation statement may be used to imply a structural organization for a hardware|design.
By usir]g component declatations, signals, quantities, terminals, and component instantiation statements, a givef (inter-
nal or gxternal) block may be described in terms of subcomponents that are interconnected by signals, quantitfes, and
termindls.

NOTE B—Component instantiation provides a way of structuring the logical decomposition of a design. The|precise
structurjal or behavioral characteristics of a given subcomponent may be described later, provided that the insthntiated
unit is § compenent declaration. Component instantiation also provides a mechanism for reusing existing designs in a
design |ibrary. A configuration specification can bind a given component instance to an existing design entity,[even if
the generics and ports of the entity declaration do not precisely match those of the component (provided that the
instantiated unit is a component declaration); if the generics or ports of the entity declaration do not match those of the
component, the configuration specification shall contain a generic map or port map, as appropriate, to map the generics
and ports of the entity declaration to those of the component.

9.6.1 Instantiation of a component

A component instantiation statement whose instantiated unit contains a name denoting a component is
equivalent to a pair of nested block statements that couple the block hierarchy in the containing design unit
to a unique copy of the block hierarchy contained in another design unit (i.e., the subcomponent). The outer
block represents the component declaration; the inner block represents the design entity to which the
component is bound. Each is defined by a block statement.
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The header of the block statement corresponding to the component declaration consists of the generic and
port clauses (if present) that appear in the component declaration, followed by the generic map and port map
aspects (if present) that appear in the corresponding component instantiation statement. The meaning of any
identifier appearing in the header of this block statement is that associated with the corresponding
occurrence of the identifier in the generic clause, port clause, generic map aspect, or port map aspect. The
statement part of the block statement corresponding to the component declaration consists of a nested block
statement corresponding to the design entity.

The header of the block statement corresponding to the design entity consists of the generic and port clauses
(if present) that appear in the entity declaration that defines the interface to the design entity, followed by the
generic map and port map aspects (if present) that appear in the binding indication that binds the component
instang deste t dectarativepart—e ck—sta corresponding destgn entity
consisfs of the declarative items from the entity declarative part, followed by the declarative items-fiom the
declargtive part of the corresponding architecture body. The statement part of the block -statement
corresponding to the design entity consists of the concurrent statements from the entity-statement part,
followpd by the architecture statements from the statement part of the corresponding architecture body. The
meaning of any identifier appearing anywhere in this block statement is thatJassociated with the
corresponding occurrence of the identifier in the entity declaration or architecture body.

For ex hration

specifi

hmple, consider the following component declaration, instantiation, and.corresponding config
Cation:

compénent
COMP port (A,B:
end ¢omponent;

inout BIT);

COMP use
entity X (Y)
port map

for

(P1 => A, P2 => B)j;

C: COMP port map (A => SI,\B => S2);

Given the following entity declaration and architecture declaration:

entity X is
port (P1l, P2
constant Delay:

begi
CheckTiming

inout BIT) ;
Time 1

ms;

(P1, P2, 2*Delay);

end

7

architecture Y of X is
signal P3: Bit;
begin
P3 <= Pl after Delay;
P2 <= P3 after Delay;
B: block

begin
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end block;
end Y;

then the following block statements implement the coupling between the block hierarchy in which
component instantiation statement C appears and the block hierarchy contained in design entity X(Y):

C: block -- Component block.
port (A,B: inout BIT); -- Local ports.
port map (A => S1, B => S2); -- Actual/local binding.
beging
X1 block -- Design entity block.
port (Pl, P2 : inout BIT); -- Formal ports.
port map (P1 => A, P2 => B); -- Local/formal binding:
constant Delay: Time := 1 ms; -- Entity declarative Atem.
signal P3: BIT; -—- Architecture decl@rative item.
begin
CheckTiming (P1, P2, 2*Delay); -- Entitylstatement.
P3 <= Pl after Delay; -- Architecturesstatements.
P2 <= P3 after Delay;
B: block -- Internal ©Block hierarchy.
begin
end block;

end block X ;
end block C;

The block hierarchy extensions implied by component instantiation statements that are bound to [design

entitie$ are accomplished during the elaboration of a design hierarchy (see Clause 12).

9.6.2 Instantiation of@ design entity

A component instantiation statement whose instantiated unit denotes either a design entity or a configfiration
declargtion is .gquivalent to a pair of nested block statements that couple the block hierarchy|in the
contaiping design unit to a unique copy of the block hierarchy contained in another design unit (i{e., the
subcothponent). The outer block represents the component instantiation statement; the inner| block

represants the design entity to which the instance is bound. Fach is defined by a block statement

The header of the block statement corresponding to the component instantiation statement is empty, as is the
declarative part of this block statement. The statement part of the block statement corresponding to the
component declaration consists of a nested block statement corresponding to the design entity.

The header of the block statement corresponding to the design entity consists of the generic and port clauses
(if present) that appear in the entity declaration that defines the interface to the design entity, followed by the
generic map and port map aspects (if present) that appear in the component instantiation statement that binds
the component instance to a copy of that design entity. The declarative part of the block statement
corresponding to the design entity consists of the declarative items from the entity declarative part, followed
by the declarative items from the declarative part of the corresponding architecture body. The statement part
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of the block statement corresponding to the design entity consists of the concurrent statements from the
entity statement part, followed by the architecture statements from the statement part of the corresponding
architecture body. The meaning of any identifier appearing anywhere in this block statement is that
associated with the corresponding occurrence of the identifier in the entity declaration or architecture body.

For example, consider the following design entity:

entity X is
port (Pl, P2: inout BIT);
constant Delay: DELAY LENGTH := 1 ms;
use WORK.TimingChecks.all;

begi
C%eckTiming (P1, P2, 2*Delay);
end ¢ntity X;

architecture Y of X is
signal P3: BIT;
begin
P3 <= Pl after Delay;
P2 <= P3 after Delay;
B{ block

begin

eId block B;
end architecture Y;

This d¢sign entity is instantiated by the.following component instantiation statement:
C: emtity Work.X (Y) port map (Pl => S1, P2 => S2);

The folllowing block statements implement the coupling between the block hierarchy in which component
instantjation statement G appears and the block hierarchy contained in design entity X(Y):

C: block -- Instance block.
begin
X1 bleck -— Design entity block.
port (Pl, P2: inout BIT); -- Entity declaration ports.
| port map (Pl => S1, P2 => S2); -- Tnstantiation statement
-— port map.
constant Delay: DELAY LENGTH -- Entity declarative items.
:= 1 ms;
use WORK.TimingChecks.all;
| signal P3: BIT; -- Architecture declarative item.
begin
CheckTiming (P1, P2, 2*Delay); -- Entity statement.
P3 <= Pl after Delay; -— Architecture statements.
P2 <= P3 after Delay;

B: block
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begin

end block B;
end block X;
end block C;

Moreover, consider the following design entity, which is followed by an associated configuration
declargfion and component instantiation:

entity X is
port (Pl, P2: inout BIT);

constant Delay: DELAY LENGTH := 1 ms;
uge WORK.TimingChecks.all;
begi

CheckTiming (P1l, P2, 2*Delay);
end ¢ntity X;

architecture Y of X is
signal P3: BIT;
begin
P} <= Pl after Delay;
P2 <= P3 after Delay;
B{ block

begin

eId block B;
end architecture Y\

The configuration declaration is

configuration Alpha of X is
for/Y

end for;
end configuration Alpha;

The component instantiation is
C: configuration Work.Alpha port map (Pl => S1, P2 => S2);

The following block statements implement the coupling between the block hierarchy in which component
instantiation statement C appears and the block hierarchy contained in design entity X(Y):
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C: block -- Instance block.
begin
X: block -- Design entity block.
port (Pl, P2: inout BIT); -- Entity declaration ports.
port map (Pl => S1, P2 => S2); -- Instantiation statement
—-— port map.
constant Delay: DELAY LENGTH -- Entity declarative items.
:= 1 ms;
use WORK.TimingChecks.all;
| signal P3: BIT; -- Architecture declarative item.
begin
Checkliming (PL, PZ, ZXDelay); —-- ENCity Stacemenc.
P3 <= Pl after Delay; -- Architecture statements.
P2 <= P3 after Delay;
B: block

begin

end block B;
end block X;
end block C;

The block hierarchy extensions implied by component&instantiation statements that are bound to

entitieg occur during the elaboration of a design hierarehy (see Clause 12).

9.7 Generate statements

A genprate statement provides a meChanism for iterative or conditional elaboration of a portio

descrigjtion.

generafe statement ::=

generate label :
generation_schem@ generate
[ { block) declarative _item }
begin |
| {-architecture statement }
end 'generate [ generate label ] ;

design

n of a

generation_scheme ::=
for generate parameter_specification
| if condition

label ::= identifier

If a label appears at the end of a generate statement, it shall repeat the generate label.

For a generate statement with a for generation scheme, the generate parameter specification is the
declaration of the generate parameter with the given identifier. The generate parameter is a constant object

whose type is the base type of the discrete range of the generate parameter specification.
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The discrete range in a generation scheme of the first form shall be a static discrete range; similarly, the
condition in a generation scheme of the second form shall be a static expression.

The elaboration of a generate statement is described in 12.4.2.

Example:

Gen:

block

begin
L1l: CELL port map (Top, Bottom, A(0), B(0));

L2 _for T in 1 to 3 generate

L3: for J in 1 to 3 generate
L4: if I+J>4 generate
L5: CELL port map (A(I-1),B(J-1),A(I),B(J));
end generate;
end generate;

end generate;

L

e

for I in 1 to 3 generate
L7: for J in 1 to 3 generate
L8: if I+J<4 generate
L9: CELL port map (A(I+1),B(J+L)WA(I),B(J));
end generate;
end generate;
d generate;

end block Gen;

9.8C
The cg

concuf
[14

For ar
statem
proces
statem
and a g

pncurrent break statement
ncurrent break statement represents a process containing a break statement.

rent_break statement <=
bel : ] break [ break_list | [ sensitivity clause ] [ when condition ] ;

y concurrent break statement there is an equivalent process statement. The equivalent j

TOCESS

ent has d label if and only if the concurrent break statement has a label; if the equivalent

b statement has a label it is the same as that of the concurrent break statement. The equivalent j
bnt/dees not include the reserved word postponed, has no sensitivity list, an empty declaratiy

tatement part that consists of a break statement followed by a wait statement.

rocess
e part,

If the concurrent break statement includes a condition, then the break statement of the equivalent process
statement contains a when clause with the same condition as the concurrent break statement; otherwise the
break statement does not contain a when clause. If the concurrent break statement includes a break list, then
the break statement contains the same break list; otherwise the break statement does not contain a break list.

If the concurrent break statement has a sensitivity clause, then the wait statement of the equivalent process
statement contains the same sensitivity clause; otherwise, if a name that denotes a signal appears in the
Boolean expression that defines the condition of the break, then the wait statement includes a sensitivity
clause that is constructed by applying the rule of 8.1 to that expression; otherwise the wait statement
contains no sensitivity clause. The wait statement does not contain a condition clause or a timeout clause.
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10. Scope and visibility

The rules defining the scope of declarations and the rules defining which identifiers are visible at various
points in the text of the description are presented in this clause. The formulation of these rules uses the

notion

of a declarative region.

10.1 Declarative region

With two exceptions, a declarative region is a portion of the text of the description. A single declarative

region

is formed by the text of each of the following:

a)
b)
c)
d)
e)
f)
g)
h)
)
i)
k)

In eacl
statem
innernj
the deq

An entity declaration, together with a corresponding architecture body
A configuration declaration

A subprogram declaration, together with the corresponding subprogram body
A package declaration together with the corresponding body (if any)
A record type declaration

A record nature declaration

A component declaration

A block statement

A process statement

A simultaneous procedural statement

A loop statement

A block configuration

A component configuration

A generate statement

A protected type declaration, togeth@ey with the corresponding body

i of these cases, the declarativé.region is said to be associated with the corresponding declarg
bnt. A declaration is said te/occur immediately within a declarative region if this region
ost region that enclosesithé declaration, not counting the declarative region (if any) associats
laration itself.

Certai

declarative regions include disjoint parts. Each declarative region is nevertheless consider

tion or
is the
d with

bd as a

(logicdlly) continudetrs portion of the description text. Hence, if any rule defines a portion of text as the text

that exfends from-some specific point of a declarative region to the end of this region, then this portio
corresponding subset of the declarative region (thus, it does not include intermediate declarativd
betwedn the interface declaration and a corresponding body declaration).

h is the
items

In addition to the preceding declarative regions, there is a root declarative region, not associated with a
portion of the text of the description, but encompassing any given primary unit. At the beginning of the
analysis of a given primary unit, there are no declarations whose scopes (see 10.2) are within the root
declarative region. Moreover, the root declarative region associated with any given secondary unit is the root
declarative region of the corresponding primary unit.

There is also a library declarative region associated with each design library (see 11.2). Each library
declarative region has within its scope declarations corresponding to each primary unit contained within the
associated design library.

NOTE—An architecture body, though a declaration, does not occur immediately within any declarative region.
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10.2 Scope of declarations

For each form of declaration, the language rules define a certain portion of the description text called the
scope of the declaration. The scope of a declaration is also called the scope of any named entity declared by
the declaration. Furthermore, if the declaration associates some notation (either an identifier, a character
literal, or an operator symbol) with the named entity, this portion of the text is also called the scope of this
notation. Within the scope of a named entity, and only there, there are places where it is legal to use the
associated notation in order to refer to the named entity. These places are defined by the rules of visibility
and overloading.

The scope of a declaration, except for an architecture body, extends from the beginning of the declaration to
the endl of the immediately closing declarative region; the scope of an architecture body extends frpm the
beginnjing to the end of the architecture body. In either case, this part of the scope of a declaration-iy called
the imjmediate scope. Furthermore, for any of the declarations in the following list, theyscope [of the
declargtion extends beyond the immediate scope:

a) | A declaration that occurs immediately within a package declaration

b) | An element declaration in a record type declaration

¢) | A nature element declaration in a record nature declaration

d) | A formal parameter declaration in a subprogram declaration

e) | A local generic declaration in a component declaration

f) | A local port declaration in a component declaration

g) | A formal generic declaration in an entity declaration

h) | A formal port declaration in an entity declaration

i) | A declaration that occurs immediately within-a-protected type declaration

j) | An architecture body

In the pbsence of a separate subprogram declaration, the subprogram specification given in the subpfogram
body afts as the declaration, and rule c) applies also in such a case. In each of these cases except j), th¢ given
declargtion occurs immediately within'soeme enclosing declaration, and the scope of the given declaration
extends to the end of the scope of the enclosing declaration.

In add{tion to the preceding.rutes, the scope of any declaration that includes the end of the declarative|part of
a givel block (whether it-be-an external block defined by a design entity or an internal block defing¢d by a
block gtatement) extends,into a configuration declaration that configures the given block.

If a component Configuration appears as a configuration item immediately within a block configuration that
configpres a-given block, and if the scope of a given declaration includes the end of the declarative [part of
that blpcl; then the scope of the given declaration extends from the beginning to the end of the declarative
region|associated with the given component configuration. A similar rule applies to a block configpiration
that appears as a configuration item immediately within another block configuration, provided that the
contained block configuration configures an internal block. Furthermore, the scope of a use clause is
similarly extended. Finally, the scope of a library unit contained within a design library is extended along
with the scope of the logical library name corresponding to that design library.

NOTE 1—These scope rules apply to all forms of declaration. In particular, they apply also to implicit declarations and
to named primary units.

NOTE 2—The scope of an entity declaration includes an associated architecture body, if any. Thus, the entity name may
be used within the architecture body as the prefix of an expanded name denoting a declaration that occurs immediately
within the entity declaration or the architecture body. The scope of an architecture body does not include the
corresponding entity declaration. Thus, the entity cannot use an expanded name to refer to the architecture body nor to
any declaration within the architecture body.
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10.3 Visibility

The meaning of the occurrence of an identifier at a given place in the text is defined by the visibility rules
and also, in the case of overloaded declarations, by the overloading rules. The identifiers considered in this

subcla

use include any identifier other than a reserved word or an attribute designator that denotes a

predefined attribute. The places considered in this subclause are those where a lexical element (such as an
identifier) occurs. The overloaded declarations considered in this subclause are those for subprograms and
enumeration literals.

For each identifier and at each place in the text, the visibility rules determine a set of declarations (with this

identifier) that define the possible meanings of an occurrence of the identifier. A declaration is said to be

> > pssible

ing of this occurrence. The following two cases arise in determining the meaning of such a declgration:

The visibility rules determine at most one possible meaning. In such a case, the visibility rfles are
sufficient to determine the declaration defining the meaning of the occurrence of the, identifidr, or in
the absence of such a declaration, to determine that the occurrence is not legal at.the given pdint.

The visibility rules determine more than one possible meaning. In such a caSe; the occurrencg of the
identifier is legal at this point if and only if exactly one visible declaratiof-is*acceptable for the over-
loading rules in the given context.

A declaration is visible only within a certain part of its scope; this partistarts at the end of the declaration

except

in the declaration of a design unit or a protected type declaration; in which case it starts immediately

after thje reserved word is occurring after the identifier of the design unit or protected type declaratiop. This

rule applies to both explicit and implicit declarations.

Visibillity is either by selection or direct. A declaration is Vvisible by selection at places that are deflned as

followp:

a)
b)

¢)

d)

e)

p.

For a primary unit contained in a library: at\the place of the suffix in a selected name whosq prefix
denotes the library.

For an entity name in a configuratiomdeclaration whose entity name is a simple name: at the flace of
the simple name, and the context is that of the library WORK.

For an architecture body ,associated with a given entity declaration: at the place of thd block
specification in a block configuration for an external block whose interface is defined by that entity
declaration.

For an architecturé body associated with a given entity declaration: at the place of an architecture
identifier (between’the parentheses) in the first form of an entity aspect in a binding indicatiop.

For an architecture body associated with a given entity declaration: at the place of an architecture
identifief (between the parentheses) in the second form of an instantiated unit in a component [instan-
tiation-statement.

Eor a-declaration given in a package declaration: at the place of the suffix in a selected name{whose

prefix denotes the package

2

h)

)

For an element declaration of a given record type or nature declaration: at the place of the suffix in a
selected name whose prefix is appropriate for the type or nature; also at the place of a choice (before
the compound delimiter =>) in a named element association of an aggregate of the type or nature.

For a user-defined attribute: at the place of the attribute designator (after the delimiter ') in an
attribute name whose prefix denotes a named entity with which that attribute has been associated.

For a formal parameter declaration of a given subprogram declaration: at the place of the formal
designator in a formal part (before the compound delimiter =>) of a named parameter association
element of a corresponding subprogram call.

For a local generic declaration of a given component declaration: at the place of the formal designa-
tor in a formal part (before the compound delimiter =>) of a named generic association element of a
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corresponding component instantiation statement; similarly, at the place of the actual designator in
an actual part (after the compound delimiter =>, if any) of a generic association element of a corre-
sponding binding indication.

k) For a local port declaration of a given component declaration: at the place of the formal designator
in a formal part (before the compound delimiter =>) of a named port association element of a corre-
sponding component instantiation statement; similarly, at the place of the actual designator in an
actual part (after the compound delimiter =>, if any) of a port association element of a correspond-
ing binding indication.

1)  For a formal generic declaration of a given entity declaration: at the place of the formal designator in
a formal part (before the compound delimiter =>) of a named generic association element of a corre-

spondinsbindineindication—simHarbh—at-the-place-ofthe-formal-desianatorin-a—fornalpart<{before
SpoRath: £-oiReth £HRetcatoRsS Ty-atte-pPrac e+ eeSHERGtOHh-a—+torarPpatrt

the compound delimiter =>) of a generic association element of a corresponding componént finstan-
tiation statement when the instantiated unit is a design entity or a configuration declaration.

m) | For a formal port declaration of a given entity declaration: at the place of the fornial designator in a
formal part (before the compound delimiter =>) of a named port association’element of al corre-
sponding binding specification; similarly, at the place of the formal designator in a formal part
(before the compound delimiter =>) of a port association element of a-corresponding comjponent
instantiation statement when the instantiated unit is a design entity orsa configuration declaration.

n) | For a formal generic declaration or a formal port declaration of a given block statement: at the place
of the formal designator in a formal part (before the compound delimiter =>) of a named association
element of a corresponding generic or port map aspect.

0) | For a subprogram declared immediately within a givengpotected type declaration: at the plac¢ of the
suffix in a selected name whose prefix denotes an object of the protected type.

Finally], within the declarative region associated with“a construct other than a record type or|nature
declargtion or a protected type, any declaration that*occurs immediately within the region and that also
occurs|textually within the construct is visible, by selection at the place of the suffix of an expandedl name
whose| prefix denotes the construct. Similarly, *within an architecture body, any declaration that |occurs
immediately within the architecture body er‘the corresponding entity declaration is visible by selectioh at the
place qf the suffix of an expanded namg.whose prefix denotes the entity declaration.

Where]it is not visible by selection,d visible declaration is said to be directly visible. A declaration is|said to
be dirgctly visible within a certain part of its immediate scope; this part extends to the end of the imrediate
scope pf the declaration blt excludes places where the declaration is hidden as explained in the following
paragraphs. In addition,\a/declaration occurring immediately within the visible part of a package |can be
made directly visiblesby*means of a use clause according to the rules described in 10.4.

A declprationsisssaid to be Zidden within (part of) an inner declarative region if the inner region cortains a
homograph'of this declaration; the outer declaration is then hidden within the immediate scope of the inner
homographs Each of two declarations is said to be a homograph of the other if both declarations have the
same identifier, operator symbol, or character literal, and 1f overloading 1s allowed for at most one of the
two. If overloading is allowed for both declarations, then each of the two is a homograph of the other if they
have the same identifier, operator symbol, or character literal, as well as the same parameter and result type
profile (see 3.1.1).

Within the specification of a subprogram, every declaration with the same designator as the subprogram is
hidden. Where hidden in this manner, a declaration is visible neither by selection nor directly.

Two declarations that occur immediately within the same declarative region shall not be homographs, unless
exactly one of them is the implicit declaration of a predefined operation. In such cases, a predefined
operation is always hidden by the other homograph. Where hidden in this manner, an implicit declaration is
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hidden within the entire scope of the other declaration (regardless of which declaration occurs first); the
implicit declaration is visible neither by selection nor directly.

Whenever a declaration with a certain identifier is visible from a given point, the identifier and the named
entity (if any) are also said to be visible from that point. Direct visibility and visibility by selection are
likewise defined for character literals and operator symbols. An operator is directly visible if and only if the
corresponding operator declaration is directly visible.

In addition to the aforementioned rules, any declaration that is visible by selection at the end of the
declarative part of a given (external or internal) block is visible by selection in a configuration declaration
that configures the given block.

In addltion, any declaration that is directly visible at the end of the declarative part of a givenrblock is
directly visible in a block configuration that configures the given block. This rule holds unless.a use| clause
that mpkes a homograph of the declaration potentially visible (see 10.4) appears in th¢ cOrresppnding
configpration declaration, and if the scope of that use clause encompasses all or part ofi.those configpration
items. [If such a use clause appears, then the declaration will be directly visible within the corresppnding
configpiration items, except at those places that fall within the scope of the additional use clause. At such
places] neither name will be directly visible.

If a component configuration appears as a configuration item immediately'within a block configuration that
confighres a given block, and if a given declaration is visible by selectién at the end of the declarative|part of
that blpck, then the given declaration is visible by selection from thelbeginning to the end of the declarative
region|associated with the given component configuration. A gimilar rule applies to a block configpiration
that appears as a configuration item immediately within attother block configuration, provided that the
contaifped block configuration configures an internal blocks

If a component configuration appears as a configuratien item immediately within a block configuration that
configpires a given block, and if a given declaratipnis directly visible at the end of the declarative part|of that
block, [then the given declaration is visible by, sélection from the beginning to the end of the declarative
region|associated with the given componenticonfiguration. A similar rule applies to a block configpration
that agjpears as a configuration item immmediately within another block configuration, provided that the
containped block configuration configures an internal block. Furthermore, the visibility of declarations made
directly visible by a use clause within a block is similarly extended. Finally, the visibility of a logical [library
name ¢orresponding to a design library directly visible at the end of a block is similarly extended. THe rules
of this| paragraph hold unless\a use clause that makes a homograph of the declaration potentially [visible
appearf in the corresponding block configuration, and if the scope of that use clause encompasses allfor part
of thode configurationitems. If such a use clause appears, then the declaration will be directly visible|within
the cofresponding<configuration items, except at those places that fall within the scope of the additiopal use
clause] At such places, neither name will be directly visible.

NOTE [l—The same identifier, character literal, or operator symbol may occur in different declarations and may|thus be
associafed'with different named entities, even if the scopes of these declarations overlap. Overlap of the scopes df decla-

rations Wwith-the-sametdentifier,charaeterfiteralor-operatorsymbeleanresuitfronroverloadingof subprograms and of
enumeration literals. Such overlaps can also occur for named entities declared in the visible parts of packages and for
formal generics and ports, record elements, and formal parameters, where there is overlap of the scopes of the enclosing
package declarations, entity declarations, record type declarations, or subprogram declarations. Finally, overlapping
scopes can result from nesting.

NOTE 2—The rules defining immediate scope, hiding, and visibility imply that a reference to an identifier, character lit-
eral, or operator symbol within its own declaration is illegal (except for design units). The identifier, character literal, or
operator symbol hides outer homographs within its immediate scope—that is, from the start of the declaration. On the
other hand, the identifier, character literal, or operator symbol is visible only after the end of the declaration (again,
except for design units). For this reason, all but the last of the following declarations are illegal:

constant K: INTEGER := K*K; -- Illegal
constant T: T; -—- Illegal
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procedure P (X: P); -- Illegal
function Q (X: REAL := Q) return Q; -—- Illegal
procedure R (R: REAL); -- Legal (although perhaps confusing)
Example:
L1l: block
signal A,B: Bit;
begin
L2: block
i 1 BR:- Rit- == An inner homograph of B.
blgin
A <= B after 5 ns; -- Means L1.A <= L2.B
B <= L1.B after 10 ns; -- Means L2.B <= L&.B
end block ;
B|<= A after 15 ns; -- Means L1.B &=/L1.A
end block;

10.4 Use clauses
A use ¢lause achieves direct visibility of declarations that are visible'by selection.

use_clause ::=
us¢ selected name {, selected name } ;

Each sglected name in a use clause identifies one etymore declarations that will potentially become directly
visible} If the suffix of the selected name is asimple name, character literal, or operator symbol, tlen the
selected name identifies only the declaration(s) of that simple name, character literal, or operator $ymbol
contaied within the package or library denoted by the prefix of the selected name. If the suffix is the
reservgd word all, then the selected name identifies all declarations that are contained within the package or
library|denoted by the prefix of the s¢lected name.

For eath use clause, there ista‘Certain region of text called the scope of the use clause. This region starts
immediately after the use-clause. If a use clause is a declarative item of some declarative region, the s¢ope of
the clapise extends to the end of the given declarative region. If a use clause occurs within the contexf clause
of a dejsign unit, theyseope of the use clause extends to the end of the root declarative region associat¢d with
the giyen design tnit. The scope of a use clause may additionally extend into a configuration declaration
(see 1(.2).

In ordgr to“determine which declarations are made directly visible at a given place by use clauses, cpnsider
the set of declarations identified by all use clauses whose scopes enclose this place. Any declaration in this
set is a potentially visible declaration. A potentially visible declaration is actually made directly visible
except in the following two cases:

a) A potentially visible declaration is not made directly visible if the place considered is within the
immediate scope of a homograph of the declaration.

b) Potentially visible declarations that have the same designator are not made directly visible unless
each of them is either an enumeration literal specification or the declaration of a subprogram (either
by a subprogram declaration or by an implicit declaration).

NOTE 1—These rules guarantee that a declaration that is made directly visible by a use clause cannot hide an otherwise
directly visible declaration.
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NOTE 2—If a named entity X declared in package P is made potentially visible within a package Q (e.g., by the inclu-
sion of the clause "use P.X;" in the context clause of package Q), and the context clause for design unit R includes the
clause "use Q.all;", this does not imply that X will be potentially visible in R. Only those named entities that are actually

declare

d in package Q will be potentially visible in design unit R (in the absence of any other use clauses).

10.5 The context of overload resolution

Overloading is defined for names, subprograms, and enumeration literals.

For o

identif]er or a character literal has whenever the visibility rules have determined that more than on¢ni
is accegptable at the place of this occurrence; overload resolution likewise determines the actuahmeaj

an occ

At suc

interprptation of each constituent of the innermost complete context, a complete context is e
declargtion, a specification, or a statement.

When

rules, the scope and visibility rules, and the rules of the form as follows:

a)

b)

d)

verloaded entities, overload resolution determines the actual meaning that an_occurrence

of an

irrence of an operator or basic operation (see the introduction to Clause 3).

h a place, all visible declarations are considered. The occurrence is only legaliDthere is exac

considering possible interpretations of a complete context, the omnly rules considered are the

Any rule that requires a name or expression to have 4 certain type or to have the same {
another name or expression.

Any rule that requires the type of a name or expression to be a type of a certain class; simila
rule that requires a certain type to be a disctete, integer, floating-point, physical, universal, g
acter type.

Any rule that requires a prefix to be.appropriate for a certain type.

The rules that require the type-of an aggregate or string literal to be determinable solely fi|

type of the expressioniof‘a case statement, or the type of the operand of a type conversio
determinable independently of the context.

The rules giyen. for the resolution of overloaded subprogram calls; for the implicit convers
universal €xpressions; for the interpretation of discrete ranges with bounds having a universs
and for.the interpretation of an expanded name whose prefix denotes a subprogram.

The'rules given for the requirements on the return type, the number of formal parameters, :

eaning
hing of

tly one
ther a

syntax

ype as

ly, any
r char-

bm the

enclosing complete context..Similarly, the rules that require the type of the prefix of an attribyite, the

L to be

ons of
I type;

ind the

types of the formal parameters of the snbprogram denoted by the resolution function name (s

be 2.4).

NOTE 1—If there is only one possible interpretation of an occurrence of an identifier, character literal, operator symbol,
or string, that occurrence denotes the corresponding named entity. However, this condition does not mean that the occur-
rence is necessarily legal since other requirements exist that are not considered for overload resolution: for example, the
fact that the expression is static, the parameter modes, conformance rules, the use of named association in an indexed

name, t

he use of open in an indexed name, the use of a slice as an actual to a function call, and so forth.

NOTE 2—A loop parameter specification is a declaration, and hence a complete context.

NOTE 3—Rules that require certain constructs to have the same parameter and result type profile fall under the preced-
ing category a). The same holds for rules that require conformance of two constructs, since conformance requires that

corresp

onding names be given the same meaning by the visibility and overloading rules.
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11. Design units and their analysis

The overall organization of descriptions, as well as their analysis and subsequent definition in a design

library

, are discussed in this clause.

11.1 Design units

Certain constructs are independently analyzed and inserted into a design library; these constructs are called

design units. One or more design units in sequence comprise a design file.
demgn _‘F“a = Anmgﬂ_umf { dnnign_uruf }
design| unit ::= context clause library unit
library| unit ::=
pyimary unit
| sqcondary unit
primary_unit ::=

| c
| p3

second

| P4

Desigi
of a ddg
unit or
previo

The n4
second
identif]
name

declar4
associg

Entity
declard

entity declaration

nfiguration_declaration
ckage declaration

ary unit ;=

afchitecture_body

ckage body

units in a design file are analyzed in the textual order of their appearance in the design file. A

sign unit defines the corresponding library unit in a design library. A library unit is either a p
a secondary unit. A secondary unit is)a separately analyzed body of a primary unit resulting
Is analysis.

me of a primary unit is given-by the first identifier after the initial reserved word of that unit.
ary units, only architeéturé bodies are named; the name of an architecture body is given
er following the res¢rved word architecture. Each primary unit in a given library shall have a
hat is unique within the given library, and each architecture body associated with a given
tion shall have\a’simple name that is unique within the set of names of the architecture
ted with that'entity declaration.

declarations, architecture bodies, and configuration declarations are discussed in Clause 1. P|
tiéns,and package bodies are discussed in Clause 2.

nalysis
rimary
from a

Of the
by the
simple

entity
bodies

ackage

11.2 Design libraries

A design library is an implementation-dependent storage facility for previously analyzed design units. A

given i

mplementation is required to support any number of design libraries.

library clause ::= library logical name list;

logical name_list ::= logical name {, logical name }

logical name ::= identifier
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A library clause defines logical names for design libraries in the host environment. A library clause appears
as part of a context clause at the beginning of a design unit. There is a certain region of text called the scope
of a library clause; this region, contained within the root declarative region (see 10.1), starts immediately
after the library clause, and it extends to the end of the root declarative region associated with the design unit
in which the library clause appears. Within this scope each logical name defined by the library clause is
directly visible, except where hidden in an inner declarative region by a homograph of the logical name
according to the rules of 10.3.

If two or more logical names having the same identifier (see 13.3) appear in library clauses in the same
context clause, the second and subsequent occurrences of the logical name have no effect. The same is true
of logical names appearing both in the context clause of a primary unit and in the context clause of a

COrTes| Ulldillé bcuuuu‘lal_y umit
Each lpgical name defined by the library clause denotes a design library in the host environmeht;

For a|given library logical name, the actual name of the corresponding design \library in the host
enviropnment may or may not be the same. A given implementation shall providéJsome mecharjlism to
associgte a library logical name with a host-dependent library. Such a mechanism-is not defined [by the
language.

There pre two classes of design libraries: working libraries and resource libraries. A working library is the
library|into which the library unit resulting from the analysis of a desigfunit is placed. A resource library is
a librafy containing library units that are referenced within the design unit being analyzed. Only onel|library
is the orking library during the analysis of any given desigmunit; in contrast, any number of libraries
(including the working library itself) may be resource librari€s during such an analysis.

Every design unit except package STANDARD is assufiied to contain the following implicit context items
as part|of its context clause:

library STD, WORK; use STD.STANDARD.all;

Library logical name STD denotes the design library in which package STANDARD and package TEXTIO
reside;[these are the only standard packages defined by the language (see Clause 14). (The use clause|makes
all dedlarations within package STANDARD directly visible within the corresponding design ugit; see
10.4.) Library logical name WORK denotes the current working library during a given analysis.

The liprary denoted by the library logical name STD contains no library units other than ppckage
STANPARD and package TEXTIO.

A secdndary unit corresponding to a given primary unit shall be placed into the design library in whiich the
primary unit-resides.

NOTE- ¢ de e e e e ¢ c c
context clause of a des1gn umt W111 remain unchanged during the analys1s of that unit (w1th the poss1ble exceptlon of the
updating of the library unit corresponding to the analyzed design unit within the working library, if that library is also a
resource library).

11.3 Context clauses
A context clause defines the initial name environment in which a design unit is analyzed.
context_clause ::= { context_item }

context_item =
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library clause
| use clause

A library clause defines library logical names that may be referenced in the design unit; library clauses are
described in 11.2. A use clause makes certain declarations directly visible within the design unit; use clauses
are described in 10.4.

NOTE—The rules given for use clauses are such that the same effect is obtained whether the name of a library unit is
mentioned once or more than once by the applicable use clauses, or even within a given use clause.

11.4 Order of analysis

rules.

a)
b)

In eacl

The order in which design units are analyzed shall be consistent with¢the partial ordering defined

preced|

If any
has no

A give
the giv
If a lib
are pof
again.

The n.i‘:s defining the order in which design units can be analyzed are direct consequences of the wi

particular:

A primary unit whose name is referenced within a given design unit shall be analyzed prioi
analysis of the given design unit.

A primary unit shall be analyzed prior to the analysis of any corresponding seeondary unit.

case, the second unit depends on the first unit.

ng rules.

brror is detected while attempting to analyze a design undf) then the attempted analysis is rejec
effect whatsoever on the current working library.

n library unit is potentially affected by a change.ivany library unit whose name is referenced
en library unit. A secondary unit is potentially affected by a change in its corresponding prima
rary unit is changed (e.g., by reanalysis of the corresponding design unit), then all library un|
entially affected by such a change become obsolete and shall be reanalyzed before they can t

Kibility

to the

by the

ed and

within
'y unit.
its that
e used
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12. Elaboration and execution

The process by which a declaration achieves its effect is called the elaboration of the declaration. After its
elaboration, a declaration is said to be elaborated. Prior to the completion of its elaboration (including before
the elaboration), the declaration is not yet elaborated.

Elaboration is also defined for design hierarchies, declarative parts, statement parts (containing architecture
statements), simultaneous statements, and concurrent statements. Elaboration of such constructs is necessary
in order ultimately to elaborate declarative items that are declared within those constructs.

alization
ceeds.
Simulgtion consists of the repetmve execution of the szmulatzon cycle, during which processesate-exgcuted,
the andlog solver invoked, and nets and quantities updated.

12.1 Elaboration of a design hierarchy

The elpboration of a design hierarchy creates a collection of processes intefconnected by nets and [certain
charadteristic expressions that are an implicit consequence of the declaration and association of qugntities
and tgrminals; these characteristic expressions are said to be in the structural set of characteristic
exprespions. The behavior of the design can be simulated by executing the collection of processes and nets
and defermining the values of the quantities using the structural set of characteristic expressions, an ¢xplicit

Elaborption of a design hierarchy defined by a-design entity consists of the elaboration of the block

is assymed to contain an implicit configuration specification (see 5. 2) for each component instance| that is
unbound in this architecture; each configuration specification has an entity aspect denoting an anorfymous
configpiration declaration identifying the visible entity declaration (see 5.2) and supplying an implicit block
configpration (see 1.3.1) that binds_and configures a design entity identified according to the rules of 5.2.2.
The equivalent block statement.is defined in 9.6.2. Elaboration of a block statement is defined in 12.4.1.

Elaborption of a configuration consists of the elaboration of the block statement equivalent to the external
block ¢lefined by the.design entity configured by the configuration. The configuration contains an implicit
component configuration (see 1.3.2) for each unbound component instance contained within the external
block #nd an implicit block configuration (see 1.3.1) for each internal block contained within the ejxternal
block.

An illl )16111CllldliUll H1dy dllUW, bLlL ib IOl ICqUiIUd L0 dllUW, d dCbigIl CllliLy dl L‘llC TOOU de dCbigIl ‘llitlarchy
to have generics and ports. If an implementation allows these top-level interface objects, it may restrict their
allowed types and modes in an implementation-defined manner. Similarly, the means by which top-level
interface objects are associated with the external environment of the hierarchy are also defined by an
implementation supporting top-level interface objects.

Elaboration of a block statement involves first elaborating each not-yet-elaborated package containing
declarations referenced by the block. Similarly, elaboration of a given package involves first elaborating
each not-yet-elaborated package containing declarations referenced by the given package. Elaboration of a
package consists additionally of the following:

a) Elaboration of the declarative part of the package declaration, eventually followed by
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b) Elaboration of the declarative part of the corresponding package body, if the package has a corre-
sponding package body.

Step b), the elaboration of a package body, may be deferred until the declarative parts of other packages
have been elaborated, if necessary, because of the dependencies created between packages by their
interpackage references.

Elaboration of a declarative part is defined in 12.3.

Examples:

ollow the elaboration of both package declarations.

T Il_].lc .LUllUW_ILll\j < thLl.leC, bc&,auac OL Il_].lc Llcpcudcu\,_Lca bCLWCCll
he packages, the elaboration of either package body shall
pack ge Pl is
nstant Cl: INTEGER := 42;
nstant C2: INTEGER;
end ackage P1l;
pack ge P2 is
nstant Cl: INTEGER := 17;
nstant C2: INTEGER;
end ackage P2;
package body Pl is
constant C2: INTEGER := Work.P2.CL{
end package body P1;
package body P2 is
constant C2: INTEGER := Work.P1l.C1l;
end package body P2;

-- 1If a design hierarchy is described by the following design entity:
entity E is end;
archjtecture A of E is

coémponent comp
port ((J)..);

end component;
begi
C p ( )

B: block

begin

end block B;
end architecture A;

-- then its architecture contains the following implicit configuration
-- specification at the end of its declarative part:

for C: comp use configuration anonymous;
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-- and the following configuration declaration is assumed to exist
-- when E(A) is-elaborated:

configuration anonymous of L.E is -- L is the library in which
-— E(A) is found.
for A -—- The most recently analyzed

-- architecture of L.E.
end for;
end configuration anonymous;

12.2 Elaboration of a block header

Elaborption of a block header consists of the elaboration of the generic clause, the generi¢-map asp¢ct, the
port clause, and the port map aspect, in that order.

12.2.1| Generic clause

Elaborption of a generic clause consists of the elaboration of each of/the equivalent single generic
declargtions contained in the clause, in the order given. The elaboration*of a generic declaration congists of
elaborgting the subtype indication and then creating a generic constant of that subtype.

The vdlue of a generic constant is not defined until a subsequent generic map aspect is evaluated or| in the
absende of a generic map aspect, until the default expression associated with the generic congtant is
evaluafed to determine the value of the constant.

12.2.2 Generic map aspect

Elaborption of a generic map aspect consists of elaborating the generic association list. The generic
associgtion list contains an implicit association element for each generic constant that is not explicitly
associgted with an actual or that is.asseciated with the reserved word open; the actual part of spch an
implic]t association element is the default expression appearing in the declaration of that generic congtant.

Elaborption of a generic assotiation list consists of the elaboration of each generic association element in the
associgtion list. Elaboration_of a generic association element consists of the elaboration of the formal part
and th¢ evaluation of theactual part. The generic constant or subelement or slice thereof designated|by the
formallpart is then initialized with the value resulting from the evaluation of the corresponding actual [part. It
is an efror if the/Value of the actual does not belong to the subtype denoted by the subtype indication of the
formall If thessubtype denoted by the subtype indication of the declaration of the formal is a constrained
array jubtype) then an implicit subtype conversion is performed prior to this check. It is also an errgr if the
type of theformal is an array type and the value of each element of the actual does not belong to the glement
subtype of the formal.

12.2.3 Port clause

Elaboration of a port clause consists of the elaboration of each of the equivalent single port declarations
contained in the clause, in the order given. The elaboration of a port declaration consists of elaborating the
subtype or subnature indication and then creating a port of that subtype or subnature.

12.2.4 Port map aspect

Elaboration of a port map aspect consists of elaborating the port association list.
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Elaboration of a port association list consists of the elaboration of each port association element in the
association list whose actual is not the reserved word open. Elaboration of a port association element
consists of the elaboration of the formal part; the port or subelement or slice thereof designated by the
formal part is then associated with the signal, expression, terminal, or quantity designated by the actual part.
This association involves a check that the restrictions on port associations (see 1.1.1.2) are met. It is an error
if this check fails.

If a given port is a quantity port or a terminal port, the association of the formal and the actual consists of the
creation of characteristic expressions. If the port is a quantity port, the difference between each scalar
subelement of the formal and the corresponding scalar subelement of the actual is a characteristic expression
of the structural set. Its tolerance group is the tolerance group of the corresponding scalar subelement of the
formal[ Similarly, 1f the port 1s a terminal port, the dilference between each scalar subelement|of the
refererjce quantity of the formal and the corresponding scalar subelement of the reference quantity] of the
actual [is a characteristic expression of the structural set. Its tolerance group is the tolerange‘\group| of the
corresponding scalar subelement of the reference quantity of the formal. Additionally;-if'the pdrt is a
terminfl port, the contribution expression (see 12.3.1.4) of each scalar subelement of the“actual is r¢placed
by a sifnple expression that consists of a + operator whose left operand is the contribution expression of the
scalar fubelement of the actual and whose right operand is the contribution expression of the matching scalar
subelement of the formal.

If a giyen port is a port of mode in whose declaration includes a default expression, and if no association
element associates a signal, quantity, or expression with that port, then-the default expression is evaluated
and th¢ effective and driving value of the port (if the port is a sighal port) is set to the value of the default
exprespion. Similarly, if a given port of mode in is associated” with an expression, that exprespion is
evaluated and the effective and driving value of the port (if thé\port is a signal port) is set to the valug of the
exprespion. In the event that the value of a port is derived from an expression in either fashion, referepces to
the prddefined attributes of the port whose kind is signal‘return values indicating that the port has th¢ given
driving value with no activity at any time (see 12.6.3). For a quantity port, the appropriate attribut¢s each
reflect|a constant value.

If an agtual signal or quantity is associated\with a port of any mode, and if the type of the formal is g4 scalar
type, then it is an error if (after applying any conversion function or type conversion expression prgsent in
the actpal part) the bounds and direction of the subtype denoted by the subtype indication of the forfnal are
not idgntical to the bounds and direction of the subtype denoted by the subtype indication of the actudl. If an
actual pxpression is associated with a formal port (of mode in), and if the type of the formal is a scalgr type,
then if] is an error if the value of the expression does not belong to the subtype denoted by the subtype
indicaffion of the declaration of the formal.

If an agtual signal) quantity, terminal, or expression is associated with a formal port, and if the formal is of a
constrgined array subtype or subnature, then it is an error if the actual does not contain a matching glement
for eadh element of the formal. In the case of an actual signal or quantity, this check is made after applying
any conversion function or type conversion that is present in the actual part. If an actual signal, tefminal,
quantity, or expression is associated with a formal port, and if the subtype or subnature denoted by the
subtype or subnature indication of the declaration of the formal is an unconstrained array type or nature, then
the subtype or subnature of the formal is taken from the actual associated with that formal. It is also an error
if the mode of the formal is in or inout and the value of each element of the actual array (after applying any
conversion function or type conversion present in the actual part) does not belong to the element subtype of
the formal. If the formal port is of mode out, inout, or buffer, it is also an error if 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.

If an actual signal, quantity, terminal, or expression is associated with a formal port, and if the formal is of a
record subtype or subnature, then it is an error if the rules of the preceding three paragraphs do not apply to
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each element of the record subtype or subnature. In the case of an actual signal or quantity, these checks are
made after applying any conversion function or type conversion that is present in the actual part.

12.3 Elaboration of a declarative part

The elaboration of a declarative part consists of the elaboration of the declarative items, if any, in the order
in which they are given in the declarative part. This rule holds for all declarative parts, with the following
three exceptions:

a)  The entity declarative part of a design entity whose corresponding architecture is decorated with the
'FOREIGN attribute defined in package STANDARD (see 5.1 and 14.2).

b) [The architecture declarative part of a design eniity whose architecturc 1s decorated wjth the
'FOREIGN attribute defined in package STANDARD.

¢) | A subprogram declarative part whose subprogram is decorated with the 'FOREIGN aftribute defined
in package STANDARD.

For thgse cases, the declarative items are not elaborated; instead, the design entity ér-subprogram is pubject
to imp|ementation-dependent elaboration.

In certpin cases, the elaboration of a declarative item involves the evaldation of expressions that [appear
within|the declarative item. The value of any object denoted by a primary in such an expression shall be
definegl at the time the primary is read (see 4.3.2). In addition, if ,a“primary in such an expressipn is a
functidn call, then the value of any object denoted by or appearing as a part of an actual designatof in the
functidn call shall be defined at the time the expression is evaluated. Additionally, it is an error if a grimary
that depotes a shared variable, or a method of the protected type of a shared variable, is evaluated durfing the
elaborgtion of a declarative item. During static elaboration, the function STD.STANDARD.NOW/[feturn
DELAJY LENGTH] (see 14.2) returns the value O us."Similarly, during static elaboration, the fynction
STD.STANDARD.NOW/[return REAL] (see 14.2)returns the value 0.0.

NOTE+It is a consequence of this rule that the \iame of a signal or quantity declared within a block capnot be
referen¢ed in expressions appearing in declarative items other than source quantity declarations and stdp limit
specifidations within that block, an inner blockj.simultaneous procedural statement, or process statement; nor dan it be
passed ps a parameter to a function called duting the elaboration of the block. These restrictions exist because the value
of a signal is not defined until after the-de€sign hierarchy is elaborated. However, a signal parameter name may pe used
within pxpressions in declarative items within a subprogram declarative part, provided that the subprogram|is only
called dfter simulation begins, because the value of every signal will be defined by that time.

12.3.1 Elaboration of/a'declaration
Elaborption of a declaration has the effect of creating the declared item.

For eafh declaration, the language rules (in particular scope and visibility rules) are such that it ig either
imposdible, ‘or illegal to use a given item before the elaboration of its corresponding declaratign. For
exampjeit’is not possible to use the name of a type for an object declaration before the corresponding type
declaration is elaborated. Similarly, it is illegal to call a subprogram before its corresponding body is
elaborated.

12.3.1.1 Subprogram declarations and bodies

Elaboration of a subprogram declaration involves the elaboration of the parameter interface list of the
subprogram declaration; this in turn involves the elaboration of the subtype indication of each interface
element to determine the subtype of each formal parameter of the subprogram.

Elaboration of a subprogram body has no effect other than to establish that the body can, from then on, be
used for the execution of calls of the subprogram.
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12.3.1.2 Type declarations

Elaboration of a type declaration generally consists of the elaboration of the definition of the type and the
creation of that type. For a constrained array type declaration, however, elaboration consists of the
elaboration of the equivalent anonymous unconstrained array type followed by the elaboration of the named
subtype of that unconstrained type.

Elaboration of an enumeration type definition has no effect other than the creation of the corresponding
type.

Elaboration of an integer, floating-point, or physical type definition consists of the elaboration of the
corres i TTt: T TtoTT; i TOTT ftiom is also
elaborgted. Elaboration of a physical unit declaration has no effect other than to create the unit-defined by
the unit declaration.

Elaborption of an unconstrained array type definition consists of the elaboration of the €lement qubtype
indication of the array type.

Elaborption of a record type definition consists of the elaboration of the ‘equivalent single dlement
declargtions in the given order. Elaboration of an element declaration consists-of elaboration of the dlement
subtypg indication.

Elaborption of an access type definition consists of the elaboration-of the corresponding subtype indi¢ation.

Elaborption of a protected type definition consists of the elaboration, in the order given, of each|of the
declargtions occurring immediately within the protected type/definition.

Elaborption of a protected type body has no effect other than to establish that the body, from then on,{can be
used djiring the elaboration of objects of the given-protected type.

12.3.1/.3 Subtype declarations

Elaborption of a subtype declaration-consists of the elaboration of the subtype indication. The elabordtion of
a subtype indication creates a subtype. If the subtype does not include a constraint, then the subtyp¢ is the
same gs that denoted by the type mark. The elaboration of a subtype indication that includes a comstraint
proceefls as follows:

a) | The constraint is\fiist elaborated.

b) | A check isthen made that the constraint is compatible with the type or subtype denoted by the type
mark (see3:1 and 3.2.1.1).

Elaborption.of a range constraint consists of the evaluation of the range. The evaluation of a range flefines
the boynds-and direction of the range. Elaboration of an index constraint consists of the elaboration ¢f each
of the discrete ranges in the index constraint in some order that is not defined by the language.

If the subtype indication includes a tolerance aspect, then the tolerance group is the value of the string
expression of the tolerance aspect.

12.3.1.4 Object declarations

Elaboration of an object declaration that declares an object other than a file object or an object of a protected
type proceeds as follows:

a)  The subtype indication or subnature indication is first elaborated; this establishes the subtype or sub-
nature of the object.
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b) If the object declaration includes an explicit initialization expression, then the initial value of the
object is obtained by evaluating the expression. It is an error if the value of the expression does not
belong to the subtype of the object; if the object is an array object, then an implicit subtype conver-
sion is first performed on the value unless the object is a constant whose subtype indication denotes
an unconstrained array type. Otherwise, any implicit initial value for the object is determined, if
applicable.

c) The object is created.

d) Any initial value is assigned to the object.

The initialization of such an object (either the declared object or one of its subelements) involves a check
that the—initiel—elue—belongs—to—the—subtype—of-the—objeet—For—an—sarray—objeet—deelared—by—am object
declargtion, an implicit subtype conversion is first applied as for an assignment statement, unless ‘thg object
is a cofistant whose subtype is an unconstrained array type.

The elaboration of a terminal declaration also includes the creation of a contribution exptession
corresponding to each scalar subelement of the terminal. The contribution expression, is initialized to the
literal [0.0; it may be modified by other steps of the elaboration process. Similarly;’the elaboration of an
across [quantity declaration includes the creation, for each scalar subelement g of.the across quantity| of the
exprespion (q minus the reference quantity of the plus terminal of q plus the reference quantity of thd minus
terminpl of q). This expression is a characteristic expression of the structural set. Its tolerance group is the
tolerarice group of q. Finally, if the object is a through quantity, then(for each scalar subelement ¢ of the
through quantity, the contribution expression of the plus terminal of'qis replaced by a simple expression that
consisfs of a + operator whose left operand is the contribution expression of the plus terminal of q and|whose
right operand is a primary that denotes q. Similarly, the contribution expression of the minus terminal of q is
replacg¢d by a simple expression that consists of a — éperator whose left operand is the contrjbution
exprespion of the plus terminal of q and whose right opefand is a primary that denotes q.

The elgboration of a file object declaration consistsiof the elaboration of the subtype indication folloywed by
the crefation of the object. If the file object declaration contains file open information, then the implicit call
to FILE OPEN is then executed (see 4.3.1.4),

The elpboration of an object of a.protected type consists of the elaboration of the subtype indjcation,
followpd by creation of the object.“Creation of the object consists of elaborating, in the order given, ¢ach of
the dedlarative items in the protected type body.

NOTE [[—These rules apply te-all object declarations other than port and generic declarations, which are elabofated as
outlinedl in 12.2.1 through 12:2.4.

NOTE P—The expréssion initializing a constant object need not be a static expression.

NOTE B—Each-objéct whose type is a protected type creates an instance of the shared objects.

12.3.1.5.Alias declarations

Elaboration of an alias declaration consists of the elaboration of the subtype indication to establish the
subtype or subnature associated with the alias, followed by the creation of the alias as an alternative name
for the named entity. The creation of an alias for an array object involves a check that the subtype associated
with the alias includes a matching element for each element of the named object. It is an error if this check
fails.

12.3.1.6 Attribute declarations

Elaboration of an attribute declaration has no effect other than to create a template for defining attributes of
items.
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12.3.1.7 Component declarations

Elaboration of a component declaration has no effect other than to create a template for instantiating
component instances.

12.3.1.8 Nature and subnature declarations

Elaboration of a nature declaration consists of associating the type declarations in the nature declaration with
the nature and setting the values of the predeclared attributes of the nature accordingly. The elaboration of a
nature declaration that declares a scalar nature also creates the reference terminal of the simple nature of that
scalar nature. Elaboration of a subnature declaration proceeds analogously to the elaboration of a subtype
declargtion; the subnature indication is elaborated, the constraint is elaborated, and then checked.

12.3.2 Elaboration of a specification

Elaborption of a specification has the effect of associating additional information witlra previously dgclared
item.

12.3.2.1 Attribute specifications

Elaborption of an attribute specification proceeds as follows:

a) | The entity specification is elaborated in order to determinge which items are affected by the aftribute
specification.

b) | The expression is evaluated to determine the value\of the attribute. It is an error if the valug of the
expression does not belong to the subtype of thecattribute; if the attribute is of an array type, then an
implicit subtype conversion is first performied on the value, unless the subtype indication|of the
attribute denotes an unconstrained array type.

¢) | A new instance of the designated attribute is created and associated with each of the affected |items.

d) | Each new attribute instance is assiguned the value of the expression.

The aspignment of a value to an irfstance of a given attribute involves a check that the value belongg to the
subtypg of the designated attribute. For an attribute of a constrained array type, an implicit qubtype
converpion is first applied as™fer an assignment statement. No such conversion is necessary for an aftribute
of an unconstrained array-type; the constraints on the value determine the constraints on the attribute

NOTE+-The expression-ittan attribute specification need not be a static expression.
12.3.2.2 Configuration specifications

Elaborption/of a configuration specification proceeds as follows:

a) The component specification is elaborated in order to determine which component instances are
affected by the configuration specification.

b) The binding indication is elaborated to identify the design entity to which the affected component
instances will be bound.

¢) The binding information is associated with each affected component instance label for later use in
instantiating those component instances.

As part of this elaboration process, a check is made that both the entity declaration and the corresponding
architecture body implied by the binding indication exist within the specified library. It is an error if this
check fails.
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12.3.2.3 Disconnection specifications
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of\the block declarative part, following all other declarative items in that part.

The sequence of implicit configuration specifications supplied by a block configuration, whether implicit or
explicit, consists of each of the configuration specifications implied by component configurations (see 1.3.2)
occurring immediately within the block configuration, in the order in which the component configurations
themselves appear.

A scalar terminal is a root terminal if it is not a reference terminal or a connected terminal. The contribution
expression of each scalar subelement of any root terminal of the block is a characteristic expression of the
structural set. Its tolerance group is the tolerance group implied by the through type of the nature of the
terminal. In addition, the difference between each scalar subelement of each quantity TTCONTRIBUTION
and the contribution expression of the corresponding scalar subelement of terminal T is a characteristic
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expression of the structural set. Its tolerance group is the tolerance group of the scalar subelement of
T'CONTRIBUTION.

12.4.2 Generate statements

Elaboration of a generate statement consists of the replacement of the generate statement with zero or more
copies of a block statement whose declarative part consists of the declarative items contained within the
generate statement and whose statement part consists of the concurrent statements contained within the
generate statement. These block statements are said to be represented by the generate statement. Each block
statement is then elaborated.

FOI‘ a HCTITTAtT STatCIIICTIU WiL‘ll d fUI sCIICT dliUll bb‘llclllc, CidbUl dliUll bUIlbiblb Uf l.‘llt? UldbUl dliUll Uf L‘IIC [¢ iSCI‘ete
range, [followed by the generation of one block statement for each value in the range. The block-statements
all havg the following form:

a) | The label of the block statement is the same as the label of the generate statement.

b) | The block declarative part has, as its first item, a single constant declaration that'declares a cpnstant
with the same simple name as that of the applicable generate parameter; thévalue of the confptant is
the value of the generate parameter for the generation of this particular bleck statement. The fype of
this declaration is determined by the base type of the discrete range of the generate parametgr. The
remainder of the block declarative part consists of a copy of the de¢larative items contained|within
the generate statement.

c) | The block statement part consists of a copy of the concurrentsstatements contained within the|gener-
ate statement.

For a generate statement with an if generation scheme, elabopation consists of the evaluation of the Boolean
exprespion, followed by the generation of exactly one block statement if the expression evaluates to [[RUE,
and no|block statement otherwise. If generated, the block statement has the following form:

— | The block label is the same as the label of:the generate statement.

— | The block declarative part consists of-a\copy of the declarative items contained within the generate
statement.

— | The block statement part consists-of a copy of the concurrent statements contained within the|gener-
ate statement.

Examples:

r

-- 'he following—-generate statement:

LABL] for IY'in 1 to 2 generate
signalesl: INTEGER;

begi
ST <= pl;

Instl: and gate port map (sl, p2(I), p3);
end generate LABRL;

-- 1s equivalent to the following two block statements:

LABL: block

constant I: INTEGER := 1;

signal sl: INTEGER;
begin

sl <= pl;

Instl: and gate port map (sl, p2(I), p3);
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end block LARL;

LABL: block

constant I: INTEGER := 2;

signal sl: INTEGER;
begin

sl <= pl;

Instl: and gate port map (sl, p2(I), p3);
end block LABL;

-- The following generate statement:

LABL] if (gl = g2) generate
signal sl: INTEGER;
begin
sl <= pl;
Instl: and gate port map (sl, p4, p3);
end ¢generate LABL;
-- 1s equivalent to the following statement if gl{="92;
- therwise, it is equivalent to no statement @t all:
LABL] block
signal sl: INTEGER;
begin
sl <= pl;
Instl: and gate port map (sl, p4,(P3);

end block LARBL;

NOTE-
of the |
multipl

12.4.3

Elabor
unless
archite
then el
implie
statem
statem

-The repetition of the block labels in the case of a for generation scheme does not produce multiple decl
hbel on the generate statement. The multiple block statements represented by the generate statement cd
p references to the same implicitly declared label.

Component instantiation statements

htion of a componentJiistantiation statement that instantiates a component declaration has nd
the component instance is either fully bound to a design entity defined by an entity declarati
cture body or bound to a configuration of such a design entity. If a component instance is so
aboration of the corresponding component instantiation statement consists of the elaboration
| block statement representing the component instance and (within that block) the implied
ent representing the design entity to which the component instance is bound. The implied
ents are defined in 9.6.1.

hrations
nstitute

effect
on and
bound,
of the
block
block

Elaboration of a component instantiation statement whose instantiated unit denotes either a design entity or
a configuration declaration consists of the elaboration of the implied block statement representing the
component instantiation statement and (within that block) the implied block statement representing the
design entity to which the component instance is bound. The implied block statements are defined in 9.6.2.

12.4.4 Other concurrent statements

All other concurrent statements are either process statements or are statements for which there is an
equivalent process statement.

Elaboration of a process statement proceeds as follows:
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a)  The process declarative part is elaborated.
b)  The drivers required by the process statement are created.

¢) The initial transaction defined by the default value associated with each scalar signal driven by the
process statement is inserted into the corresponding driver.

Elaboration of all concurrent signal assignment statements and concurrent assertion statements consists of
the construction of the equivalent process statement followed by the elaboration of the equivalent process
statement.

12.4.

The elpboration of a simple simultaneous statement consists of the evaluation of the string expressipn that
deterntines the tolerance group of its characteristic expressions. The elaboration of.-a."simultaneous
procedural statement consists of creating the type declaration, the subprogram body and the [simple
simultgneous statement implied by the simultaneous procedural statement, and elaberating each in tufn. The
elaborgtion of any other simultaneous statement has no effect.

12.5 Pynamic elaboration

The exjecution of certain constructs that involve sequential statemenfs rather than concurrent statemeits also
involves elaboration. Such elaboration occurs during the execution of the model.

There gre three particular instances in which elaborationeccurs dynamically during simulation. Thes¢ are as
follow:

a) | Execution of a loop statement with a for'iteration scheme involves the elaboration of the loop
parameter specification prior to the execution of the statements enclosed by the loop (see 8.9). This
elaboration creates the loop parameter and evaluates the discrete range.

b) | Execution of a subprogram-gall involves the elaboration of the parameter interface list|of the
corresponding subprogram declaration; this involves the elaboration of each interface declardtion to
create the corresponding .formal parameters. Actual parameters are then associated with [formal
parameters. Next, if the subprogram is a method of a protected type (see 3.5.1) or an implicitly
declared file operation (see 3.4.1), the elaboration blocks (suspends execution while retainfing all
state), if necessary, until exclusive access to the object denoted by the prefix of the method of to the
file object.denoted by the file parameter of the file operation is secured. Finally, if the desigrator of
the subprogram is not decorated with the 'FOREIGN attribute defined in package STANDARD, the
declarative part of the corresponding subprogram body is elaborated and the sequence of statpments
irv the’ subprogram body is executed. If the designator of the subprogram is decorated with the
'FOREIGN attribute defined in package STANDARD, then the subprogram body is subject to
implementation-dependent elaboration and execution.

¢) Evaluation of an allocator that contains a subtype indication involves the elaboration of the subtype
indication prior to the allocation of the created object.

NOTE 1—It is a consequence of these rules that declarative items appearing within the declarative part of a subprogram
body are elaborated each time the corresponding subprogram is called; thus, successive elaborations of a given declara-
tive item appearing in such a place may create items with different characteristics. For example, successive elaborations
of the same subtype declaration appearing in a subprogram body may create subtypes with different constraints.

NOTE 2—If two or more processes access the same set of shared variables, livelock or deadlock may occur. That is, it
may not be possible to ever grant exclusive access to the shared variable as outlined in the preceding item b).
Implementations are allowed to, but not required to, detect and, if possible, resolve such conditions.
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12.6 Execution of a model

The elaboration of a design hierarchy produces a model that can be executed in order to simulate the design
represented by the model. Simulation involves the execution of user-defined processes that interact with
each other and with the environment, and the invocation of the analog solver to determine the values of
quantities within the model.

The kernel process is a conceptual representation of the agent that coordinates the activity of user-defined
processes during a simulation. This agent causes the propagation of signal values to occur and causes the
values of implicit signals [such as S'Stable] to be updated. Furthermore, this process is responsible for
detecting events that occur and for causing the appropriate processes to execute in response to those events.

For any given signal that is explicitly declared within a model, the kernel process contaifis;'a variable
repres¢nting the current value of that signal. Any evaluation of a name denoting a given signal'retriepes the
current value of the corresponding variable in the kernel process. Similarly, for any given’quantity|that is
explicitly or implicitly declared within a model, the kernel process contains a siniilar variable, ahd any
evaluafion of a name denoting the quantity returns the current value of the corresponding variable. During
simulafion, the kernel process updates these variables from time to time, based@pon the current values of
sourcep of the corresponding signal and the results of the analog solver.

In addftion, the kernel process contains a variable representing the current value of any implicitly declared
GUARD signal resulting from the appearance of a guard exptession on a given block staiement.
Furthefmore, the kernel process contains both a driver for, and{@ variable representing the current vglue of,
any signal S'Stable(T), for any prefix S and any time T, that is\referenced within the model; likewise, for any
signal [S'Quiet(T) or S'Transaction, and likewise, for each-textual occurrence of any name of thp form
Q'AB(VE(E). Finally, the kernel process contains”a driver for the DOMAIN signal of type
DOMAIN TYPE.

The aalog solver is a conceptual representation of the agent that updates the values of the quantities of a
model] The analog solver also updates the'dtiver of each implicit signal Q”ABOVE(E) of the modgl. The
analog{solver is said to determine an analog solution point when it determines these values.

NOTE--Since the kernel process contains a driver for the DOMAIN signal, and since the type of the DOMAIN {gignal is
an unrefolved type, the model shall not contain a source for the DOMAIN signal.

12.6.1| Drivers

Every pignal assigniment statement in a process statement defines a set of drivers for certain scalar dignals.
There |s a single-driver for a given scalar signal S in a process statement, provided that there is at lepst one
signal pssighment statement in that process statement and that the longest static prefix of the target signal of
that signal{assignment statement denotes S or denotes a composite signal of which S is a subelement. Each
such sigmatassignIent Satcment 1S 5aid 10 be associaled Wil that dTiver. EXCCUtion of a signat assignment
statement affects only the associated driver(s).

A driver for a scalar signal is represented by a projected output waveform. A projected output waveform
consists of a sequence of one or more transactions, where each transaction is a pair consisting of a value
component and a time component. For a given transaction, the value component represents a value that the
driver of the signal is to assume at some point in time, and the time component specifies which point in time.
These transactions are ordered with respect to their time components.

A driver always contains at least one transaction. The initial contents of a driver associated with a given
signal are defined by the default value associated with the signal (see 4.3.1.2).
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For any driver, there is exactly one transaction whose time component is not greater than the current
simulation time. The current value of the driver is the value component of this transaction. If, as the result of
the advance of time, the current time becomes equal to the time component of the next transaction, then the
first transaction is deleted from the projected output waveform and the next becomes the current value of the
driver.

12.6.2 Propagation of signal values

As simulation time advances, the transactions in the projected output waveform of a given driver (see
12.6.1) will each, in succession, become the value of the driver. When a driver acquires a new value in this
way, regardless of whether the new value is different from the previous value, that driver is said to be active
duringtiratsimuiation cycte. For the purposes of defimmg driver activity, @ driver acquring @ vatue|from a
null trinsaction is assumed to have acquired a new value. A signal is said to be active during’q given
simulation cycle if

— | One of its sources is active.
— | One of its subelements is active.

— | The signal is named in the formal part of an association element in a port assoeliation list and the cor-
responding actual is active.

— | The signal is a subelement of a resolved signal and the resolved sigral'is active.

If a signal of a given composite type has a source that is of a different type (and therefore a conyersion
functidn or type conversion appears in the corresponding associatiof element), then each scalar subglement
of that|signal is considered to be active if the source itself is active? Similarly, if a port of a given corhposite
type i associated with a signal that is of a different typeXNand therefore a conversion function ¢r type
converiion appears in the corresponding association elenient), then each scalar subelement of that|port is
considpred to be active if the actual signal itself is actiyes

In addjtion to the preceding information, an implieit signal is said to be active during a given simulation
cycle if the kernel process updates that implicit\signal within the given cycle.

If a signal is not active during a given-simulation cycle, then the signal is said to be quiet duripg that
simulation cycle.

The kgrnel process determines two values for certain signals during any given simulation cycle. The griving
value ¢f a given signal is thewalue that signal provides as a source of other signals. The effective value of a
given dignal is the value'obtainable by evaluating a reference to the signal within an expression. The driving
value gnd the effective,value of a signal are not always the same, especially when resolution functigns and
conversion functionS or type conversions are involved in the propagation of signal values.

A basil sighal'is a signal that has all of the following properties:

— | Itds‘either a scalar signal or a resolved signal (see 4.3.1.2)

— Itis not a subelement of a resolved signal

— Is not an implicit signal of the form S'Stable(T), S'Quiet(T), S'Transaction, or Q' ABOVE(E) (see
14.1)

— It is not an implicit signal GUARD (see 9.1)
Basic signals are those that determine the driving values for all other signals.

The driving value of any basic signal S is determined as follows:

— If S has no source, then the driving value of S is given by the default value associated with S (see
4.3.1.2).
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If S has one source that is a driver and S is not a resolved signal (see 4.3.1.2), then the driving value
of S is the current value of that driver.

If S has one source that is a port and S is not a resolved signal, then the driving value of S is the
driving value of the formal part of the association element that associates S with that port (see
4.3.2.2). The driving value of a formal part is obtained by evaluating the formal part as follows: If no
conversion function or type conversion is present in the formal part, then the driving value of the
formal part is the driving value of the signal denoted by the formal designator. Otherwise, the
driving value of the formal part is the value obtained by applying either the conversion function or
type conversion (whichever is contained in the formal part) to the driving value of the signal denoted
by the formal designator.

I£S 15 a resolved cigﬂa] and has one or more Cr\nrr‘pc’ then-the dris ing values of the sources r‘fs are

examined. It is an error if any of these driving values is a composite where one or more stbglement
values are determined by the null transaction (see 8.4.1) and one or more subelement values pre not
determined by the null transaction. If S is of signal kind register and all the sources of|S have|values
determined by the null transaction, then the driving value of S is unchanged from its’previouq value.
Otherwise, the driving value of S is obtained by executing the resolution functienassociated ith S,
where that function is called with an input parameter consisting of the concatenation of the lriving
values of the sources of S, with the exception of the value of any sourceof S whose current value is
determined by the null transaction.

ving value of any signal S that is not a basic signal is determined-as follows:

If S is a subelement of a resolved signal R, the driving value of S is the corresponding subglement
value of the driving value of R.

Otherwise (S is a non-resolved, composite signal),cthe driving value of S is equal to the aggrejgate of
the driving values of each of the basic signals that are the subelements of S.

calar signal S, the effective value of S is detérmined in the following manner:

If S is a signal declared by a signal declaration, a port of mode buffer, or an unconnected port of
mode inout, then the effective value_of S is the same as the driving value of S.

If S is a connected port of mode¢ in or inout, then the effective value of S is the same as the efffective
value of the actual part of the'association element that associates an actual with S (see 4.3.2.2). The
effective value of an actua] part is obtained by evaluating the actual part, using the effective vialue of
the signal denoted bysthe actual designator in place of the actual designator.

If S is an unconnected port of mode in, the effective value of S is given by the default value pssoci-
ated with S (see.4.3.1.2).

ompositessignal R, the effective value of R is the aggregate of the effective values of each| of the
nentsof R.

For a s
compo

calar signal S, bot e driving and etffective values shatt befong to tie subtype of the signal. For a
site signal R, an implicit subtype conversion is performed to the subtype of R; for each element of R,

there shall be a matching element in both the driving and the effective value, and vice versa.

In order to update a signal during a given simulation cycle, the kernel process first determines the driving
and effective values of that signal. The kernel process then updates the variable containing the current value
of the signal with the newly determined effective value, as follows:

a)

If S is a signal of some type that is not an array type, the effective value of S is used to update the
current value of S. A check is made that the effective value of S belongs to the subtype of S. An
error occurs if this subtype check fails. Finally, the effective value of S is assigned to the variable
representing the current value of the signal.
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b) IfSis an array signal (including a slice of an array), the effective value of S is implicitly converted
to the subtype of S. The subtype conversion checks that for each element of S there is a matching
element in the effective value and vice versa. An error occurs if this check fails. The result of this
subtype conversion is then assigned to the variable representing the current value of S.

Updating a signal S of type T is said to change the current value of S if and only if the expression “S =
S'Delayed” evaluates to False, where the “=" operator in the expression is the predefined “=" on type T. If
updating a signal causes the current value of that signal to change, then an event is said to have occurred on
the signal. This definition applies to any updating of a signal, whether such updating occurs according to the
preceding rules or according to the rules for updating implicit signals given in 12.6.3. The occurrence of an
event will cause the resumption and subsequent execution of certain processes during the simulation cycle in
which fhreevent OCCUTS, Tfammd Uul_y Tfthose PTOCTSSTS arc uuucudy serrsTtive to-the bigual omwiictrthe event

has ocgurred.

I3t

For any signal other than one declared with the signal kind register, the driving and effective/valueg of the
signal [are determined and the current value of that signal is updated as previously,described, i1l every
simulation cycle. A signal declared with the signal kind register is updated in the sanie’fashion during every
simulation cycle except those in which all of its sources have current values that ate determined by null
transadtions.

A net |is a collection of drivers, signals (including ports and implicit signdls), conversion functiops, and
resoluion functions that, taken together, determine the effective and driving values of every signalfon the
net.

Implicjt signals GUARD, S'Stable(T), S'Quiet(T), and S'Trausaction, for any prefix S and any time|T, and
Q'AB(VE(E) for any prefix Q and expression E, are not updated according to the preceding rulef; such
signald are updated according to the rules described in 12.6.3.

NOTE [l—In a given simulation cycle, situations can occur where a subelement of a composite signal is quiet, jand the
signal ifself is active.

NOTE R—The rules concerning association of actuals with formals (see 4.3.2.2) imply that, if a composite signal is
associafed with a composite port of mode out,-inout, or buffer, and if no conversion function or type corversion
appearq in either the actual or formal part-0f-the association element, then each scalar subelement of the forfnal is a
source pf the matching subelement of the actual. In such a case, a given subelement of the actual will be activg if and
only if fhe matching subelement of the\formal is active.

NOTE B—The algorithm for computing the driving value of a scalar signal S is recursive. For example, if S i a local
signal gppearing as an actual in a port association list whose formal is of mode out or inout, the driving value ¢f S can
only be obtained after the driying value of the corresponding formal part is computed. This computation may [involve
multiplp executions of the.preceding algorithm.

NOTE p—Similarly,¢lie algorithm for computing the effective value of a signal S is recursive. For example, if 4 formal
port S qf mode in'corresponds to an actual A, the effective value of A shall be computed before the effective vaJue of S
can be ¢omputed. The actual A may itself appear as a formal port in a port association list.

NOTE p~<*No effective value is specified for out and linkage ports, since these ports cannot be read.

NOTE 6—Overloading the operator “=" has no effect on the propagation of signal values.

NOTE 7—A signal of kind register may be active even if its associated resolution function does not execute in the cur-
rent simulation cycle if the values of all of its drivers are determined by the null transaction and at least one of its drivers
is also active.

NOTE 8—The definition of the driving value of a basic signal exhausts all cases, with the exception of a non-resolved
signal with more than one source. This condition is defined as an error in 4.3.1.2.

12.6.3 Updating implicit signals

The kernel process updates the value of each implicit signal GUARD associated with a block statement that
has a guard expression. Similarly, the kernel process updates the values of each implicit signal S'Stable(T),
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S'Quiet(T), or S'Transaction for any prefix S and any time T; this also involves updating the drivers of
S'Stable(T) and S'Quiet(T). In addition, the kernel process updates the values of each signal Q’ABOVE(E).

If the driver of any implicit signal Q'ABOVE(E) is active, then the kernel updates Q' ABOVE(E) by
assigning the current value of the driver to the variable representing the current value of Q”ABOVE(E).

For any implicit signal GUARD, the current value of the signal is modified if and only if the corresponding
guard expression contains a reference to a signal S and if S is active during the current simulation cycle. In
such a case, the implicit signal GUARD is updated by evaluating the corresponding guard expression and
assigning the result of that evaluation to the variable representing the current value of the signal.

For an
corresf

If an 4
variab
TRUE
curren

the varjiable nor the driver is modified.

Simila;

the cofresponding driver) is modified if and only if one of the\following statements is true:

If sign
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For an

y implicit signal S'Stable(T), the current value of the signal (and likewise the current state
onding driver) is modified if and only if one of the following statements is true:

An event has occurred on S in this simulation cycle.

The driver of S'Stable(T) is active.

vent has occurred on signal S, then S'Stable(T) is updated by assigning, the value FALSE
e representing the current value of S'Stable(T), and the driver of S'Stable(T) is assigned the wa
after T. Otherwise, if the driver of S'Stable(T) is active, then S'Stable(T) is updated by assign
value of the driver to the variable representing the current value of S'Stable(T). Otherwise,

ly, for any implicit signal S'Quiet(T), the current value of the signal (and likewise the current

S is active.

The driver of S'Quiet(T) is active.

h1 S is active, then S'Quiet(T) is updated by assigning the value FALSE to the variable repre
rent value of S'Quiet(T), and the*driver of S'Quiet(T) is assigned the waveform TRUE a
ise, if the driver of S'Quiet(T) is‘active, then S'Quiet(T) is updated by assigning the current v
ber to the variable representingthe current value of S'Quiet(T). Otherwise, neither the variable
s modified.

, for any implicit signal S'Transaction, the current value of the signal is modified if and only]
If signal S is active, then S'Transaction is updated by assigning the value of the expressig
baction) to the'Wariable representing the current value of S'Transaction. At most one such assig
cur during-any given simulation cycle.

y implicit signal S'Delayed(T), the signal is not updated by the kernel process. Instead, it is upd
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jcting an equivalent process (see 14.1) and executing that process.

The current value of a given implicit signal denoted by R is said to depend upon the current value of another
signal S if one of the following statements is true:

R denotes an implicit GUARD signal and S is any other implicit signal named within the guard

expression that defines the current value of R.
R denotes an implicit signal S'Stable(T).

R denotes an implicit signal S'Quiet(T).

R denotes an implicit signal S'Transaction.

R denotes an implicit signal S'Delayed(T).
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These rules define a partial ordering on all signals within a model. The updating of implicit signals by the
kernel process is guaranteed to proceed in such a manner that, if a given implicit signal R depends upon the
current value of another signal S, then the current value of S will be updated during a particular simulation
cycle prior to the updating of the current value of R.

NOTE—These rules imply that, if the driver of S'Stable(T) is active, then the new current value of that driver is the
value TRUE. Furthermore, these rules imply that, if an event occurs on S during a given simulation cycle, and if the
driver of S'Stable(T) becomes active during the same cycle, the variable representing the current value of S'Stable(T)
will be assigned the value FALSE, and the current value of the driver of S'Stable(T) during the given cycle will never be
assigned to that signal.

12.6.4 Simulation cycle

The execution of a model consists of an initialization phase followed by the repetitive execution of ﬂwocess
statempnts in the description of that model. Each such repetition is said to be a simulation eycle. In each
| cycle, [the values of all signals and quantities in the description are computed. If as a result pf this
compufation an event occurs on a given signal, process statements that are sensitive tg_that signal will
resumg and will be executed as part of the simulation cycle.

At the|beginning of initialization, the current time, T, is assumed to be 0.0, the simulation frequ¢ncy is
assume¢d to be 0.0, the break set is assumed to be empty, and the break flag islassumed to be cleared.

The inftialization phase consists of the following steps:

— | The driving value and the effective value of each explicitly/declared signal are computed, gnd the
current value of the signal is set to the effective value. Fhis/value is assumed to have been the value
of the signal for an infinite length of time prior to the'start of simulation.

— | The value of each implicit signal of the form S'STABLE(T) or S'QUIET(T) is set to TRU[E. The
value of each implicit signal of the form S'DEIAYED(T) is set to the initial value of its prefix, S.
The value of each implicit signal of the form Q'ABOVE(E) is set to the value of the Boolean ¢xpres-
sion Q > E. The value of each implicit quantity of the form T'/REFERENCE, T'CONTRIBUTION,
QDOT, Q'INTEG, QZOH(T, Initial delay), QLTF(Num, Den), QZTF(Num, D¢n, T,
Initial delay) is set to 0.0. The value of each implicit quantity of the form Q'DELAYEI)NT) or
Q'SLEW(max_rising_slope, max_falling_slope) is set to the initial value of its prefix, Q. Th¢ value
of each implicit quantity of\the form S'RAMP(TRISE, TFALL) or S'SLEW(RISING S[LOPE,
FALLING SLOPE) is set'to/the initial value of its prefix, S.

— | The value of each implicit GUARD signal is set to the result of evaluating the corresponding guard
expression.

— | Each nonpostpgned process in the model is executed until it suspends.
— | Each postponed process in the model is executed until it suspends.
— | The quigscent state augmentation set is determined.

— | The(brgak set is applied to the quiescent state augmentation set.

— | Thertime of the next simulation cycle (which in this case is the first simulation cycle), T, i$ set to
0.0.

A simulation cycle consists of the following steps:
a) The analog solver is executed.

b)  The current time, T, is set equal to T,. Simulation is complete when T, is equal to the universal
time corresponding to TIME'HIGH and there are no active drivers or process resumptions at T,,.

c¢) Each active explicit signal in the model is updated. (Events may occur on signals as a result.)
d) Each implicit signal in the model is updated. (Events may occur on signals as a result.)

e) For each process, P, if P is currently sensitive to a signal, S, and if an event has occurred on S in this
simulation cycle, then P resumes.

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |
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Each nonpostponed process that has resumed in the current simulation cycle is executed until it

suspends.

If the break flag is set, the time of the next simulation cycle, T,, is set to T.. Otherwise, T, is

determined by setting it to the earliest of

1) The value of type universal time corresponding to TIME'HIGH,
2) The next time at which a driver becomes active, or

3) The next time at which a process resumes.

If T, = T, then the next simulation cycle (if any) will be a delta cycle.

n

2) TIME DOMALIN after 0 ns otherwise

Then, T, is reset to 0.0. The next simulation cycle will be a delta cycle.

each postponed process that has resumed but has not been executed since its last resumption

ulation cycle.

bdel is said to be at a quiescent point when the value returned by the function DOMAIN'EV
after step d).

| —The initial value of any implicit signal of the form*S'TRANSACTION is not defined.

p—Updating of explicit signals is described in'd2.6.2; updating of implicit signals is described in 12.6.3.

B—When a process resumes, it is addedfoone of two sets of processes to be executed (the set of postpor
ind the set of nonpostponed processgs). However, no process actually begins to execute until all signg

executed during step f) of every sitnulation cycle, while postponed processes are executed during step 1)
on cycle that does not immediately precede a delta cycle.

—The second and thifd'steps of the initialization phase and steps c¢) and d) of the simulation cycle may

implicit signal; moreover, implicit signals may be associated as actuals with explicit signals, making the
cit signal a function of an implicit signal.

b—There\are’two quiescent points that differ in the value of the DOMAIN signal.

12.6.q Augmentation sets

step is

skipped. Otherwise, the driver of the DOMAIN signal is assigned one of the following waveforms:
1) FREQUENCY_DOMAIN after O ns if the simulation cycle is executed as desctibed in [2.8

If the next simulation cycle will be a delta cycle, the remainder of this step is skipped. Othgrwise,

is exe-

cuted until it suspends. Then T, is recalculated according to the,rules of step g). It is an errof if the
execution of any postponed process causes a delta cycle to occup immediately after the currept sim-

ENT is

ed pro-
Is have

dated and all executable processes\for this simulation cycle have been identified. Nonpostponed procepses are

f every

ccur in
refix of
alue of
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An augmentation set is a set of characteristic expressions, each corresponding to a scalar subelement of a
source quantity or a scalar subelement of an implicit quantity of the form QDOT, Q'INTEG, and
Q'DELAYED(T). The corresponding scalar subelement is said to be the fag of the characteristic expression.
The tolerance group of the characteristic expression is the tolerance group of the tag.

There are five different augmentation sets. The current augmentation set, together with the structural set and
an explicit set, is used by the analog solver to determine the values of the quantities. The determination of an
augmentation set consists of the creation of the corresponding characteristic expressions and the
determination of their tag and their tolerance group, and it makes the augmentation set the current
augmentation set.
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12.6.5.1 Quiescent state augmentation set

The quiescent state augmentation set is the collection of characteristic expressions that, when combined with
the structural set and an explicit set, allows the analog solver to determine the quiescent or “DC” values of
the quantities of the model.

Each scalar subelement of each source quantity is a characteristic expression of the quiescent state
augmentation set.

Each scalar subelement of each quantity of the form Q'DOT is a characteristic expression of the quiescent
state aggIeTTtation et

Each spalar subelement of the prefix Q of each quantity of the form Q'INTEG is a characteristie’expfession
of the quiescent state augmentation set.

The difference between each scalar subelement of each quantity of the form Q'DELAYED(T) gnd the
corresponding scalar subelement of its prefix Q is a characteristic expression of the quiescert state
augmeptation set.

12.6.5.2 Time domain augmentation set

The titpe domain augmentation set is the collection of charactéristic expressions that, when combingd with
the striictural set and an explicit set, allows the analog solyerto determine the values of the quantitieg of the
model jover time.

Each $calar subelement of each source quantitys is a characteristic expression of the time ¢omain
augmehtation set.

The difference between each scalar subelement of each quantity of the form Q'DOT and the derivatiye with
respect to time of the corresponding sealar subelement of its prefix Q is a characteristic expression of the
time dpmain augmentation set.

The difference between eaCh scalar subelement of each quantity of the form Q'INTEG and the integrpl over
time ffom 0.0 to T, the current time, of the corresponding scalar subelement of its prefix {Q is a
characferistic expression of the time domain augmentation set.

For qupntitiessofthe form Q'DELAYED(T) the following rules apply:

— | T = 0.0, the difference between each scalar subelement of Q'DELAYED(T) and the corresppnding
Scatar Subciement of 115 prefix Q 15 @ CHaracteristc eXpIession of te HIMe domain augmentation set.

— IfT>0.0 and T, <= T, the difference between each scalar subelement of Q'DELAYED(T) and the
value of the corresponding scalar subelement of its prefix Q at the quiescent point is a characteristic
expression of the time domain augmentation set.

— IfT>0.0 and T, > T, the difference between each scalar subelement of Q'DELAYED(T) and the
value of the corresponding scalar subelement of its prefix Q at time T, — T is a characteristic expres-
sion of the time domain augmentation set.

The derivative with respect to time and the integral over time have their conventional mathematical
meaning.

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |
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12.6.5.3 Discontinuity augmentation set

The discontinuity augmentation set is the collection of characteristic expressions that, when combined with
the structural set and an explicit set, defines initial conditions following a discontinuity that express the
conservation of charge and flux in electrical systems (or their equivalents in other natures).

Each scalar subelement of each source quantity is a characteristic expression of the discontinuity
augmentation set.

The difference between each scalar subelement of the prefix Q of each quantity of the form Q'DOT and the
numeric value of that scalar subelement of Q when the discontinuity augmentation set is determined is a

charac

Cr1STIC exXpression of the discontmulty augmentation set.

The difference between each scalar subelement of each quantity of the form Q'INTEG and\the n

value
expres

f that scalar subelement when the discontinuity augmentation set is determined ds-a‘Charad
sion of the discontinuity augmentation set.

The difference between each scalar subelement of each quantity of the form- Q'DELAYED(T) 3

numer
charac

c value of that scalar subelement when the discontinuity augmentation set is determing
eristic expression of the discontinuity augmentation set.

12.6.5.4 Frequency domain augmentation set

The fr
with th
model

The d
expres

(magn
IEEE.]

where
expres
charac

Each s
augme|

The di
scalar

quency domain augmentation set is the collection of characteristic expressions that, when cof
e structural set and the linearized form of an explicit\set, allows the values of the quantities
at a specified frequency to be calculated.

fference between each scalar subelement of each spectral source quantity and the value
sion

tude * IEEE.MATH_REAL.COS(ghase ) +
IATH COMPLEX.CBASE ] *1EEE.MATH_REAL.SIN( phase ))),

magnitude and phase denote the corresponding scalar subelements of the magnitude
sion and phase simple\‘expression from the declaration of the spectral source quantity

eristic expression of the frequency domain augmentation set.

Calar subelement of each noise source quantity is a characteristic expression of the frequency
htation set:

fferencé between each scalar subelement of each quantity of the form Q'DOT and the corresp

umeric
teristic

nd the

d is a

nbined

of the

of the

simple
, 1s a

lomain

pnding

subelement of its prefix Q multiplied by the value of the expression

(IEEE.MATH_COMPLEX.MATH_CBASE J * IEEEMATH REAL.MATH 2 PI * FREQUENCY)

is a characteristic expression of the frequency domain augmentation set.

The difference between each scalar subelement of each quantity of the form Q'INTEG and the
corresponding scalar subelement of its prefix Q divided by the value of the expression

(IEEE.MATH_COMPLEX.MATH_CBASE J * IEEEMATH REAL.MATH 2 PI * FREQUENCY)

is a characteristic expression of the frequency domain augmentation set.
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The difference between each scalar subelement of each quantity of the form Q'DELAYED(T) and the
corresponding scalar subelement of its prefix Q multiplied by the value of the expression

(IEEE.MATH _REAL.COS(IEEE.MATH REAL.MATH 2 PI * T * FREQUENCY ) —
IEEE.MATH COMPLEX.MATH CBASE J*
IEEE.MATH REAL.SIN(IEEE.MATH REAL.MATH 2 PI* T * FREQUENCY ))

is a characteristic expression of the frequency domain augmentation set.

NOTE—The preceding definitions prefixed by the [IEEE.MATH_REAL and IEEE.MATH COMPLEX package names
are defined in IEEE Std 1076.2-1996.

12.6.5.5 Noise augmentation set
The n¢ise augmentation set is the collection of characteristic expressions that, when conibined wfith the
structufral set and the linearized form of an explicit set, allows the noise values of the quantities of thel model
at a specified frequency to be calculated (see 12.8).

Each sfalar subelement of each source quantity is a characteristic expression of the noise augmentatipn set.

The difference between each scalar subelement of each quantity of the fosthi/Q'DOT and the corresppnding
scalar fubelement of its prefix Q multiplied by the value of the expression

(IEEEJ[MATH_COMPLEX.MATH_CBASE J * IEEEMATH_REAL.MATH 2 PI * FREQUENCY)
is a chjracteristic expression of the noise augmentation set:

The djifference between each scalar subelement “of each quantity of the form Q'INTEG apd the
corresponding scalar subelement of its prefix Q divided by the value of the expression

(IEEEJ/MATH_COMPLEX.MATH CBASE)J * IEEEMATH REAL.MATH 2 PI * FREQUENCY)

is a characteristic expression of the noise augmentation set.

The difference between each'scalar subelement of each quantity of the form Q'DELAYED(T) gnd the
corresponding scalar subel¢gment of its prefix Q multiplied by the value of the expression

(IEEE/MATH REAL.COS(IEEE.MATH REAL.MATH 2 PI * T * FREQUENCY ) —
IEEE.MATH COMPLEX.MATH CBASE ] *
IEEE.MATH_REAL.SIN( IEEE.MATH REAL.MATH 2 PI* T * FREQUENCY ))

is a characteristic expression of the noise augmentation set.

NOTE—The preceding definitions prefixed by the [EEE.MATH REAL and IEEE.MATH COMPLEX package names
are defined in IEEE Std 1076.2-1996.

12.6.6 Analog solver

The analog solver is said to determine an explicit set of characteristic expressions when it evaluates the
simultaneous statements appearing in the statement part of each block in the model.

The characteristic number of an external block is the number of scalar free quantities, scalar through
quantities, and scalar interface quantities of mode out declared in the block, its entity, or its internal blocks,
minus the number of scalar quantities associated with formal quantities of mode out in the external block.
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It is an error if the number of characteristic expressions obtained by the evaluation of the simultaneous
statements appearing in all statement parts of an external block and its internal blocks is not equal to the
characteristic number of the external block or its internal blocks.

The analog solver has successfully determined an analog solution point when it has determined an explicit
set of characteristic expressions and a value for each quantity such that another determination of an explicit
set will yield the same explicit set and the evaluation of each characteristic expression of the model will
yield a value sufficiently close to zero. Upon such a determination, the analog solver updates the kernel
variable corresponding to each quantity with the determined value. A model is erroneous if, for any analog
solution point, no such values for the quantities exist or if the values are not unique.

During the determination of an analog solufion point, the analog solver may evaluafe any charadteristic
exprespion a number of times, where each evaluation may provide different values for the quantfities that
appear| in the characteristic expression (see 7.6 for a definition of what it means for a quantity nhme to
appear|in an expression). Any expression that evaluates to the same value each time it isjevaluated [during
the determination of the same analog solution point with identical values for all of the quantities thatfappear
in the pxpression, regardless of the number of times it is evaluated or the order in which the charagteristic
exprespions in general are evaluated, is called cycle pure. A model is erroneous if any charadteristic
exprespion is not cycle pure. An implicit signal Q' ABOVE(E) is said to be-contradictory when Q|- E is
sufficigntly greater than 0.0 and Q'ABOVE(E)=FALSE, or when Q — Es sufficiently less than (.0 and
Q'ABOVE(E)=TRUE.

When fhe analog solver resumes at time T, if the break flag is set;the following steps occur:

a) | The current augmentation set (which may have been modified by the application of a breal] set) is
saved.

b) | If the value of the predefined DOMAIN signal is /TIME_DOMALIN, the discontinuity augmepntation
set is determined.

c) | The break set is applied to the current augnientation set.
d) | The analog solver determines an analog solution point.

e) | The analog solver evaluates thexgxpression in each step limit specification in the model. It is gn error
if any such expression has a‘non-positive value.

f) | The augmentation set savedin step a) is restored and becomes the current augmentation set.

g) | The break flag is cleared.

Othervise, when the analog solver resumes at time T, it simultaneously resets T, to a new value T,' and
deternfines a sequence of times T, in the interval [T, T,']. T,' is the lesser of T, and the least valug in the
intervql [T, T,J(at)which any signal Q' ABOVE(E) becomes contradictory. The times T; shall include(T},". At
each time T;the following steps occur:

1) | Thecurrent time T, is set equal to T;.

2)  If the value of the predefined DOMAIN signal is TIME _DOMALIN, the time domain augmentation
set is determined.

3) The analog solver determines an analog solution point.

4)  The analog solver evaluates the expression in each step limit specification in the model. It is an error
if any such expression has a non-positive value.

Next, the analog solver assigns the waveform “not Q'ABOVE(E) after 0 sec” to the driver of each
contradictory signal Q' ABOVE(E). Finally, the analog solver suspends.

NOTE 1—Each evaluation of the simultaneous statements appearing in all statement parts of a model may yield a differ-
ent explicit set of characteristic expressions.

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

—-194 - IEC 61691-6:2009(E)
IEEE Std 1076.1-2007(E)

NOTE 2—The times T; are not specified by the language. They are determined by the analog solver, typically based on
the solution accuracy requested by the user. However, step limit specifications place an upper limit on the distance
between two times T; and T;;.

99 ¢

NOTE 3—The criteria determining sufficiency (as used in the phrases “sufficiently close to,” “sufficiently greater than,”
and so on) are intended to be implementation-dependent and may vary from time to time and quantity to quantity to
effect trade-offs between simulation time and accuracy of the result.

NOTE 4—Mode out on an interface quantity of a block indicates that this block provides one characteristic expression
corresponding to the quantity set of which this interface quantity is a member.

NOTE 5—If none of the formals in a quantity set has mode out, then a characteristic expression shall be provided in the
declarative region where the free quantity or unassociated interface quantity has been declared.

12.6.6-1-Application-ofthe breakset

The break set is a set of triples, each consisting of a selector quantity, a break quantity, and(a\valde. It is
formed by the execution of sequential break statements in each simulation cycle. The application| of the
break get modifies the current augmentation set.

For ea¢h triple in the break set, the difference between each scalar subelement of thé.break quantity §nd the
corresponding scalar subelement of the value is a characteristic expression that replaces one of the following
characferistic expressions in the current augmentation set:

— | If the selector quantity is of the form Q'INTEG, the characteristic éxpression whose tag is thq corre-
sponding scalar subelement of Q'INTEG is replaced.

— | If the selector quantity is of the form Q, the characteristiccxpression whose tag is the corresppnding
scalar subelement of Q'DOT is replaced.

Each dharacteristic expression formed from an element of the break set retains the tag and the tolerance
group pf the characteristic expression it replaces. It ig~an’ error if any scalar subelement of any quaptity is
selected more than once by any selector quantity in a break set.

After gpplication, the break set is empty.

12.7 Time and the analog solver

The aponymous predefined floating-point type that is called universal time in this standard [is the
represg¢ntation for simulation time used by the analog solver.

The following four anonymous functions involving universal time are called by their corresponding{names
in this [standard:

function-universal to physical time (U: universal time) return TIME
function-tniversal to real time (U: universal time) return REAL;
function physical to universal time (N: TIME) return universal time
function real to universal time (R: REAL) return universal time;

The bounds and precision of universal time shall be chosen and the implementations of the four functions
on universal_time shall be defined so as to have the following characteristics. For Uy, Uy, U, of type
universal_time, N, N, of type STD.STANDARD.TIME, and R, Ry of type STD.STANDARD.REAL, all
non-negative:

— universal _to_physical time(physical to universal time(N)) = N.
— universal to real time(real to universal time(R))=R.
— physical _to universal time(0 sec) =real to universal time(0.0).

— physical to_universal time(1 sec) =real to universal time(1.0).
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If N is that value of type TIME equal to one resolution limit unit then
0.0 <=universal to_physical time(U;+U,) —
universal to physical time(U;) —universal to physical time(U,)
<= No.
If U is the smallest positive value of type universal_time such that
Ry =universal to real time(Uy+U;+U,) — universal to_real time(U;+U,) > 0.0,
then

0.0 <=universal to_real time(U;+U,) —
universal to real time(U;)—universal to real time(U,)

<=R,.
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rnel process variables T, and T, are objects of the type universal_time. The functichs-d

Y LENGTH) and universal_to_real time(T,) (where it returns a value of type REAL).

ftype DELAY LENGTH is said to be the current discrete time.

Frequency and noise calculation

sions of the model about a quiescent point.

ncy domain and noise calculation consists of the determination of the small-signal model follo
Culation of the frequency domain value or the'nieise value for each quantity at a particular fred
Iculation involves complex values rather than real values.

termination of the small-signal model.involves the following steps:

The model is executed until it s ‘at a quiescent point and the value of the DOMAIN si
FREQUENCY_DOMAIN. The-simulation cycle ends.

The analog solver determines an explicit set of characteristic expressions.

Each characteristic expression in the explicit set and in the structural set is replaced by its lin
form (see 7.6) with vespect to all quantities whose names appear in the characteristic expr
evaluated at the values obtained in step a).

ulate the frequency domain value for each quantity at a frequency F, the simulation frequency
. Then, the’ frequency domain augmentation set is determined. Finally, the value of each qual
ined(such that the evaluation of each characteristic expression yields a value sufficiently close

enoted

TANDARD.NOW is equivalent to universal_to_physical_time(T,) (where it returns ayvalue pf type

e U of type universal_time is said to correspond to or be the universal time gorresponding to § value
N of tyjpe TIME if physical to universal time(N) = U. The value of STD.STANDARD.NOW that r¢g

turns a

ball-signal model is a set of characteristic expressions obtained by linearizing certain charadteristic
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Culation of the noise values 0T each quantity at Irequency F involves the 1ollowing steps.
The simulation frequency is set to F.

The noise augmentation set is determined.

For each noise source quantity in the model, the power simple expression is evaluated.

For each scalar quantity in the model, one variable of the base type of the corresponding qua
created in the noise kernel and initialized to 0.0.

For each scalar subelement Q of each noise source quantity in the model:

a) The characteristic expression whose tag is Q is replaced by the expression
IEEE.MATH _REAL.SQRT(power)”, where power is the value of the corresponding

ntity is

“Q -

scalar

subelement of the power simple expression of the noise source quantity evaluated in step 3).
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b) The value of each quantity is determined such that the evaluation of each characteristic expres-
sion yields a value sufficiently close to 0.0.

c) The original characteristic expression replaced in step 5a) is restored.

d) For each scalar quantity in the model the square of the magnitude of its value is added to its
corresponding variable.

6) The value of each scalar quantity is set to the square root of its corresponding variable.

The predefined function FREQUENCY returns the value of the simulation frequency. It is an error if a
function call whose function name denotes the predefined function FREQUENCY appears in an expression
that is not part of a source aspect.
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13. Lexical elements

The text of a description consists of one or more design files. The text of a design file is a sequence of lexical
elements, each composed of characters; the rules of composition are given in this clause.

13.1 Character set

The only characters allowed in the text of a VHDL description (except within comments—see 13.8) are the
graphic characters and format effectors. Each graphic character corresponds to a unique code of the ISO
eight-bit coded character set (ISO/IEC 8859-1:1998 [B7]) and is represented (visually) by a graphical
symb

basic_graphic_character ::=
upper_case_letter | digit | special_character | space_character

graphi¢ character ::=
bagic_graphic_character | lower case letter | other special character

basic_g¢haracter ::=
badic_graphic_character | format_effector

The bgsic character set is sufficient for writing any description...Fhe characters included in each|of the
categories of basic graphic characters are defined as follows:

a) | Uppercase letters
ABCPEFGHIJ}(;MNQPQRsTUVWXYZAAAAAA@CEEEEU’i
IDNOOOOOOQOUUUUYP

b) | Digits

0123456789

¢) | Special characters

"HE&'OFF, -/ <=>[] ]}

d) | The space characters

SPACE® NBSP®

Formayj effectors are the [SO (and ASCII) characters called horizontal tabulation, vertical tabylation,
carriage return, line feed, and form feed.

The characters.dncluded in each of the remaining categories of graphic characters are defined as follows:
€) | Lowercase letters

......

doeuuliypy
f)  Other special characters
1% @2\ {} ~i{¢£R¥|§ O «~® °£23"pnq- '°»Valh ¥ %+ - (soft hyphen)

Allowable replacements for the special characters vertical line (|), number sign (#), and quotation mark (")
are defined in 13.10.

SThe visual representation of the space is the absence of a graphic symbol. It may be interpreted as a graphic character, a control char-
acter, or both.

The visual representation of the nonbreaking space is the absence of a graphic symbol. It is used when a line break is to be prevented
in the text as presented.
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NOTE 1—The font design of graphical symbols (for example, whether they are in italic or bold typeface) is not part of
ISO/IEC 8859-1:1998 [B7].

NOTE 2—The meanings of the acronyms used in this clause are as follows: ASCII stands for American Standard Code
for Information Interchange, ISO stands for International Organization for Standardization.

NOTE 3—There are no uppercase equivalents for the characters 3 and §y.

NOTE 4—The following names are used when referring to special characters:

Character Name
Quotation mark T Pound sign
# Number sign o Currency sign
& Ampersand ¥ Yen sign
! Apostrophe, tick | Broken bar
( Left parenthesis § Paragraph.sign; clause sign
) Right parenthesis " Diaerésis
* Asterisk, multiply © Copytight sign
+ Plus sign 2 Feminine ordinal indicator
, Comma « Left angle quotation mark
- Hyphen, minus sign ~ Not sign
Dot, point, period, full stop - Soft hyphen*
/ Slash, divide, solidus ® Registered trademark sign
Colon - Macron
; Semicolon ° Ring above, degree sign
< Less-than sigh + Plus-minus sign
= Equals sign 2 Superscript two
> Greater-than sign 3 Superscript three
_ Underline, low line ! Acute accent
Vertical line, vertical bar n Micro sign
! Exclamation mark bl Pilcrow sign
$ Dollar sign : Middle dot
Y% Percent sign R Cedilla
? Question mark ! Superscript one
@ Commercial at © Masculine ordinal indicator

*The soft hyphen is a graphic character that is represented by a graphic symbol identical with, or
similar to, that representing a hyphen, for use when a line break has been established within a word.
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Character Name
[ Left square bracket » Right angle quotation mark
\ Backslash, reverse solidus YVa Vulgar fraction one quarter
] Right square bracket Yz Vulgar fraction one half
A Circumflex accent Ya Vulgar fraction three quarters
Grave accent A Inverted question mark
£ Lefi-curlybracket Multiplication-sien
} Right curly bracket + Division sign
~ Tilde
i Inverted exclamation mark
¢ Cent sign

13.2 1|

The te
delimi
a bit st
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separa
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shall b
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One o
design
1dentif]

A delipiter(iseither one of the following special characters (in the basic character set):

_exical elements, separators, and delimiters

kt of each design unit is a sequence of separate lexical elémients. Each lexical element is d
er, an identifier (which may be a reserved word), an abstractditeral, a character literal, a string
Fing literal, or a comment.

e cases an explicit separator is required to separate® adjacent lexical elements (namely when,
ion, interpretation as a single lexical element.is possible). A separator is either a space ch
E or NBSP), a format effector, or the end of a line. A space character (SPACE or NBS
or except within an extended identifier, @\ comment, a string literal, or a space character literal

d of a line is always a separator. The language does not define what causes the end of a line. H
h given implementation, the end\of a line is signified by one or more characters, then these ch4
e format effectors other than‘horizontal tabulation. In any case, a sequence of one or more
rs other than horizontal tabulation shall cause at least one end-of-line.

more separatorsiare allowed between any two adjacent lexical elements, before the first
unit or after theMast lexical element of a design file. At least one separator is required betw
er or an ab$tract literal and an adjacent identifier or abstract literal.

ither a
literal,

ithout
laracter
P) is a

wever
racters
format

f each
een an

&' (
Oor one

=> **

)a<+_ - =

NN ]

of the following compound delimiters, each composed of two adjacent special characters:

== s <= <> ==

Each of the special characters listed for single character delimiters is a single delimiter except if this
character is used as a character of a compound delimiter or as a character of an extended identifier,
comment, string literal, character literal, or abstract literal.

The remaining forms of lexical elements are described in subclauses of this clause.
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NOTE 1—Each lexical element shall fit on one line, since the end of a line is a separator. The quotation mark, number
sign, and underline characters, likewise two adjacent hyphens, are not delimiters, but may form part of other lexical
elements.

NOTE 2—The following names are used when referring to compound delimiters:

Delimiter Name
=> Arrow
wk Double star, exponentiate

= Variable assignment

p 1 : 122
= TequatTty (promourced ot equar )

>= Greater than or equal
<= Less than or equal; signal assignment
< Box

= Double equal

13.3 ldentifiers

Identiffers are used as names and also as reserved words.
identifjer ::= basic_identifier | extended identifier

13.3.1| Basic identifiers

A basi¢ identifier consists only of letters, digits, and underlines.

basic_ldentifier ::=
letfer { [ underline ] letter or_ digit\}

letter pr digit ::= letter | digit
letter :[= upper_case_letter|Nower case letter
All chgracters of a basic.identifier are significant, including any underline character inserted between fa letter

or digif and an adjacent letter or digit. Basic identifiers differing only in the use of corresponding uppercase
and loyercase lotters are considered the same.

Examples;
COUNT X c_out FFT Decoder
VHSIC X1 PageCount STORE NEXT ITEM

NOTE—No space (SPACE or NBSP) is allowed within a basic identifier, since a space is a separator.

13.3.2 Extended identifiers
Extended identifiers may contain any graphic character.

extended_identifier ::=
\ graphic_character { graphic_character } \
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If a backslash is to be used as one of the graphic characters of an extended literal, it shall be doubled. All
characters of an extended identifier are significant (a doubled backslash counting as one character).
Extended identifiers differing only in the use of corresponding uppercase and lowercase letters are distinct.
Moreover, every extended identifier is distinct from any basic identifier.

Examples:
\BUS\ \bus\ -- Two different identifiers,

-- neither of which is

-- the reserved word bus.
\a\\b\ -— An identifier containing

—— three characters
VHDL \VHDL\ \vhdl\ -— Three distinct identifiers,
13.4 Abstract literals
There pre two classes of abstract literals: real literals and integer literals. A real literal'is an abstract literal
that in¢ludes a point; an integer literal is an abstract literal without a point. Real Jiterals are the literalg of the
type uiversal_real. Integer literals are the literals of the type universal integer,
abstraqt literal ::= decimal literal | based literal
13.4.1 Decimal literals
A decimal literal is an abstract literal expressed in the conyentional decimal notation (that is, the pase is
implicitly ten).
decimgl literal ::= integer [ . integer ] [ exponent ]
integer| ::= digit { [ underline ] digit }
expongnt ::= E [ + ] integer | E — integer
An undlerline character inserted between adjacent digits of a decimal literal does not affect the value|of this
abstradt literal. The letter E of the exponent, if any, can be written either in lowercase or in uppercase, with
the sarhe meaning.
An exponent indicates\the power of 10 by which the value of the decimal literal without the exponept is to
be multiplied to ebtain the value of the decimal literal with the exponent. An exponent for an integef literal
shall npt have aminus sign.
Examples,
12 0 1E6 123 456 -- Integer literals.
12.0 0.0 0.456 3.14159 26 -- Real literals.
1.34E-12 1.0E+6 6.023E+24 -- Real literals

-- with exponents.

NOTE—Leading zeros are allowed. No space (SPACE or NBSP) is allowed in an abstract literal, not even between con-
stituents of the exponent, since a space is a separator. A zero exponent is allowed for an integer literal.

13.4.2

Based literals

A based literal is an abstract literal expressed in a form that specifies the base explicitly. The base shall be at
least two and at most sixteen.
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based_literal ::=
base # based_integer [ . based integer ] # [ exponent ]

base ::= integer

based_integer ::=
extended_digit { [ underline | extended digit }

extended digit ::= digit | letter

An underline character inserted between adjacent digits of a based literal does not affect the value of this

bst s 1 Tlal 141 — e Ao 1 o T N DO 1 d
aostragtrrterar— Ticoascaa e CXPoent 11— arry,;arc 1 accmiar notatton—rnc-omnty—retrers—anopyed as

extended digits are the letters A through F for the digits 10 through 15. A letter in a based literali(either an
extended digit or the letter E of an exponent) can be written either in lowercase or in upperéase; with the
same rheaning.

The cqnventional meaning of based notation is assumed; in particular the value of each extended digit of a
based literal shall be less than the base. An exponent indicates the power of the base-by which the vpalue of
the baged literal without the exponent is to be multiplied to obtain the value of the based literal with the
expongnt. An exponent for a based integer literal shall not have a minus sign,

Examples:

-- Integer literals of value 255:
2#1111 11114 16#FF# 01l6#0FF#

-- Integer literals of value 224:
164E4E1 24#1%30 0000#

-— Real literals of wvalue 40950+
16#F.FF#E+2 24#1.1111 1111 1114E11

13.5 Character literals
A chafacter literal is formed by enclosing one of the 191 graphic characters (including the space and
nonbrdaking space characters) between two apostrophe characters. A character literal has a valpe that
belongs to a character type!

characfer literal =="graphic character'

Examplles.

'A'

13.6 String literals

A string literal is formed by a sequence of graphic characters (possibly none) enclosed between two
quotation marks used as string brackets.

string_literal ::= " { graphic_character } "

A string literal has a value that is a sequence of character values corresponding to the graphic characters of
the string literal apart from the quotation mark itself. If a quotation mark value is to be represented in the

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

IEC 61691-6:2009(E) -203 -
IEEE Std 1076.1-2007(E)

sequence of character values, then a pair of adjacent quotation marks shall be written at the corresponding
place within the string literal. (This means that a string literal that includes two adjacent quotation marks is
never interpreted as two adjacent string literals.)

The length of a string literal is the number of character values in the sequence represented. (Each doubled
quotation mark is counted as a single character.)

Examples:

"Setup time is too short" -- An error message.

" -- An empty string literal.

" AT T == Three string literals or lengcn]l.
"Chatacters such as $, %, and } are allowed in string literalss"

NOTEH-A string literal shall fit on one line, since it is a lexical element (see 13.2). Longer sequences of graphic|charac-
ter valyes can be obtained by concatenation of string literals. The concatenation operation may\also be used t¢ obtain
string ljterals containing nongraphic character values. The predefined type CHARACTERYin package STANDARD
specifigs the enumeration literals denoting both graphic and nongraphic characters. Examples of such uses of corjcatena-
tion arg as follows:

"FIRS[T PART OF A SEQUENCE OF CHARACTERS " &

"THAT| CONTINUES ON THE NEXT LINE"

"Sequence that includes the" & ACK & "control character"

13.7 Bit string literals

A bit ptring literal is formed by a sequence of extended digits (possibly none) enclosed betwegn two
quotatfons used as bit string brackets, preceded b¥’a base specifier.

bit_string_literal ::= base_specifier " [ bit value | "

bit_value ::= extended digit { [ underline ] extended digit }

base_specifier := B|O | X

An undlerline charactetninserted between adjacent digits of a bit string literal does not affect the value|of this
literal.|The only letters allowed as extended digits are the letters A through F for the digits 10 through 15. A
letter in a bit string)literal (either an extended digit or the base specifier) can be written either in lowergase or
in uppg¢rcase, with the same meaning.

If the hase Specifier is 'B', the extended digits in the bit value are restricted to 0 and 1. If the base spegifier is

'O', the extended digits in the bit value are restricted to legal digits in the octal number system, i.e., the digits
0 through 7. If the base specifier is 'X', the extended digits are all digits together with the letters A through F.

A Dbit string literal has a value that is a string literal consisting of the character literals '0' and '1". If the base
specifier is 'B', the value of the bit string literal is the sequence given explicitly by the bit value itself after

any un

derlines have been removed.

If the base specifier is 'O' (respectively 'X'), the value of the bit string literal is the sequence obtained by
replacing each extended digit in the bit value by a sequence consisting of the three (respectively four)
values representing that extended digit taken from the character literals '0' and 'l'; as in the case of the base
specifier 'B', underlines are first removed. Each extended digit is replaced as follows:
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Extended digit Replacement whe? (;Ele base specifier is Replacement Whel'l )gle base specifier is
0 000 0000
1 001 0001
2 010 0010
3 011 0011
4 100 0100
5 101 0101
6 110 0110
7 111 0111
8 (illegal) 1000
9 (illegal) 1001
A (illegal) 1010
B (illegal) 1011
C (illegal) 1100
D (illegal) 1101
E (illegal) 1110
F (illegal) 1111

The lepgth of a bit string literal is the length of'its string literal value.

Example:

B"1111 1111 1111" -+ Equivalent to the string literal "111111111111".
X"FFE" ~- Equivalent to B"1111 1111 1111".

omT7Iy" -- Equivalent to B"111 111 111".

X"77" -- Equivalent to B"0111 0111 O111".

constant cl: )STRING := B"1111 1111 1111";

constant-C2: BIT VECTOR := X"FFF";

type MVL is ('X', '0', '1', 'z');
type MVL VECTOR is array (NATURAL range <>) of MVL;
constant c3: MVL VECTOR := O"777";

assert cl'LENGTH = 12 and c2'LENGTH = 12 and c¢3 = "111111111";

13.8 Comments

A comment starts with two adjacent hyphens and extends up to the end of the line. A comment can appear
on any line of a VHDL description and may contain any character except the format effectors vertical tab,
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carriage return, line feed, and form feed. The presence or absence of comments has no influence on whether
a description is legal or illegal. Furthermore, comments do not influence the execution of a simulation
module; their sole purpose is to enlighten the human reader.

Examples:

NOTE
spaces

NOTE

The last sentence above echoes the Algol 68 report.
-- Processing of LINE is complete.

A long comment may be split onto

wO UL MU LT \,uuacputj_ < lJ‘_llCD.
——————— The first two hyphens start the comment.

1—Horizontal tabulation can be used in comments, after the double hyphen, and is equivalent to one
SPACE characters) (see 13.2).

p—Comments may contain characters that, according to 13.1, are non-printing characters. Implementati

T more

ns may

interprdt the characters of a comment as members of ISO/IEC 8859-1:1998 [B7], or of any(other character set; for exam-
ple, an jmplementation may interpret multiple consecutive characters within a commentjas single characters of p multi-

byte chhracter set.

13.9

Reserved words

The folllowing identifiers are called reserved words and arexeserved for significance in the language. For

readabjlity of this standard, the reserved words appear in lowercase boldface.
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abs file nand select
access for nature severity
across function new signal
after next shared
alias generate noise sla
all generic nor sll
and group not spectrum
architecture guarded null sra
arrayf srl
asser if of subnature
attribjute impure on subtype
in open
begin| inertial or terminal
block inout others then
body is out through
breal to
buffef label package tolerance
bus library port transport
limit postponed type
case linkage procedural
comppnent literal procedure unaffected
configuration loop process units
constpant protected until
map pure use
disconnect mod
downllo quantity variable
else range wait
elsif record when
end reference while
entity register with
exit reject
rem xnor
report xor
return
rol
ror

A reserved word shall not be used as an explicitly declared identifier.
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NOTE 1—Reserved words differing only in the use of corresponding uppercase and lowercase letters are considered as
the same (see 13.3.1). The reserved words across, range, reference, through, and tolerance are also used as the names
of predefined attributes.

NOTE 2—An extended identifier whose sequence of characters inside the leading and trailing backslashes is identical to
a reserved word is not a reserved word. For example, \next\ is a legal (extended) identifier and is not the reserved word

next.

13.10 Allowable replacements of characters

The following replacements are allowed for the vertical line, number sign, and quotation mark basic
characters:

These

NOTE
restrict
broken

NOTE

A vertical line (]) can be replaced by an exclamation mark (!) where used as a delimiter.

The number sign (#) of a based literal can be replaced by colons (:), provided that the replace
done for both occurrences.

The quotation marks (") used as string brackets at both ends of a string literal can bg.veplaced

are replaced.

Feplacements do not change the meaning of the description.

line on some equipment; replacement is not recommended-in-this case.

D—The rules given for identifiers and abstract literals.até such that lowercase and uppercase letters can

indifferently; these lexical elements can thus be written usingronly characters of the basic character set.

NOTE

See Anhex E.

ment is

by per-

cent signs (%), provided that the enclosed sequence of characters contains ng guotation marks, and
provided that both string brackets are replaced. Any percent sign within the(sequence of chgracters
shall then be doubled, and each such doubled percent sign is interpreted as a single percept sign
value. The same replacement is allowed for a bit string literal, provided that both bit string bfackets

1—It is recommended that use of the replacements for the vetfical line, number sign, and quotation njarks be
d to cases where the corresponding graphical symbols are not available. Note that the vertical line appdars as a

be used

B—The use of these characters as replacementcharacters may be removed from a future version of the lahguage.
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14. Predefined language environment

This clause describes the predefined attributes of VHDL and the packages that all VHDL implementations

shall pr

ovide.

14.1 Predefined attributes

Predefined attributes denote values, functions, types, and ranges associated with various kinds of named
entities. These attributes are described as follows. For each attribute, the following information is provided:

14.1.1

The kind of attribute: value, type, range, function, signal, or quantity

The prefixes for which the attribute is defined

A description of the parameters or arguments, if they exist

The result of evaluating the attribute, and the result type (if applicable)

If applicable, an equivalent block that defines the result of evaluating the attribute more preci

Any further restrictions or comments that apply

Predefined attributes of types and objects

T'BASE Kind:

Prefix:

Result:

Restrictions:

Type.
Any type or subtype T.
The'base type of T.

This attribute is allowed only as the prefix of the name of anof]
attribute; for example, T'BASE'LEFT.

>ely

her

T'LEFT Kind: Value.

Prefix: Any scalar type or subtype T.

Result Type: Same type as T.

Result: The left bound of T.
T'RIGHT Kind: Value.

Prefix: Any scalar type or subtype T.

Result Type: Same type as T.

Result: The right bound of T.
T'HIGH Kind: Value.

Prefix: Any scalar type or subtype T.

Result Type: Same type as T.

Result: The upper bound of T.
TLOW Kind: Value.

Prefix: Any scalar type or subtype T.

Result Type: Same type as T.

Result: The lower bound of T.
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T'ASCENDING Kind: Value.

Prefix: Any scalar type or subtype T.

Result Type: Type Boolean

Result: Itis TRUE if T is defined with an ascending range; FALSE otherwise.
TIMAGE(X) Kind: Function.

Prefix: Any scalar type or subtype T.

Parameter: An expression whose type is the base type of T.

Result Type: Type String.

Result: The string representation of the parameter value, without leading or

trailing whitespace. If T is an enumeration type or subtype-and the
parameter value is either an extended identifier or a character literal,
the result is expressed with both a leading and trailing reverse solidus
(backslash) (in the case of an extended identifier) e apostrophe (in
the case of a character literal); in the case of an'extended identifier
that has a backslash, the backslash is doubled-in the string
representation. If T is an enumeration type.or’subtype and the
parameter value is a basic identifier, thefithe result is expressdd in
lowercase characters. If T is a numeéric)type or subtype, the reqult is
expressed as the decimal representation of the parameter valug
without underlines or leading or trailing zeros (except as necegsary to
form the image of a legal literal with the proper value); moreoper, an
exponent may (but is notréquired to) be present and the langupge
does not define underswhat conditions it is or is not present. If|the
exponent is present, the “e” is expressed as a lowercase characfer. If T
is a physical type\or'subtype, the result is expressed in terms of the
primary unit of T unless the base type of T is TIME, in which dase the
result is expréssed in terms of the resolution limit (see 3.1.3.1); in
either casSe,if the unit is a basic identifier, the image of the unif is
expressed in lowercase characters. If T is a floating-point type|or
subtype, the number of digits to the right of the decimal point
corresponds to the standard form generated when the DIGITS
parameter to TextIO. Write for type REAL is set to 0 (see 14.3). The
result never contains the replacement characters described in 13.10.

Restrictions: It is an error if the parameter value does not belong to the subtlype

implied by the prefix.
T'VALPE(X) Kind: Function.

Prefix: Any scalar type or subtype T.

Parameter: An expression of type String.

Result Type: The base type of T.

Result: The value of T whose string representation (as defined in Clause 13)
is given by the parameter. Leading and trailing whitespace is gllowed
and ignored. If T is a numeric type or subtype, the parameter shall be

expressed either as a decimal literal or as a based literal. If T is a phys-
ical type or subtype, the parameter shall be expressed using a string
representation of any of the unit names of T, with or without a leading
abstract literal. The parameter shall have whitespace between any
abstract literal and the unit name. The replacement characters of 13.10
are allowed in the parameter.

Restrictions: It is an error if the parameter is not a valid string representation of a
literal of type T or if the result does not belong to the subtype implied
by T.
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T'POS(X) Kind: Function.
Prefix: Any discrete or physical type or subtype T.
Parameter: An expression whose type is the base type of T.
Result Type: universal_integer.
Result: The position number of the value of the parameter.
T'VAL(X) Kind: Function.
Prefix: Any discrete or physical type or subtype T.
Parameter: An expression of any integer type.
Result Type: The base type of T.
Result: The value whose position number is the universal integer.yal
responding to X.
Restrictions: It is an error if the result does not belong to the range T'LOW
T'HIGH.
T'SUCE(X) Kind: Function.
Prefix: Any discrete or physical type or subtype T.
Parameter: An expression whose type is the.base type of T.
Result Type: The base type of T.
Result: The value whose position, number is one greater than that of th
parameter.
Restrictions: An error occurs if. X equals T'HIGH or if X does not belong to
range T'LOW to. T'"HIGH.
T'PREIP(X) Kind: Function
Prefix: Any-discrete or physical type or subtype T.
Parameter: An expression whose type is the base type of T.
Result Type: The base type of T.
Result: The value whose position number is one less than that of the
parameter.
Restrictions: An error occurs if X equals T'LOW or if X does not belong to
range T'LOW to T'HIGH.
T'LEFTOF(X) Kind: Function.
Prefix: Any discrete or physical type or subtype T.
Parameter: An expression whose type is the base type of T.
Result Type: The base type of T.
Result: The value that is to the left of the parameter in the range of T
Restrictions: An error occurs if X equals T'LEFT or if X does not belong to

range T'LOW to T'HIGH.
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T'RIGHTOF(X) Kind: Function.
Prefix: Any discrete or physical type or subtype T.
Parameter: An expression whose type is the base type of T.
Result Type: The base type of T.
Result: The value that is to the right of the parameter in the range of T.
Restrictions: An error occurs if X equals T'RIGHT or if X does not belong to the
range T'LOW to T'HIGH.

Ascending range Descending range
T'LEFT = TLOW T'HIGH
T'RIGHT = T'HIGH TLOW

NOTE p—For all values V of any scalar type T except a real type, the following relation holds:
V =[["Value(T'Image(V))

| 14.1.23Predefined attributes of arrays

A'LEFT [(N)] Kind: Function®
Prefix: Anyprefix A that is appropriate for an array object, or an aliag
| thereof, or that denotes a constrained array subtype or subnatufe.

Parameter: A locally static expression of type universal_integer, the valug of
which shall not exceed the dimensionality of A. If omitted, it defaults
to 1.

Result. Type: Type of the left bound of the Nth index range of A.

Résult: Left bound of the Nth index range of A. (If A is an alias for an| array

object, then the result is the left bound of the Nth index range fiom the
declaration of A, not that of the object.)

ARIGHT [(N)] Kind: Function.
Prefix: Any prefix A that is appropriate for an array object, or an aliag
| thereof, or that denotes a constrained array subtype or subnatufe.
Parameter: A locally static expression of type universal_integer, the valug of
haoh chaoll vs dibha 1o M Lt £ A_1E 1ttad 1+ gfaults

which-shal-not-exceed-the-dimensionality-of A—Jf-omittedHt-de
to 1.

Result Type: Type of the Nth index range of A.

Result: Right bound of the Nth index range of A. (If A is an alias for an array

object, then the result is the right bound of the Nth index range from
the declaration of A, not that of the object.)
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A'HIGH [(N)] Kind: Function.

Prefix: Any prefix A that is appropriate for an array object, or an alias
thereof, or that denotes a constrained array subtype or subnature.

Parameter: A locally static expression of type universal_integer, the value of
which shall not exceed the dimensionality of A. If omitted, it defaults
to 1.

Result Type: Type of the Nth index range of A.

Result: Upper bound of the Nth index range of A. (If A is an alias for an array
object, then the result is the upper bound of the Nth index range from
the declaration of A, not that of the object.)

A'LOW [(N)] Kind: Function.

Prefix: Any prefix A that is appropriate for an array object, or an‘aliag
thereof, or that denotes a constrained array subtype or subnatufe.

Parameter: A locally static expression of type universal_integer, the valug of
which shall not exceed the dimensionality of @A, If omitted, it defaults
to 1.

Result Type: Type of the Nth index range of A.

Result: Lower bound of the Nth index range of A. (If A is an alias for gn array
object, then the result is the lower,bound of the Nth index range from
the declaration of A, not thatof‘the object.)

A'RANGE [(N)] Kind: Range.

Prefix: Any prefix A that.s appropriate for an array object, or an aliag
thereof, or that denotes a constrained array subtype or subnatufe.

Parameter: A locally static expression of type universal_integer, the valug of
which shall hot exceed the dimensionality of A. If omitted, it defaults
to 1.

Result Type: The type of the Nth index range of A.

Result: The range A'LEFT(N) to A'RIGHT(N) if the Nth index range pf A is
ascending, or the range A'LEFT(N) downto A'RIGHT(N) if the Nth
index range of A is descending. (If A is an alias for an array object,
then the result is determined by the Nth index range from the declara-
tion of A, not that of the object.)

A'REVERSE RANGE [(N)] Kind: Range.

Prefix: Any prefix A that is appropriate for an array object, or an aliag
thereof, or that denotes a constrained array subtype or subnatufe.

Parameter: A locally static expression of type universal_integer, the valug of
which shall not exceed the dimensionality of A. If omitted, it defaults
to 1.

Result Type: The type of the Nth index range of A.

Result: The range A'RIGHT(N) downto A'LEFT(N) if the Nth index range of

A is ascending, or the range A'RIGHT(N) to A'LEFT(N) if the Nth
index range of A is descending. (If A is an alias for an array object,
then the result is determined by the Nth index range from the declara-
tion of A, not that of the object.)
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A'LENGTH [(N)] Kind: Value.

Prefix: Any prefix A that is appropriate for an array object, or an alias
thereof, or that denotes a constrained array subtype or subnature.

Parameter: A locally static expression of type universal_integer, the value of
which shall not exceed the dimensionality of A. If omitted, it defaults
to 1.

Result Type: universal_integer.

Result: Number of values in the Nth index range; i.e., if the Nth index range

of A is a null range, then the result is 0. Otherwise, the result is the
value of TPOS(A'HIGH(N)) — TPOS(A'LOW(N)) + 1, where T is the
qnhf\rpp of the Nth index of A

A'ASCENDING [(N)] Kind: Value.

Prefix: Any prefix A that is appropriate for an array object, orlai aliag
thereof, or that denotes a constrained array subtype-orsubnatufe.

Parameter: A locally static expression of type universal integer, the value|of
which shall be greater than zero and shall notyexceed the dimefsional-
ity of A. If omitted, it defaults to 1.

Result Type: Type Boolean.
Result: TRUE if the Nth index range of A.i$ defined with an ascending range;
FALSE otherwise.

14.1.3 Predefined attributes of signals

S'DELAYED [(T)] Kind: Signal.
Prefix: Anysignal denoted by the static signal name S.
Parameter: A static expression of type TIME that evaluates to a non-negative
value. If omitted, it defaults to O ns.
Result Type: The base type of S.
Result; A signal equivalent to signal S delayed T units of time.

Let-R'be of the same subtype as S, let T >= 0 ns, and let P be a process statement ¢f the
form

P: process (S)
begin
R <= transport S after T;
end process;

Assuming that the initial value of R is the same as the initial value of S, then the aftribute

TN ANZODIN 1o 1 ot QU A NZIIN D R T
DULELATED IS UCHITICU SULITUIdU S DELATLED(T)— INIUL dlly 1.

S'STABLE [(T)] Kind: Signal.
Prefix: Any signal denoted by the static signal name S.
Parameter: A static expression of type TIME that evaluates to a non-negative
value. If omitted, it defaults to 0 ns.
Result Type: Type Boolean.
Result: A signal that has the value TRUE when the universal time of the last

event on S is less than the universal time corresponding to NOW — T,
and the value FALSE otherwise (see 12.6.2).
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S'QUIET [(T)] Kind: Signal.
Prefix: Any signal denoted by the static signal name S.
Parameter: A static expression of type TIME that evaluates to a non-negative
value. If omitted, it defaults to 0 ns.
Result Type: Type Boolean.
Result: A signal that has the value TRUE when the universal time of the last
transaction on S is less than the universal time corresponding to NOW
— T, and the value FALSE otherwise (see 12.6.2).
S'TRANSACTION Kind: Signal.
PTETiX: ATy Signat denoted by e Static signal name .
Result Type: Type Bit.
Result: A signal whose value toggles to the inverse of its previous val
each simulation cycle in which signal S becomes active.
Restrictions: A description is erroneous if it depends on thelinitial value of
S'Transaction.
S'EVENT Kind: Function.
Prefix: Any signal denoted by the static.Signal name S.
Result Type: Type Boolean.
Result: A value that indicates whether an event has just occurred on si|
Specifically:
For a scalar signal S, S'EVENT returns.the value TRUE if an event has occurred o
ing the current simulation cycle; othérwise, it returns the value FALSE.
For a composite signal S, SEVENT returns TRUE if an event has occurred on any
subelement of S during the current simulation cycle; otherwise, it returns FALSE.
S'ACTIVE Kind: Fungtion.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type Boolean.
Result: A value that indicates whether signal S is active. Specifically:

S'TLAST EVENT

Forfascalar signal S, S'ACTIVE returns the value TRUE if signal S is active durin

o the

eufrent simulation cycle and S has been updated; otherwise, it returns the value FALSE.
For a composite signal S, S'ACTIVE returns TRUE if any scalar subelement of S i§ active
during the current simulation cycle and has been updated; otherwise, it returns FALSE.
Kind: Function.

Prefix: Any signal denoted by the static signal name S.

Result Type: Type Time.

Result: The amount of time that has elapsed since the last event occurred on

signal S. Specifically:

For asignal S, S'LAST EVENT returns the smallest value T of type TIME such that
S'EVENT = True during any simulation cycle at time NOW — T, if such a value exists;
otherwise, it returns TIME'HIGH.
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S'LAST EVENT Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type REAL.
Result: The amount of time that has elapsed since the last event occurred on

signal S. Specifically:

For a signal S, SSLAST_EVENT returns the smallest value T of type REAL such that
S'EVENT = TRUE during any simulation cycle at time NOW — T, if such a value exists;
otherwise, it returns universal_to_real time(U) where U is the universal time correspond-

ing to TIME'HIGH.
S'LAST_ACTIVE Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type Time.
Result: The amount of time that has elapsed since the last tifiie’at whicl signal

S was active. Specifically:

For a signal S, S'LAST_ACTIVE returns the smallest value T of type TIME such that
S'ACTIVE = True during any simulation cycle at time NOW-~- T, if such value exits; oth-
erwise, it returns TIME'HIGH.

S'LAST VALUE Kind: Function.

Prefix: Any signal denoted by the static signal name S.

Result Type: The base type of S.

Result: The previous value of'S, immediately before the last change of S.
S'DRIVING Kind: Function.

Prefix: Any signal.denoted by the static signal name S.

Result Type: Type:Boolean.

Result: Ifthe prefix denotes a scalar signal, the result is False if the current

yalue of the driver for S in the current process is determined by the
null transaction; True otherwise. If the prefix denotes a compagsite
signal, the result is True if and only if R'DRIVING is True for|every
scalar subelement R of S; False otherwise. If the prefix denotef a null
slice of a signal, the result is True.

Restrictions: This attribute is available only from within a process, a concuirent
statement with an equivalent process, or a subprogram. If the prefix
denotes a port, it is an error if the port does not have a mode of inout,
out, or buffer. It is also an error if the attribute name appears ih a sub-
program body that is not a declarative item contained within a process
statement and the prefix is not a formal parameter of the given gubpro-
gram or of a parent of that subprogram. Finally, it is an error if the
prefix denotes a subprogram formal parameter whose mode is|not
inout or out.
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S'DRIVING_VALUE Kind: Function.

NOTE

Prefix: Any signal denoted by the static signal name S.
Result Type: The base type of S.

Result: If S is a scalar signal S, the result is the current value of the driver for
S in the current process. If S is a composite signal, the result is the
aggregate of the values of R'DRIVING VALUE for each element R

of S. If S is a null slice, the result is a null slice.

Restrictions: This attribute is available only from within a process, a concu

rrent

statement with an equivalent process, or a subprogram. If the prefix
denotes a port, it is an error if the port does not have a mode of inout,

0

program body that is not a declarative item contained withina

S'DRIVING_VALUE.

in a sub-
brocess

statement and the prefix is not a formal parameter of the given subpro-
gram or of a parent of that subprogram. Finally, it is an‘error if the
prefix denotes a subprogram formal parameter whese mode is [not
inout or out, or if S'DRIVING is False at the time 0fthe evalugtion of

l—Since the attributes S'EVENT, S'ACTIVE, S'TLAST EVENT, S'TLAST ACTIVE, and S'LAST VAIUE are

functiofis, not signals, they cannot cause the execution of a process, even though.th€ value returned by such a function
may chpange dynamically. It is thus recommended that the equivalent signal-valted attributes S'STABLE and S'QUIET,

or expr

assignnjients. Similarly, function STANDARD.NOW should not be used in‘€oncurrent contexts.

NOTE

NOTE

p—S'DELAYED(0 ns) is not equal to S during any simulation cycle where S'EVENT is true.

B—S'STABLE(0 ns) = (S'DELAYED(0 ns) = S), and S'SSTABLE(O ns) is FALSE only during a simulati

in which S has had a transaction.

NOTE

NOTE

NOTE

1—For a given simulation cycle, S'QUIET(0 ns);1s TRUE if and only if S is quiet for that simulation cyc
b—If S'STABLE(T) is FALSE, then, by definition, for some t where 0 ns <t < T, SSDELAYED(t) /= S.

6—If Ts is the smallest value such' that S'STABLE (T;) is FALSE, then for all t where 0 ns <

S'DELAYED(t) = S.

NOTE

postpor

can be

/—S'EVENT should not.be.used within a postponed process (or a concurrent statement that has an eq

sed for this purposé.

14.1.4 Predefined attributes of named entities

pssions involving those attributes, be used in concurrent contexts such as)guard expressions or concurrerjt signal

n cycle

[

t <T

S

hivalent

ed process) to determing)if the prefix signal S caused the process to resume. However, SLAST EVENT = 0 ns

E'SIMHLE-NAME Kind: Value
Prefix: Any named entity as defined in 5.1.
Result Type: Type String.
Result: The simple name, character literal, or operator symbol of the named

entity, without leading or trailing whitespace or quotation marks but
with apostrophes (in the case of a character literal) and both a leading
and trailing reverse solidus (backslash) (in the case of an extended
identifier). In the case of a simple name or operator symbol, the char-
acters are converted to their lowercase equivalents. In the case of an

extended identifier, the case of the identifier is preserved, and

any

reverse solidus characters appearing as part of the identifier are repre-

sented with two consecutive reverse solidus characters.
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Kind: Value.

Prefix: Any named entity other than the local ports and generics of a compo-
nent declaration.

Result Type: Type String.

Result: A string describing the hierarchical path starting at the root of the

design hierarchy and descending to the named entity, including the

names of instantiated design entities. Specifically:

The result string has the following syntax:

instance_name ::= package based path | full instance based path

package based path ::=
leader /ibrary logical name leader
[ package simple name leader |
{ subprogram_simple name signature leader }
[ local item name ]

full instance based path ::= leader full path to instance f-local item name ]
full path to instance ::= { full path instance element teader }

local item name ::=
simple_name
character_literal
operator_symbol

full_path_instance_element ::=
[ component instantiation(label @ |
entity_simple name\( drchitecture_simple name )
| block label
| generate label
| process_label
| procedural_label
| loop label
| subprogram_simple name signature

génerate label ::= generate label [ ( literal ) |
process_label ::= [ process label ]

leader ::= :
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Package-based paths identify items declared within packages. Full-instance-based
identify items within an elaborated design hierarchy.

A library logical name denotes a library (see 11.2). Since it is possible for multiple
names to denote the same library, the library logical name may not be unique.

paths

logical

The local item name in E'INSTANCE NAME equals E'SIMPLE NAME, unless E
denotes a library, package, subprogram, or label. In this latter case, the package-based

path or full-instance-based path, as appropriate, will not contain a local item name

There is one full path instance element for each component instantiation, block statement,
generate statement, process statement, simultaneous procedural statement, or subprogram
body in the design hierarchy between the root design entity and the named entity denoted

by the prefix.

In a full path instance element, the architecture simple name shall denote an archi
associated with the entity declaration designated by the entity simple name; furthe
the component instantiation label (and the commercial at following it) are-required
the entity simple name and the architecture simple name together denote the root d
entity.

The literal in a generate label is required if the label denotes a generate statement

bcture
rmore,
unless
esign

ith a

for generation scheme; the literal shall denote one of the values of the generate pajameter.

A process statement with no label is denoted by an empty process label.

All characters in basic identifiers appearing in the restlt/are converted to their low|
equivalents. Both a leading and trailing reverse solidus surround an extended iden
appearing in the result; any reverse solidus characters appearing as part of the iden
are represented with two consecutive reverse,Solidus characters.

ercase
ifier
tifier
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Kind: Value.

Prefix: Any named entity other than the local ports and generics of a compo-
nent declaration.

Result Type: Type String.

Result: A string describing the hierarchical path starting at the root of the
design hierarchy and descending to the named entity, excluding the
name of instantiated design entities. Specifically:

The result string has the following syntax:

path_name ::= package based path | instance based path

Examples:

librafry Lib; — R
package P is A

prjocedures Proc

-7 \.Proc'PATH NAME = ":lib:p:proc [integer]:"
~~ Proc'INSTANCE NAME = ":lib:p:proc [integer]:"

instance_based path ::=
leader path_to_instance [ local item name ]

path_to instance ::= { path_instance element leader }

path_instance element ::=
component_instantiation_label
| entity_simple _name
| block_label
| generate label
| process_label
| procedural label
| subprogram_simple name signature

Package-based paths identify items declared within packages. Instance-based pathf iden-
tify items within an elaborated design-hierarchy.

The local item name in E'PATHNAME equals E'SIMPLE _NAME, unless E dengtes a
library, package, subprogram,‘or label. In this latter case, the package-based path qr
instance-based path, as appropriate, will not contain a local item name.

There is one path instance element for each component instantiation, block statemgent,

generate statement, process statement, simultaneous procedural statement, or subpfogram
body in the design hierarchy between the root design entity and the named entity denoted
by the prefix!

All design units are in this library:
P'PATH_NAME = ":lib:p:"

P'INSTANCE NAME = ":lib:p:"

(F: inout INTEGER) ;

constant C: INTEGER := 42; —-= C'PZ—\TH_NAME = ":1lib:p:c"

end package P;

package body P is

procedure Proc

variable x:
begin

end;
end;

-— C'INSTANCE NAME = ":lib:p:c"

(F: inout INTEGER) is
INTEGER; -- x'PATH NAME = ":lib:p:proc [integer]:x"
-- x'INSTANCE NAME = ":lib:p:proc [integer]:x"
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library Lib;

use Lib.P.all; -— Assume that E is in Lib and
entity E is -- E is the top-level design entity:
-— E'PATH NAME = ":e:"
-= E'INSTANCE_NAME = ":e(a):"
generic (G: INTEGER); -- G'PATH NAME = ":e:g"
-- G'INSTANCE NAME = ":e(a):g"
port (P: in INTEGER) ; -= P’ PATH NAME = ":e:p"
end entity E; -— P'INSTANCE NAME = ":e(a):p"

architecture A of E is

sigmai—5— BFF—VECFOR—tT—to—6)~ SPAPHNAME— s
-— S'INSTANCE NAME = ":e(a):s"
prpcedure Procl (signal spl: NATURAL; C: out INTEGER) is
-— Procl'PATH NAME = ":e:procl[natural,integer]:"
-— Procl'INSTANCE NAME = ":e(a):procl[natural,integer]:"
-— C'PATH NAME = ":e:procl[natural, integer]:c"
-- C'INSTANCE NAME = ":e(a):procl[natural,integer]:c"
variable max: DELAY LENGTH;
-- max'PATH NAME = ":e:procl[natural, integer] :max"
-- max'INSTANCE NAME = ":e(a):procl[natural, integer] :max"
begin
max := spl * ns;
wait on spl for max;
c := spl;

end procedure Procl;

begin
pll: process
variable T: INTEGER := 12; -—- A\T"PATH NAME = e:pl:t"
begin -,* T'"INSTANCE NAME = ":e(a):pl:t"
end process pl;
prpcess
variable T: INTEGER := 12; -- T'PATH NAME = ":e::t"

begin -— T'INSTANCE NAME = ":e(a)::t"

end process ;
end chitecture;

enti RBottom is

generic (GBottom: INTEGER) ;
port (PBottom: INTEGER);
end entity Bottom;

architecture BottomArch of Bottom is
signal SBottom: INTEGER;
begin
ProcessBottom: process
variable V: INTEGER;
begin
if GBottom = 4 then
assert V'Simple Name = "v"
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and V'Path Name = ":top:bl:b2:gl(4):b3:11l:processbottom:v"
and V'Instance Name =
":top (top) :bl:b2:gl(4) :b3:11@bottom (bottomarch) :processbottom:v";
assert GBottom'Simple Name = "gbottom"
and GBottom'Path Name = ":top:bl:b2:gl(4):b3:11:gbottom"
and GBottom'Instance Name =
":top(top) :bl:b2:gl(4) :b3:11@bottom(bottomarch) :gbottom";

elsif GBottom = -1 then
assert V'Simple Name = "v"
and V'Path Name = ":top:1l2:processbottom:v"
and V'Instance Name =
e e R e e e e e e s e o
assert GBottom'Simple Name = "gbottom"
and GBottom'Path Name = "top:12:gbottom"

and GBottom'Instance Name =
":top (top) :12@bottom (bottomarch) :gbottom";
end if;
wait;
end process ProcessBottom;
end architecture BottomArch;

entitly Top is end Top;

archiftecture Top of Top is
copmponent BComp is

generic (GComp: INTEGER)

port (PComp: INTEGER);

end component BComp;
sijgnal S: INTEGER;
begin
Bll: block
signal S: INTEGER;
begin
B2: block
signal S: INTEGER;
begin
Gl: for I inSliito 10 generate
B3: block
signal S: INTEGER;
for L1: BComp use entity Work.Bottom(BottomArch)
generic map (GBottom => GComp)
port map (PBottom => PComp) ;
begin
L1l: BComp generic map (I) port map (S);
Pl: process
variable V: INTEGER;

begin
if I = 7 then
assert V'Simple Name = "v"
and V'Path Name = ":top:bl:b2:g1(7):b3:pl:v"

and V'Instance Name =
":top (top) :bl:b2:gl(7) :b3:pl:v";
assert Pl'Simple Name = "pl"
and P1l'Path Name = ":top:bl:b2:gl(7):b3:pl:"
and Pl'Instance Name =
":top(top) :bl:b2:gl(7) :b3:pl:";
assert S'Simple Name = "s"
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assert

end if;
wait;
end process P
end block B3;
end generate;
end block B2;

- 223 -

and S'Path Name = ":top:bl:b2:gl1(7):b3:s"
and S'Instance Name =
":top (top) :bl:b2:gl(7) :b3:s";

Bl.S'Simple Name = "s"
and Bl.S'Path Name = ":top:bl:s"
and Bl.S'Instance Name = ":top(top) :bl:s";

1;

block Bl;
BComp generic map (-1
chitecture Top;

guration TopConf of Top

folr Top

en
end d

NOTE

named

NOTE
result i

14.1.5

for L2: BComp use
entity Work.Bottom(
generic map (GBo

end for;
d for;
onfiguration TopConf;

) port map (S);

is

BottomArch)
ttom => GComp)

port map (PBottom => PComp) ;

1—The values of EPATH_NAME and E'INSTANCE NAME are not unique. Specifically, named en|
two diffferent, unlabeled processes may have the same path games or instance names. Overloaded subprogra
etities within them, may also have the same path names or instance names.

Predefined analog and mixed-signal attributes

Lities in
s, and

D—If the prefix to the attributes 'SIMPLE_ NAME,"PATH_NAME, or INSTANCE NAME denotes an afias, the
respectively the simple name, path name, oxifistance name of the alias. See 6.6.

N'ACRPSS Kind: Type.

Prefix: Any nature or subnature N.

Result: The across type of the nature denoted by N.
N'THRPUGH Kind: Type.

Prefix: Any nature or subnature N.

Result: The through type of the nature denoted by N.
T'REFERENCE Kind: Quantity.

Prefix: Any terminal denoted by the static terminal name T.

Result Type: The across type of the nature of terminal T.

Result: The across quantity whose plus terminal is T and whose minus termi-

nal is the reference terminal of the nature of T.

T'CONTRIBUTION Kind: Quantity.

Prefix: Any terminal denoted by the static terminal name T.

Result Type: The through type of the nature of terminal T.

Result: The contribution quantity of terminal T.
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T'TOLERANCE Kind: Value.
Prefix: Any floating-point type or subtype T.
Result Type: Type STRING.
Result: The tolerance group of T.
Q'TOLERANCE Kind: Value.
Prefix: Any scalar quantity denoted by the static name Q.
Result Type: Type STRING.
Result: The tolerance group of Q.
Q'DOT] Kind: Quantity.
Prefix: Any quantity denoted by the static name Q.
Result Type: The subtype of Q.
Result: The derivative with respect to time of Q at the time the attribu
evaluated.
Restrictions: It is an error if the prefix is an attribute(@ante of the form Q'IN
for any quantity Q.
Q'INTHG Kind: Quantity.
Prefix: Any quantity denoted by the 'static name Q.
Result Type: The subtype of Q.
Result: The time integral.of Q from time 0 to the time the attribute is
evaluated.
Restrictions: It is an error(ifithe prefix is an attribute name of the form Q'D
any quantity Q.
QDELAYED[(T)] Kind: Quantity.
Prefix: Any quantity denoted by the static name Q.
Parameter: A static expression of type REAL that evaluates to a non-nega
number. If omitted, defaults to 0.0.
Result Type: The subtype of Q.
Result: A quantity equal to Q delayed by T.
Q'ABOIVE(E) Kind: Signal.
Prefix: Any scalar quantity denoted by the static name Q.
Parameter: An expression of the same type as Q. Any quantity appearing
expression shall be denoted by a static name.
Result Type: Type BOOLEAN.
Result: TRUE-i£Q —E is suffici than 0.0, EALSEifQ—E

TEG,

T, for

tive

n the

is suffi-

ciently smaller than 0.0, Q' ABOVE(E)DELAYED otherwise.

NOTE—Although the name of any quantity appearing in the expression E in
Q'ABOVE(E) shall be a static name, the expression is not required to be static. This is
different from any other attribute names whose parameters, if present, shall be static

expressions.
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Q'ZOH
(T [, INITIAL_DELAYY)

— 225 -

Kind: Quantity.

Prefix: Any quantity denoted by the static name Q.

Parameters: T: A static expression of type REAL that evaluates to a positive value.
This is the sampling period.
INITIAL DELAY: A static expression of type REAL that evaluates
to a non-negative value. The first sampling will occur after
INITIAL DELAY seconds. If omitted, it defaults to 0.0.

Result Type: The subtype of Q.

Result: A quantity where the value of each scalar subelement is set to the

value of the corresponding scalar subelement of Q at the sampling

Suppose that QZOH is an alias for any scalar subelement of the attribute hame, thgt

times INITIAL_DELAY + k*T (where k 1s any non-negatiye integer)
and held constant till the next sampling time.

QTYPE designates its type, that QELEM is an alias for the corresponding: Scalar syibele-
ment of Q, and that T and INITIAL DELAY designate the actual or defaulted valyies of
the parameters with the same names. Then the behavior of each scalar subelement|of
Q'ZOH is formally described by the value of QZOH produced.by. the following eqyivalent

block:

use ieee.math real.all;

block

generic (t: REAL; initial delay: RERL);
generic map (t => real(T),

port (quantity g: in REAL; qgOantity zoh: out REAL);

port map (g => real (QELEMN, QTYPE (zoh) => QZOH) ;

constant pi t: REAL := math pi * t; signal s: REAL := 0.(;
begin

process

begin

elsif DOMAIN'DELAYED = QUIESCENT DOMAIN use

wait on DOMAN;
if initialdelay > 0.0 then

end if;
loop

end loop;

end process;

break on s when s /= g;

if DOMAIN = FREQUENCY DOMAIN use
if FREQUENCY = 0.0 use

zoh == q;
else
zoh == g'Delayed (0.5 * t)*sin(FREQUENCY*pi t)
/(FREQUENCY*piit);
end use;

initial delay =3\real (INITIAL DELAY));

wait (for initial delay;

s’ <= g; wait for t;

if initial delay = 0.0 use

zoh == q;
else
zoh == 0.0;
end use;
else
zoh == s;
end use;
end block;

NOTE—This is not a legal VHDL 1076.1 description although it uses VHDL 1076.1 syn-
tax. The predefined FREQUENCY function cannot be called in a simultaneous statement.
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QLTF(NUM, DEN) Kind: Quantity.
Prefix: Any scalar quantity denoted by the static name Q.
Parameters: NUM: A static expression of type REAL_VECTOR that contains the

numerator coefficients.

DEN: A static expression of type REAL VECTOR that contains the
denominator coefficients.

Result Type: The subtype of Q.

Result: The Laplace transfer function of Q with NUM as the numerator and
DEN as the denominator polynomials.

n ..
pany; WM. nva

Suppose that QLTF is an alias for the attribute name, that QTYPE designates(its type, that
QELEM is an alias for Q, and that NUM and DEN designate the actual values of the
parameters with the same names. Then the behavior of Q'LTF is formally described by the
value of QLTF produced by the following equivalent block:

use ieee.math real.all;

block
generic (num, den: REAL VECTOR);
generic map (num => NUM, den => DEN) ;
port (quantity g: in REAL; quantity L8f: out REAL);
port map (g => real (QELEM), QTYPE (itf) => QLTF);
constant nnum: INTEGER := num'LENGTH - 1;
constant nden: INTEGER := den/DENGTH - 1;
alias snum: REAL VECTOR (0O t6/nrium) is num;
alias sden: REAL VECTOR (Oto'nden) is den;
quantity gin: REAL VECTOR{0 to nnum);
quantity gout: REAL VECTOR (0O to nden);
function "*" (vl, v23(REAL VECTOR) return REAL is

variable result: 'REAL := 0.0;
begin
for i in vL“RANGE loop
result, := result + v1(i) * v2(1i);
end loop;

return-result;
end function "*";

begin
q == gin(0);
gin (1l to nnum) == gin(0 to nnum-1) 'DOT;
1tf == gout(0);
gout (1 to nden) == qgout (0 to nden-1) 'DOT;
gout (0) == (gin * snum -
gout (1 to nden) * sden(l to nden))
/sden (0) ;
end block;
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QZTF
(NUM, DEN, T
[, INITIAL_DELAY])

Kind:
Prefix:
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Quantity.
Any scalar quantity denoted by the static name Q.

Parameters: NUM: A static expression of type REAL_ VECTOR with the numera-

tor coefficients.

DEN: A static expression of type REAL VECTOR with the denomi-
nator coefficients.

T: A static expression of type REAL that evaluates to a positive value,
which is the sampling period.

INITIAL DELAY: A static expression of type REAL that evaluates
to a non-negative value, which is the time of the first sampling. If

omitted, 1t defaults to 0.0.

Result Type: The subtype of Q.

Result: The Z-domain transfer function of Q with NUM as.themumerator and
DEN as the denominator polynomials, T as the sampling freqyency,

and INITIAL_DELAY as the time of the first-sampling.

Restrictions: The first scalar subelement of DEN shall not-be 0.0.

Suppose that QZTF is an alias for the attribute name, thatQTYPE designates its ty
QELEM is an alias for Q, and that NUM, DEN, T, and INITIAL DELAY designg
actual or defaulted values of the parameters with the\same names. Then the behavi
Q'ZTF is formally described by the value of QZTE produced by the following equ|
block:

be, that
te the
or of
valent

use ieee.math real.all;
block
generic (num, den: REALXWVECTOR;
t, initial delay: REAL);
generic map (num =%'NUM, den => DEN, t = >T,
initidal delay => INITIAL DELAY);

port (quantity @:"in REAL; quantity ztf: out REAL);
port map (g =>‘real (QELEM), QTYPE(ztf) => QZTF);
constant nnum: INTEGER := num'LENGTH - 1;

constant nden: INTEGER := den'LENGTH - 1;

alias, snpbm: REAL VECTOR(O to nnum) is num;
alias \sden: REAL VECTOR(0O to nden) is den;
quantity gin: REAL VECTOR(0 to nnum);
guantity gout: REAL VECTOR (0O to nden);
function "*" (vl, v2: REAL VECTOR) return REAL is
variable result: REAL 0.0;
begin
for i in v1’RANGE loop
result + vl (i)

result * v2(1);
end loop;
return result;

end function "*";

begin
gin(U) == q ' ZOH(t, Initial delay);
gin(l to nnum) == gin(0 to nnum-1) 'DELAYED (t);
ztf == gout (0);
gout (1 to nden) == qgout (0 to nden-1)'DELAYED(t);
gout (0) == (gin * snum -
gout (1 to nden) * sden(l to nden))
/sden (0) ;
end block;
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S'RAMP Kind: Quantity.

TRISE [, TFALL
I¢ L Dl Prefix: Any signal denoted by the static name S whose scalar subelements are

of a floating-point type.

Parameters: TRISE: A static expression of a floating-point type that evaluates to a
non-negative value. If omitted, it defaults to 0.0.

TFALL: A static expression of a floating-point type that evaluates to a
non-negative value. If omitted, it defaults to the value of TRISE.

Result Type: The subtype of S.

Result: A quantity where each scalar subelement follows the corresponding
scalar subelement of S. If the value of any parameter is greater than
0.0, the corresponding value change 1s linear from the current yalue of
the scalar subelement of S to its new value, whenever thatstubglement
has an event.

Suppose that SRAMP is an alias for any scalar subelement of the attribute hame, that
STYPE designates its type, that SELEM is an alias for the corresponding scalar supele-
ment of S, and that TRISE and TFALL designate the actual or defaulted values of|the
parameters with the same names. Then the behavior of each scalarsubelement of SRAMP
is formally described by the value of SRAMP produced by the following equivalent block:

block
generic (trise, tfall: REAL);
generic map (trise => REAL(TRISE) ( tfall => REAL(TFALL));
port (signal s: in REAL; quantity sramp: out REAL);
port map (s => REAL(SELEM),
STYPE (sramp) => SRAMP) ;

signal slope, tt: REAL :=N0n0;
begin
assert trise >= 0.0 and tfall >= 0.0;
sramp == s'DELAYED%\slope * (tt - s'DELAYED'LAST EVENT);
break on s'DELAYED, slope; -- Start or end of ramp
process
begin
wait on (DOMAIN;
loop

wait on s;
while s'EVENT loop
if s > sramp and trise > 0.0 then
tt <= trise;
slope <= (s-sramp)/trise;
wait on s for trise;
elsif s < sramp and tfall > 0.0 then
tt <= tfall;
slope <= (s-sramp)/tfall;
wait on s for tfall;
else
wait on s for 0.0;
end if;
end loop;
slope <= 0.0;
end loop;
end process;
end block;
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S'SLEW
[(RISING_SLOPE
[, FALLING SLOPE))]

- 229 -

Kind: Quantity.

Prefix: Any signal denoted by the static name S whose scalar subelements are
of a floating-point type.

Parameters: RISING SLOPE: A static expression of type REAL that evaluates to

a positive value. If omitted, it defaults to REAL'HIGH, which is inter-

preted as an infinite slope.

FALLING SLOPE: A static expression of type REAL that evaluates

to a negative value. If omitted, it defaults to the negative of

RISING_SLOPE. The value REAL'LOW is interpreted as a negative

infinite slope.

Result Tvpp' The thfvpp aof S

Result:
scalar subelement of S. If the value of RISING_SLOPE is'less

A quantity where each scalar subelement follows the corresponding

than

REAL'HIGH, or if the value of FALLING_SLOPE is greater than
REAL'LOW, the corresponding value change is lin€ar from th cur-

rent value of the scalar subelement of S to its new value, when
that subelement has an event.

Suppose that SSLEW is an alias for any scalar subelement 0f the attribute name, t}

cver

at

STYPE designates its type, that SELEM is an alias for the corresponding scalar supele-

ment of S, and that RISING_SLOPE and FALLING (SLOPE designate the actual pr

defaulted values of the parameters with the same names. Then the behavior of eacl
subelement of S'SLEW is formally described by the'value of SSLEW produced by
lowing equivalent block:

block
generic
generic map

(rising slope, falling slope: REAL);
(rising slope<=> RISING SLOPE,
falling_&ljope => FALLING SLOPE);

port (signal s: in‘REAL; quantity sslew: out REAL);
port map (s => REAL (SELEM) ,
STYPE((sslew) => SSLEW);
signal slope,~ftt: REAL := 0.0;
begin
assert risihg slope > 0.0 and falling slope < 0.0;
sslew+==)'s'DELAYED - slope * (tt - s'DELAYED'LAST EVENT);
bredk ,on s'DELAYED, slope; -- Start or end of ramp
proceéss
variable ttv: REAL;
begin
wait on DOMAIN;
loop
wait on s;
while s'EVENT loop
if s > sslew and rising slope /= REAL'HIGH then
ttv := (s-sslew)/rising slope;
slope <= rising slope;
elsif s < sslew and falling slope /= REAL'LOW then
ttv := (s-sslew)/falling slope;
slope <= falling slope;
else
ttv := 0.0;
end if;
tt <= ttv;
wait on s for ttv;
end loop;
slope <= 0.0;
end loop;
end process;
end block;
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Q'SLEW Kind:
[((MAX_RISING SLOPE[, o ..
MAX_FALLING SLOPE])] Prefix:

Parameters:

Result Type:
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Quantity.
Any quantity denoted by the static name Q.

MAX RISING_SLOPE: A static expression of type REAL that eval-
uates to a positive value. If omitted, it defaults to REAL'HIGH, which
is interpreted as an infinite slope.

MAX_FALLING_SLOPE: A static expression of type REAL that
evaluates to a negative value. If omitted, it defaults to the negative of
MAX RISING_SLOPE. The value REAL'LOW is interpreted as a
negative infinite slope.

The subtype of Q.

Result:

ment of Q, and that

block

generic map

port map (g

begin

else

generic (max rising slope, max falling slope: REAL);

port (quantity g: in REAL; qOantity gslew: out REAL);

QTYPE (gslew) =>/QSLEW) ;
type slewstate is (faldiing, none, rising);
signal slewing: slewstate := none;

assert max risi@g slope > 0.0 and
max_ falling slope < 0.0;
case slewing)use

when,rising => gslew'DOT == max rising slope;
whern none => gslew == q;
when' falling => gslew'DOT == max falling slope;
end Case;
break on slewing when slewing'DELAYED /= none;
process
begin
if g'DOT > max rising slope then

slewing <= rising;
wait on g'ABOVE (gslew);
elsif g'DOT < max falling slope then
slewing <= falling;
wait on g'ABOVE (gslew) ;

A quantity where each scalar subelement follows the correspohding
scalar subelement of Q, but its derivative w.r.t. time is lipnited by the
specified slopes.

Suppose that QSLEW is an alias for any scalar subelement of the attribute hame, that
QTYPE designates its type, that QELEM is an alias for the correspendiiig scalar syibele-

MAX RISING SLOPE and MAX FALLING\SLOPE designate the

actual or defaulted values of the parameters with the same names) Then the behavior of
each scalar subelement of Q'SLEW is formally described bg-the value of QSLEW |pro-
duced by the following equivalent block:

( max rising slope ‘> MAX RISING SLOPE,
max_falling sloge) => MAX FALLING_SLOPE) ;

=> REAL (QELEM)N,

slewing <= none;
wait on q'DOT'ABOVE (max rising slope),

end if;
end process;
end block;

q'DOT'ABOVE (max_ falling slope);
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14.2 Package STANDARD

Package STANDARD predefines a number of types, subtypes, and functions. An implicit context clause
naming this package is assumed to exist at the beginning of each design unit. Package STANDARD cannot
be modified by the user.

The operators that are predefined for the types declared for package STANDARD are given in comments
since they are implicitly declared. Italics are used for pseudo-names of anonymous types (such as

—-231-

universal_integer), formal parameters, and undefined information (such as implementation_defined).

package STANDARD is

-1 Predefined enumeration types:

type BOOLEAN is

-1 The predefined operators for this type

(FALSE,

TRUE) ;

are as follows~

- function "and" (anonymous, anonymous: BOOLEAN)_ Ireturn BOOLEAN;
-1 function "or" (anonymous, anonymous: BOOLEAN)‘return BOOLEAN;
-1+ function "nand" (anonymous, anonymous: BOOLEAN) return BOOLEAN;
- function "nor" (anonymous, anonymous: BOQODLEAN) return BOOLEAN;
-1+ function "xor" (anonymous, anonymous: BOQLEAN) return BOOLEAN;
- function "xnor" (anonymous, anonymous:¥BOOLEAN) return BOOLEAN;
- function "not" (anonymous: BOOLEAN)"® return BOOLEAN;

-1+ function "=" (anonymous, anéhymous: BOOLEAN) return BOOLEAN;
-+ function " /=" (anonymous, _anonymous: BOOLEAN) return BOOLEAN;
-1+ function "<" (anonymousyy‘anonymous: BOOLEAN) return BOOLEAN;
- function "<=" (anonymouws,; anonymous: BOOLEAN) return BOOLEAN;
-1 function ">" (anonymous, anonymous: BOOLEAN) return BOOLEAN;
-1 function ">=" (anonymous, anonymous: BOOLEAN) return BOOLEAN;
type BIT is ('0', '"1\);

-1 The predefimed operators for this type are as follows:

- function\"and" (anonymous, anonymous: BIT) return BIT;

- function "or" (anonymous, anonymous: BIT) return BIT;

- fungtion "nand" (anonymous, anonymous: BIT) return BIT;

-+ function "nor" (anonymous, anonymous: BIT) return BIT;

-1 {function "xor" (anonymous, anonymous: BIT) return BIT;

-+ ~function "xnor" (anonvmous, anonvmous: BIT) return BIT:

-- function "not" (anonymous: BIT) return BIT;

-— function "=" (anonymous, anonymous: BIT) return BOOLEAN;

-- function "/=" (anonymous, anonymous: BIT) return BOOLEAN;

-— function "<" (anonymous, anonymous: BIT) return BOOLEAN;

-— function "<=" (anonymous, anonymous: BIT) return BOOLEAN;

-— function ">" (anonymous, anonymous: BIT) return BOOLEAN;

-- function ">=" (anonymous, anonymous: BIT) return BOOLEAN;

type CHARACTER is (
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NUL, SOH, STX, ETX, EOT, ENQ, ACK, BEL,
BS, HT, LF, VT, FF, CR, SO, SI,
DLE, DC1, DC2, DC3, DC4, NAK, SYN, ETB,
CAN, EM, SUB, ESC, FSP, GSP, RSP, USP,
UL v, [RIN] v#v, v$v, 'y, s, UL
v, Tyt vk, T4, Y, r—r, T, |/|’
g UL 21 131 14 151 L Al
'8', |9|’ vev, v, <, =7, >, "0
|@|, 'AY, 'B', cr, 'D', 'E', 'Fr, G,
g, 1Y, 'Jr, "K', 'L, ™', TNA o',
'p', ', 'R', 's', T, 'u', W, W',
X', 'Y', 71, Y, |\|, ", RO v_v,
UL ar, 'b', e, 'dr, rer, vET |g|,
'h', i, 'j', k', 1, m', 'n', o',
|p|’ |q|’ 'rt, 's?t, TER u', v, "w',
%', vyv, 'z, T, UNT, vy, T~ DEL,
cl128, Cl1l29, C130 Cl3ly Ccl132, C133, Cl134, C135,
Cl3e6, C137, C138 Ct39, cl4o0, Ccl41, Cl4z, Cl43,
Cl44, Cl45, Cl4e Ccl47, Cl148, Cl49, C150, C1l51,
Cl52, C153, Cl154 C155, Cl56, C157, C158, C159,
' 1’8 'i'l e £, Tt Ty U g
UL 'OM, ran '«', —r, —r '®' 1T
v°v, w ™~ vz 130, v’v, '11', quv, e,
UL |1|, vov, ">, 11/41, 1150 13/41, |<:|,
IAII IAV, IAII TR vAv’ IAII 'El, ICV,
|E|, lEl, IEI, vE viv, |I|, ljl, IIII
vy TN v(‘)l |é| 1(")1 ol ok V!
v@v’ 101, vUv, v[’jv, lUl, IYII lpv’ IBII
vév, 'é', vév, 5, 5, 'é', e, 'Q',
'é', 'é', 'é'r e, lil, 'i', 'i', i,
'6', lﬁl, vév, IC’)I, '6', '6', lo‘l, |+v,
'3, le vav, 'ﬁ', qr, |§’/|’ vpv, |y~v),

8The nonbreaking space character.
9The soft hyphen character.
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The predefined operators for this type are as follows:

-— function "=" (anonymous, anonymous: CHARACTER)
-— return BOOLEAN;
-- function "/=" (anonymous, anonymous: CHARACTER)
-= return BOOLEAN;
-— function "<" (anonymous, anonymous: CHARACTER)
- return BOOLEAN;
-- function "<=" (anonymous, anonymous: CHARACTER)
-— return BOOLEAN;
-— function ">" (anonymous, anonymous: CHARACTER)
- returm BOOTEEANS
-1 function ">=" (anonymous, anonymous: CHARACTER)

type SEVERITY LEVEL is

-1 The predefined operators for this type are as follows:

-1+ function

-1 function

-+ function

-1+ function

- function

- function

-1 The predefined operators for this type are as follows:

n/=n

"<"

ne=n

nsn

ns_—mn

-1 type universal integer

(NOTE,

(anonymous,
(anonymous,
(anonymous,
(anonymous,
(anonymous,

(anonymousj,

WARNING, ERROR, FAILURE);

anonymous:

anonymous:

anonymouss

anonymous:

anonymous:

anonymous:

is range implementation defined;

return BOOLEAN;

SEVERITY¥.LEVEL)
return ‘BOOLEAN;
SEVERITY LEVEL)
return BOOLEAN;
SEVERITY LEVEL)
return BOOLEAN;
SEVERITY LEVEL)
return BOOLEAN;
SEVERITY LEVEL)
return BOOLEAN;
SEVERITY_LEVEL)
return BOOLEAN;

-1+ function ['=" (anonymous, anonymous: universal integer)

- return BOOLEAN;

-1 functien "/=" (anonymous, anonymous: universal integer)

- return BOOLEAN;

-1+ function "<" (anonymous, anonymous: universal integer)

- return BOOLEAN;

-+ ~function "<=" (anonymous, anonvmous: universal integer)

- return BOOLEAN;

-- function ">" (anonymous, anonymous: universal integer)

- return BOOLEAN;

-— function ">=" (anonymous, anonymous: universal integer)

- return BOOLEAN;

-- function "+" (anonymous: universal integer)

- return universal integer;
--— function "-" (anonymous: universal integer)

-= return universal integer;
-— function "abs" (anonymous: universal integer)
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-- function "+" (anonymous, anonymous: universal integer)

- return universal integer;
-- function "-" (anonymous, anonymous: universal integer)

-— return universal integer;
-- function "*" (anonymous, anonymous: universal integer)

-= return universal integer;
-- function "/" (anonymous, anonymous: universal integer)

- return universal integer;
-- function "mod" (anonymous, anonymous: universal integer)

-— return universal integer;
- IUIILLJI.UII "J_CJ.H" \dITOUITYyHNIOUS , dITUITYIIOUS « ou. VL .DGI_Z_J’.II tecycrl))

-1 return universal integek;
-1 type universal real 1is range implementation defined;

-1 The predefined operators for this type are as follows:

-1+ function "=" (anonymous, anonymous: universallreal)

-1 return \BOOLEAN;

-1 function "/=" (anonymous, anonymous: uniyéréal real)

-1 return BOOLEAN;

-1 function "<" (anonymous, anonymous:.#¥niversal real)

- return BOOLEAN;

- function "<=" (anonymous, anonym@us: universal real)

-1 return BOOLEAN;

-1 function ">" (anonymous, anofiymous: universal real)

-1 return BOOLEAN;

-1 function ">=" (anonymous,s@nonymous: universal real)

- return BOOLEAN;

- function "+" (anonymous: universal real)

—1 return universal real;
-1 function "-" (@nonymous: universal real)

- return universal real;
- function "abs!“ (anonymous: universal real)

-1 return universal real;
-1 function "+" (anonymous, anonymous: universal real)

-1 return universal real;
-1+ function "-" (anonymous, anonymous: universal real)

- return universal real;
-1 function "*" (aponymous, apnonvmous: universal real)

- return universal real;
-- function "/" (anonymous, anonymous: universal real)

-- return universal real;
-- function "*" (anonymous: universal real;

-= anonymous: universal integer)

- return universal real;
-- function "*" (anonymous: universal integer;

-= anonymous: universal real)

-= return universal real;
-- function "/" (anonymous: universal real;
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anonymous: universal integer)
return universal real;

-- Predefined numeric types:
type INTEGER is range implementation defined;

-— The predefined operators for this type are as follows:

-- function "**" (anonymous: universal integer;

-— anonymous: INTEGER) return universal integer;

-— function "**" (anonymous: universal real;

- auuuyutuuo. IINITLGLIN) LeLuLll ull_L’VC.LDth_.LCth,

- function "=" (anonymous, anonymous: INTEGER) return BOQLEAI

- function " /=" (anonymous, anonymous: INTEGER) return-BOOLEA]

- function "<" (anonymous, anonymous: INTEGER) return BOOLEAI

- function "<=" (anonymous, anonymous: INTEGER) return BOOLEA]

- function ">" (anonymous, anonymous: INTEGER) return BOOLEA]

-1 function ">=" (anonymous, anonymous: INTEGER) ‘return BOOLEA]

-1t function "+" (anonymous: INTEGER) return INTEGER;

- function "-" (anonymous: INTEGER) return “\INTEGER;

- function "abs" (anonymous: INTEGER) returfn' INTEGER;

- function "+" (anonymous, anonymousyNINTEGER) return INTEGER;
- function "-" (anonymous, anonym@us: INTEGER) return INTEGER;
- function "*" (anonymous, anonyihous: INTEGER) return INTEGER;
-+ function "/" (anonymous, anofymous: INTEGER) return INTEGER;
-1 function "mod" (anonymous, ahonymous: INTEGER) return INTEGER;
-1 function "rem" (anonymous,~&@nonymous: INTEGER) return INTEGER;
-+ function "**" (anonymous: INTEGER; anonymous: INTEGER)

- return INTEGER;

type REAL is range implementation defined;

-1 The predefined operators for this type are as follows:

-1+ function)\''=" (anonymous, anonymous: REAL) return BOOLEAN;

-+ function "/=" (anonymous, anonymous: REAL) return BOOLEAN;

- function "<" (anonymous, anonymous: REAL) return BOOLEAN;

- function "<=" (anonymous, anonymous: REAL) return BOOLEAN;

-1 function ">" (anonymous, anonymous: REAL) return BOOLEAN;

-— function
-— function
-— function

--— function
-— function
-— function
-— function

-— function

nyn

"abS "

"+"

MmN

ll/ll

LR 1]

(anonymous: REAL) return REAL;
(anonymous: REAL) return REAL;
(anonymous: REAL) return REAL;

return REAL;
return REAL;
return REAL;
return REAL;

(anonymous, anonymous: REAL
(anonymous, anonymous: REAL
(anonymous, anonymous: REAL
(

)
)
)
anonymous, anonymous: REAL)

(anonymous: REAL; anonymous: INTEGER) return REAL;
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Predefined type TIME:

type TIME is range implementation defined
units
fs; -- femtosecond
ps = 1000 fs; -- picosecond
ns = 1000 ps; -—- nanosecond
us = 1000 ns; -- microsecond
ms = 1000 us; -- millisecond
sec = 1000 ms; -- second
l[lLll ouUu Sl i l[lLllul_C
hr = 60 min; -- hour
end units;
- The predefined operators for this type are as follows~
- function "=" (anonymous, anonymous: TIME) retuxn’BOOLEAN;
- function " /=" (anonymous, anonymous: TIME) return BOOLEAN;
- function "<" (anonymous, anonymous: TIME)/return BOOLEAN;
- function "<=" (anonymous, anonymous: TIMEN‘eturn BOOLEAN;
- function ">" (anonymous, anonymous: TIME) return BOOLEAN;
- function ">=" (anonymous, anonymous:.%®IME) return BOOLEAN;
- function "+" (anonymous: TIME) return TIME;
- function "- (anonymous: TIME) xeturn TIME;
- function "abs" (anonymous: TIME)&‘return TIME;
- function "+" (anonymous, ahonymous: TIME) return TIME;
- function "-" (anonymous,~a@nonymous: TIME) return TIME;
- function "*" (anonymous: TIME; anonymous: INTEGER)
- return TIME;
- function "*" (anonymous: TIME; anonymous: REAL)
- return TIME;
- function "*" (anonymous: INTEGER; anonymous: TIME)
- return TIME;
- function ["*" (anonymous: REAL; anonymous: TIME)
- return TIME;
- function "/" (anonymous: TIME; anonymous: INTEGER)
- return TIME;
- function "/" (anonymous: TIME; anonymous: REAL)
- return TIME;
-- function "/" (anonymous, anonymous: TIME)

return universal integer;

type DOMAIN TYPE is

(QUIESCENT DOMAIN,

function
function
function

TIME DOMAIN, FREQUENCY DOMAIN) ;

The predefined operators for this type are as follows:

n_mn

(anonymous, anonymous: DOMAIN TYPE) return BOOLEAN;
"/=" (anonymous, anonymous: DOMAIN TYPE) return BOOLEAN;
e (anonymous, anonymous: DOMAIN TYPE) return BOOLEAN;
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-- function "<=" (anonymous, anonymous: DOMAIN TYPE) return BOOLEAN;
-— function ">" (anonymous, anonymous: DOMAIN TYPE) return BOOLEAN;
-- function ">=" (anonymous, anonymous: DOMAIN TYPE) return BOOLEAN;

signal DOMAIN: DOMAIN TYPE := QUIESCENT DOMAIN;

subtype DELAY LENGTH is TIME range 0 fs to TIME'HIGH;

-- A function that returns universal to physical time (T, ),

-— (see 12.6.4 and 12.7):

ippure—functiomr NoT—Treturn PETAT TENGTHS

-1 A function that returns universal to real time(T.) (see.127.6{4

-1 and 12.7;
-1 of REAL) :

it is an error if this value is not in the zxange

imppure function NOW return REAL;

-+ A function that
-1 (see 12.8):

returns the current simulation’ frequency

function FREQUENCY return REAL;
-1 Predefined numeric subtypes:

subtype NATURAL is INTEGER range (Q(to INTEGER'HIGH;
syubtype POSITIVE is INTEGER rangé. 1l to INTEGER'HIGH;

-1+ Predefined array types:
type REAL VECTOR is array (NATURAL range <>) of REAL;

type STRING is array\. (POSITIVE range <>) of CHARACTER;

-1 The predefined operators for these types are as follows:

- function\"=" (anonymous, anonymous: STRING) return BOOLEAN;
-1 functioen "/=" (anonymous, anonymous: STRING) return BOOLEAN;
- function "<" (anonymous, anonymous: STRING) return BOOLEAN;
- function "<=" (anonymous, anonymous: STRING) return BOOLEAN;
-1 function ">" (anonymous, anonymous: STRING) return BOOLEAN;

-4 function ">=" (EUQULIEHQZIS aNONymous: STRING) return BOOLEAN:

-— function "&" (anonymous: STRING; anonymous: STRING)

—— return STRING;

-—- function "&" (anonymous: STRING; anonymous: CHARACTER)
-— return STRING;

-- function "&" (anonymous: CHARACTER; anonymous: STRING)

-= return STRING;

-— function "&" (anonymous: CHARACTER; anonymous: CHARACTER)

type BIT VECTOR is array (NATURAL range <>)
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The predefined operators for this type are as follows:

-- function "and" (anonymous, anonymous: BIT VECTOR)

--— return BIT VECTOR;

-— function "or" (anonymous, anonymous: BIT VECTOR)

-- return BIT VECTOR;

-- function "nand" (anonymous, anonymous: BIT VECTOR)

- return BIT VECTOR;

-— function "nor" (anonymous, anonymous: BIT VECTOR)

-= return BIT VECTOR;

- ILIIIL.LJI.UII OL \(alIUITyIHousS dITUITYIIOUS « D1 J._ LUILIUKR])

- return BIT VECTOR;

-1 function "xnor" (anonymous, anonymous: BIT VECTOR)

- return BIT VECTER;

-1+ function "not" (anonymous: BIT VECTOR) return BIT'VECTOR;
-1+ function "sl1" (anonymous: BIT VECTOR; anonymous: INTEGER)
- return \BTIT VECTOR;

-1+ function "srl" (anonymous: BIT VECTOR; anonymous: INTEGER)
- return BIT VECTOR;

-1 function "sla" (anonymous: BIT VECTOR3 anonymous: INTEGER)
- return BIT VECTOR;

-1+ function "sra" (anonymous: BIT VECTOR; anonymous: INTEGER)
- return BIT VECTOR;

- function "rol" (anonymous: BIT,VECTOR; anonymous: INTEGER)
- return BIT VECTOR;

- function "ror" (anonymoussSBIT VECTOR; anonymous: INTEGER)
- return BIT VECTOR;

- function "=" (anonymous, anonymous: BIT VECTOR)

- return BOOLEAN;

- function " /=" (gnonymous, anonymous: BIT VECTOR)

- return BOOLEAN;

-1 function "< (anonymous, anonymous: BIT VECTOR)

- return BOOLEAN;

- function\ " <=" (anonymous, anonymous: BIT VECTOR)

- return BOOLEAN;

— function ">" (anonymous, anonymous: BIT VECTOR)

- return BOOLEAN;

-1 function ">=" (anonymous, anonymous: BIT VECTOR)

- return BOOTEAN:

-- function "g&" (anonymous: BIT VECTOR; anonymous: BIT VECTOR)
-= return BIT VECTOR;

-- function "&" (anonymous: BIT VECTOR; anonymous: BIT)

-= return BIT VECTOR;

-— function "&" (anonymous: BIT; anonymous: BIT VECTOR)

-- return BIT VECTOR;

-— function "&" (anonymous: BIT; anonymous: BIT)
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type FILE OPEN KIND is (

READ MODE,

WRITE MODE,
APPEND MODE) ;

- 239 -

Resulting access mode is read-only.
Resulting access mode is write-only.
Resulting access mode is write-only;
information is appended to the end
of the existing file.

The predefined operators for this type are as follows:

-—_ function "=" (anonymous, anonymous: FILE OPEN KIND)
- return BOOLEAN;
- function "/=" (anonymous, anonymous: FILE OPEN KIND)
- return BOOLEAN;
- function "<" (anonymous, anonymous: FILE OPEN KIND)
- return BOOLEAN;
- function "<=" (anonymous, anonymous: FILE OPEN KIND)
- return BOOLEAN;
- function ">" (anonymous, anonymous: FILE QPEN KIND)
- return” BOOLEAN;
-1 function ">=" (anonymous, anonymous: FILE)OPEN KIND)

type FILE OPEN STATUS is (

OPEN OK,

-1 The predefined operators for this type are as follows:

STATUS ERROR,
NAME ERROR,

MODE_ERROR) ;

return BOOLEAN;

File open was successful.
File“object was already open.
External file not found

or inaccessible.

Could not open file with requested
access mode.

-1 function "=\(anonymous, anonymous: FILE OPEN_ STATUS)
- return BOOLEAN;

-1 function\"/=" (anonymous, anonymous: FILE OPEN STATUS)
- return BOOLEAN;

-1+ function "<" (anonymous, anonymous: FILE OPEN STATUS)
- return BOOLEAN;

-1 8&unction "<=" (anonymous, anonymous: FILE OPEN_ STATUS)
- recurmn BOOULLEAN,

-— function ">" (anonymous, anonymous: FILE OPEN STATUS)
-= return BOOLEAN;

-— function ">=" (anonymous, anonymous: FILE OPEN STATUS)
- return BOOLEAN;

-- The 'FOREIGN attribute:

attribute FOREIGN:

end STANDARD;

STRING;
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The 'FOREIGN attribute shall be associated only with architectures (see 1.2) or with subprograms. In the
latter case, the attribute specification shall appear in the declarative part in which the subprogram is declared
(see 2.1).

NOTE 1—The ASCII mnemonics for file separator (FS), group separator (GS), record separator (RS), and unit separator
(US) are represented by FSP, GSP, RSP, and USP, respectively, in type CHARACTER in order to avoid conflict with
the units of type TIME.

NOTE 2—The declarative parts and statement parts of design entities whose corresponding architectures are decorated
with the 'FOREIGN attribute and subprograms that are likewise decorated are subject to special elaboration rules. See
12.3 and 12.4.

14.3 Package TEXTIO

Package TEXTIO contains declarations of types and subprograms that support formatted I/O eperat
text filps.

ons on

package TEXTIO is

Type definitions for text I/O:

£y -=

rpe LINE is access STRING; A LINE is a, pointer

to a STRING Vvalue.

The predefined operators for this _t¥pe are as follows:

function"="
function" /="

LINE)
LINE)

return BOOLEAN;
return BOOLEAN;

(anonymous,
(anonymous,

anonymous:
anonymous:
ty

rpe TEXT is file of STRING; A file of variable-length

ASCII records.

The predefined operators for this type are as follows:

STRING
READ M

procedure FILE OPEN (file F: TEXT; External Name; in

Open Kind: in FILE OPEN KIND

DE) ;

- procedure FILE OPEN (Status: out FILE OPEN STATUS; file F: TEXT;
- External Name: in STRING;

- Open Kind: in FILE OPEN KIND := READ M(DE);
- procdedure FILE CLOSE (file F: TEXT);

- procedure READ (file F: TEXT; VALUE: out STRING) ;

- procedure WRITE (file F: TEXT; VALUE: in STRING) ;

- function ENDFILE (file F: TEXT) return BOOLEAN;

type SIDE is (RIGHT, LEFT); -- For justifying output data

within fields.

The predefined operators for

this type are as follows:

-— function "=" (anonymous, anonymous: SIDE) return BOOLEAN;
-- function "/=" (anonymous, anonymous: SIDE) return BOOLEAN;
-- function "<" (anonymous, anonymous: SIDE return BOOLEAN;
-- function "<=" (anonymous, anonymous: SIDE) return BOOLEAN;
-- function ">" (anonymous, anonymous: SIDE) return BOOLEAN;
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-- function ">=" (anonymous, anonymous: SIDE) return BOOLEAN;
subtype WIDTH is NATURAL; -- For specifying widths of output fields.
-- Standard text files:

file INPUT: TEXT open READ MODE is "STD INPUT";

file OUTPUT: TEXT open WRITE MODE is "STD OUTPUT";

routines for standard types:

READLINE (file F: TEXT; L: inout LINE);

READ (L: inout LINE; VALUE: out BIT;
GOOD: out BOOLEAN) ;
READ (L: inout LINE; VALUE: out BIT);

READ (L: inout LINE; VALUE: out BIT VECTOR;
GOOD: out BOOLEAN);
READ (L: inout LINE; VALUE: out BIT, VECTOR) ;

READ (L: inout LINE; VALUE: out.BOOLEAN;
GOOD: out\BOOLEAN) ;
READ (L: inout LINE; VALUE:<eut BOOLEAN) ;

READ (L: inout LINE; VALUE: out CHARACTER;
GOOD: out BOOLEAN) ;
READ (L: inout LINE;-VALUE: out CHARACTER) ;

READ (L: inout ILANE; VALUE: out INTEGER;
GOOD: out BOOLEAN) ;
READ (L: inoudt LINE; VALUE: out INTEGER) ;

READ (L4 inout LINE; VALUE: out REAL;
GOOD: out BOOLEAN) ;
READ (L: inout LINE; VALUE: out REAL);

READ (L: inout LINE; VALUE: out STRING;
GOOD: out BOOLEAN) ;
READ (L: inout LINE; VALUE: out STRING) ;

READ (I,: inout T.INE; VAIUE: out TIME:;
GOOD: out BOOLEAN) ;
procedure READ (L: inout LINE; VALUE: out TIME);

-- Output routines for standard types:
procedure WRITELINE (file F: TEXT; L: inout LINE);

procedure WRITE (L: inout LINE; VALUE: in BIT;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);

procedure WRITE (L: inout LINE; VALUE: in BIT VECTOR;
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JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);

procedure WRITE (L: inout LINE; VALUE: in BOOLEAN;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);

procedure WRITE (L: inout LINE; VALUE: in CHARACTER;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);

procedure WRITE (L: inout LINE; VALUE: in INTEGER;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := 0);

pJ'O'CE'd'U'.I'.'E WRTTE (T Inmout—TINE; AR I REATS
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH g= ;
DIGITS: in NATURAL:= 0);

p¥ocedure WRITE (L: inout LINE; VALUE: in STRING;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := ),

p¥ocedure WRITE (L: inout LINE; VALUE: in TIME;
JUSTIFIED: in SIDE:= RIGHT; FIELD: in WIDTH := ;
UNIT: in TIME:= ns);

end TEXTIO;

Procedures READLINE and WRITELINE declared in package TEXTIO read and write entire lines df a file
of typg TEXT. Procedure READLINE causes the next line‘to.be read from the file and returns as the vialue of
paramg¢ter L an access value that designates an object répresenting that line. If parameter L contains|a non-
null adcess value at the start of the call, the object, designated by that value is deallocated before the new
object |s created. The representation of the line does not contain the representation of the end of the life. It is
an errdr if the file specified in a call to READDINE is not open or, if open, the file has an access mode other
than rgad-only (see 3.4.1). Procedure WRITELINE causes the current line designated by parameter . to be
writter] to the file and returns with the value“of parameter L designating a null string. If parameter L cpntains
a null gccess value at the start of the.call) then a null string is written to the file. It is an error if the filp spec-
ified ir] a call to WRITELINE is not épen or, if open, the file has an access mode other than write-only.

The lahguage does not define the representation of the end of a line. An implementation shall allow all
possible values of types CHARACTER and STRING to be written to a file. However, as an implemeptation
is perrhitted to use ceftain values of types CHARACTER and STRING as line delimiters, it might{not be
possible to read thése values from a TEXT file.

Each READ-procedure declared in package TEXTIO extracts data from the beginning of the string value
designfited by parameter L and modifies the value so that it designates the remaining portion of the |ine on
exit.

The READ procedures defined for a given type other than CHARACTER and STRING begin by skipping
leading whitespace characters. A whitespace character is defined as a space, a nonbreaking space, or a hori-
zontal tabulation character (SP, NBSP, or HT). For all READ procedures, characters are then removed from
L and composed into a string representation of the value of the specified type. Character removal and string
composition stops when a character is encountered that cannot be part of the value according to the lexical
rules of 13.2; this character is not removed from L and is not added to the string representation of the value.
The READ procedures for types INTEGER and REAL also accept a leading sign; additionally, there can be
no space between the sign and the remainder of the literal. The READ procedures for types STRING and
BIT VECTOR also terminate acceptance when VALUE'LENGTH characters have been accepted. Again
using the rules of 13.2, the accepted characters are then interpreted as a string representation of the specified

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

IEC 61691-6:2009(E) —243 -
IEEE Std 1076.1-2007(E)

type. The READ does not succeed if the sequence of characters removed from L is not a valid string repre-
sentation of a value of the specified type or, in the case of types STRING and BIT VECTOR, if the
sequence does not contain VALUE'LENGTH characters.

The definitions of the string representation of the value for each data type are as follows:

— The representation of a BIT value is formed by a single character, either 1 or 0. No leading or trailing
quotation characters are present.

— The representation of a BIT VECTOR value is formed by a sequence of characters, either 1 or 0. No
leading or trailing quotation characters are present.

— The representation of a BOOLEAN value is formed by an identifier, either FALSE or TRUE.
— [The epresentation of @a CHARACTER value 15 formed by a Single character.

— | The representation of both INTEGER and REAL values is that of a decimal literal (see 134-1), with
the addition of an optional leading sign. The sign is never written if the value is non<iegativg, but it
is accepted during a read even if the value is non-negative. No spaces can occur{between the sign
and the remainder of the value. The decimal point is absent in the case of an INTEGER litefal and
present in the case of a REAL literal. An exponent may optionally be pre§ent, moreover, the lan-
guage does not define under what conditions it is or is not present. However, if the expopent is
present, the “e” is written as a lowercase character. Leading and trailing zeroes are written as|neces-
sary to meet the requirements of the FIELD and DIGITS parametefs; and they are accepted dpring a
read.

— | The representation of a STRING value is formed by a sequénce of characters, one for each dlement
of the string. No leading or trailing quotation characters, dte present.

— | The representation of a TIME value is formed by an @ptional decimal literal composed followjing the
rules for INTEGER and REAL literals previously:described, one or more blanks, and an id¢ntifier
that is a unit of type TIME, as defined in package?’STANDARD (see 14.2). When read, the identifier
can be expressed with characters of either case; when written, the identifier is expregsed in
lowercase characters.

Each WRITE procedure similarly appends data to the end of the string value designated by paramet¢r L; in
this cape, however, L continues to designate the entire line after the value is appended. The formaf of the
appended data is defined by the string representations previously defined for the READ procedures.

The READ and WRITE procedures for the types BIT VECTOR and STRING respectively read anfl write
the element values in left-te-tight order.

For eath predefined data type there are two READ procedures declared in package TEXTIO. The frst has
three parameters: K )the line to read from; VALUE, the value read from the line; and GOOD, a Boolean flag
that inflicates whether the read operation succeeded or not. For example, the operation READ (L, [ntVal,
OK) wjould return with OK set to FALSE, L unchanged, and IntVal undefined if IntVal is a variable pf type
INTEGER and L designates the line "ABC". The success indication returned via parameter GOOD allows a
procesk to fecover gracefully from unexpected discrepancies in input format, The second form of read oper-
ation has only the parameters L and VALUE. If the requested type cannot be read into VALUE from line L,
then an error occurs. Thus, the operation READ (L, IntVal) would cause an error to occur if IntVal is of type
INTEGER and L designates the line "ABC".

For each predefined data type there is one WRITE procedure declared in package TEXTIO. Each of these
has at least two parameters: L, the line to which to write; and VALUE, the value to be written. The addi-
tional parameters JUSTIFIED, FIELD, DIGITS, and UNIT control the formatting of output data. Each write
operation appends data to a line formatted within a field that is at least as long as required to represent the
data value. Parameter FIELD specifies the desired field width. Since the actual field width will always be at
least large enough to hold the string representation of the data value, the default value 0 for the FIELD
parameter has the effect of causing the data value to be written out in a field of exactly the right width (i.e.,
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no leading or trailing spaces). Parameter JUSTIFIED specifies whether values are to be right- or left-justi-
fied within the field; the default is right-justified. If the FIELD parameter describes a field width larger than
the number of characters necessary for a given value, blanks are used to fill the remaining characters in the
field.

Parameter DIGITS specifies how many digits to the right of the decimal point are to be output when writing
a real number; the default value 0 indicates that the number should be output in standard form, consisting of
a normalized mantissa plus exponent (e.g., 1.079236E-23). If DIGITS is nonzero, then the real number is
output as an integer part followed by '.' followed by the fractional part, using the specified number of digits
(e.g., 3.14159).

Parameter-tiNt ayuuiﬁub how-vatues Uft_yyp FHviE-are-to-beformatted—TFhevatucof-thts Pcucuuutul shall be
equal tp one of the units declared as part of the declaration of type TIME; the result is that the TIME walue is
formatfed as an integer or real literal representing the number of multiples of this unit, followed by thg name
of the finit itself. The name of the unit is formatted using only lowercase characters. Thus the pfocedyrre call
WRITE(Line, 5 ns, UNIT=>us) would result in the string value "0.005 us" being appended to thq string
value fesignated by Line, whereas WRITE(Line, 5 ns) would result in the string)value "5 ns'| being
appended (since the default UNIT value is ns).

Functipn ENDFILE is defined for files of type TEXT by the implicit declaration of that function as [part of
the deglaration of the file type.

NOTE |l—For a variable L of type Line, attribute L'Length gives the current length of the line, whether that line |s being
read or [written. For a line L that is being written, the value of L'Length gives, the number of characters that have|already
been wiitten to the line; this is equivalent to the column number of thedast.character of the line. For a line L that |s being
read, the value of L'Length gives the number of characters on that line remaining to be read. In particular, the expression
L'Length = 0 is true precisely when the end of the current line has.been reached.

NOTE R—The execution of a read or write operation may modify or even deallocate the string object designated by
input pprameter L of type Line for that operation; thus, a ‘dangling reference may result if the value of a variaple L of
type Lipe is assigned to another access variable and thena, read or write operation is performed on L.
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15. Simultaneous statements

NOTE—The material in this clause is related to material in Clause 8 and Clause 9; it is included here to avoid perturbing
the numbering scheme of the VHDL 1076 language reference manual.

Simultaneous statements express explicit differential and algebraic equations that together with implicit
equations constrain the values of the quantities of a model.

simultaneous_statement_part ::=

{s

simult
si

| si

| si

| si

| si

The eV
Any cl
an exp

15.1 §

The ey
explici

simple
[ 13

The ba
1S a scd
value

simple
each s
matchi

Some

the sin
that dg
Otherv

imultaneous_statement }

ineous_statement ::=

nple simultaneous_statement
multaneous_if statement
multaneous_case statement
multaneous_procedural statement
multaneous null statement

aluation of a simultaneous statement part consists of the evaluation of its simultaneous statd
jaracteristic expression created during the evaluation of a simultanéous’ statement part is said
icit set.

bimple simultaneous statement

aluation of a simple simultaneous statement creatés one or more characteristic expression:
t set.

| simultaneous_statement ::=
bel : ] simple_expression == simple ,expression [ tolerance aspect ] ;

se type of each simple expressién shall be the same nature type. If the type of the simple expr
lar type then the statement has a single characteristic expression, which is the difference betw
f the right-hand simple gxpression and the value of the left-hand simple expression. If the typg
expressions is composite, then there shall be a matching scalar subelement of the right-hand v
alar subelement of the left-hand value, and the characteristic expressions are the differences
ng scalar subelements of the simple expression values.

imple simultaneous statements have an associated tolerance quantity that is determined as foll
ple expression on the left-hand side of the compound delimiter == is a name (including a slice]
notes-a quantity, then this quantity is the tolerance quantity of the simple simultaneous staf

ments.
o be in

of an

Pssions
ben the
of the
lue for
of the

ows. If
name)
ement.

name

ise. if the simple expression on the right-hand side of the compound delimiter == is 4

(including a slice name) that denotes a quantity, then this quantity is the tolerance quantity of the simple
simultaneous statement. Otherwise, the simple simultaneous statement has no associated tolerance quantity.
It is an error if a simple simultaneous statement that does not include a tolerance aspect has no associated
tolerance quantity.

If the simple simultaneous statement does not include a tolerance aspect, then the tolerance group of each
scalar subelement of the characteristic expression created by the statement is the tolerance group of the
corresponding scalar subelement of the tolerance quantity associated with the statement. If the simple
simultaneous statement does include a tolerance aspect, then the tolerance group of each scalar subelement
of the characteristic expression created by the statement is the value of the string expression of the tolerance

aspect.
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Example:
-- A diode described by simple simultaneous statements

entity Diode is
generic (Is0O: REAL := 1.0e-14; Tau, Rd: REAL := 0.0);
port (terminal Anode, Cathode: Electrical);

end entity Diode;

architecture Simultaneous of Diode is
quantity Vd across Id, Ic through Anode to Cathode;

lltJ‘.tx CllQJ_k:]C. REAL,
c}nstant Vt: Voltage := 0.0258;
begi

I§ == IsO* (exp((Vd-Rd*Id)/vVt) - 1.0);
Charge == Tau*Id tolerance '"charge"; -- tolerance group
-- defined by explleit tolergnce
aspe¢t
I¢ == Charge'Dot;

end architecture Simultaneous;

15.2 Simultaneous if statement

A simpltaneous if statement selects for evaluation one of ‘the enclosed simultancous statement parts
depending on the value of one or more conditions.

simultgneous if statement ::=
[ i label : ]
if condition use
simultaneous_statement part
{ elsif condition use
simultaneous_statement part<}
[ else
simultaneous_statement-part |
end use [ if label |;

For thp evaluation of a.simultaneous if statement, the condition specified after if and any conditions
specifipd after elsif are\evaluated in succession (treating a final else as elsif TRUE use) until one evpluates
to TRUE or all eonditions are evaluated and yield FALSE. If one condition evaluates to TRUE, tl‘ten the
corresponding simultaneous statement part is evaluated; otherwise, none of the simultaneous statement parts
is evalpated.

15.3 Simultaneous case statement

A simultaneous case statement selects for evaluation one of a number of alternative simultaneous statement
parts; the chosen alternative is defined by the value of an expression.

simultaneous_case_statement ::=
[ case label : ]
case expression use
simultaneous_alternative
{ simultaneous_alternative }
end case [ case_label | ;

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

IEC 61691-6:2009(E) — 247 -
IEEE Std 1076.1-2007(E)

simultaneous_alternative ::=
when choices =>
simultaneous_statement_part

statement.

evaluation of the chosen simultaneous statement part.

The expression of the simultaneous case statement, the expressions of the choices of the simultaneous
alternatives and the case label shall follow the rules of 8.8 for the corresponding parts of the sequential case

The evaluation of a simultaneous case statement consists of the evaluation of the expression followed by the

15.4 $imultaneous procedural statement

algebrjic equations.

simultgneous_procedural statement ::=
[ pfocedural label : |
procedural [ is |
procedural declarative part
begin
procedural statement part
end procedural [ procedural label | ;

procedural declarative part ::=
{ procedural declarative item }

procedural declarative item ::=
sybprogram_declaration

| sybprogram_body

| type_declaration

| sybtype_declaration

| cqnstant_declaration

| vqriable declaration

| aljas declaration

| afribute _declaration

| atfribute_specification

| uge clause

| gloup_template declaration
| gloup (declaration

The simultaneous procedural statement provides a sequential notation for expressing(differentfal and

procedural_statement_part ;.=
{ sequential statement }

defined:

quantity.
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— For either an interface name or a variable name, the replacement declaration is the name, followed
by a colon, followed by the subtype indication of the replaced quantity.

— For a given variable name, the replacement variable declaration of the name consists of the reserved
word variable, followed by the replacement declaration, followed by the compound delimiter :=,
followed by the interface name whose replaced quantity is the same as the variable name, followed
by a semicolon.

For the simultaneous procedural statement itself, the following lists of quantifiers are defined:

— The assigned quantity list is formed from the longest static prefix of each quantity name that is either
the target of any variable assignment statement or an actual in any procedure call whose correspond-
ing formal has mode out or inout in the procedural statement part of the simultaneous procedural
statement, in any order. A simultaneous procedural statement with a null assigned quantity list is
equivalent to a simultaneous null statement.

— | The referenced quantity list consists of quantity names of the following forms: the|longest static
prefix of each quantity name appearing in any statement in the procedural statément part| of the
simultaneous procedural statement; and the longest static prefix of any quantity name appegring in
any default expression in the procedural declarative part of the simultanepuS)procedural stagement.
These quantity names occur in any order.

The following textual constructs are defined using the previous definitions, gwen.

The assigned quantity declaration consists of the replacement(gclaration for the variable npme of
each quantity in the assigned quantity list, in that order, separated by semicolons.

— | The interface quantity declaration consists of the replacément declaration for the interface npme of
each quantity in the assigned quantity list, in that order, separated by semicolons.

— | The altered procedural declarative part consists_of the procedural declarative part of the sjmulta-
neous procedural statement where the longest.static prefix of each of the quantity names is rgplaced
by its interface name.

— | The replaced variable declaration list eonsists of the replacement variable declaration for the vari-
able name of each quantity in the referenced quantity list.

— | The altered procedural statement part consists of the procedural statement part of the simultaneous
procedural statement where the_longest static prefix of each of the quantity names is replaced by its
variable name.

— | The textual replaced_guantity list consists of each of the variable names for each quantity| in the
assigned quantity liSty'separated by commas, in the order in which they occur.

— | The textual assigned quantity list consists of the variable name for each quantity in the agsigned
quantity list,*separated by commas, in the order in which they occur.

— | The textual referenced quantity list consists of the names of all the quantities in the referenced quan-
tity list;separated by commas, in the order in which they occur.

Qdantity record name and new name are names that, like the replacement names, are unique gnd are
net'visible from anywhere in the simultaneous procedural statement

The simultaneous procedural statement has an equivalent simple simultaneous statement and creates an
accompanying implied subprogram body. The subprogram body (along with an accompanying record type
definition) is created from the simultaneous procedural statement as follows:

type quantity record name is record assigned quantity declaration; end
record;

function new name (interface quantity declaration)
return (quantity record name) is
altered procedural declarative part

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |
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replaced variable declaration 1ist;
begin

altered procedural statement part

return (textual replaced quantity 1ist);
end function;

The implied simple simultaneous statement is:
procedural label:

(textual assigned quantity 1ist)
== new_name (textual referenced quantity 1list);

where procedural label is the label of the simultaneous procedural statement, and it and the followifig colon
are omfitted if there is no label attached to the simultaneous procedural statement.

It is an error if a return statement occurs in the procedural statement part that does not, when executel, have
the sane effect as the statement at the end of the statement part of the implied subprogram declgred as
shown| It is also an error if a wait statement, a break statement, or a signal assignmient statement occurs in
the prdcedural statement part.

Example:
-- A|procedural description of the diode modelk
architecture Proc of Diode is

antity Vd across Id, Ic through Ariode to Cathode;
antity Charge: REAL;

constant Vt: Voltage := 0.0258;
begi
pl: procedural begin
Id := IsO* (exp((Vd-Rd*Id)/Vvt) - 1.0);
Charge := Tau*Id;
Ic := Charge'Dot;

eId procedural;
end architecture Prog;

-- Ifs equivalent statements are

type|\pl typélis

record
\Ld\:" Electrical'Through;
XCharge\: REAL;
Vc\: Flectrical'Through:
end record;

function \pl function\ (Vd: Electrical'Across,
Id: Electrical'Through,
Ic: Electrical'Through,
Charge: REAL,
\Charge'Dot\: REAL) return \pl type\ is

variable \Vd\: Electrical'Across := Vd;
variable \Id\: Electrical'Through := Id;
variable \Ic\: Electrical'Through := Ic;
variable \Charge\: REAL := Charge;

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |
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variable \\\Charge'Dot\\\: REAL := \Charge'Dot\;

begin
\Id\ := IsO0* (exp ((\VA\-RdA*\Id\)/vt) - 1.0);
\Charge\ := Tau*\Id\;
\Ic\ := \\\Charge'Dot\\\;

return (\Id\, \Charge\, \Ic\);
end function;

pl: (Id, Charge, Ic) == \pl function\ (Vd, Id, Ic, Charge, Charge'Dot);

NOTE—It is a consequence of the preceding definitions that subtype constraints are not checked on the quantities within
the sub program declaration defined as shawn until the return statement is executed

15.5 $imultaneous null statement

The eyaluation of a simultaneous null statement has no effect. Simultaneous null statements are plways
considpred cycle pure.

simultgneous null statement ::=
[ 1gbel : ] null ;
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Annex A

(informative)

Syntax summary

This annex provides a summary of the syntax for VHDL. Productions are ordered alphabetically by left-
hand nonterminal name. The number listed to the right indicates the clause or subclause where the

production is given.

abstraqt literal ::= decimal literal | based_literal
access| type _definition ::= access subtype_indication

across| aspect ::=
identifier list [ tolerance aspect ] [ := expression | across

actual [designator ::=
expression

| signal name

| vgriable name

| file_name

| tefminal name
| ggantity name

| open

actual |parameter_part ::= parameter _association_list
actual [part ::=

adtual designator

| finction_name ( actual designator)

| type_mark ( actual designator’)

adding| operator ::=+ | —| &

aggreghte 1=
(element assogeiation { , element association } )

alias_declaration ::=
alias alias’ designator [ : alias_indication ] is name [ signature ] ;

Tk 13.4]

[§ 3.3]

[§ 4.3.1.6]

[§ 4.3.2.2]

[47.3.3]

[§ 4.3.2.2]

[§ 7.2]

—

§7.3.2]

[44.3.3]

alias_designator ::= identifier | character_literal | operator_symbol
alias_indication ::= subtype_indication | subnature indication

allocator ::=
new subtype_indication
| new qualified expression

architecture_body ::=
architecture identifier of entity name is
architecture_declarative part

|Pub|ished by IEC under licence from IEEE. © 2007 IEEE. All rights reserved. |

[§ 4.3.3]
[§ 4.3.3]

[§ 7.3.6]

[§1.2]


https://iecnorm.com/api/?name=5fa0405211eabd2c287efd1f51fa7773

- 252 -

begin

architecture statement part

end [ architecture | [ architecture_simple name | ;

IEC 61691-6:2009(E)
IEEE Std 1076.1-2007(E)

architecture_declarative part ::= [§1.2.1]
{ block declarative item }

architecture_statement ::= simultaneous_statement | concurrent statement [§1.2.2]

architecture_statement part ::= [§1.2.2]
{ architecture statement }

array hature definition ::= [§8.6.2.1]
un¢onstrained nature definition | constrained nature definition

array fype definition ::= [§3.2.1]
un¢onstrained array definition | constrained_array definition

assertipn ::= [§ 8.2]
asgert condition

[ report expression ]
[ severity expression |

assertipn_statement ::=[ label : ] assertion ; [§ 8.2]

associgtion_element ::= [§4.3.2.2]
[ fgrmal part => ] actual part

associgtion_list ::= [§4.3.2.2]
association_element { , association_element\}

attribufe_declaration ::= [§ 4.4]
attribute identifier : type mark 3

attribufe designator ::= attribute_simple name [§ 6.6]

attribufe_name ::= [§ 6.6]
prdfix [ signature \\attribute designator [ ( expression { , expression } ) |

attribufe_specification ::= [§5.1]
attributeattribute designator of entity specification is expression ;

base ::t infeger [§113.4.2]

base_specifier ::=B| O | X [§ 13.7]

based_integer ::= [§ 13.4.2]
extended_digit { [ underline | extended digit }

based_literal ::= [§ 13.4.2]
base # based_integer [ . based_integer | # [ exponent ]

basic_character ::= [§13.1]

basic_graphic_character | format_effector
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basic_graphic_character ::=
upper_case_letter | digit | special character| space_character

basic_identifier ::= letter { [ underline ] letter or_ digit }

binding_indication ::=
[ use entity aspect ]
[ generic_map_aspect |
[ port map aspect ]

[§ 13.1]

[§ 13.3.1]

[§ 5.2.1]

bit_strjmg—hterat—basc—specifrer-bit—vatue 1+
bit value ::= extended digit { [ underline ] extended digit }

block [configuration ::=
for] block specification
{ use_clause }
{ configuration_item }
endl for ;

block [declarative item ::=
sybprogram_declaration

| sybprogram_body

| type_declaration

| sybtype_declaration

| cgnstant declaration

| siknal declaration

| sHared_variable declaration
| file_declaration

| aljas_declaration

| cgmponent_declaration

| attribute_declaration

| afribute specification

| cqnfiguration_specification
| disconnection_specifieation
| step_limit specification

| ude clause

| gloup templafe_declaration
| gdoup declaration

| nture .declaration

| sybnature declaration

| quantity declaration

/s 13.7]

[k 13.7]

—

§1.3.1]

—

§1.2.1]

| terminal_declaration

block declarative part ::=
{ block declarative item }

block header ::=
[ generic_clause
[ generic_map aspect ; ] ]
[ port_clause
[ port map aspect;]]
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block_specification ::=

a

| b

rchitecture_name
lock_statement label

| generate_statement label [ (index_specification ) ]

block_statement ::=
block label :

block [ ( guard expression ) | [ is ]
block header
block declarative part

begin
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[§ 1.3.1]

[§91]

1.1 1 et + -
UIUUR " SUATTIICIIU_pPalt

end block [ block label ] ;

block [statement part ::=
{ afchitecture_statement }

branch| quantity declaration ::=
qupntity [ across_aspect | [ through_aspect | terminal aspect ;

break felement ::= [ break selector clause ]| quantity name => expression

break [list ::= break element { , break element }

break fselector clause ::= for quantity name use

break [statement ::=
[ 14bel : ] break [ break list | [ when condition ]*%

case s

[c

case s

atement ::=
se_label : ]
case expression is
case_statement alternative
{ case_statement_alternative }
end case [ case label

atement_alternative,::=

whlen choices =>

charac

choicel:

sequence_gflstatements

er_literal™::="' graphic_character '

[§9.1]

[§ 4.3.1.6]

[k 8.14]
[k 8.14]
[k 8.14]

[ 8.14]

[§ 8.8]

[§ 8.8]

[§ 13.5]

—

7.3.2]

simple expression
| discrete_range
| element_simple _name
| others

choice

s = choice { | choice }

component_configuration ::=
for component_specification

[ binding_indication ; ]
[ block configuration ]
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end for ;

component_declaration ::= [§ 4.5]
component identifier [ is ]
[ local generic_clause |
[ local port_clause ]
end component [ component_simple name ] ;

component_instantiation_statement ::= [§ 9.6]
instantiation_label :
instantiated _unit

L - i |
[ ZCIICIIC_ap_aspect |

[ port map aspect ] ;

component_specification ::= [§5.2]
insfantiation_list : component name

compogite nature_definition ::=
arrpy nature definition | record nature definition

—

§3.6.2]

compogite type definition ::= [§3.2]
affray _type_definition
| regcord_type definition

concurrent_assertion_statement ::= [§9.4]
[ 1gbel : ] [ postponed ] assertion ;

concurrent_break statement ::= [§9.8]
[ 1gbel : ] break [ break list ] [ sensitivity clause ] [ when condition ] ;

concurrent_procedure call statement ::= [§9.3]
[ 1dbel : ] [ postponed | procedure call’;

concurrent_signal assignment_staterhent ::= [§9.5]
abel : ] [ postponed ] cenditional signal assignment
| [ ]abel : ] [ postponedf-s¢lected signal assignment

—

concurrent statement %< [§ 9]
block statemént

| pocess_stdtement

| cancurrent “procedure call statement

| cqnetirtent assertion_statement

| cancufrent signal assignment statement
| component_instantiation_statement

| generate statement

| concurrent break statement

condition ::= boolean_expression [§ 8.1]
condition_clause ::= until condition [§ 8.1]

conditional signal assignment ::= [§9.5.1]
target <= options conditional waveforms ;
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conditional waveforms ::= [§9.5.1]
{ waveform when condition else }
waveform [ when condition ]

configuration_declaration ::= [§ 1.3]
configuration identifier of entity name is
configuration declarative part
block configuration
end [ configuration | [ configuration_simple name | ;

configuration_declarative item ::= [§ 1.3]
u U_L/laubc
| a}ribute_speciﬁcation
| gloup_declaration
configpration declarative part ::= [§ 1.3]
{ cpnfiguration_declarative item }
configpration_item ::= [§1.3.1]
block configuration
| cgmponent_configuration
configpiration_specification ::= [§ 5.2]
for| component specification binding_indication ;
constaft_declaration ::= [§4.3.1.1]
comstant identifier list : subtype indication [ := expfession | ;
constrgined_array definition ::= [§3.2.1]
artay index_constraint of element_subtype Nndication
constrgined nature definition ::= [§ 3.6.2.1]
array index_ constraint of subnature’ indication
constrgint ::= [§ 4.2]
rgnge constraint
| index constraint
context clause ::={lcontext_item } [§ 11.3]
contex} item = [ 11.3]
liprafy “clause
| ude “clause
decimal _literal ::= integer [ . integer ] [ exponent ] [§ 13.4.1]
declaration ::= [§ 4]

type_declaration
| subtype_declaration
| object declaration
| interface_declaration
| alias_declaration
| attribute _declaration
| component_declaration
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| group template declaration
| group_declaration

| entity declaration

| configuration_declaration

| subprogram_declaration

| package declaration

| primary_unit

| architecture body

| nature declaration

| subnature declaration

delay TrecharTrsTT = [§ 8.4]
EIansport
| [ Teject time expression | inertial
design| file ::= design_unit { design_unit } [§11.1]
design| unit ::= context_clause library_unit [ 11.1]
designptor ::= identifier | operator symbol [§ 2.1]
directipn ::= to | downto [§3.1]
disconhection_specification ::= [§5.3]
disconnect guarded signal specification after fime_expression ;
discretp range ::= discrete_subtype indication | range [§3.2.1]
elemenjt_association ::= [§7.3.2]
[ choices => ] expression
elemerjt_declaration ::= [§3.2.2]
identifier list : element subtype.definition ;
elemerjt_subnature definition ¢;= [§ 3.6.2.2]
subnature_indication
elemerjt_subtype defihition ::= subtype indication [§3.2.2]
entity [aspect ::= [§ §.2.1.1]
entity entity name [ ( architecture identifier ) |
| configuration configuration_name
| open
entity class ::= [§5.1]

entity
| architecture
| configuration
| procedure
| function
| package
| type
| subtype
| constant
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| signal

| variable

| component
| label

| literal

| units

| group

| file

| nature

| subnature

| quantity

| tegrmm

entity [class entry ::=entity class [ <> ] [§ 4.6]

entity [class_entry list ::= [§ 4.6]
entiity class entry {, entity class_entry }

entity [declaration ::= [§ 1.1]
entity identifier is

entity header

entity declarative part

[ bpgin

entity _statement part ]

endl [ entity | [ entity_simple name | ;

entity [declarative item ::= [§1.1.2]
sybprogram_declaration

| sybprogram_body

| type_declaration

| sybtype_declaration

| cqnstant_declaration

| siknal declaration

| sHared_variable declaration
| file declaration

| aljas_declaration

| atfribute _declaration

| attribute_specification

| disconnection_specification
| stpp_limit,_specification

| uge clause

| giloup), template declaration
| gloup” declaration

| nature _declaration

| subnature declaration

| quantity declaration

| terminal_declaration

entity_declarative part ::= [§ 1.1.2]
{ entity_declarative item }

entity designator ::= entity tag [ signature | [§5.1]

entity header ::= [§ 1.1.1]
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[ formal generic_clause ]
[ formal port clause ]

entity name_list ::=
entity designator {, entity designator }
| others
| all

entity specification ::=
entity name_list : entity class

[§5.1]

[§5.1]

entity [statermernt——
concurrent_assertion_statement

| pgssive_concurrent_procedure call
| pdssive process_statement

entity [statement part ::=
{ enptity_statement }

entity [tag ::= simple name | character_literal | operator symbol
enumefation_literal ::= identifier | character literal

enumeyation_type definition ::=
( epumeration_literal { , enumeration_literal } )

exit sttement ::=
[ 14bel : ] exit [ loop label | [ when condition ] ;

expongnt ::= E [ + ] integer | E — integer

exprespion ::=

rdlation { and relation }

| reflation { or relation }

| reflation { xor relation }

| reflation [ nand relation-]
| reflation [ nor relation

| reflation { xnor rélation }

extendpd digit {=)digit | letter

extendpd/identifier ::=\ graphic_character { graphic character } \

N

—1

§

—

—

§

—

[

[§
(§

1.1.3]

1.1.3]

[§5.1]

3.1.1]

3.1.1]

& 8.11]

13.4.1]

[§7.1]

13.4.2]

13.3.2]

factor ::=
primary [ ** primary ]
| abs primary
| not primary

file declaration ::=
file identifier list : subtype indication [ file_open_information ] ;

file_logical name ::= string_expression

file open_information ::=
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[ open file open_kind expression ] is file logical name

file_type_definition ::= [§ 3.4]
file of type mark
floatin e _definition ::= range constraint 3.14
g type_ ge_
formal designator ::= [§ 4.3.2.2]
generic_name
| port_name
| parameter _name
formal| parameter_list ::= parameter_interface list [§ 2.1.1]
formal| part ::= [§ 4.3.2.2]
fqrmal_designator
| fignction_name ( formal designator )
| tyjpe_mark ( formal designator )
free_qpantity declaration ::= [§ 4.3.1.6]
qupntity identifier list : subtype indication [ := expression | ;
full type declaration ::= [§ 4.1]
type identifier is type definition ;
functiqn_call ::= [§7.3.3]
furction_name [ ( actual _parameter part ) ]
generafe statement ::= [§9.7]
generate label :
generation_scheme generate
[ { block declarative item }
begin |
{ architecture statement }
end generate [ generate label | ;
generafion_scheme ::= [§9.7]
fdr generate parameter_specification
| if|condition
generi¢ clause = [§ 1.1.1]
geTeric (-generic_list) ;
generic_list ::= generic_interface list [§ 1.1.1.1]
generic_map_aspect ::= [§5.2.1.2]
generic map ( generic_association_list )
graphic_character ::= [§ 13.1]
basic_graphic_character | lower case letter | other special character
group_constituent ::= name | character literal [§ 4.7]
group_constituent_list ::= group_constituent { , group constituent } [§ 4.7]
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group_declaration ::= [§ 4.7]
group identifier : group template name ( group constituent list ) ;

group_template declaration ::= [§ 4.6]
group identifier is ( entity class_entry list) ;

guarded_signal specification ::= [§5.3]
guarded _signal list : type mark
identifier ::= basic_identifier | extended_identifier [§ 13.3]
identifler_list ::= identifier { , identifier } [§ 3.2.2]
if stat¢gment ::= [§ 8.7]
[if| label : ]
if condition then
sequence of statements
{ elsif condition then
sequence of statements }
[ else
sequence of statements ]
end if [ if label ] ;
incomplete_type declaration ::= type identifier ; [§3.3.1]
index_[constraint ::= ( discrete range { , discrete_range }/) [§3.2.1]
index_[specification ::= [§1.3.1]
discrete_range
| sthtic_expression
index_jsubtype definition ::= type matk'range <> [§3.2.1]
indexefd name ::= prefix ( expression { , expression } ) [§ 6.4]
instantjated _unit ::= [§9.6]
[ fomponent | component name
| enptity entity fiame [ ( architecture_identifier ) |
| cqnfiguration configuration name
instantjation-list ::= [§5.2]
irkstantiation label {, instantiation label }
| others
| all
integer ::= digit { [ underline ] digit } [§ 13.4.1]
integer_type definition ::=range constraint [§3.1.2]
interface_constant_declaration ::= [§ 4.3.2]
[ constant ] identifier list : [ in | subtype_indication [ := static_expression |
interface declaration ::= [§ 4.3.2]
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interface constant_declaration
| interface signal declaration
| interface variable declaration
| interface_file declaration
| interface terminal declaration
| interface _quantity declaration

interface element ::= interface declaration [§ 4.3.2.1]
interface file declaration ::= [§ 4.3.2]
file identifier list : subtype indication
interfape list ::= [§4.3.2.1]
intgrface element { ; interface element }
interfafe quantity declaration ::= [§ 4.3.2]
qupntity identifier list: [ in | out ] subtype indication [ := static_expression ]
interfape signal declaration ::= [§ 4.3.2]
[ signal ] identifier list : [ mode | subtype indication [ bus | [ := static s,exptession |
interfafe terminal declaration ::= [§4.3.2]
terjminal identifier list : subnature_ indication
interfape variable declaration ::= [§ 4.3.2]
[ variable ] identifier list : [ mode | subtype_indication\.:= static_expression |
iteratiqn_scheme ::= [§ 8.9]
ile condition
| fdr loop parameter_specification
label :f identifier [§9.7]
letter :[=upper case letter | lowerlcase letter [§ 13.3.1]
letter_pr digit ::= letter | djgit [§ 13.3.1]
library| clause ::= library logical name list [ 11.2]
library| unit ::= [B 11.1]
primary-unit
| sqcondary unit
literal ::= [§7.3.1]
numeric_literal
| enumeration_literal
| string_literal
| bit_string_literal
| null
logical name ::= identifier [§ 11.2]
logical name_list ::= logical name { , logical name } [§ 11.2]
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logical operator ::= and | or | nand | nor | xor | xnor

loop_statement ::=
[ loop label : ]
[ iteration_scheme ] loop
sequence_of statements
end loop [ loop label ];

miscellaneous_operator ::= ** | abs | not

mode ::= in | out | inout | buffer | linkage

[§7.2]
[§ 8.9]

[§7.2]

[§ 4.3.2]

multiplying_operator ::= * | / | mod | rem

name f=
simple_name

| operator _symbol
| sdlected_name

| indexed name

| sljce_name

| atfribute_name

nature | declaration ::=
nature identifier is nature_ definition ;

nature | definition ::=
scdlar nature definition | composite nature definition

nature [ element_declaration ::=
identifier list : element_subnature definition™;

nature | mark ::=
nafure_name | subnature_name

next sfatement ::=
[ 1dbel : ] next [ loop label] [ when condition ] ;

null_statement ::= [ label.? | null ;
numerjc_literal {:=

abstract-Iiteral
| pllnysicaliliteral

[§7.2]
[§ 6.1]

[§ 4.8]

[§ 4.8]

[§ 3.6.2.2]

[§ 4.8]

[k 8.10]

[k 8.13]

[47.3.1]

object_declaration ::=
constant_declaration
| signal declaration
| variable declaration
| file declaration
| terminal_declaration
| | quantity declaration

operator_symbol ::= string_literal

options ::= [ guarded ] [ delay mechanism ]
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package body ::= [§ 2.6]
package body package simple name is
package body declarative part
end [ package body | [ package simple name ] ;

package body declarative item ::= [§ 2.6]
subprogram_declaration
| subprogram_body
| type_declaration
| subtype declaration
| cqrrstart—dectaratrom
| sHared_variable declaration
| file_declaration
| aljas declaration
| ude clause
| gloup_template declaration
| g:loup_declaration

packade body declarative part ::= [§ 2.6]
{ package body declarative item }

packade declaration ::= [§ 2.5]
package identifier is

package declarative part

endl [ package | [ package simple name ] ;

package declarative item ::= [§ 2.5]
sybprogram_declaration

| type_declaration

| sybtype_declaration

| cqnstant_declaration

| sipnal declaration

| sHared_variable declaration
| file declaration

| aljas_declaration

| cqmponent_declaration

| attribute declaration

| attribute_specification

| disconnection) specification
| uge clause

| giloup), template declaration
| gloup” declaration

| nature _declaration

| subnature declaration

| terminal_declaration

package declarative part ::= [§ 2.5]
{ package declarative item }

parameter specification ::= [§ 8.9]
identifier in discrete range

physical literal ::= [ abstract_literal ] unit_name [§ 3.1.3]
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