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FOREWORD

1) Th¢ International Electrotechnical Commission (IEC) is a worldwide organ'tion fo
corhprising all national electrotechnical committees (IEC National Committe
prgmote international co-operation on all questions concerning standapdi
eleptronic fields. To this end and in addition to other activities, L
Teghnical Specifications, Technical Reports, Publicly Available Specificati
reférred to as “IEC Publication(s)”). Their preparation is entrusted to te i
Cofnmittee interested in the subject dealt with may participate /iq thj
goyernmental and non-governmental organizations liaising with the I
IEQ collaborates closely with the International Organlzatlon
corjditions determined by agreement between the two orga

2) The¢ formal decisions or agreements of IEC on technical
intgrnational consensus of opinion on Subj
repfresentation from all interested IEC Natio

3) IEQ Publications have the form of recom
Committees in that sense. While all reasonable effqrts
Publications is accurate, IEC cannot be
midinterpretation by any end user.

4) In prder to promote internatiéhal uni
trapsparently to the maxinft
betiwveen any IEC Publicatior
ind|cated in the latter.

5) IEQ provides no warki
equipment declafed tg

Publication.

approval and cannot be rendered responsible f

6) Attention is drawn to OSSNl e of the elements of this IEC Publication may be the suf

patent rights. IEC sheg . ible for identifying any or all such patent rights.

Interrjatio ands C/IEEE 61691-1-1 has been processed through IEC tec

comnyjittee 93: )

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

|l ol il @ 29| | =l m¥ K Raonast Beaiotina

ization
C is to

ichl and

dards,
reafter
ational
tional,
gration.
e with

ible, an

e has

ational
of IEC
or any

igations

Fgence
clearly

or any

ject of

nnical

et ™t rEepefrof—Yothg

1076 (2002) 93/193/FDIS 93/198/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives.

The committee has decided that the contents of this publication will remain unchanged until

2007.

[Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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IEC 61691 consists of the following parts, under the general title Behavioural languages:

IEC/IEEE 61691-1-1, Part 1-1: VHDL language reference manual

IEC 61691-2, Part 2: VHDL multilogic system for model interoperability

IEC 61691-3-1, Part 3-1: Analog description in VHDL (under consideration)
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IEC/IEEE 61691-4, Part 4: Verilog® hardware description language
IEC/IEEE 61691-5, Part 5: VITAL ASIC (application specific integrat uit)\modleling

specification

e
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IEC/IEEE Dual Logo International Standards

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

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

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any pegrsonal injury, property or other damage, of any nature whatsoever, whether special, indirect,
conseduential, or compensatory, directly or indirectly resulting from the publication, yse~qf, or reliahég¢ upon
this, ol any other IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of the mé4 n, and
expresply disclaim any express or implied warranty, including any implied warragsit i fitness
for a $pecific purpose, or that the use of the material contained herein is\free a infringement.
IEC/IEEE Dual Logo International Standards documents are supplied “AS 1S/

The eXistence of an IEC/IEEE Dual Logo International Standard does not imply tha ays to
produde, test, measure, purchase, market, or provide other goods dnd\sexvice of the
IEC/IEEE Dual Logo International Standard. Furthermore, the viewpsint exp gsSguiat the ti Hard is
approved and issued is subject to change brought about through ™ € rt and
commgnts received from users of the standard.

Every |[EEE Standard is subjected to review at least eys i 3 isio i ion. WWhen a
documEgnt is more than five years old and has d, j htents,

although still of some value, do not wholly refleckthe prese : g i eck to
determine that they have the latest edition of 2

In pullishing and making this document avails
profesgional or other services for, or on behalf of, any pe

to perform any duty owed by any other persgn o it 2
IEC/IEEE Dual Logo Internatio IEE andards document should rely upon the advi
compefent professional in detefqini ise of reasoRable care in any given circumstances.

Interpretations — Occasionally y egarding the meaning of portions of standards as they relate
to spegific applications. Whlen the i i is brought to the attention of IEEE, the Institite will
initiate| action to prepdre appropriate respohsesy Since |IEEE Standards represent a consensus of concerned
intereis, it is impo € { interpretation has also received the concurrence of a balgnce of
interesfts. For this reasen E a of its societies and Standards Coordinating Committdes are
not able to provide an j Naterpretation requests except in those cases where the matfer has
previolsly received fQ j

dering
Ftaking

other
e of a

Comments for revisi 0go International Standards are welcome from any interested party,
regard|ess of m S i¥h the IEC or IEEE. Suggestions for changes in documents shoulfl be in
the form of aproposed C ange together with approprlate supporting comments. Comments on stajpdards
and requests fornterpxe

Secretpry, IE S 3s Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA|and/or
General Secretar ue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

Author|zation<tosphotoCepy portions of any individual standard for internal or personal use is granted |by the
Instituffe of (Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
ClearapceCenter. To arrange for payment of licensing fee, please contact Copyright Clearance Center,
CustomenService, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to phdtocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

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

The VHSIC Hardware Description Language (VHDL) is a formal notation intended for use in all phases of
the creation of electronic systems. Because it is both machine readable and human readable, it supports the
development, verification, synthesis, and testing of hardware designs; the communication of hardware design
data; and the maintenance, modification, and procurement of hardware.

This document specifies IEEE Std 1076-2002™, which is a revision of IEEE Std 1076, 2000 Edition™. This
revision 1nc0rp0rates the addmon of protected types and enhancements to the spec1ﬁcat10n of shared vari-

ables the
wof hoh
thi ifi-

cat ffer
poitts, scope and visibility, allowance of multi-byte characters in comments dndh othek arsas ‘which will
incf

The¢ sis
ang to
all ipatic all iterestéd parties in fufure
lanpuage revisions. If interested in participating, please contj o sg@ieee.org or visit|the

following website: http://www.eda.org/pub/vasg.

|=

Prq 5 of
the] hics
Engi the
firs| bol
=N the
staj

Iti iahce
wif] ) hnd
Co | . n doncex i ing indicati i i rd.
To gSent that ayprodiict has been designed to meet an IEEE standard, it is perm1551ble to state that ‘|the
pro RN gl e Std
10} 76

cerfified,” “l EEE 1Q76/ conformant,” “|EEE 1076 certified,” or the like, unless the user has obtained a
Cettification License from the IEEE.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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0. Qverview of this standard

This |clause describes the purpose and organization of this stan
Refefence Manual.

HDL Language

0.1 Intent and scope of this standard

The jntent of this standard is to defineA daray Ccurately. Its
primary audiences are the implemento [ | ed user of the
langliage. Other users are encouraged to use ¢ ! vai sses to learn the
langliage in some detail prior to readingthis sta how to use the

At the time of its public ] : authoritative definition of VHDL. From tinpe to time, it
may fpecome necessar i i nd clarifications

may [be published iR _sef bf their publica-
tion and remain i

ficially revised.
0.2 $tructure and

This |standard, is 0 e-\ e clauses, each of which focuses on some particular area df the language.
Within each clausexihdividual constructs or concepts are discussed in each subclause.

EacH subclausgé ing a specific construct begins with an introductory paragraph. Next, the syntax of the
consfruct is described dsing one or more grammatroaluctions

A sel ofvparagraphs describing the meaning and restrictions of the construct in narrative fofm then follow.

FRany-othe standarads—whtehusethe-shaiHo-indieate mandatory-regutementsof the stan-
dard andmayto indicate optional features, the veshis used uniformly throughout this document. In all
casesis is to be interpreted as having mandatory weight.

Additionally, the wordmustis used to indicate mandatory weight. This word is preferred over the more com-
monshall, asmustdenotes a different meaning to different readers of this standard.

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

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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b) To the VHDL model developemustdenotes that the characteristics of VHDL are natural conse-

quences of the language definition. The model developer is required to adhere to the constraint
implied by the characteristic.

c) To the VHDL model usemustdenotes that the characteristics of the models are natural conse-

quences of the language definition. The model user can depend on the characteristics of the model
implied by its VHDL source text.

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

0.2.1 Syntactic description

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

a)| Lowercase words in roman font, some containing embedded ungdeg e enote syntactic
categories, for example:

formal_port_list

Whenever the name of a syntactic category is used, 4
take the place of underlines (thus, “formal port list’w
referring to the above syntactic category).

nselves, spaces
ription when

b)| Boldface words are used to denote reservegy

array
Reserved words must be used onlyin those ces indicated by the syntax.
C) ” (which is read as “can be replgced by”),
and aright-hand side i aduction is always a syntactic category; the right-
hand side is a repls ) eaning’of a production is a textual-replacerent rule: any
occurrence of thg 3 ige ; ed by an instance of the right-hand sid¢.
d)| A vertical items on the right-hand side of a production upless it occurs
immediat hich case it stands for itself, as follows:
prrence of “letter_or_digit” can be replaced by either “letter”or “digit.” In
" can be replaced by a list of “choice,” separated by vertical|bars [see item
e) [ 1 enclose optional items on the right-hand side of a production; thug, the following

two.productions’ are equivalent:

return_statement ::return [ expression ] ;

Note, however, that the initial and terminal square brackets in the right-hand side of the production

for signatures (see 2.3.2) are part of the syntax of signatures and do not indicate that the entire right-
hand side is optional.

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

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

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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If the name of any syntactic category starts with an italicized part, it is equivalent to

the category

name without the italicized part. The italicized part is intended to convey some semantic informa-
tion. For exampletype name andubtype name are both syntactically equivalent to name alone.

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

entity.

0.2.2 Semantic description

The meaning and restrictions of a particular construct are described with a set of narrative rules immediately
following the syntactic productions. In these rules, an italicized term indicates the definition of

iden
The
error
requ

gene

error
the d

illegd
legal
0.2.3
Prior
an inj
are

Som

b clauses of

thes

construct described.

descfibed in the clg eIn order to distinguish notes from the other narrative

standlard, not seta arated paragraphs in a font smaller than the rest of the text.
are mean : her relevant clauses of the standard. Examples, notes, and
are rot p of the language.

parts always

that term and
see 14.2).

ptions are not

is impossible in

ired to detect

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

I: A synonym for “error.”

The condition described represents a

Front matter, examples, notes, refe

to this subclause are gevetal giece ne annexes and
dex. The front mat serve)td orient and otherwise aid the user of this standard, but
ot part of the defin|tio

s of the standard;
ible forms of the
nces of the rules
bortions of this
Cross-references
cross-references
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1. Design entities and configurations

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

A design entity may be described in terms of a hierarciWoaks 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 bloekteraal

block that resides in a library and may be used as a component of other designs. Nested blocks in the hierar-
chy dreinternal blocks, defined by block statements (see 9.1).

A depign entity may also be described in terms of interconnected componerts. Eac

entity may be bound to a lower-level design entity in order to defing

compoment of a design
behavior of that

component. Successive decomposition of a design entity into compon iding thbsg components to
othel design entities that may be decomposed in like manner, S i ierarchy of design entities
reprgsenting a complete design. Such a collection of design entities™NS{ calt= ierarchy The

bindihgs necessary to identify a design hierarchy can be spegifiet\ tion of the top-level entity in
the Hierarchy.

This |clause describes the way in which design entiti¢ g ion$ are defined. A design entity is

defined by arentity declaratiortogether wi a exbodyA configuration is ¢lefined
by agonfiguration declaration

1.1 Entity declarations

An eptity declaration defing int be a given design entity and the environment in which it is
used| It may also specify ations andystatements that are part of the design entity. [A given entity

decldration may be shars ies, each of which has a different architeg¢ture. Thus, an
entity declaration p epresenta class of design entities, each with the same intefface.
entity_declarat:

entity identifie

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

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

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

[ formal_generic_clause ]
[ formal_port_clause ]
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generic_clause ::=
generic( generic_list) ;

port_clause ::=
port ( port_list) ;

The generic list in the formal generic clause defines generic constants whose values may be determined by
the environment. The port list in the formal port clause defines the input and output ports of the design entity.

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

Examples:

—| An entity declaration with port declarations only:

entity Full_Adderis

port (X, Y, Cin:in Bit; Cout, Sumpout Bit) ;
end Full_Adder ;
—| An entity declaration with generic declarations alsg

entity AndGateis
generic

(N: Natural := 2);
port
(Inputs: in Bit_Vector (1tg-N
Result: out Bit) ;
end entity AndGate ;
—| An entity declarati eithe

entity TesiBen
end Tes <=@. :

1.1.1.1 Generics

Gengrics provide static information to be communicated to a block from its envjronment. The
following apph 9 : blocks defined by design entities and to internal blocks defined by block

geheric_list>=genekic interface_list

The generics of a block are defined by a generic interface list; interface lists are described ih 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 actuala@pen), and if a default expression is specified for that generic, the value of this expres-
sion is the value of the generic. It is an error if no actual is specified for a given formal generic and no default
expression is present in the corresponding interface element. It is an error if some of the subelements of a
composite formal generic are connected and others are either unconnected or unassociated.

NOTE—Generics may be used to control structural, dataflow, or behavioral characteristics of a block, or may simply be
used as documentation. In particular, generics may be used to specify the size of ports; the number of subcomponents
within a block; the timing characteristics of a block; or even the physical characteristics of a design such as temperature,
capacitance, or location.
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1.1.1.2 Ports

Ports provide channels for dynamic communication between a block and its environment. The following
applies to both external blocks defined by design entities and to internal blocks defined by block statements,
including those equivalent to component instantiation statements and generate statements (see 9.7).

port_list ::= port_interface_list

The ports of a block are defined by a port interface list; interface lists are described in 4.3.2.1. Each interface
element in the port interface list declares a formal port.

To communicate with other blocks, the ports of a block can be associated with signals in the pnvironment in
which the block is used. Moreover, the ports of a block may be associated Wwvith~an expresdion in order to
provide these ports with constant driving values; such ports must be oirmaédg al (see

4.3.1 i hn inner block.
The ponding to the
form (see 6.1). The

After L Ciated with an
actual that is itself a port, then the following restrictiong e 4.3.2) of the
form

a)

b) S S a port of noadginout, orbuffer.

c)

d) Liffer.

e)

If a formal port is associatechwi ignal, or expression, then the formal pott is said to be
connectedIf a for is i i ith the reserved aymed, then the formal is sgid to be
unconnectedit is ron is Uinconnected or unassociated (see 4.3.2.2) unlgss its decla-
ratio g [ see 4.3.2). It is an error if a port of any mode otlierig on-

nectg fats itS.type is an unconstrained array type. It is an error if some of thg subelements of
a composite fo d and others are either unconnected or unassociated.

NOTE—Ports of be removed from a future version of the language (see Annex F).

1.1.2

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

entity_declarative_part ::=
{ entity_declarative_item }
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entity_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared variable_declaration
| file_declaration
| alias_declaration
| attribute_declaration

IEC 61691-1-1:2004(E)
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| attribute_specification

| disconnection_specification
| use_clause

| group_template_declaration
| group_declaration

Names declared by declarative items in the entity declarative
withip the bodies of corresponding design entities, as well &
configuration declaration.

The various kinds of declaration are described in
descfibed in Clause 5. The use clause, whi
descfibed in Clause 10.
Example:

—| An entity declaration
entity ROM s

R12, 12, R13),

ined names visible with

drious kinds of sp

ijerxen eclaratjon are visible

corresponding

ecification are
n the block, is

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

NOTE—The entity declarative part of a design entity whose corresponding architecture is decorated with the 'FOREIGN

attribute is subject to special elaboration rules. See 12.3.
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1.1.3 Entity statement part

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

interface.

entity_statement_part ::=
{ entity_statement }

entity_statement ::=
concurrent_assertion_statement
| passiveconcurrent_procedure_call

[ passiveprocess_statement

It is @n error if any statements other than concurrent assertion statementsy\concurre

men{s, or process statements appear in the entity statement part. All enti
9.2).|Such statements may be used to monitor the operating condition§

Example:

—| An entity declaration with statements:

entity Latchis
port ( Din: in Word;
Dout: out Word,;
Load: in Bit;
Clk: in Bit);
constantSetup: Time =12
constantPulseWidth: Time :

NOTE
attrib

1.2 4

An a
outplits of a.desigr_en
tions| may-be-partial of complete.

ar¢hitecture_body ::=

bdure call state-
be passive (see
design entity.

&s the body of a design entity. It specifies the relationships between the inputs and
ty and may be expressed in terms of structure, dataflow, or behavior.

Such specifica-

architecture identifierof entity nameis
architecture_declarative_part

begin
architecture_statement_part

end [ architecture ] [ architecture simple_name ] ;

The identifier defines the simple name of the architecture body; this simple name distinguishes architecture
bodies associated with the same entity declaration. For the purpose of interpreting the scope and visibility of
the identifier (see 10.2 and 10.3), the declaration of the identifier is considered to occur after the final declar-

ative item of the entity declarative part of the corresponding entity declaration.

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

—18- IEC 61691-1-1:2004(E)
IEEE 1076-2002(E)

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

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

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

NOTE—Two architecture bodies that are associated with different entity declarations may have the sane simple name,
even |f both architecture bodies (and the corresponding entity declarations) reside in {he same library;

1.2.1] Architecture declarative part

The prchitecture declarative part contains declarations of items that a within the block

defined by the design entity.

arg¢hitecture_declarative_part ::=
{ block_declarative_item }

b

qck_declarative_item ::=
subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaratio
| sharedvariable,_de
| file_declaratio

| alias_declatatio
| compon
| attribute ;

| attribute_spe

The arious=kinds ofdeclaration are described in Clause 4, and the various kinds of specification are
descyibed_in Clause 5. The use clause, which makes externally defined names visible withjn the block, is
descyibed in Clause 10.

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

1.2.2 Architecture statement part

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

architecture_statement_part ::=
{ concurrent_statement }
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All of the statements in the architecture statement part are concurrent statements, which execute asynchro-
nously with respect to one another. The various kinds of concurrent statements are described in Clause 9.

Examples:

— A body of entity Full_Adder:
architecture DataFlowof Full_Adderis

signal A,B: Bit;
begin
A<= XxorY,

B <=Aand Cin:

Sum <= Axor Cin;

Cout <= Bor (X and Y);
end architecture DataFlow ;

—| A body of entity TestBench:

library Test;

use Test.Componenddl;

architecture Structureof TestBenchs
componentFull_Adderport (X, Y, Cin: Bit; Cg
end component;
signalA,B,C,D,E,F,G: Bit;
signal OK: Boolean;

begin
UUT: Full_Adder
Generator: AdderTest

end Structure;

—| A body of entity 4

architec

end if
end loop
Result <= Tempfter 10 ns;
end process
end Behavior;

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

The binding of component instances to design entities is performed by configuration specifications (see 5.2);
such specifications appear in the declarative part of the block in which the corresponding component
instances are created. In certain cases, however, it may be appropriate to leave unspecified the binding of
component instances in a given block and to defer such specification until later. A configuration declaration
provides the mechanism for specifying such deferred bindings.

configuration_declaration ::=

configuration identifierof entity nameis
configuration declarative part
block_configuration

end [ configuration] [ configuration simple_name ] ;

C

]

hfiguration_declarative_part ::=
{ configuration_declarative_item }

copfiguration_declarative_item ::=
use_clause

| attribute_specification

| group_declaration

The entity name identifies the name of the entity dé i i i i the apex of the
design hierarchy. For a configuration of a giver ¢ i i i [ ration and the
corrgsponding entity declaration must reside i the

If a gimple name appears at the end identifier of the

configuration declaration.

NOTES
1—A|configuration dg clart|on
semantics assoua

2—A|given configurati

re no behavioral

Examples:

ALU port ( s+ ); end component
€cOMpoRe UX port ( *e); end component
componentLatchport ( *e* ); end component

begin
At-AtY-pertmap{ee—)-

M1: MUX port map (e ) ;

M2: MUX port map (e ) ;

M3: MUX port map ( e )

L1: Latchport map (s*) ;

L2: Latchport map (se*) ;
end Structure_View ;
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A configuration of the microprocessor:

library TTL, Work ;
configuration V4_27 87of Processois
use Workall ;
for Structure_View
for Al: ALU
use configurationTTL.SN74LS181 ;
end for;
for M1,M2,M3: MUX
use entity Multiplex4 (Behavior) ;

and for:

1.3.1

A blg
by a
defin
defin

b

(¢

b

(¢

ing

C

@]

TToTOT,

for all: Latch
— use defaults
end for;
end for ;

end configurationV4_27 87 ;
Block configuration
tvér an internal

e block is an inte
mplicit block statemen

block statement or an external block defined by /a desi ;
ng block statement is either an explicit bloc 2
ed by a generate statement.

ck_configuration ::=
for block_specification
{use_clause }
{ configuratio
end for ;

ck_specificatjon ::
archite '
| block_staten

__specification ) ]

[(Cemponent_configuration

block defined
nal block, the
[ that is itself

The

1 1 e " il Y " o 1 " il Lo (I TS PSR I | ! e .
UIULK SPCUITILAUUTT TUTTIUNES T ITIETTIAl UT TALTTTIAl DIULK TU WITICTT TS DIULK LUTTITyutratl

1 applies.

If a block configuration appears immediately within a configuration declaration, then the block specification
of that block configuration must be an architecture name, and that architecture name must denote a design
entity body whose interface is defined by the entity declaration denoted by the entity name of the enclosing

confi

guration declaration.

If a block configuration appears immediately within a component configuration, then the corresponding
components must be fully bound (see 5.2.1.1), the block specification of that block configuration must be an
architecture name, and that architecture name must denote the same architecture body as that to which the
corresponding components are bound.
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If a block configuration appears immediately within another block configuration, then the block
specification of the contained block configuration must be a block statement or generate statement label, and
the label must denote a block statement or generate statement that is contained immediately within the block
denoted by the block specification of the containing block configuration.

If the scope of a declaration (see 10.2) includes the end of the declarative part of a block corresponding to a
given block configuration, then the scope of that declaration extends to each configuration item contained in

that block configuration, with the exception of block configurations that configure external blocks. Similarly,
if a declaration is visible (either directly or by selection) at the end of the declarative part of a block

corresponding to a given block configuration, then the declaration is visible in each confi

guration item

contained in that block configuration, with the exception of block configurations that configure external

blocks. Additionally, if a given declaration is a homograph of a declaration that a use clausf in the block
configuration makes potentially directly visible, then the given declaration is ectly visiblg in the block
configuration or any of its configuration items. See 10.3.

For any name that is the label of a block statement appearing immedis > g
corrgsponding block configuration may appear as a configuration
ration corresponding to the given block. For any collection of nam of instand

com

ven block, a

a block configu-

es of the same
guration may
given block.

or more corre-
configuration

d by that gen-
range, then the
cified range of
er than to define
Ck configuration
ies only to the

impligit block statement gene pecified/value of the corresponding generate pgarameter. If no
index specification appe configuration, then it applies to exactly one of the following sets
of bigcks: 6

— icit bje ed by the corresponding generate statement, if and only if the

t has a generation scheme including the reserfeed word
— ed by the corresponding generate statement, if and only if the correspond-
&S a generation scheme including the reservié@dmeifithe condition in
evaluates to TRUE
— plicit blocks, if and only if the corresponding generate statement has|a generation
scheme-including the reserved wifrdnd the condition in the generate scheme evaluates to FALSE.

If the block specification of a block configuration contains a generate statement label, and if this label
contams—ammdex—specificationthemittsamrerror-if thegenerate—statementdenoted-bythe label does not

have a generation scheme including the reserved fanard

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

is assumed

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

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

an implicit

component configuration is assumed to appear for each component instance that appears within the block
corresponding to the given block configuration, if no explicit component configuration appears for that
instance. Such implicit configuration items are assumed to appear following all explicit configuration items

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

block

NOTE

or component instance.

S

1—As a result of the rules described in the preceding paragraphs and in Clause 10, a simple name that is visible by
selection at the end of the declarative part of a given block is also visible by selection within any configuration item
contained in a corresponding block configuration. If such a name is directly visible at the end of the given block declara-
tive part, it will likewise be directly visible in the corresponding configuration items, unless a use clause for a different
declaration with the same simple name appears in the corresponding configuration declaration, and the scope of that use
clause encompasses all or part of those configuration items. If such a use clause appears, then the name will be directly
visible within the corresponding configuration items except at those places that fall within the scope of the additional use

clausg(at which places neither name will be directly visible)

2—Ifjan implicit configuration item is assumed to appear within a block configuration
will never contain explicit configuration items.

3—Ifthe block specification in a block configuration specifies a generate staterh

index
cancg

by th¢ range. Thus, the following two block configurations are equivalents

4—A|block configuration is allowed to appear immediately
tion denoted by the entity name of the enclosing configurati

block|

Examples:

1.3.2

specification that is a discrete range, then the direction specified or im
other than to define, together with the bounds of the range, the set

for Adders(31downto 0) <= end for;
for Adders(0to 31) *s=end for;

specification of the block configuration

-- An architecture name.

-- A block label.

Component configuration

guration item

bel contains an
e has no signifi-
pter values denoted

pntity declara-

Furthermore, the

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

component_configuration ::=

for component_specification
[ binding_indication ; ]
[ block_configuration ]
end for ;
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The component specification (see 5.2) identifies the component instances to which this component
configuration applies. A component configuration that appears immediately within a given block
configuration applies to component instances that appear immediately within the corresponding block.

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

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

If a diven component instance is unbound in the corresponding block, then any explicit comppnent configu-
ration for that instance that does not contain an explicit binding indication will contain afnimplicit, default
bindihg indication (see 5.2.2). Similarly, if a given component instance g™ i orresponding
block, then any implicit component configuration for that instance will cofxai iCi ault binding
indichtion.

It is fan error if a component configuration contains an explicit >QQfiG i 2 component
configuration does not bind all identified component instance

Within a given component configuration, whether impficit or exphei guration is
assumed for the design entity to which the corresponding(co h explicit block
configuration appears and if the correspgnding cg ent /i

Examples:

—| A component configuration with
for all: IOPort

end for ;Q
—| A component g

-- Configuration items for processing components.
end for;
erc-for S
end for ;
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NOTE—The requirement that all component instances corresponding to a block configuration be bound to the same
design entity makes the following configuration illegal:

architecture A of E is
componentC is end componentC;
for L1: C use entityE1(X);
for L2: C use entityE2(X);
begin
L1: C;
L2: C;
end architectureA;

configuration Illegal of Work.Eis

for A
forall: C
for X -- Does not apply to the same design entity in
end for;, -- X
end for, -- C
end for, -- A

end configurationlllegal ;

o
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2. Subprograms and packages

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

There are two forms of subprograms: procedures and functions. A procedure call is a statement; a function
call is an expression and returns a value. Certain functions, designatgdnctions, return the same value

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

return a different value each time they are called, even when multiple calls have the same actual parameter
valugs. In addition, impure functions can update objects outside of their scope and can accesf a broader class
of values than can pure functions. The definition of a subprogram can be giyen i a subprogram
decldration defining its calling conventions, and a subprogram body definingNts exec

PacKages may also be defined in two parts. A package declaration defines the visi ts of a package;
a pafkage body provides hidden details. In particular, a package”bo¢ I S ies| of any subpro-
granis declared in the package declaration.

2.1 $ubprogram declarations
A subprogram declaration declares a procedure of icated by the appropriatg reserved word.

supprogram_declaration ::=
subprogram_specification ;

S

c
O
o
=4
o
Q
Q
o
|3
%
°
®
o
=
0
©
=,
o
=1

depignator ::= ' ie

oprator_symbo)/s

The gpecificai A PrOeee pecifies its designator and its formal parameters (if any). The specification
of a functign hed value (the
resulksuktypgrand ¥ ins the

resefved wordmpure} otherwise, it is said to bgure. A procedure designator is always an identifier. A
function designatar is gjther an identifier or an operator symbol. A designator that is an opetfator symbol is
used| for the-everloading of an operator (see 2.3.1). The sequence of characters represented by an operator
symbol must be an operator belonging to one of the classes of operators defined in 7.2. Extrp spaces are not
allowed‘in an operator symbol, and the case of letters is not significant.

NOTES
1—All subprograms can be called recursively.

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 must not directly reference variables declared immediately
within the declarative region associated with the protected type. However, impure functions and procedures whose
bodies appear in the protected type body may make such references. Such references are made only when the referenc-
ing subprogram has exclusive access to the declarative region associated with the protected type.
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2.1.1 Formal parameters

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

Formal parameters of subprograms may be constants, variables, signals, or files. In the first three cases, the

mode of a parameter determines how a given formal parameter is accessed within the subprogram. The mode

of a formal parameter, together with its class, also determines how such access is implemented. In the fourth
case, that of files, the parameters have no mode.

For those parameters with modes, the only modes that are allowed for formal parameters ef p procedure are
in, inout, andout. If the mode isn and no object class is explicitly specifiedngtantis assumed. If the
mode isinout or out, and no object class is explicitly specifigdriable is assumed.

For those parameters with modes, the only mode that is allowed for fqr . et function is the
modein (whether this mode is specified explicitly or implicitly). Th j g gnal,

or filg. If no object class is explicitly giveopnstantis assumed.

In a pubprogram call, the actual designator (see 4.3.2.2 ia Vi Qrimal parametefighalass
mustl be a name denoting a signal. The actual designatg 15 ith aformaVafialalssmust be a

name denoting a variable. The actual designator associate be an
expression. The actual designator associz fQrenal fi@m be a name denoting a file.

NOTHE—Attributes of an actual are never passe 3 Refeyences to an attribute of a formal parameter are
legal jonly if that formal has such an attribute S ve the value of the attribute asqociated with the
formgl.

2.1.11.1 Constant and variable

For parameters of classnstant z red into or
out df the subpro . 9 e transfers, and the accompanying access piivileges that are
granfed for const

For 4 nonforeign
by copy. At the the’modénier inout, the value of the actual parameter is cppied into

the gdssociated it is an error if, after applying any conversion function or tyjpe conversion
present inthe 8 - applicable association element (see 4.3.2.2), the value of the factual parameter
ype denoted by the subtype indication of the formal. After conjpletion of the
subprogram badyNif the medeimout or out, the value of the formal parameter is copied back injo the asso-
ciated actual parametey; it is similarly an error if, after applying any conversion function or type conversion
present in-the formalpart of the applicable association element, the value of the formal pargmeter does not
belong.to\the subtype denoted by the subtype indication of the actual.

ameter is passed

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

range of each index position of the actual parameter is copied in, and likewise for its subelements or slices.
Alternatively, an implementation may achieve these effects by reference; that is, by arranging that every use
of the formal parameter (to read or update its value) be treated as a use of the associated actual parameter
throughout the execution of the subprogram call. The language does not define which of these two mecha-
nisms is to be adopted for parameter passing, nor whether different calls to the same subprogram are to use
the same mechanism. The execution of a subprogram is erroneous if its effect depends on which mechanism
is selected by the implementation.
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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 ithaunt.

For a formal parameter of a constrained array subtype of maateénout, it is an error if the value of the
associated actual parameter (after application of any conversion function or type conversion present in the
actual part) does not contain a matching element for each element of the formal. For a formal parameter
whose declaration contains a subtype indication denoting an unconstrained array type, the subtype of the
formal in any call to the subprogram is taken from the actual associated with that formal in the call to the
subprogram. It is also an error if, in either case, the value of each element of the actual array (after applying
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 mamié or inout, it is also an error if, at the end of the subpro-

granf call, the value of each element of the Tormal (after applying any CONversion function or,_tyjpe conversion
presgnt in the formal part) does not belong to the element subtype of the actyal.

arameter of such

hot the implemen-
eter (for example,
s undefined after

are passed

formal sig-
pdy, a reference
Signal.

ormal sig-
A process statec 1 dni e bl parameter of
mod¢out or inout ina suk . SiN brmal signal

orrespond-
ecution of the
N assignment to

S oted by a static
signdl name It is an error if a conversion function or type conversion appears in either the forfmal part or the
actuglpart of an association element that associates an actual signal with a formal signal parameter.

If an actual signal is associated with a signal parameter of any mode, and if the type of the formal is a scalar
type, then it is an error if the bounds and direction of the subtype denoted by the subtype indication of the
formal are not identical to the bounds and direction of the subtype denoted by the subtype indication of the
actual.

If an actual signal is associated with a formal signal parameter, and if the formal is of a constrained array
subtype, then it is an error if the actual does not contain a matching element for each element of the formal.
If an actual signal is associated with a formal signal parameter, and if the subtype denoted by the subtype
indication of the declaration of the formal is an unconstrained array type, then the subtype of the formal in

any call to the subprogram is taken from the actual associated with that formal in the call to the subprogram.
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It is also an error if the mode of the formalrior inout and if the value of each element of the actual array

does not belong to the element subtype of the formal.

A formal signal parameter is a guarded signal if and only if it is associated with an actual signal that is a
guarded signal. It is an error if the declaration of a formal signal parameter includes the resends word
(see 4.3.2).

NOTE—It is a consequence of the preceding rules that a procedure vath aninout signal parameter called by a

process does not have to complete in order for any assignments to that signal parameter within the procedure to take
effect. Assignments to the driver of a formal signal parameter are equivalent to assignments directly to the actual driver
contained in the process calling the procedure.

2.1.1.3 File parameters

For
para
equi
with
conv|

At th
obje
ning
open
actu

file

extennal file associated W

Subprogra'

2.2 3

A su

su

end:[ subprogram_kind ] [ designator ] ;

su

hnrooaram declarative part =
L ~J — —

. No particular
fameter must be
Dciates an actual

f a file type.

the actual file

Y, at the begin-
(see 3.4.1) an
sociated with the

d with a given
pletion of the
N an open actual
mode of and the

{ subprogram_declarative_item }
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subprogram_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| variable_declaration
| file_declaration
| alias_declaration
| attribute_declaration
| attribute_specification

| use_clause
| group_template_declaration
| group_declaration

supprogram_statement_part ::=
{ sequential_statement }

supprogram_kind ::procedure | function

The [declaration of a subprogram is optional. In th
specjfication of the subprogram body acts as the decl

e subprogram

ign, there shall be

a coffresponding body. If both a declaration and a Hody ar an, the subprogram specificatjon of the body

shalllconform (see 2.7) to the subprogram specjfication
and int

perfgrmed-is implementation defined.

the declaration

ord given in the
hust repeat the

ble. (See 4.3.1.3

n package
endent infor-
entations. An
Imal parameters
ple order of the

e sequence of
the algorithm

The execution of a subprogram body is invoked by a subprogram call. For this execution, after establishing
the association between the formal and actual parameters, the sequence of statements of the body is executed
if the subprogram is not a foreign subprogram; otherwise, an implementation-defined action occurs. Upon
completion of the body or implementation-dependent action, if exclusive access to an object of a protected
type was granted during elaboration of the declaration of the subprogram (see 12.5), the exclusive access is
rescinded. Then, return is made to the caller (and any necessary copying back of formal to actual parameters

occurs).

A process or a subprogram is said to lgaeentof a given subprogram S if that process or subprogram

contains a procedure call or function call for S or for a parent of S.
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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 'DELAYED, 'STABLE, 'QUIET, or 'TRANSACTION. é&tmicit
ancestorof an implicit signal is found as follows. The implicit signal GUARD has 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, then the signal has no explicit ancestor.

If a pure function subprogram is a parent of a given procedure and if that procedure contains a reference to
an ekplicitly declared signal or variable object, or a slice or subelement (or slice thereof) fof an explicit

signdl, then that object must be declared within the declarative region formed b jon (see 10.1) or
withip the declarative region formed by the procedure; this rule also holds foxthe exp iCit-ancgstor, if any, of
an implicit signal and also for the implicit signal GUARD. If a pure functign.i : given proce-
dure| then that procedure must not contain a reference to an explicitl i e 4.3.1.4) orto

Similarly, if a pure function subprogram contains a referengé to~an eXxplicitly eclared signil or variable
objegt, or a slice or subelement (or slice thereof) of an expliCit.signg 5t be declared
withip the declarative region formed by the function; thi 1 stor, if any, of
an implicit signal and also for the implicit signal GUAR reference to
ane

A puf

The a b functions that
are I i . les are errors. However, since implementations
cann e subprograms, a
descfi 5

D.

Exar

pay

en

NOTE

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

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

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

4—The declarative parts and statement parts of subprograms decorated with the 'FOREIGN attribute are subject to
special elaboration rules. See 12.3 and 12.4.5.

5—A pure function subprogram must not reference a shared variable. This prohibition exists because a shared variable
cannot be declared in a subprogram declarative part and a pure function cannot reference any variable declared outside
of its declarative region.
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6—A subprogram containing a wait statement must 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 garemeter type profild and only if they have the same

number of parameters, and if at each parameter position the corresponding parameters have the same base
type. Two subprograms are said to have the g@rameter and result type profileand only if both have

the same parameter type profile, and if either both are functions with the same result base type or neither of
the two is a function.

A given subprogram designator can be used to designate multiple subprograms. The subprofjram designator
is thén said to be overloaded; the designated subprograms are also said to6 be overleaded| and to overload
each| other. If two subprograms overload each other, one of them can hidefthe o if both subprograms

have|the same parameter and result type profile.

A call to an overloaded subprogram is ambiguous (and therefore 4§ an if t e of the subprogram,
the nqumber of parameter associations, the types and order of 3 hes of the formal

para itient to identify

exac|

Simi ina lype indication is ambiguous (and is

there i e, and the rela-
tionshi gre not sufficient
to id¢

Exan

Check (Hold >5 ns, D >DataBus C >CIk2)
Check (15 ns, DataBus Clk)

NOTES

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

2—Ambiguities may (but need not) arise when actual parameters of the call of an overloaded subprogram are
themselves overloaded function calls, literals, or aggregates. Ambiguities may also (but need not) arise when several
overloaded subprograms belonging to different packages are visible. These ambiguities can usually be solved in two
ways: qualified expressions can be used for some or all actual parameters and for the result, if any; or the name of the
subprogram can be expressed more explicitly as an expanded name (see 6.3).
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2.3.1 Operator overloading

The declaration of a function whose designator is an operator symbol is used to overload an operator. The
sequence of characters of the operator symbol must be one of the operators in the operator classes defined in
7.2.

The subprogram specification of a unary operator must have a single parameter, unless the subprogram spec-
ification is a method (see 3.5.1) of a protected type. In this latter case, the subprogram specification must
have no parameters. The subprogram specification of a binary operator must have two parameters; unless the
subprogram specification is a method of a protected type, in which case, the subprogram specification must
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,pframeter is asso-
ciatefd with the right operand.

For ¢ach of the operators “+” and “-”, overloading is allowed both a
operator.

d as a binary

NOTES

1—Oyerloading of the equality operator does not affect the selection
assighment statement, nor does it affect the propagation of sign

a selected signal

2—A 3 3 hed operator that
overlpads the short-circuit operator) is not invoked in a shoxt-cireuj ) br-defined oper-

3—Fdinctions that overload operator symbo S I than operator
notat »

Examples:

tyge MVL is ('0', '1', ' 'X
fugction "and" (Left, R ;

function "or" (L i
function "not" ;

S

g
Q
R
S
2.3.2

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

signature ::= [[type_mark {, type_mark } tdturn type_mark]]

(Note that the initial and terminal brackets are part of the syntax of signatures and do not indicate that the
entire right-hand side of the production is optional.) A signature is said to match the parameter and the result
type profile of a given subprogram if, and only if, all of the following conditions hold:

— The number of type marks prior to the reserved wetdrn, if any, matches the number of formal
parameters of the subprogram.
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— At each parameter position, the base type denoted by the type mark of the signature is the same as the
base type of the corresponding formal parameter of the subprogram.

— If the reserved wordeturn is present, the subprogram is a function and the base type of the type
mark following the reserved word in the signature is the same as the base type of the return type of
the function, or the reserved waeturn is absent and the subprogram is a procedure.

Similarly, a signature is said to match the parameter and result type profile of a given enumeration literal if
the signature matches the parameter and result type profile of the subprogram equivalent to the enumeration
literal defined in 3.1.1.

Exarppte:

attribute Builtin of "or" [MVL, MVL return MVL]: function is TRUE;
Because of the presence of the signature, this attribute specifi¢atio
decorates only the "or" function defined in 2.3.1.

attribute Mappingof JMP feturn OpCode] literal is "001";

2.4 Resolution functions

A regolution function is a function that defines how thelvaldeg of imulti Urces of a given sjgnal are to be
resolved into a single value for that signal. Reso Y i associated with signgls that require
reso igh fi ecldration of the signal or ih the declara-

tion i . [ i ociated resojution function is called a rgsolved signal
(seel4.3.1.2).

A resolution function must be i .I); moreover, it must have a single inpyt parameter of
clasgconstant that is a oné<dimensi iRed” array whose element type is that of the resolved

signal. The type of the r¢ | t also be that of the signal. Errors occul at the place of
the subtype indication N S e resolution function if any of these checks fgil (see 4.2).

Al as a

Site type, and

5 have no effect
gnal has more

ing resolved
ray value, each
ent of which is determined by a corresponding source of the resolved signal, but excluding those
es that are dnvers whose values are determlned by nuII transacuons (see 8.4.1). Such drivers are said to
‘ v stgnal declared
with the S|gnal klnd)us) a resolution functlon may thus be invoked with an input parameter that is a null
array; this occurs when all sources of the bus are drivers, and they are all off. In such a case, the resolution
function returns a value representing the value of the bus when no source is driving it.
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Example:

function WIRED_OR (Inputs: BIT_VECTOR)eturn BIT is
constantFloatValue: BIT :='0";
begin
if Inputs'Length = Ghen
-- This is a bus whose drivers are all off.
return FloatValue;
else
for 1in Inputs'Rangéoop
if Inputs(l) = '1then
return'l’;
end if
end loog
return '0"
end if;
enfd function WIRED_OR,;

2.5 Package declarations

A patkage declaration defines the interface to a packag 2claration within g package can be

extemded to other design units.

package_declaration ::=
packageidentifieris
package declarative part

end [ package] [ package simple na®'>

lattribute_specification

| disconnection_specification
| use_clause

| group_template_declaration
| group_declaration

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

If a package declarative item is a type declaration (i.e., a full type declaration whose type definition is a pro-
tected type definition), then that protected type definition must not be a protected type body.
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Items declared immediately within a package declaration become visible by selection within a given design
unit wherever the name of that package is visible in the given unit. Such items may also be made directly

visible by an appropriate use clause (see 10.4).

NOTE—Not all packages will have a package body. In particular, a package body is unnecessary if no subprograms,

deferred constants, or protected type definitions are declared in the package declaration.

Examples:

— A package declaration that needs no package body:

packageTimeConstantss

constanttPLH: Time := 10 ns;
constanttPHL :  Time := 12 ns;
constanttPLZ : Time :=7ns;
constanttPZL : Time :=8ns;
constanttPHZ :  Time :=8ns;
constanttPZH : Time := 9 ns;
enf TimeConstants ;

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

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

function BitVal (Value: Tri) retury’ Bit ;

function TriVal (Value: Bit) retur i;

type TriVectoris array (Naturalrangs

fi
end packageTriState ;

2.6 Package bodies

interface to the p

package)body declarative_item ::=
subprogram_declaration

A pdackage bodyﬁge > programs and the values of deferred constants

| subprogram_boady

| type_declaration

| subtype_declaration

| constant_declaration

| shared variable_declaration
| file_declaration

| alias_declaration

| use_clause

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

In addition to subprogram body and constant declarative items, a package body may contain certain other
declarative items to facilitate the definition of the bodies of subprograms declared in the interface. Items

declared in the body of a package cannot be made visible outside of the package

body.

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

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

Within a package declaration that contains the declaration of a deferred consta

packpge (before the end of the corresponding full declaration), the use of a(namethat deng

constant is only allowed in the default expression for a local generic, log
result of evaluating an expression that references a deferred const
sponding full declaration is not defined by the language.

Example:
package bodyTriStateis

function BitVal (Value: Tri)return Bit is
constantBits : Bit_Vector ;= "Q100";
begin
return Bits(Tri'Pos(Value));
end;

function Trival (Val
begin

end;

function

return Tri is

and within 1|he body of that

tes the deferred
prameter. The

ipn of the corre-

return V;
end;

end package bodyTriState ;
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2.7 Conformance rules

Whenever the language rules either require or allow the specification of a given subprogram to be provided
in more than one place, the following variations are allowed at each place:

— A numeric literal can be replaced by a different numeric literal if and only if both have the same
value.

— A simple name can be replaced by an expanded name in which this simple name is the selector if,
and only if, at both places the meaning of the simple name is given by the same declaration.

Two subprogram specifications are saidomformif, apart from comments and the above allowed varia-
tions| both specifications are formed by the same sequence of lexical elements and if corregponding lexical
elements are given the same meaning by the visibility rules.

Confprmance is likewise defined for subtype indications in deferred consta

NOTES

1—A|simple name can be replaced by an expanded name even if the-si <\ ¢ i a selected name.

2—The subprogram specification of an impure function is ne

ation of a pure
function.

3—The following specifications do not conform since t cal elements:

prqcedure P (X,Y : INTEGER)
prqcedure P (X: INTEGER; Y : INTEGER)
prqcedure P (X,Y :in INTEGER)

o
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3. Types

This clause describes the various categories of types that are provided by the language as well as those spe-
cific 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 bapic operatioris an operation that is inherent in one of the following:

—| An assignment (in assignment statements and initializations)
—| An allocator
—| A selected name, an indexed name, or a slice name

—| A qualification (in a qualified expression), an explicit ty veksion, a formal or actu
form of a type conversion, or an implicit type co )

Therg are five classes of typ&salartypes are intege ) ing point types, physical type
defined by an enumeration of their valueg C pes have no el€orapissitdypes ar
and fecord types; values of these types cons{ » mbgessypes provide access to ob

al part in the
jeror

bit string

5, and types
b array
ects of a

given type File types provide a ) t contain a sequence of values of a giverofgpeed

typegprovide atomic and exglusi s I accessible to multiple processes.

The get of possiblge values*fo ject given type can be subjected to a condition
constraint(the ca ' ntN

conslraint if it satisfiés At

said fobelong to a suptype : a7t belongs to the type and satisfies the constraint; t
is called thébase typekt xype. A type is a subtype of itself; such a subtype is saiditades
(it corresponds itl at imposes no restriction). The base type of a type is the type

The et gf 0 i0 ed for a subtype of a given type includes the operations defin

howgver, th nent.operation to an object having a given subtype only assigns values t
subtype. AddjtioRal operations, such as qualification (in a qualified expression) are implicitl
subtype declaration:

instead.
A given type must not have a subelement whose type is the given type itself.
A memberof an object is one of the following:

— A lice of the object
— A subelement of the object
— Asslice of a subelement of the object
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The name of a class of types 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 aeray objectis used for an object whose type is an

array type; similarly, the termccess valués used for a value of an access type.

NOTE—The set of values of a subtype is a subset of the values of the base type. This subset need not be a proper subset.

3.1 Scalar types

Scalar types consist ehumeration typesnteger typesphysical typesand floating point types. Enumera-
tion types and integer types are calibscretetypes. Integer types, floating point types, and physical types
are callechumerictypes. All scalar types are ordered; that is, all relational operators are predefined for their

valugs. Each value of a discrete or physical type has a position number that is an integer vall

scqlar_type_definition ::=
enumeration_type_definition | integer_type_definition
| floating_type_definition | physical_type_definition

raIge_constraint ::Fange range

rapge ::=
range attribute_name

| simple_expression direction simple_expressj

di

rection = to | downto

e.

A range specifies a subset of values of a‘scalas typ 6 idriolbewage if the specifiedl subset

is empty.

The fange lto R is called ara ingange; i ' e range is a null range. The randgainto

R is falled alescendingange; if\. f e is’a null range. The smaller of L and R|is called the
lowe[ bound and the larg he 3f the range. The value V is saidielong to the randé the
relations [ower bound< AM quniiare both true and the range is not a null fange. The

opergtors >, <, a =i

ble scalar type.

For Jalues of discrete h range

if both V1 and V2 e Y¥ange ahd either the range is an ascending range and V2 is the successor of
V1, qr the range_is & iven range is in
left t1 right orderif e¢ b, except for
the last vatue iR the liS

If a range co used in a subtype indication, the type of the expressions (likewise, of {he bounds of a

range attribute))must be the same as the base type of the type mark of the subtype indi

Cation. A range

constrainticompatibtéwith a subtype if each bound of the range belongs to the subtype or if thhe range con-

a}

strairrt defines a null range. Otherwise, the range constraint is not compatible with the subtyp

The direction of a range constraint is the same as the direction of its range.
NOTE—Indexing and iteration rules use values of discrete types.

3.1.1 Enumeration types

An enumeration type definition defines an enumeration type.

enumeration_type_definition ::=
( enumeration_literal { , enumeration_literal } )

enumeration_literal ::= identifier | character_literal
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The identifiers and character literals listed by an enumeration type definition must be distinct within the
enumeration type definition. Each enumeration literal is the declaration of the corresponding enumeration
literal; for the purpose of determining the parameter and result type profile of an enumeration literal, this
declaration is equivalent to the declaration of a parameterless function whose designator is the same as the
enumeration literal and whose result type is the same as the enumeration type.

An enumeration type is said to beclaaracter typeaf at least one of its enumeration literals is a character
literal.

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

If thg same identifier or character literal is specified in more than one e definifion, the corre-
sponding literals are said to beerloaded At any place where an overloa p(ati al occurs in

the text of a program, the type of the enumeration literal is determj y for overloaded
subprograms (see 2.3).

EacH enumeration type definition defines an ascending ra

Examples:

tyge MULTI_LEVEL_LOGIC is (LOWSHIGH, \MBIGUOUS) ;
tyge BITis ('0','1") ;
type SWITCH_LEVELIis ('Q,'1','X") ; oads '0' and '1'

3.1.1.1 Predefined enu

The | predefined u
FILE| OPEN_KI .
The RACPER is a character type whose values are the 256 characters of the 1SO

8859 is denoted by
the g

Y LEVEL,

The predefined types CHARACTER, BIT, BOOLEAN, SEVERITlY_LEVEL,
FILE| E_OPEN_STATUS appear in package STANDARD in Clause 14,
NOTE

1—Tlpe first 33 nongraphic elements of the predefined type CHARACTER (from NUL through DEL) are the ASCII
abbrevtatt ittt f f ; SCIl names are
chosen as ISO 8859-1: 1987 [B11] does not assign them abbreviations. The next 32 (C128 through C159) are also not
assigned abbreviations, so names unique to VHDL are assigned.

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

1The numbers in brackets correspond to those of the bibliography in Annex D.
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3.1.2 Integer types
An integer type definition defines an integer type whose set of values includes those of the specified range.
integer_type_definition ::= range_constraint

An integer type definition defines both a type and a subtype of that type. The type is an anonymous type, the
range of which is selected by the implementation; this range must be such that it wholly contains the range
given in the integer type definition. The subtype is a named subtype of this anonymous base type, where the
name of the subtype is that given by the corresponding type declaration and the range of the subtype is the
given range.

Each bound of a range constraint that is used in an integer type definition m atic expression
of sgme integer type, but the two bounds need not have the same integer typex((Negative bounds are
allowed.)

Inteder literals are the literals of an anonymous predefined type thatisuwsa integ ig stan-
dard| Other integer types have no literals. However, for each integer typ i implicit conversion
that ¢onverts a value of typmiversal_integeinto the correspondi ; i i type (see

7.3.9).

The position number of an integer value is the corresponding

The game arithmetic operators are predefined f e ne execution of
suchfan operation (in particular, an implici j s, if the value
corrgsponding to the mathematical resul

An implementation may restui S i i per than type

universal_integerHowever, an im atlc st allg i i Whose range
is wholly contained with i

Examples:
tyge TWOS_COMP
type BYTE
tyge WO
suptype

3.1.2.1 Predefined intéger types

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

NOTE—The range of INTEGER in a particular implementation 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.
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physical_type_definition ::=
range_constraint
units
primary_unit_declaration
{ secondary_unit_declaration }
end units[ physical_typesimple_name ]

primary_unit_declaration ::= identifier ;

secondary_unit_declaration ::

identifier = physical_literal ;

ph

A ph
range
given i
name
giver

Each
of sq

allowed.)

EacH unit declaration (either the prima dary unit declaration)
name. Unit names declared in seconda st be directly or indirectly defir
integral multiples of the primary unit of theype ith they appear. The positio

unit age constraint.

The abstract literalpor
an integer literal.

Therg is a positio sponding to each value of a physical type. The position num
corrgspongi

number arresponding to a physical literal with an abstract literal part is the largs
is nof greatertharkthe product of the value of the abstract literal and the position number of t
ing unit name.

The same-arithmetic operators are predefined for all physical types (see 7.2). It is an error if {

mous type, the
ains the range

type, where the
P subtype is the

atic expression

type. (Negative bounds are

dafirtes a

ined in terms of

n numbers of
fier of the type
ration must be
unit name.

per of the value
b, The position

pst integer that
he accompany-

he execution of

such[an 6peration cannot deliver the correct result (i.e.,

if the value corresponding to the mathhematical result

is not a value of the physical type).

An implementation may restrict the bounds of the range constraint of a physical type. However, an imple-
mentation must allow the declaration of any physical type whose range is wholly contained within the

bounds —2147483647 and +2147483647 inclusive.
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Examples:

type DURATION s range—1E18to 1E18

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

end units

tyge DISTANCEis range0 to 1E16

units
-- primary unit:
; -- angstrom
-- metric lengths:
nm = 10A; -- nanometer
um = 1000 nm; -- micromete (o)
mm = 1000 um; -- millimeter,
cm = 10 mm; -- centime
m = 1000 mm;
km = 1000 m;

-- English lengths:
mil 254000 A
inch
ft

. duration; variable z: integer;

X!

y:

zZ:

X!

y :F y/10;

z 39434 inch / m;
NOTES

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

2— The value of a physical literal, whose abstract literal is either the integer value zero or the floating point value zero,
is the same value (specifically zero primary units) no matter what unit name follows the abstract literal.

3.1.3.1 Predefined physical types

The only predefined physical type is type TIME. The range of TIME is implementation dependent, but it is
guaranteed to include the range —2147483647 to +2147483647. It is defined with an ascending range. All
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specifications of delays and pulse rejection limits must be of type TIME. The declaration of type TIME
appears in package STANDARD in Clause 14.

By default, the primary unit of type TIME (1 femtosecond) isrés®lution limitfor type TIME. Any TIME

value whose absolute value is smaller than this limit is truncated to zero (0) time units. An implementation
may allow a given execution of a model (see 12.6) to select a secondary unit of type TIME as the resolution
limit. Furthermore, an implementation may restrict the precision of the representation of values of type
TIME and the results of expressions of type TIME, provided that values as small as the resolution limit are
representable within those restrictions. It is an error if a given unit of type TIME appears anywhere within
the design hierarchy defining a model to be executed, and if the position number of that unit is less than that
of the secondary unit selected as the resolution limit for type TIME during the execution of the model, unless
that {init is part of a physical literal whose abstract literal is either the integer value zero or thg floating-point
value zero.

pogsible to simu-
rapy for a shorter

NOTHE—BY selecting a secondary unit of type TIME as the resolution limit for typg
late fpr a longer period of simulated time, with reduced accuracy, or to simglate
periogl of simulated time.

bf a guarded
P, 12.6.2 and
ehts, timeout dlause in, 8.1;

Crosp-referencesDelay and rejection limit in a signal assign
signadl, 5.3; function NOW, 14.2; predefined attributes, function
12.6J3; type TIME, 14.2; Updating a projected wavefo
Elabpration of a declarative part, 12.3.

3.1.4 Floating point types

flopting_type_definition ::=_range_co

A flogting type definition. de ) oN= mous type, the
range of which is selected i nentation-th ains the range
given in the floating\yp type, where the
name of the sub P subtype is the
given range.

Each bound of a ra A atis used in a floating type definition must be a locally static expression
of some floati int { g two bounds need not have the same floating point type. (Negative bounds
are dllowe

e literals of an anonymous predefined type that isuralletsal_realip this

stan point types have no literals. However, for each floating point type there exists an
impligit conversion thet converts a value of typeversal_realinto the corresponding value (if any) of the
floating/point type (see 7.3.5).

Floaj:ng poi

The same arithmetic operations are predefined for all floating point types (see 7.2). A design is erroneous if
the execution of such an operation cannot deliver the correct result (that is, if the value corresponding to the
mathematical result is not a value of the floating point type).

An implementation must choose a representation for all floating-point types excaptversal_realthat
conforms either to IEEE Std 754 or to IEEE Std 854; in either case, a minimum representation size of 64 bits
is required for thi¢hosen representation
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An implementation may restrict the bounds of the range constraint of floating point types other than type
universal_real However, an implementation must allow the declaration of any floating point type whose
range is wholly contained within the bounds allowed by the chosen representation.

NOTE—AnN implementation is not required to detect errors in the execution of a predefined floating point arithmetic
operation, since the detection of overflow conditions resulting from such operations might not be easily accomplished on
many host systems.

3.1.4.1 Predefined floating point types

The only predefined floating point type is the type REAL. The range of REAL is host-dependent, but it is

guargnrteeeHe-bethelargestallewed-by-the-chesen+epresentatien—tHs-defined-with-araseending range.
NOTHE—The range of REAL in a particular implementation is determinable from the of it5,"LOW and 'HIGH
attribyites.

3.2 Composite types

Com

posite types are used to define collections of values. ThesgeN arrays of value

valugs of a homogeneous type) and records of values (calle f potentially
types).
composite_type_definition ::=
array_type_definition
| record_type_definition
An object of a composite type represents i abjects, one for each element of

obje

a composite type ultimately
posite subelement of the

3.2.1

An al
elem
array

un

co

s 0f file types or protected types. Th
jects of scalar or access types, one fg
co

Array types@

array (mde ” subtype deflnltlon{ index_subtype_definition } )
of elementsubtype_indication

5 (collections of
heterogeneous

the composite
us an object of
r each noncom-

he name for an

. The value of an

nstrained_array_definition ::=
array index_constrainbf elementsubtype_indication

index_subtype_definition ::= type_madnge <>

index_constraint ::= ( discrete_range {, discrete_range } )

discrete_range ::=iscrete subtype_indication | range
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An array object is characterized by the number of indices (the dimensionality of the array); the type, posi-
tion, and range of each index; and the type and possible constraints of the elements. The order of the indices
is significant.

A one-dimensional array has a distinct element for each possible index value. A multidimensional array has

a distinct element for each possible sequence of index values that can be formed by selecting one value for
each index (in the given order). The possible values for a given index are all the values that belong to the cor-
responding range; this range of values is calledhiihex range

An unconstrained array definition defines an array type and a name denoting that type. For each object that
has the array type, the number of indices, the type and position of each index, and the subtype of the

ele

stan

A co

Ifag
deno

The
that
must

Exar

tyq

tyq

nts are as in the type definition. Trdex subtypdor a given index position is, by definitian,

not contain {}s

nples:

N y &downto0) of FIVE_LEVEL_LOGIC ;
-- Anl input pott type with a descending range.

Example of unconstrained array declarations:

the sub-

e left and right
htype; similarly,
efinition

and direction).

plicit) uncon-
trained array
ptype defined

array type.

his declaration

btype indication
btype indication

RAC A g T Py NPT UV VI
type MEMORY sarray (tiNTEGERTange <> of vty —WORD—;

-- A memory array type.

Examples of array object declarations:

signal DATA_LINE : DATA_IN ;

-- Defines a data input line.

variable MY_MEMORY : MEMORY (0to 2**n-1) ;

-- Defines a memory of"B2-bit words.
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NOTE—The rules concerning constrained type declarations mean that a type declaration with a constrained array
definition such as

type Tis array (POSITIVErange MINIMUM to MAX) of ELEMENT;

is equivalent to the sequence of declarations
subtypeindex_subtypés POSITIVErange MINIMUM to MAX;
type array_typeis array (index_subtypeange <>) of ELEMENT;
subtypeT is array_type (index_subtype)

whereindex_subtyp@andarray_typeare both anonymous. Consequently, T is the name of a subtype and all objects
declared with this type mark are arrays that have the same index range.

3.2. Jrtindexcornstrants arnd aiscrete Tanges

An ipdex constraint determines the index range for every index of an thereby, the

corrgsponding array bounds.

For g discrete range used in a constrained array definition and defined bxa rang \iMpli€it gonversion to the
predefined type INTEGER is assumed if each bound is either a néimeri 8 i and if the type
of bgth bounds (prior to the implicit conversion) is the typi&er & ervwi ' ds must

be of the same discrete type, other thaiversal_integerthis type™ B de ined i ntly of the
contéxt, but using the fact that the type must be discrete 3 game type. These
ruleg apply also to a discrete range used in an iteration scfiene (s ¢ i eme (see 9.7).

If anjindex constraint appears after a ty, inNe i ior ype denoted by
the type markmust not already impose aq i b\ uncon-
straiped array type or an access type whase desi : Ir case, the index

conspraintmust provide a discrete range for each ind ' , discrete range

An index constraint i€ompat A g6 @ if, if, constraint
defined by each discrete geis co ible with ing i . of the discrete

ranges defines a Ay value
satisfiesan index{fpﬁ have the same
index range. (Note, Ilve an implicit
subtype conversiani.

The {ndex rarge o

a corresponding
must define a constrained array subtype (and thereby, the index fange for each
index. of ihe.gbject). The same requirement exists for the subtype indication of an elgment declara-
tion, if the typ€ of the record element is an array type, and for the element subtype indication of an

array type definition, if the type of the array element is itself an array type.

— ~ FOr a constant declared by an object declaration, the index ranges are defined by the initial value, if
the subtype of the constant is unconstrained; otherwise, they are defined by this subtype (in which
case the initial value is the result of an implicit subtype conversion).

— For an attribute whose value is specified by an attribute specification, the index ranges are defined by
the expression given in the specification, if the subtype of the attribute is unconstrained; otherwise,
they are defined by this subtype (in which case the value of the attribute is the result of an implicit
subtype conversion).

— For an array object designated by an access value, the index ranges are defined by the allocator that
creates the array object (see 7.3.6).
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For an interface object declared with a subtype indication that defines a constrained array subtype,
the index ranges are defined by that subtype or subnature.

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

For a formal parameter of a subprogram that is of an unconstrained array type and whose
subelements are associated individually (see 4.3.2.2), the index ranges are obtained as follows: The
directions of the index ranges of the formal parameter are those of the base type of the formal; the
high and low bounds of the index ranges are respectively determined from the maximum and mini-
mum values of the indices given in the association elements corresponding to the formal.

If the i

spon
they
depd

statement«that is of an
s afeobtpined from the

For a formal generic or a formal port of a design entity or of a blp

corresponding association element in the generic map aspect (in tife caseqf.a jeneric) or port
map aspect (in the case of a formal port) of the applicable (impli€i iCItNDI g indication.

For a formal generic or a formal port of a design entity or of vat is| of an uncon-
strained array type and whose subelements are associgted\indivitit i es are obtained
as follows: The directions of the index ranges of the i [ those of the
base type of the formal; the high and low bound adnde are respectivgly determined

S correspond-

pe and that is

nimum values

low bounds of th
of the indiive

om the corre-
ividually), then
e actual part(s) or by the formal part(s) of the associatipn element(s),

iterface object, as follows:

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

For an interface object or member of an interface object whose maug, ibuffer, inout, or

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

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

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

constantA_Word: Word :="10011";
-- The index range of A_Word ist6 4

entity E is

generic (ROM: Memory);

port (Op1, Op2:in Word; Resultout Word);
engentity £;
-- The index ranges of the generic and the ports are defined by the ac
-- with an instance bound to E; these index ranges are accessible
- array attributes (see 14.1).

thals associated
predefined

si
si

o)

nalA, B: Word (1to 4);
nal C: Word (5downto 0);

e

Ingtanceentity E
generic map(1 to 2 => pthers =>'0"))

-- of Op2is 20 4, and the
-- (again matching the index s

3.2.1.2 Predefined array types
The predefined array types are S in Clause 14.

The |values of the p
CHARACTER, i 4@:

s
tyy

defined type

C

The
inde

e BIT_VECTOR are one-dimensional arrays of the predefined type BIT,
defined subtype NATURAL.:

su AL iISINTEGERrange 0 to INTEGER'HIGH ;
type BIF “VECTORIs array (NATURAL range <>) of BIT ;

Examples:

variable MESSAGE : STRING(%o 17) := "THIS IS A MESSAGE" ;
signal LOW_BYTE : BIT_VECTOR (00 7) ;

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.
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record_type_definition ::=

record
element_declaration
{ element_declaration }
end record|[ record_typesimple_name ]

element_declaration ::=

identifier_list : element_subtype_definition ;

identifier_list ::= identifier { , identifier }

nicubtana _dafioition o — o na i dlia ot o

elr ma. Q
gt t—Stotype—aentaoh— Sttty pC—HhtrCatoh

Each

type Imust be distinct. The use of a name that denotes a record element i§ not 3

defin
An e
Each
defin

If a9

decldration in which the record type definition is ingtaded,

Are

they appear in the type definition.

Example:

tyq

3.3 Access types

An object declarey
dengted by a st

ation

returped byyan allocator; the access value is saldgmnatehe object.

element declaration declares an element of the record type. The identifiers ofall(eleménts of a record

the record type

ement declaration with several identifiers is equivalent to a{seque element declarations.
single element declaration declares a record element whosge element subtype
tion.

imple name appears at the end of a record typ¢ de fier of the type

ord type definition creates a reco

e DATE s
record

DAY

VONTH

YEAR
end record

of allocaters (seg’7.3.6) have no simple name. Access to such an object is achiezmtds

acCess_type_defimition —acCessubtype_ndication

For each access type, there is a litardl 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, calledllacator. Each such access value designates an object

of the subtype defined by the subtype indication of the access type definition. This subtype is called the
designatedsubtypeand the base type of this subtype is calledi#sgnated typelrhe designated type must

not be a file type or a protected type; moreover, it must not have a subelement that is a file type or a protected

type.
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An object declared to be of an access type must 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 ADDRESSIis accessMEMORY;
type BUFFER_PTRs acces§EMP_BUFFER;

NOTES

1—A [ing access type.
Hencp f the access type.
An ag hn object declared
by an

2—If d with the array
boun

3.3.1

The type or a protected type (see 3.3). In
parti¢ er access type or even| the same access
type. v ypes. Declarations of such typep require a prior

incof
ing

For dach incomplete type ion(the ; a corresponding full type declaration with{the same iden-
tifier.| This full type~dec and immediately within the same declaratiye part as the
incomplete type .@ i

Prior pe declaration, the only allowed use of a hame that|denotes a type
decld aclaration is as the type mark in the subtype indication of [an access type
definiti yed in this subtype indication.

Exan
tyn -- An incomplete type declaration.

type LINK'is accesCELL;

type€EttTs

record
VALUE . INTEGER,;
SuUCC : LINK;
PRED : LINK;

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

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

type PART_PTRis acces$ART;
type WIRE_PTRis accesWIRE;

type PART_LISTis array (POSITIVErange <>) of PART_PTR;
type WIRE_LISTis array (POSITIVErange <>) of WIRE_PTR;

type PART_LIST PTHs acces®ART_LIST:
tyge WIRE_LIST_PTRis accesSWIRE_LIST;
type PARTIs
record
PART_NAME : STRING (1to MAX_STRING_LEN);
CONNECTIONS WIRE_LIST_PTR;
end record;
type WIREIis
record
WIRE_NAME : STRING (1to MAX_$
CONNECTS
end record;
3.3.4 Allocation and deallocation of obje
An opject designated by a allocator for that type. An allocator is a primary
of ar] expression; allocators arend ration is implic-
itly declared immediatelyfollowi ration makes
it pogsible to deallocate exphCi
Givep the followin
tyge AT is accesd
the fpllowing ©
procedure
Procpdure DEALLOCATE takes as its single parameter a variable of the specified access type. If the value
of that vafiable is the null value for the specified access type, then the operation has no effect. If the value of
that yariable is an access value that designates an object, the storage occupied by that objéct is returned to
the systenmandmay thenmbereused-forsubsequent object creationthrough-the-mvocatiormrofan 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 veriaaetss null
and thus references invalid storage.
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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 must not be a file
type, an access type, or a protected type. If the base type is a composite type, it must not contain a
subelement of an access type, a file type, or a protected type. If the base type is an array type, it must be a

one-flimensional array type.

Examples:
filg of STRING

filg of NATURAL

3.4.1 File operations

The Janguage implicitly defines the ope

declaration:

tyge FT is file of TM;

-- Defines a file type that can contai
an indefinite number of string
Defines a file type that can cont

1
i
o
=

<
>
o
>
>
D

«Q
Q
=
<
D
5
—
D

«Q
D
=

ng file type

where type mark TM dengté ar t e, or a constrained array subtypsq, the following

opergtions are implicitly deslared.i fate ingthe file type declaration:

procedure QS

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

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

¢ STRING;
ILE_OPEN_KIND := READ_MODE);

file F: FT);

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 samptnbe
and the file object has atcess moddependent on the value supplied to the Open_Kind parameter (see

14.2).

— If the value supplied to the Open_Kind parameter is READ_MODE, the access mode of the file
object isread-only In addition, the file object is initialized so that a subsequent READ will return the
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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 the file
object iswrite-only In addition, the external file is made initially empty. Values written to the file
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
object iswrite-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.

In the second form of FILE_OPEN, the value returned through the Status parameter indicates the results of
the grocedure call:

—| A value of OPEN_OK indicates that the call to FILE_ OPEN wa$ ssful. If[the call to
FILE_OPEN specifies an external file that does not exist at the begni t 3 d if the access
mode of the file object passed to the call is write-only, then the i -

—| A value of STATUS_ERROR indicates that the file object alres 8 * le associated
with it

—| A value of NAME_ERROR indicates that the exter ' ist (jr an attempt to
read from the external file) or the external file car [ mpt to write or
append to an external file that does not exist) IS8 ned if the externall file cannot be
associated with the file object for g q

—| A value of MODE_ERROR indita exterpal file )cannot be opened with the requested
Open_Kind

The first form of FILE_OPEN causes an er ' | when called
undgr identical conditions, ¥

A call to FILE_OPEN o

Similarly, a call to KILE
OPEN_OK.

If a file object F is gss®

uif and only if the call does not cause an errof to occur.
Qrm is successful if and only if it returns a Status value of

ernal file, procedure FILE_CLOSE terminates accesq to the external

file associated with K & * ¢ external file. If F is not associated with an extefnal file, then
FILE] CLOS S ) ither case, the file object is no longer open after a call to FILE_CLOSE that
assogiates thefi jectwi formal parameter F.

An implici : OSE exists in a subprogram body for every file object declpred in the
corrgsponding-st am declarative part. Each such call associates a unique file object with the formal

parameter Exand is calied whenever the corresponding subprogram completes its execution.

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 it the 1lle object Is not open. Procedure WRITE appends a value 1o a tile; 1t 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 objec
by the READ operation.

t are unaffected

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

that point.

At the beginning of the execution of any file operation, the execution of the file opdtatiis(seq
until pxclusive access to the file object denoted by the formal parameter F can be-granteédy’'E
to the given file object is then granted and the execution of the file operatj 3S)'Oncs
tion gompletes, exclusive access to the given file object is rescinded.

NOTHE—Predefined package TEXTIO is provided to support formatted hupianreadakle MO. It\defines ty,
type fepresenting files of variable-length text strings) and type LINE (an a y ignates sug
and WRITE operations are provided in package TEXTIO that append’orextrac ihgle line.

ationg are provided to read or write entire lines and to determine the statu g eurrentijne or of the fi
TEXTIO is defined in Clause 14.

3.5 Protected types

pe implements instantiati
access to shared data. Shar
multiple processes.

sequential statements, each of which are guarantee
variaple objects that may be potentially & cceﬁed S

Each protected typ
have| exactly one co 1 otested’ type body appearing immediately within the sa

regign and textug § 3t to the protected type declaration. Similarly, each protec
appdaring immedia en’declarative region must have exactly one correspon
type |declaration ~appeaxi ediately within the same declarative region and textually
protgcted

3.5.1 Protec
A protecteditype dectdration declares the external interface to a protected type.

ptotected type declaration ::=

12.5)
Xclusive access
the file opera-

pe TEXT (afile
h strings). READ
\dditional oper-
e itself. Package

ible regions of
ed data is a set of

ee 10.1) must
me declarative
ted type body
Hing protected
prior to the

protected
protected_type_declarative_part
end protected[ protected_typesimple_name ]

protected_type_declarative_part ::=
{ protected_type_declarative_item }

protected_type_declarative_item ::=
subprogram_declaration

| attribute_specification

| use_clause
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If a simple name appears at the end of a protected type declaration, it must 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 explic-
itly specified in the formal parameter list of the subprogram declaration of the subprogram. Such formal
parameters must not be of an access type or a file type; moreover, they must 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 function
must not be of an access type or file type; moreover, it must not have a subelement that is an access type or a

file type.

Examples:

type SharedCountas protected
procedureincrement (N: Integer ;= 1);
procedure decrement (N: Integer := 1);
impure function valuereturn Integer;
end protectedSharedCounter;

type ComplexNumbeis protected
procedure extract yariable r, i: out Real);
procedure add gariable a, b: inoutComplex
end protectedComplexNumber;

type VariableSizedBitArrays protected
procedure add_bit (index: Posijtive; value; B
impure function sizereturn Na
end protectedVariableSizedBitA

3.5.2 Protected type boglies

A prgtected type

ion for a protected type.

y—declarative_part
protected_typesimple name ]

protected_type~body_ declarative_item ::=
subprogram_declaration
| subprogram_body

[Type_declaration

| subtype_declaration

| constant_declaration
| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification
| use_clause

| group_template_declaration
| group_declaration
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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.

Examples:

type SharedCountés protected body

variable counter: Intngnr =0

procedureincrement (N: Integer := 13
begin

counter := counter + N;
end procedureincrement;

procedure decrement (N: Integer := i
begin
counter := counter — N;

end proceduredecrement;
impure function valuereturn Integeris
begin
return counter;
end function value;

end protected bodySharedCounter;

procedureext
begin
ri=re;

1= 1R

end prosgdiree

alextract(a_real, a_imag);
b.extract (b_real, b_imag);
re :=a real +b_real,
im:=a imag +b _imag;

end procedureadd;
end protected bodyComplexNumber;
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type VariableSizeBitArrays protected body
type bit_vector_acceds acces®8it_Vector;

variable bit_array: bit_vector_accessmll;
variable bit_array_length: Natural := O;

procedure add_bit (index: Positive; value: Bi§
variable tmp: bit_vector_access;
begin
if index > bit_array_lengtthen
tmp := bit_array;
bit array :=new bit vector (ko index);

if tmp /=null then
bit_array (1to bit_array_length) := tmall;
deallocate (tmp);

end if;
bit_array length :=index;
end if;

bit_array (index) := value;
end procedureadd_bit;

impure function sizereturn Naturalis
begin
return bit_array_length;
end function size;
end protected bodyVariableSizeB ay;

o
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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

| component_declaration

| group_template_declaration
| group_declaration

| entity_declaration

| configuration_declaration

| subprogram_declaration

| package_declaration

| primary_unit

| architecture_body

For gach form of declaration, the Ianguage rules definé
ration (see 10.2). Each form of declargtion assggiate
SCOpE, there are places where it is pos
placegs are defined by the visibility rules (s
entity; the name is said ttenotethe associja
This clause describes type ar

tions|
kinds

A declaration tal
Claupe 12.

417
A tyq

type_

||nc6mplete _type_declaration

full_type_declaration ::=

decla-

nly within its
hred entity; these
& the

5, alias declara-
lions. The other

s discussed in

type identifieris 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 sambaymousf 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.

NOTES

1 'I'\ a-tunadafinitione ahaave dafina hao dictinot fvnac auvan if thayv, ara lasvicalhy idanticoal Thic tha £ definitions in
Oty pe-atrrtonoSathroty o ae e tyro-orrotret =4 verrrieyaree Ty TaeraCot— oo ret

1 4
the fdllowing two integer type declarations define distinct types:

type Ais rangel to 10;
type B is rangel to 10;

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

2—The various forms of type definition are described in Clause 3. Exam e decla s are glso given in that
clausp.

4.2 $ubtype declarations

A subtype declaration declares a subtype

suptype_declaration ::=
subtypeidentifieris subtype_indication ;

S

o

btype_indication ::=

[ resolution_functi int ]

type_mark ::=
type_n
| subtypena
copstraint ::=

A tyge ma s.atype or a subtype. If a type mark is the name of a type, the type mark denotes this type
and g@lso the safre ding unconstrained subtype. The base type of a type mark is, by defjnition, the base
type of the type)orsubtype 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 mean-
ing 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.

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
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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.

The direction of a discrete subtype indication is the same as the direction of the range constraint that appears
as the constraint of the subtype indication. If no constraint is present, and the type mark denotes a subtype,

the direction of the subtype indication is the same as that of the denoted subtype. If no constraint is present,

and the type mark denotes a type, the direction of the subtype indication is the same as that of the range used
to define the denoted type. The direction of a discrete subtype is the same as the direction of its subtype

indication.

A su[l)type indication denoting an access type, a file type, or a protected type must not contgin a resolution
function. Furthermore, the only allowable constraint on a subtype indication/denot] ess type is an
index constraint (and then only if the designated type is an array type).

A suptype indication denoting a subtype of a record type, a file type, e t not contain a
consjraint.

NOTHE—A subtype declaration does not define a new type.

4.3 Objects

An opjectis a named entity that containgAh - bject is one of the followfing:

—| Alocal port fsee
—| Alocal ge

—| An implicit sigg ~ i by the guard expression of a block statement (see 9.1)

—| An/rplicit signal-defi UIET, and

—| An abjeet desigriated by a value of an access type (see 3.3)
Therp-afe four classes of objects: constants, signals, variables, and files. The variable clas$ of objects also
has amadditionatsubclass shared variabies. The class of amnm explititty dectared object s Specified by the

reserved word that must or may appear at the beginning of the declaration of that object. For a given object

of a composite type, each subelement of that object is itself an object of the same class and subclass, if any,
as the given object. The value 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 pack-
ages. Loop and generate parameters are implicitly declared by the corresponding statement and are available
for use only within that statement. Other objects, declared by interface declarations, create channels for the
communication of values between independent parts of a description.
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Object declarations

An object declaration declares an object of a specified type. Such an object is cakpticitty declared
object.

object_declaration ::=

constant_declaration
| signal_declaration

| variable_declaration
| file_declaration

An 0O

callefl amultiple-object declaratioiif the identifier list has two or more identifiers:
ration is equivalent to a sequence of the corresponding number of single-opject decl

fier d
aco

sequence is in the same order as the identifier list.
A similar equivalence applies also for interface object declarat

NOTHE—The subelements of a composite declared object are xiot dectaredbj

4.3.1

A co
cons

co

If the
spec
cons

If the
decld
The
of th

Form
alwa
withi
ing g

Ject declarafion 1S calledsangle-object declarafiomt its identifier ISt has a single identi|
Aqultiple-ebj

.1 Constant declarations

hstant declaration declares@nstant
fant.

hstant_declaration ::=
constantidentifier _H

fies the value.of the cons
fant cannot [ '

enerate statement (see 9.7). A subelement or slice of a constant is a constant.

er; it is
bct decla-

. For each identi-
ier, followed by
;|the equivalent

clared

the expression
The value of a

ption, then the
kage declaration.

ne correspond-

It is

i£ + + ol ! rT A ] + il ot o £ £l + 4
ITCITUr 1 a vuriotdrnit utulidirativimT utuidliTo d turiotarnt uiat 1o Ul a TS Ly Jo, Al ALLT OO 1)

pe, a protected

type, or a composite type that has a subelement that is a file type, an access type, or a protected type.

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

Examples:

constantTOLER : DISTANCE := 1.5 nm;

constantPl : REAL :=3.141592 ;

constantCYCLE_TIME : TIME := 100 ns;

constantPropagation_Delay : DELAY_LENGTH,; -- A deferred constant.
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4.3.1.2 Signal declarations

A signal declaration declaresmnal of the specified type. Such a signal iaplicitly declared signal

signal_declaration ::=

signal identifier_list : subtype_indication [ signal_kind ] [ := expression | ;

signal_kind ::=register | bus

If the name of a resolution function appears in the declaration of a signal or in the declaration of the subtype
used to declare the signal, then that resolution function is associated with the declared signal. Such a signal

is cal

If a g
indic
agu
may
guar
tion

the t

If thd
type
defa
signa
For 3
sion

In the

subty
subty

Itis g

led aesolved signal

A\

ignal kind appears in a signal declaration then the signals o) decI rdmjsig

aco
if a

als.of th

e kind
rded signal. For
guarded signal
B given
d a null transac-
Ised to specify

pe of the same
efines a
thereof. For a
Le of the signal.
b default expres-

ignal of a scalar
3 ighal of a scalar

pe. The implicit d by T'LEFT.
AN error if a @J declaratio ares a signal that is of a file type, an access type, a pijotected type, or

12.6J1) o arey
the di
sourg¢es, one

signal has multiple

the fprmal parameter of the resolution function associated with the resolved signal.

ources and it is not a resolved signal. It is also an error if, after the e
descfiption,a resolved signal has more sources than the number of elements in the index ran

g driver (see

with which
ection of scalar
a description, a
aboration of a
ge of the type of

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 cor-
responding formal is of modeut, inout, buffer, or linkage, then every scalar subelement of that signal

must be associated exactly once with such a formal in the same port map aspect, and the collection of the
corresponding formal parts taken together constitute one source of the signal. If a resolved signal of compos-
ite type is associated as an actual in a port map aspect, that is equivalent to each of its subelements being
associated in the same port map aspect.
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If a subelement of a resolved signal of composite type has a driver in a given process, then every scalar
subelement of that signal must have a driver in the same process, and the collection of all of those drivers
taken together constitute one source of the signal.

The default value associated with a scalar signal defines the value component of a transaction that is the
initial contents 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 occurred by the start of simulation.

Examples:

0

ignal S : STANDARD.BIT_VECTOR (%o 10) ;
ignal CLK1, CLK2 : TIME ;
ignal OUTPUT : WIRED_OR MULTI_VALUED_LOGIC;

0

0

NOTES
1—Ports of any mode are also signals. The term signal is used in this sta bclared either by

signa) declarations or by port declarations (or to subelements, slices, d aha 3 . hiso refers to the
impligit signal GUARD (see 9.1) and to |mpI|C|t signals defined by the i i D, 'STABLE,
'QUIBT, and 'TRANSACTION. The term port is used to refer to objet y.

2—Signals are given initial values by initializing their drivers. Fhe initial vatugs’of dxivers are then propagated through
the coprresponding net to determine the initial values of the signals s

Crosp-referencesdisconnection speC|f|ca' S eti , 9.5; gsignment, 9.5;
guargled blocks, 9.1; guarde

4.3.1.3 Variable declarations

A vafiable declafatiop svari ifi . i i ici clared
variaple.

A valiable declaratio i i i i ghared

variable dec § gsshared variable Shared variables are a subclass of the variaple class of
obje¢ts. The base type\of the subtype indication of a shared variable declaration must be a| protected type.
Varigbles declared inwnediately within entity declarations, architecture bodies, packages, package bodies,
and plocks)must be shared variables. Variables declared immediately within subprograms|and processes
must notbe shared variables. Variables may appear in protected type bodies; such variables] which must not
be shared variables, represent shared data.

If a given variable declaration appears (directly or indirectly) within a protected type body, then the base
type denoted by the subtype indication of the variable declaration must not be the protected type defined by
the protected type body.

If the variable declaration includes the assignment symbol followed by an expression, the expression speci-
fies an initial value for the declared variable; the type of the expression must be that of the variable. Such an
expression is said to be anitial value expressionA variable declaration, whether it is a shared variable
declaration or not, whose subtype indication denotes a protected type must not have an initial value expres-
sion (moreover, it must not include the immediately preceding assignment symbol).
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If an initial value expression appears in the declaration of a variable, then the initial value of the variable is
determined by that expression each time the variable declaration is elaborated. In the absence of an initial
value expression, a default initial value applies. The default initial value for a variable of a scalar subtype T
is defined to be the value given by T'LEFT. The default initial value of a variable of a composite type is
defined to be the aggregate of the default initial values of all of its scalar subelements, each of which is itself
a variable of a scalar subtype. The default initial value of a variable of an access type is defined to be the
valuenull for that type.

NOTES

1—The value of a variable that is not a shared variable is modified by a variable assignment statement (see 8.5); such
assignments take effect immediately.

2—The variables declared within a given procedure persist until that procedure completes and returhs|to the caller. For
procgdures that contain wait statements, a variable therefore persists from one point'in simulatiet.tfim¢ to another, and
the value in the variable is thus maintained over time. For processes, which never cofplete, alwariables persist from the

4— Yince the language guarantees mutual exclusion of accesses to sh \ hccess to such data

minisic. For example, consider the following architecture:

architecture UseSharedVariabled SomeEntityis
subtype ShortRangés INTEGERrange -1to 1;
type ShortRangeProtectésl protected
procedure Set(V: ShortRangg);

variable Local: ShortRange(:
begin
procedure Se

Counter.Get( V);
Counter.Set( V+1);
walt;

end processPROC1,;

PROC2:process
variable V: ShortRange;
begin
Counter.Get( V);
Counter.Set( V-1);
wait;
end processPROC2;
end architecture UseSharedVariables;

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

5—Variables that are not shared variables may have a subtype indication denoting a protected type.
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Examples:

variable INDEX : INTEGERrange0t0 99 :=0;
-- Initial value is determined by the initial value expression

variable COUNT : POSITIVE ;
-- Initial value is POSITIVE'LEFT,; that is,1

variable MEMORY : BIT_MATRIX (0 to 7, 0 to 1023) ;
-- Initial value is the aggregate of the initial values of each element

shared variable Counter: SharedCounter;

o220 1 and D0 2 far thn doafinitione of Clhoarad o ity
DC T OO ara oo Z 10Tt rC Ot T o TS OT- O iar Co OOttt

shared variableaddend, augend, result: ComplexNumber;
-- See 3.5.1 and 3.5.2 for the definition of ComplexNumber

vafiable bit_stack: VariableSizeBitArray;
-- See 3.5.1 and 3.5.2 for the definition of VariableSizeBitA

4.3.1.4 File declarations
A filg declaration declaresfie of the specified type. Suc ileNisexn red file

filg_declaration ::=

fild_open_information ::= ¢pen file_open
fild_logical_name ::=string_expressio

The subtype indication of axfjle declaration n

If filg open information [is ik ed i i ile declaration, then the file declared by the @leclaration is
opened (see 3.4.@ N implici see 12.3.1.4).
This fimplicit call is ' ifier with the

file pprameter F, the
with the Open_Ki

ind expression
hformation of

a given file de n of the file
decldration.
If file]l open~informationis ngt included in a given file declaration, then the file declared by the declaration is

not dpened whg ile declaration is elaborated.

The file l6gical name must be an expression of predefined type STRING. The value of thid expression is
interprétéd as a logical name for a file in the host system environment. An implementation| must provide
some—mechanismto—associate—a fitetogicat mame—with—ahostdependentfite—Such—a—mechanism is not

defined by the language.

The file logical name identifies an external file in the host file system that is associated with the file object.
This association provides a mechanism for either importing data contained in an external file into the design
during simulation or exporting data generated during simulation to an external file.

If multiple file objects are associated with the same external file, and each file object has an access mode that
is read-only (see 3.4.1), then values read from each file object are read from the external file associated with
the file object. The language does not define the order in which such values are read from the external file,

nor does it define whether each value is read once or multiple times (once per file object).
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The language does not define the order of and the relationship, if any, between values read from and written
to multiple file objects that are associated with the same external file. An implementation may restrict the
number of file objects that are associated at one time with a given external file.

If a formal subprogram parameter is of the cfdssit must be associated with an actual that is a file object.

Examples:

type IntegerFiles file ofINTEGER,;

file F1: IntegerFile;

No implicit FILE_OPEN is performed

filg

filg

NOTE

4.3.2
An in
cons
subp
para
files

int

int

int

during elaboration.

performe

F2: IntegerFilas "test.dat"; -- At elaboration, an |mpI|| caII IS\

arface_decl :
interface o

brface_signal “deefaration ::=
[Signal] identifier_list : [ mode ] subtype_indicatiom{is ] [ := static_expression ]

E);

rface
t parameters of

, lor as signal

intes

v'f'ar\n \lorlahln rlnr\lavahnn e

[varlable] |dent|f|er list : [ mode ] subtype_indication [ static expression ]

interface_file_declaration ::=

file identifier_list : subtype_indication

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

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

assu

med.

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

IEC 61691-1-1:2004(E)

— 69 —

IEEE 1076-2002(E)

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

For an interface file declaration, it is an error if the subtype indication does not denote a subtype of a file

type.

If an interface signal declaration includes the reserved tmesdthen the signal declared by that interface
declaration is a guarded signal of signal Kiod.

If an interface declaration contains a ":=" symbol followed by an expression, the expression is said to be the
defalilt expressionf the interface object. The type of a default expression must be that of the 1orresponding
interface object. It is an error if a default expression appears in an interfa€e declaration #and any of the
following conditions hold:

—| The mode idinkage.

—| The interface object is a formal signal parameter.

—| The interface object is a formal variable parameter of »
Inar i jefault value(s)
asso| gion, an implicit

4.3.1.

drive

An in
ofa
expry
value
4.3.2

The

an object in the environment may be det
)lanner in which such associations are made

pssion in the enviro

of an asso@d

2.

When-the obj
'‘DELAYED, 'TRANSACTION,

ct is a signal and the value of any of its predefined attributes 'STAH
'EVENT, 'ACTIVE, 'LAST_EVENT, 'LAST_ACTIV

eclarations (see
contents of

rticular portion
Ciated object or
brmined by the
is described in

in a wait state-

LE, 'QUIET,
E, or

'CAST VALUE is read

When one of its subelements is 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 lpgdatedwhen one of the following conditions is satisfied:

When it is the target of an assignment, and also (indirectly) when the object is asso
interface object of the modesit, buffer, inout, or linkage
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When one of its subelements is updated
When the object is a file and a WRITE operation is performed on the file

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.

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

Anin

terface object has one of the following modes:

in. The value of the interface object is allowed to be read, but it must not be updated. Reading an

ottt of tho tntarfana aliacot 1o allovand nlaco tha ntarfana aliact 1o o cllhiea oo

NOTE

1—A

2—S
class

3—P

4—1In

4.3.2.

An in
desig

T otC O e e T At C o0 C TS TiTOWw e U T T SotHCT e Tt T oo Tt o o SOoopTrograrTT

ter and the attribute is one of 'STABLE, 'QUIET, 'DELAYED, 'TRAN TION, DRI
'DRIVING_VALUE.

out. The value of the interface object is allowed to be updated, bt

'DELAYED, 'TRANSACTION, 'EVENT, 'ACTIVE,
'LAST_VALUE, is allowed. No other reading is allowed.

mitted.

variable.

terface\list'contaips the declarations of the interface objects required by a subprogram,
n entity, or a block statement.

signal parame-
VING, or

| E, 'QUIET,
, and

tributes of the
CTION of a

b attributes of

appearing as
g is per-

nce shared va & ariables, a shared variable may be associated as an actdial with a formal of

i component, a

int

faca lict --—
eHatCe—St—

interface_element { ; interface_element }

interface_element ::= interface_declaration

A genericinterface list consists entirely of interface constant declarationmorAinterface list consists
entirely of interface signal declarations. parameter interface list may contain interface constant
declarations, interface signal declarations, interface variable declarations, interface file declarations, or any
combination thereof.
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A name that denotes an interface object must 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 (G1: INTEGER,; G2: INTEGER := G1); -- lllegal
port (P1: STRING; P2: STRING(P1'RANGE)); -- lllegal
procedureX (Y1, Y2: INTEGER; Y3: INTEGERge Y1toY2); -- lllegal
end E;

Hojwever, the following interface lists are legal:

enlity E is
generic (G1, G2, G3, G4: INTEGER);
port (P1, P2: STRING (G1to G2));
procedure X (Y3: INTEGERrange G
engl E;

4.3.9.2 Association lists

An aksociation list establishes correspondences be
on the one hand and local or actual names or expr,

aspociation_list ::=
aspociation_element ::=
[ formal_part =>] &
formal_part ::=

formal_desig
| functio

| type_mar

for

ac

|function name ( actual_designator )
[type_mark (actual_designator )

neric, port, or parameter names

actual_designator ::=
expression
| signal name
| variable name
| file_name
| open

Each association element in an association list associates one actual designator with the corresponding inter-
face 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.
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An association element is said torimmedf 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.

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 must occur first at their normal position. Hence once a
named association is used, the rest of the association list must use only named associations.

In the following paragraphs, the teimtual refers to an actual designator, and the temmal 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 argu-
men{ of the function is the formal designator itself, if and only if the mode/of the format;igout,
buffer, or linkage, and if the actual is naipen. In this case, the function pame muskdenote|a function

the type ofNhe:cqrresponding actual.

actual.

Alterpatively, the formal part of a named association element inY of a type conjersion, where
the gxpression to be converted is the formal designator j if if
inout, buffer, orlinkage, and if the actual is napen. In this case,thexkase type denoted by the type mark
musf be the same as the base type of the corresponding act pé conversion provides for type con-
versipn in the event that data flows from the forma e atu@lt istan error if the type of th¢ formal is not
closgly related to the type of the actual{(Se

S
9p)
<
=y
Q

Similarly, the actual part of a (named or positione ociation element may be in the form of a function
call, C designator itself, if and only if the mode of the
formal isin, inout, orlinkage A this case, the function name must denote a
funclon whose single paranetexi QA etual, and whose result is the type of the correspond-
ing formal. In addition, tf S C gastantfor this interpretation to hold (the pctual is

all if the class of the fowpaktani. Such a conpersion

interpreted as an expre
function provide

orm of a type
nly if the mode
ted by the
version provides
he type of the

in the actual
s, or

age,

ion or type

For the association of signals 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 conversion function or type
conversion is present, then the entire formal is considered to be associated with the entire actual.
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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 must 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 t@ds®ciated in wholeln the latter cases, named
association must be used to associate the formal and actual; the subelements of such a formal are said to be
associated individuallyFurthermore, every scalar subelement of the explicitly declared interface object
musf{ be associated exactly once with an actual (or subelement thereof) in the same association list, and all

, for a formal port
any
lement. If the

opéof
onstant, signal,

in order to make
hts in that associa-

2—Although a defa @ i i interface element that declares a (local or formal) pdrt, such a default
ssmn is not inte gre a 3 plicit association element for that port. Instead, the value of the expres-
3 at port during simulation if the port is left unconnected |(see 12.6.2).

hmeters of these

nce a function
h conver-
ing association

as that of Param
or type conver-

sion appears in the actual part when the actual de&gnaﬁmns

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

alias_declaration ::=
alias alias_designator [ : subtype_indicatios hame [ signature ] ;

alias_designator ::= identifier | character_literal | operator_symbol
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An object aliasis an alias whose alias designator denotes an object (i.e., a constant, a variable, a signal, or a
file). A nonobject aliags an alias whose alias designator denotes some named entity other than an object. An
alias can be declared for all named entities except for labels, loop parameters, and generate parameters.

The alias designator in an alias declaration denotes the named entity specified by the name and, if present,
the signature in the alias declaration. An alias of a signal denotes a signal; an alias of a variable denotes a
variable; an alias of a constant denotes a constant; and an alias of a file denotes a file. Similarly, an alias of a
subprogram (including an operator) denotes a subprogram, an alias of an enumeration literal denotes an
enumeration literal, and so forth.

If the alias designator is a character literal, the name must denote an enumeration literal. If the alias designa-
tor ig an operator symbol, the name must denote a function, and that function then overleaps the operator
symbol. In this latter case, the operator symbol and the function both must the requirements of 2.3.1.

NOTES

1—Since, for example, the alias of a variable is a variable, every reference withiq thi c gignator (a name,
chardcter literal, or operator symbol) that requires the designator to derote aunamed)e i n characteristics
(e.g.,|to be a variable) aIIows the deS|gnator to denote an alias, SO long as‘the alla amed entity having

4.3.3.1 Object aliases

The following rules apply to object alias

b)| The name must be 3 ic na ( ject. e name specified
in an alias declaration 3 e<as t i ptype indication
(if the subtype indi iS'pre i idi i pe. When the
object denoted by th i : ia the alias defined by the alias declaration, the following
rules appl
1) |Ifthes array type

the object is

eclaration of

\ 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; moreovel, the subtype

denoted by the subtype indication must include a matching element (see 7.2.2) fof each element
of the object denoted by the name.

2N

3— i thesubtypeindicationdenotesascatar subtypethentheobject s viewed—=asif 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.

c) 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 egragnts
.., &, is implicitly a reference to a slice of the object denoted by the alias consisting of the matching
elements corresponding to eactepthroughe,,.
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2 Nonobject aliases

The following rules apply to nonobject aliases:

a) A subtype indication must not appear in a nonobiject alias.

b) A signature is required if the name denotes a subprogram (including an operator) or enumeration
literal. 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 alias declaration for each of the literals
of the type immediately follows the alias declaration for the enumeration type; each such implicit
declaration has, as its alias designator, the simple name or character literal of the litgral and has, as
its name, a name constructed by taking the name of the alias for the gnhumeration.type and substitut-

Each implicit
eing aliased.

d) pr each of the

such implicit
as its name, a name con-
le name of the

e) d operator for

,]any implicit
alias has a S|gnature that matches the
Examples
vafiable REAL_NUMBER
alias SIGN : BITis R

ali

--SIGNj W

HANTISSA and REAL_NUMBER@&1)
. A reference to MANTISSA{2@/nto 18)

ali “WECTOR (10 7) is REAL_NUMBER (1to 7);
-- EXPOR is a 7-bit value whose range i I/.
alias STD BIT is STD.STANDARD.BIT; -- explicit alias
-- ahas’ IS STD.STANDARD.U - ImpIiCcIt aliases ...
-- [return STD.STANDARD.BIT];
-- alias'1' is STD.STANDARD.'1'
-- [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];
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-- alias"nand" is STD.STANDARD."nand"

-- [STD.STANDARD.BIT, STD.STANDARD.BIT

-- return STD.STANDARD.BIT];

-- 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.STANDARD.BIT
L return STD.STANDARD.BIT];

-- glias"not" is STD.STANDARD."not"

-- [STD.STANDARD.BIT, STD.STANDARD.B

-- return STD.STANDARD.BIT];

-- glias"=" is STD.STANDARD."="

-- [STD.STANDARD.BIT, STD.STANDARD.}

-- return STD.STANDARD.BOOLERA

-- glias"/=" is STD.STANDARD."/="

[STD.STANDARD.BIT, STD-S

-- alias"<"

-- glias"<="

-- glias">"

-- glias">="

NOTH
slice

subelement or

4.4 4

An attribute is~a\alue\function, type, range, signal, or constant that may be associated with one or more
named entities’in a description. There are two categories of attributes: predefined attributes gnd user-defined
attrijutes._Predefined attributes provide information about named entities in a descriptign. Clause 14
contains.the definition of all predefined attributes. Predefined attributes that are signals must hot be updated.

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 ttaesignatorof 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 constant,
a signal, a variable, a quantity, a terminal, a component, a label, a literal, a unit, a group, or a file.
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It is an error if the type mark denotes an access type, a file type, a protected type, or a composite type with a
subelement that is an access type, a file type, or a protected type. The denoted type or subtype need not be
constrained.

Examples:

type COORDINATEis record X,Y: INTEGER; end record,

Ssu

btype POSITIVEis INTEGERrange 1 to INTEGER'HIGH;

attribute LOCATION: COORDINATE;
attribute PIN_NO: POSITIVE;

NOTES

1—A|given named entity E will be decorated with the user-defined attribute A if ang/ogly if an attribute s
lue of attribute A exists in the same declarative part as the declaration of E
ribute name of the form E'A is illegal.

the v
an at

2—A
the n

declal

attrib

prefix.

3—A
port,

someg
the obj

45C

A co

insta’E i
aco

co

Each i

port

If a

Simple,'name appears at the end of a component declaration, it must repeat the ig

pecification for
h a specification,

aration, not with
t rather than the

4 way is the same

f the object as the

iblite of the entire

each element of
each element of

ih a component

ed to associate

ect in the local

entifier of the

com;l)onent declaration.

4.6 Group template declarations

A group template declaration declaregraup template which defines the allowable classes of named

entiti

es that can appear in a group.

group_template_declaration ::=

group identifieris ( entity_class_entry_list) ;
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entity_class_entry_list ::=

entity_class_entry {, entity_class_entry }

entity _class_entry ::= entity class [ <>]

A group template is characterized by the number of entity class entries and the entity class at each position.
Entity classes are described in 5.1.

An entity class entry that is an entity class defines the entity class that may appear at that position in the
group type. An entity class entry that includes a box (<>) allows zero or more group constituents to appear in
this position in the corresponding group declaration; such an entity class entry must be the last one within

the gnfity class entry [ist.

Examples:

g

gr

group DIFF_CYCLESIs (group <>);

4.7

in5.1.

group_declaration ::=

g

It is

specffi

Ana
a prdfi

Ifad

|s the same as the simple name of the package body, then the group constituent denotes the
and not the package body The same rule holds for group declarations appearmg Wltl‘

=

ngup_constituent_li S

r

Iup PIN2PINis (signal signal;

up RESOURCES (label<>);

Group declarations

group identifier :

up_constitu

up declaration
package declara-
in subprogram

program body.

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.
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Examples:
group G1: 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 CONSTRAINTL1: DIFF_CYCLES (G1, G3); -- A group of groups.

@%
S
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5. Specifications

04(E)
02(E)

This clause describespecificationswhich 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 three kinds of specifications: attribute specifications, configuration specifications, and
disconnection specifications.

A specification always relates to named entities that already exist; thus a given specification must either
follow or (in certain cases) be contained within the declaration of the entity to which it relates. Furthermore,

a specification must 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

intert
asso

5.1/

An a
value

att

e

=]

en

en

en
en

The
impli

ace objects of design units, subprograms, or block statements) |mmed|ately W|th|n the d
Ciated with the declaration of the design unit, subprogram body, or bloc

\ttribute specification

Fibute _specification ::=
attribute attribute_designataf entity _specifica

ity _specification ::=
entity_name_list : entity _class

ity class ::=
entity
| procedure
| type
| signal
| label
| group

lity name_list ;;
i ¢ _deg

ignator }

ity design N _tag [ signature ]
lity tag. (= ple> name | character_literal | operator_symbol

httribute designator must denote an attribute. The entity name list identifies those namg
citly«and explicitly defined, that inherit the attribute, described as follows:

iy,

eclarative part

and defines the

d entities, both

If a list 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 wordthers 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 wordll is supplied, then the attribute specification applies to all named entities of the

specified class that are declared in the immediately enclosing declarative part.
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An attribute specification with the entity name l¢hers or all for a given entity class that appears in a
declarative part must be the last such specification for the given attribute for the given entity class in that
declarative 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 name in an entity name list denotes a subprogram or package, it denotes the subprogram declaration or
package declaration. Subprogram and package bodies cannot be attributed.

An entity designator that denotes an alias of an object is required to denote the entire object, not a member of
an object.

The Enfity Tag of an entity designator containing a signature must denote the name of one qr more subpro-
granis or enumeration literals. In this case, the signature must match (see 2. he parameter and result type
he enclosing

e attribute as a
st be the same
entity name

expression is

ture, a config-
it. Similarly, an
ock statement
statement. An
i.e., a constant,
appear within
al, unit name,

gpecified in an

For @ given namegd entity, t
attriqute specific
i dted more than once with a given named entity. Sirpilarly, it is an

same simple name (whether predefined or user-defjned) are both

iS. a character literal is used to associate an attribute with one or more character

If theg entitytag is overloaded and the entity designator does not contain a signature, all hamed entities
alregdy.declared in the current declarative part and matching the specification are decorated

If an attribute specification appears, it must follow the declaration of the named entity with which the
attribute is associated, and it must precede all references to that attribute of that named entity. Attribute spec-
ifications are allowed for all user-defined attributes, but are not allowed for predefined attributes.

An attribute specification may reference a named entity by using an alias for that entity in the entity name
list, but such a reference counts as the single attribute specification that is allowed for a given attribute and
therefore prohibits a subsequent specification that uses the declared name of the entity (or any other alias) as
the entity designator.
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An attribute specification whose entity designator contains no signature and identifies an overloaded subpro-
gram or enumeration literal has the effect of associating that attribute with each of the designated overloaded
subprograms or enumeration literals declared within that declarative part.

Examples:

attribute PIN_NOof CIN: signal is10;

attribute PIN_NOof COUT:signal is5;

attribute LOCATION of ADDER1:label is (10,15);
attribute LOCATION of others. label is(25,77);
attribute CAPACITANCE of attsigmalis 15 pF;
attyibute IMPLEMENTATION of G1:group is "74LS152";
attribute RISING_DELAY of C2Q:group is 7.2 ns;

NOTES

1—Ug one description
to an assume that X is
assogi Jand L is associ-
ated are supplied via
other

2—The local ports and generics of a component declaration cap i 7 si bclarations lack a
declarative part.

3—If named entities
with ntioned attribute

specification has as its entity name list either

4—Aftribute specifications supplyi i ‘ i bjects of
design units, block statements S

5—An attribute specification g 3 b named
entiti¢s in the current declarativé in the éyent that none of the named entities in the current declargtive part meet all

of thg requirement

52C

A copfi ting instances

ofa

co

component_specification ::=
instantiation_list componentname

instantiation_list :;=
instantiation label { ,instantiation label }
| others
| all
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The instantiation list identifies those component instances with which binding information is to be associ-

ated,

A co

defined as follows:

If a list of instantiation labels is supplied, then the configuration specification applies

to the corre-

sponding component instances. Such labels must be (implicitly) declared within the immediately
enclosing declarative part. It is an error if these component instances are not instances of the compo-

nent declaration named in the component specification. It is also an error if any of the |

abels denote a

component instantiation statement whose corresponding instantiated unit does not name a component.

If the reserved wordthers is supplied, then the configuration specification applies to i
the specmed component declaration whose labels are (implicitly) declared in the

aneclaciaa daeclarativiaenartnravidedthat-anch cuch oo an tinctanon o At Ao Leitl

nstances of
immediately

¢ 3 td
CTCTroSmgactaiatve oot provioc ot cacTT SHER-COH TPOTTCTIT T ISt IS TTOT CAPTCTt

instantiation list of a previous configuration specification. This rule applie

/ named in the
e component

hnces of the
ely enclosing
whose corre-

omponent ngme that

appe component nanje in that declar-
ative

The p ation of binding information with the
label ormation associated with if is said to be
boun Mt ipn of binding
mformatlon W|th a component Iabel that s al QUR sless the binding indication in the|configuration
spec i i > . Itis also an error if the elaboratipn of a config-
uratipn specification conta inging indication results in the associatign of binding

NOTHE—A configurg
component instance
declayati

5.2.]

A bindi
ate gctué

bi

nding_indicatian ::

[useentity asSpect ]
[\generic_map_aspect ]

p of the
hces in the current

hy also associ-

[ port map aspect]

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 expres-
sions to be associated with formal generics in the entity declaration. Similarly, the port map aspect of a bind-
ing indication identifies the signals 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 ab

sent.
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A binding indication appearing in a component configuration must have an entity aspect unless the block
corresponding to the block configuration in which the given component configuration appears has one or
more configuration specifications that together configure all component instances denoted in the given com-
ponent configuration. The binding indications appearing in these configuration specifications are the corre-
spondingprimary binding indicationsA binding indication need not have an entity aspect; in that case,
either or both of a generic map aspect or a port map aspect must be present in the binding indication. Such a
binding indication is amcremental binding indicatiarAn incremental binding indication is useditore-
mentallyrebindthe ports and generics of the denoted instance(s) under the following 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 associatedpeithin any of the primary

binding indications, the given formal generic is bound to the actual with which it is asspciated in the
generic map aspect of the incremental binding indication.

indling indication
Irimary

ciated in

ion given in the

indication and
binding
the port map

—| Itis an error if a formal port appears inthe aspe i inding |ndication and
it is a formal port that is associatet, with.an_act Yer dipan i i binding

If thg generic map aspect , then the default

ruled as described in 5.2.2 ap

Itis gn error if an explicit
lowirlg rules:

any of the fol-

ully bound),

he €ntity aspect in the incremental binding indication musi also be of the

a.the same entity declaration as that of the primary binding |ndication. An

bé specified in the incremental binding indication if and only if the primary

bdln indica 'on also identifies an architecture name; in this case, the architectur¢ name in the
1gihdication must denote the same architecture name as that of thg primary bind-

NOTES:

1—The third form (open) of an entity aspect does not apply to incremental binding indications as this form cannot
include either a generic map aspect or a port map aspect and incremental binding indications must contain at least one of
these aspects.

2—The entity aspect of an incremental binding indication in a component configuration is optional.

3—The presence of an incremental binding indication will never cause the default rules of 5.2.2 to be applied.
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Examples:

entity AND_GATE s
generic (11to0O, 12toO: DELAY_LENGTH :=4 ns);
port (12, 12:in BIT;  O: out BIT);

end entity AND_GATE;

entity XOR_GATEis
generic (11t00, 12toO : DELAY_LENGTH :=4 ns);
port (12, 12:in BIT; O :out BIT);

end entity XOR_GATE;

packageMY_GATESis

componentAND_GATE s
generic (11toO, 12toO: DELAY_LENGTH := 4 ns);
port (11, 12:in BIT;  O: out BIT);

end componentAND_GATE;

componentXOR_GATEis
generic (11to0O, 12toO: DELAY_LENGTH :=4n

port (11, 12:in BIT; O outBIT);
end componentXOR_GATE;
end packageMY_GATES;
enfity Half_Adderis
port (X,Y:inBIT; Sum, Carry RI

>

>

end entity Half_Adder;

us
arg

> WORK.MY_GATESgH

-- The primary binding indication
-- for instance L1.

-- The primary binding indication
-- for instance L2.

bepi

port map (X, Y, Sum);
E  port map (X, Y, Carry);
enfd architecture ;

uspWORK.GLOBAL_SIGNALSall;
configuration Differentof Hatf—_Adderis
for Structure
for L1: XOR_GATE
generic map(2.9 ns, 3.6 ns);
end for;
for L2: AND_GATE
generic map(2.8 ns, 3.25 ns) -- The incremental binding
portmap (12 => Tied_High); indication L2; rebinds its generics
end for; -- and binds its open port.
end for;
end configuration Different;

The incremental binding
indication of L1; rebinds its generics.
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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 [ (@rchitecture identifier) ]
| configuration configuration name
| open

The first form of ent|ty aspect |dent|f|es a partlcular entity declaratlon and (optlonally) a correspondmg

arch e

dépend on the denoted arch

any ¢ase, the library unit corresponding to the arckite aidentifier is required to exist at th
desi i indi atn pound to the component instance
com ation gontaining the binding indication; if the
corr was redired to exist during analysis, it is a

ary unit as that denoted during analysis.
b exists, must be an architecture body asso

he-design entity at the apex of the design hierarchy that i
sonfiguration name.

vifed to exist. The design unit containing the entity aspect depends
pnfiguration name.

The third form of entity aspect is used to specify that the identification of the design entity is t

0 |nd|cat|on is
5.2.2). If an
lesign

hitecture body
used during the
the correspond-

g to the entity

ning the entity
the library unit
art of a com-
ions; only in
itecture body. In
E time that the
lenoted by the
library unit

n error if the
The library unit
iated with the

ation. In this
b defined by

onding to the
on the configu-

D be deferred.

In this‘case, the immediately enclosing binding indication is sambtdmply any design entity. F

urther-

more, the immediately enclosing binding indication must not include a generic map aspect
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 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 ::=

Both

The

The

port map ( port_association_list)

named and positional association are allowed in a port or generic associ

ollowing definitions are used in the remainder of this subclause:

The termactual refers to an actual designator that appears
association list or in an association element of a generic a

The termformal refers to a formal designator that appe
association list or in an association element of a gene

associate actuals with the formal
binding indication. It is an error if 2
an error if a scalar subelement
association list.

Each scalar sube
uration specificati

one forma)/Or w
port must ke e

The actuals |

actuals with.the formals defined by the same block header. It is an error if a scalar fo
ated'with moré&“than one actual. It is an error if a scalar subelement of any composite
eiated with more than one actual or with a scalar subelement thereof.

ment of a port

ing indication
bly enclosing

Ce in the same

closing config-
Lal with at least
r a given local
the local port.

nt instantiation
tement. It is an
subelement of

pader associate
mal is associ-
ormal is asso-

An actual associated with a formal generic in a generic map aspect must be an expression or the reserved
word open; an actual associated with a formal port in a port map aspect must be a signal, an expression, or
the reserved wordpen.

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 hmassociatedormal.
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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.

Example:

entity Bufis

generic (Buf_Delay: TIME := 0 ns);

port (Input_pin:in Bit; Output_pin:out Bit);
end Buf;

architecture DataFElowof Bufis
bepin

Output_pin <= Input_piafter Buf_Delay;
end DataFlow;

enfity Test_Benclis
enf Test_Bench;

ar¢hitecture Structureof Test_Benclis

componentBufis
generic(Comp_Buf_Delay: TIME);
port (Comp_l:in Bit; Comp_O:out Bit);

end component

-- A binding indication; generig

-- associate actuals (Comp_I, e

-- (Input_pin, etc.):

for UUT: Buf

use entityWork Buf(Daja

bepin

--‘A-block stdtement; generic and port map aspects within the block header of a blo¢k
-~~Statement associate actuals (in this case, 4) with the formals defined in the block header:
B: block

generic(G: INTEGER);

generic magG => 4);
begin

end block;

end Structure;
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NOTES

1—A local generic (from a component declaration) or formal generic (from a block statement or from the entity declara-
tion 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.

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.

Cross-Reference$3enerics, 1.1.1; Ports, 1.1.2; Interface Declarations, 4.3.2.

5.2.Z Default binding mdication

tion.
asp

defa

a)

b)

c)

Thes
bindi

Othe

e visibility checks a

ng indicatio

enti

he default blnd|ng indication consists of a default entity aspect, t

t and a default port map aspect, as appropriate.

D

An entity declaration that has the same simple
directly visible (see 10.3),

nding indica-

generic map

nent, then the

nent and that is

Claration with

ple name of
ntaining

kes the default

identifier is the

e entity declara-

ification or to a

e architecture
ing indication.

reserved word

ied during the

elaboratlon of the design hlerarchy conta|n|ng a component instantiation statement In all other cases, this
rule is applied during analysis of the binding indication.

It is an error if there is no architecture body associated with the entity declaration denoted by an entity name
that is the simple name of the instantiated component.
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The default binding indication includes a default generic map aspect if the design entity implied by the entity
aspect contains formal generics. The default generic map aspect associates each local generic in the corre-
sponding 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 desigpator

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 for-
mals are associated with the actual desigragien.

If an|explicit binding indication lacks a generic map aspect, and if the desig ity implied|by the entity
aspejct contains formal generics, then the default generic map aspect is 88 ithi binding indica-
tion. [Similarly, if an explicit binding indication lacks a port map aspect, and the design € tlty implied by the
entity aspect contains formal ports, then the default port map aspe ih that binding

indicption.

5.3 Disconnection specification

A digconnection specification defines the time delay to it disconnection pf drivers of a

guarfled signal within a guarded signal assignmen

di

d4connection_specification ::=

guprded_signal_specification ::=

signal_list ::=
signal ngre
| others @
| all
EacH| signal name\in as iSt arded signal specification must be a locally static namme that denotes
a guarded sig -1\ ach guarded signal must be an explicitly declared signal or member of such
a sighal

If thg guarded sigRalNs a~declared signal or a slice thereof, the type mark must be the same as the type mark
indichted in the‘guarded signal specification (see 4.3.1.2). If the guarded signal is an array] element of an
explicitly declared signal, the type mark must be the same as the element subtype indication in the (explicit
or implicit) array type declaration that declares the base type of the explicitly declared signal.|If the guarded
signglns.a record element of an explicitly declared signal, then the type mark must be the same as the type
mark in the element subtype definition of the record type declaration that declares the type of the explicitly
declared signal. Each signal must be declared in the declarative part enclosing the disconnection
specification.
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Subject to the aforementioned rules, a disconnection specifiegiiesto the drivers of a guarded signal S
of whose type mark denotes the type T under the following circumstances:
— For a scalar signal S, if an explicit or implicit disconnection specification of the form
disconnectS: Tafter time_expression;
exists, then this disconnection specification applies to the drivers of S.

— For a composite signal S, an explicit or implicit disconnection specification of the form

disconnectS: T after time_expression;

The characteristics of the disconnection specification musy/be wimplicit|disconnection

—1| If the signal list in an explicit or implicit disconnection icatio i n one signal
name, the disconnection specification is equivalept to ase i€ i Aecti ifi¢ations, one for
each signal name in the signal list. Each dISC ¢ i ies is created as fol-
lows: It has, as its single signal name in it list from the
original disconnection specification e\ ma i hs those in the

it|disconnection

is equivalent\to a blaced
with a sig pclared signals

declared in theé en

) nainder of the
herwise unchanged. If there are no guarded signals ifi the enclosing
pe mark is the same as T and that do not otherwise hgve an explicit
gn applicable to its drivers, then the above disconnection spgcification has

ics of the explicit disconnection specification must be such that the implicit discon-

—| Anmexplicit disconnection specification of the form

N PR T - Y . H
discuriricit air T aitet tuirie_CAPIEcS31UTT,

is equivalent to an implicit disconnection specification where the reservediv@deplaced with

a signal list comprised of the simple names of those guarded signals that are declared signals
declared in the enclosing declarative part and whose type mark is the same as T; the remainder of the
disconnection specification is otherwise unchanged. If there are no guarded signals in the enclosing
declarative part whose type mark is the same as T, then the above disconnection specification has no
effect.

The characteristics of the explicit disconnection specification must be such that the implicit
disconnection specification, if any, is a legal disconnection specification.
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A disconnection specification with the signal bsers or all for a given type that appears in a declarative
part must be the last such specification for the given type in that declarative part. It is an error if a guarded
signal of the given type is declared in a given declarative part following such a disconnection specification.

The time expression in a disconnection specification must be static and must evaluate to a non-negative

value.

It is an error if more than one disconnection specification applies to drivers of the same signal.

If, by the aforementioned 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

defalilt disconnection specification is implicitly assumed:

disconnectS : T afterO ns;

A digconnection specification that applies to the drivers of a guarded sig

specjficatiorfor the signal S.

Thug the implicit disconnection delay for any guarded sig
discq@nnection specification or by an implicit one.

nection

y an explicit

NOTES

1—A guarded

signal htive part meet all
of the

2—S n deglarative™arts, not on declarative regions, polfts declared in an
entity] i i je body.

Cros 9.1; guarded
signa
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6. N

ames

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

Objects denoted by access values
Methods (see 3.5.1) of protected types

Subelements of composite objects
Subelements of composite values
Slices of composite objects

Slices of composite values
Attributes of any named entity

name ::=

Prg

CertIi]n forms of name (i
a name or a func

simple_name
| operator_symbol

| selected_name

| indexed_name

| slice_name

| attribute_name
pfix 1=

name
| function_call

< ( ve is a function call, then the name denotes an ¢
attribute, eithér of t s € tion call, or (if the result is an access value) of th

or ar|
nated by the resuls ined in 7.3.3.

If thel type of &'pre ype, then the prefix must not be a name that denotes a forr
modgout or a memberth

A preé

fix is said toWappropriatefor a type in either of the following cases:

Thestype of the’prefix is the type considered.
The-type of the prefix is an access type whose designated type is the type considered

es, slice names, and attribute names)pirfixileatis

lement, a slice,
b object desig-

hal parameter of

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.

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

—94-— IEC 61691-1-1:2004(E)
IEEE 1076-2002(E)

A name is said to bestatic namef 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.

— 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.

Thaonamaeia-an-atteibs namaesmbaca-nraficia a ciatic ool Aanman and oo a o ff one of the re-
i e TS art uu.lluul.\. T e WTOSTPTCITA TS o StatC- Sty rar i i ar o WROSE-SHHHHS p

defined attributes 'DELAYED, 'STABLE, 'QUIET, or TRANSACTION.

Furth 4 hold:

bs) that is not an

I an object of a
ne.

.B.3) is a locally
on that appears

A stati P is the

name itself, if the namepis a atl [ ame; ise, it is the longest prefix of the namg

that is a static
signgl name. Similarly, § : name that denotes a variable, and the Igngest static
prefix of a variab & : itself\if the name is a static variable name; otherwise, |t is the longest
prefix of the nam@t i

Examples:

S(C.2)
R(] to 16

T(n) ;
T(®) Alpdally static name.

6.2 $imple 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.

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

IEC 61691-1-1:2004(E) —95—
IEEE 1076-2002(E)

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
| operator_symbol
[at

A se
entity
a prd
taing

ected name can denote an element of a record, an obJect de3|gnat by an“ageess vRlue, or a named
idrary, [a package, or
ecl@rations are con-

For 4
elem

bme denoting an
of this object pr value.

For 4 quffix must be the

rese

The
not b

me must

An e
the quffix is the simple na
name denotes all primary
resefved wordall.

the library and
JAn expanded
e suffix is the

An ekpanded naR package and the
suffiy is the simple aration occurs
immedi ithin th kage pahded name denotes all named entities declared in @ package if the
prefi

An e ct if the prefix
deng ation, a subpro-
grani t, and the suffix is
the 4 ccurs immedi-

ately|withinthat co ct. This form of expanded name is only allowed within the construct itself.

if the prefix
laration appears

xpanded name denotes a named entity declared immediately within a protected ty
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,
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 two 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.
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Examples:

-- Given the following declarations:

type INSTR_TYPEis
record
OPCODE: OPCODE_TYPE;
end record,
signal INSTRUCTION: INSTR_TYPE;

-- The name "INSTRUCTION.OPCODE" is the name of a record element.

-- |Given the following declarations:

type INSTR_PTRs accessNSTR_TYPE;
valiable PTR: INSTR_PTR;

-- [The name "PTRII" is the name of the object designated by P

-- |Given the following library clause:
libfary TTL, CMOS;

-- [The name "TTL.SN74LS221" is the name of g de i Ll a library

-- |Given the following declaration and

libfary MKS;
use MKS.MEASUREMENTS, STD.S

-- [package and the
-- [package. Q
-- |Given the followj

bepin

P.
enfd proce

cojnter.ingremen -- See 4.3.1.3 for the definition of "counter."
copnter.-decrement(i);
if Jodnter.value = Ghen ... end if;

result.add(svl, sv2); -- See 4.3.1.3 for the definition of "result."

bit_stack.add_bit(1, '1%; -- See 4.3.1.3 for the definition of "bit_stack."
bit_stack.add_bit(2, '1’);
bit_stack.add_bit(3, '0");
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NOTES

1—The object denoted by an access value is accessed differently depending on whether the entire object or a subelement
of the object is desired. If the entire object is desired, a selected name whose prefix denotes the access value and whose
suffix is the reserved word all is used. In this case, the access value is not automatically dereferenced, since it is neces-

sary to distinguish an access value from the object denoted by an access value.

If a subelement of the object is desired, a selected name whose prefix denotes the access value is again used; however,
the suffix in this case denotes the subelement. In this case, the access value is automatically dereferenced.

These two cases are shown in the following example:

type rec;

441 .
type-reeptris-aceessee:

type recis
record
value . INTEGER,;
\next\ > recptr;
end record

va:liable listl, list2: recptr;
valliable recobj: rec;

listp :=list1; -- Access values are cqpied;

listp := listl.\next\;

redobj := list2all; -- An explicit

2—OVerload resolution is us

derefere i
%» names. See rules a) and c) of 10.5.

3—If,
isfies

6.4 1
An in of an array.
ing m= (e ession { , expression } )
The W me must be appropriate for an array type. The expressions sgecify the index
value . there must be one such expression for each index position of the prray, and each

expréssion must be.of the type of the corresponding index. For the evaluation of an indexed rname, the prefix
andrFe expressions are evaluated. It is an error if an index value does not belong to the rarge of the corre-

sponding index range of the array.

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.
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6.5 Slice names

A slice name denotes a one-dimensional array composed of a sequence of consecutive elements of another
one-dimensional array. A slice of a signal is a signal; a slice of a variable is a variable; a slice of a constant is
a constant; a slice of a value is a value.

slice_name ::= prefix ( discrete_range)

The prefix of a slice must be appropriate for a one-dimensional array object. The base type of this array type
is the type of the slice.

The pounds of the discrefe range define those of the slice and must be of the type of the index of the array.
The slice is aull sliceif the discrete range is a null range. It is an error if the direction of thie'discrete range
is nof the same as that of the index range of the array denoted by the prefix.of the slige'namgq.

For the evaluation of a name that is a slice, the prefix and the discreté rang . It is an error if
either of the bounds of the discrete range does not belong to the index ra - refixing array, unless the
slicelis a null slice. (The bounds of a null slice need not belong to in

Examples:

signal R15: BIT_VECTOR (0o 31) ;
constant DATA: BIT_VECTOR (31do

R15(0to 7) -
DATA(24 downto 1) --
DATA(1 downto 24)
DATA(24 to 25)

NOTHE—If A is a one-dimepsio jects &#(N) or A(N downto N) is a slice that contpins one
element; its type is the ba [ A(N) is an element of the array A and has tle corresponding
elemént type.

6.6 Attribute names
An aftribute name o ~ ) b named entity.

attribut

attribute_désignator yattribute_simple_name

The @pplicable attribute designators depend on the prefix plus the signature, if any. The meanjng of the prefix
of an attribute must be determinable independently of the attribute designator and independg¢ntly 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 enumeration lit-
eral, 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 must or may appear, depend-
ing upon the definition of that attribute (see Clause 14); otherwise, they must not be present.
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If the prefix of an attribute name denotes an alias, then the attribute name denotes an attribute of the aliased
name and not the alias itself, except when the attribute designator denotes any of the predefined attributes
'SIMPLE_NAME, 'PATH_NAME, or INSTANCE_NAME. If the prefix of an attribute name denotes an alias

and the attribute designator denotes any of the predefined attributes SIMPLE_NAME, 'PATH_NAME, or
INSTANCE_NAME, then the attribute name denotes the attribute of the alias and not of the aliased name.

If the attribute designator denotes a user-defined attribute, the prefix cannot denote a subelement or a slice of
an object.

Examples:

REBG'LEFT(1) -- The leftmost index bound of array REG
INPUT_PIN'PATH_NAME  -- The hierarchical path name of the port INRU

CUK'DELAYED(5 ns) -- The signal CLK delayed by 5 ns

@%
S
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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 }
| relation {or relation }

rel

sh

Sin

ter

fad

pri

Each
and

| relation {xor relation }
| relation [nand relation ]
| relation [nor relation ]

| relation {xnor relation }
ption ::=

shift_expression [ relational_operator shift_expression ]
ft_expression ::=

simple_expression [ shift_operator simple_expressian
nple_expression ::=

[ sign ] term { adding_operator term }
m ;=

factor { multiplying_operator facto
tor ::=

primary [ ** prim
| abs primary
| not primary

mary ::= Q
name

| literal
| aggrega

primary has a value and a type. The only names allowed as primaries are attributes t|
hames denoting objects or values. In the case of names denoting objects other than obj

hat yield values
pcts of file types

or pr

" g ) 1 ) " - el ! ol los PR T ) rd
ELICU typeES, UIT Vaiut® Ul i Primialy 15 e vaiuc Ul e UUJECLL TTIT Uie Last Ul TIdalTics

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 over-

loaded operator, depends on the context (see 10.5). For each predefined operator, the operand and result
types are given in the following subclause.

NOTE—The syntax for an expression involving logical operators allows a sequesntg, of, xor, or xnor operators

(whether predefined or user-defined), since the corresponding predefined operations are associative. For the operators
nand andnor (whether predefined or user-defined), however, such a sequence is not allowed, since the corresponding
predefined operations are not associative.
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7.2 Operators

The operators that may be used in expressions are defined below. Each operator belongs to
tors, all of which have the same precedence level; the classes of operators are listed in ord
precedence.

a class of opera-
er of increasing

logical_operator = and | or | nand | nor | xor | xnor
relational_operator = = | = | < | <= | » | >=
shift_operator = sl | s | sla | sra | rol | ror

adping_operator = + | - | &

sign = + | -

mdltiplying_operator = * |/ | mod

miscellaneous_operator = *x [abs | not

Ope )
e precedence le
operator is fixed

valug.
defi

Every predefined opera
ters; [therefore, n

NOTES

ard types are declared in package STANDARD as shown in 1

2—T
classffi

iscellaneous operator for the purposes of defining precedence,

7.2

ogical operatorand, or, nand, nor, xor, xnor, andnot are defined for predefined types

ver precedence.
el are associated
and cannot be
| operands.

ors. For certain
1 has a certain
dnor

these are the

formal parame-
bperation.

4.2.

put is otherwise

BIT and
pe is BIT or

LEAN. They are also deflned for any one- dlmenS|onaI array type whose element ty

the same

base type. Moreover for the blnary operam'rd or, nand nor, xor, andxnor defmed on one- d|men5|onal

array types, the operands must 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
operatornot 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, '1' for type BIT; the symbol F represents FALSE for type BOOLEAN, ‘0" for type BIT.

A B AandB A B AorB A B A xor B
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 A nand B A B AnorB A B A xnor B
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

For the short-circuit operatiorad, or, nand, andnor on types
evalyated only if the value of the left operand is not suf
opergtionsand andnand, the right operand is evaluated
tions|or andnor, the right operand is evaluated only/ifY

NOTHE—AIl of the binary logical operators belong\to
logicdl operatonot belongs to the class of operators W

7.2.2 Relational operators

Relational operators includ
relatijonal operator mus

type BOOLEAN. :

ality, and ordering of operands. The op
he result type of each relational operator is

@%wr @tion Operand type

Result type
= uality Any type, other BOOLEAN
than a file type or a
Q \ protected type
N = Inequality Any type, other BOOLEAN
than a file type or a
protected type
< Ordering Any scalar type or | BOOLEAN
<= discrete array type

erand is
Dperation. For
I, for opera-

ass) ok operatprs with the lowest precedemce. The unary
ighest precédence.

brands of each
the predefined

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.
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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 thevatthimg elemenif 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-
dimensional 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 elements immedi-
ately to their right are also defined to match. For two multidimensional array values, matching elements are

thos¢ whose indices match in successive positions.

The prdering operators are defined for any scalar type and for any discrete
one-flimensional array whose elements are of a discrete type. Each operato

ing relation is satisfied; otherwise, the operator returns FALSE.

For gcalar types, ordering is defined in terms of the relative values.

(less|than) is defined such that the left operand is less than t
a null array and the right operand is a nonnull array.

Othefrwise, both operands are nonnull arrays, and one{of the/follewing cenditions is satisfied:

a)| The leftmost element of the left

b)

The felation <= (less than
results of the < and = gp

than|or equal) are fefi

operands

7.2.3

The
elem

théb}f heé right or

: , andror are defined for any one-dimensional array ty
3fined types BIT or BOOLEAN.

hyiS a

if the correspond-

, the relation <
left operand is

eft operand is
f the leftmost

junction of the
and >= (greater
r the same two

pe whose

Operator wi® Left operand type Right operand type Result fype

sl Shift left Any one-dimensional array type whose | INTEGER Same as|left
logical element type is BIT or BOOLEAN

srl Shift right Any one-dimensional array type wnose | INTEGER Same as left
logical element type is BIT or BOOLEAN

sla Shift left Any one-dimensional array type whose | INTEGER Same as left
arithmetic element type is BIT or BOOLEAN

sra Shift right Any one-dimensional array type whose | INTEGER Same as left
arithmetic element type is BIT or BOOLEAN

rol Rotate left Any one-dimensional array type whose | INTEGER Same as left
logical element type is BIT or BOOLEAN

ror Rotate right | Any one-dimensional array type whose | INTEGER Same as left
logical element type is BIT or BOOLEAN
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The index subtypes of the return values of all shift operators are the same as the index subtypes of their left

arguments.

The values returned by the shift operators are defined as follows. In the remainder of this clause, the values of
their leftmost arguments are referred to as L and the values of their rightmost arguments are referred to as R.

Thesll operator returns a value that is L logically shifted left by R index positions. That is, if Ris 0

or if L is a null array, the return value is L. Otherwise, a basic shift 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 whose right argument is T'Left, where T is the element type of L. 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 expression krl —R.

Therol op
a null array,\the

the result of 3

fornrthe res

S

NOTE

/If R is negative, then the return value is the value of the expressicrR.

the rightmost (L

elements of L
is basic shift
is the value of

That is, if R

ift operation replaces L with a

‘Length — 1)
operation is
value of the

s. That is, if
pces L with a
—1) elements
repeated R

sOorifLis
A value that is

pd R times to

RisOorifL
avalue that is

pd R times to

1—The logical operators may be overloaded, for example, to disallow negative integers as the second argument.

2—The subtype of the result of a shift operator is the same as that of the left operand.
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7.2.4 Adding operators
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The adding operators + and — are predefined for any numeric type and have their conventional mathematical
meaning. The concatenation operator & is predefined for any one-dimensional array type.

Operator 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 array type Same array type

array type

Any one-dimensional
array type

The element type

ray type

A

The element type

Any one-dimensio
array type

The element type

The element x@e
AN

Aﬁy\o&n>jimensiona
§&" typ

For d

a)

<)

b)| If one of e

type of this efofe

tion'is determined as in case a). The bounds and direction of the index subtypes of the
are-determined as in the case of the implicit array in case b).

catenation is a
operands, and
owed by the

nd. Otherwise,
subtype of the

is the element
given by the

EFT, and the
hdex subtype

bnal array type,
y type. In this

f the concatena-
implicit arrays

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 (7downto 0);
type MEMORY is array (Naturalrange <>) of BYTE;
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-- The following concatenation accepts two BIT_VECTORs and returns a BIT_VECTOR
-- [case a)]:

constantZERO: BYTE :="0000" & "0000";

-- The next two examples show that the same expression can represent either case a) or
-- case c), depending on the context of the expression.

-- The following concatenation accepts two BIT_VECTORS and returns a BIT_VECTOR
-- [case a)]

corstam I BIT_VECTOR=ZERO & ZERGC;

-- [The following concatenation accepts two BIT_VECTORSs and returns g
-- [case ©)]:

copstantC2: MEMORY := ZERO & ZERO;

-- [The following concatenation accepts a BIT_VECTOR angha
-- IMEMORY [case b)]:

copstantC3: MEMORY := ZERO & C2;

-- [The following concatenation accepig™a MEMQRY\and (2 @VETOR, returning a
-- IMEMORY [case b)]:

copstantC4: MEMORY := C2 & ZERO;

-- [The following concatepati C RYs'and returns a MEMORY [case a)]:

copstantC5: MEMORY.

type R1is ran@
type R2 is rang o
type T1 is array.

type T2 is arya

suptype
suptyp

copstantK1$4 ers=>"'0";

copstantk2: T1 :=K1(1to 3) & K1(3to 4); -- K2'Left = 0and K2'Right ¥ 4
copstantK3: T1 := K1(5to 7) & K1(1to 2); -- K3'Left = 0and K3'Right ¥ 4
copstantK4: T1 := K1(2to 1) & K1(1to 2); -- K4'Left = 0and K4'Right ¥ 1
constantK5: S2 := pthers =>'0");

constantK6: T2 := K5(3downto 1) & K5(4 downto 3); -- K6'Left = 7and K6'Right = 3
constantK7: T2 := K5(7downto 5) & K5(2 downto 1); -- K7'Left = 7and K7'Right = 3
constantK8: T2 := K5(1downto 2) & K5(2 downto 1); -- K8'Left = 7and K8'Right = 6

NOTES

1—For a given concatenation whose operands are of the same type, there may be visible more than one array type that
could be the result type according to the rules of case c). The concatenation is ambiguous and therefore an error if, using
the overload resolution rules of 2.3 and 10.5, the type of the result is not uniquely determined.
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2—Additionally, for a given concatenation, there may be visible array types that allow both case a) and case c) to apply.
The concatenation is again ambiguous and therefore an error if the overload resolution rules cannot be used to determine

a result type uniquely.

7.2.5 Sign operators

Signs + and -are predefined for any numeric type and have their conventional mathematical meaning: they
respectively represent the identity and negation functions. For each of these unary operators, the operand and

the result have the same type.

Operator Operaton Operand type Resuttype
+ Identity Any numeric type Same type
- Negation Any numeric type Sagrielype.

NOTHE—Because of the relative precedence of signs + and — in the gra
follow a multiplying operator, the exponentiating operator **, or the operabs
not allow the following expressions:

A/}B
A*[-B

-- An illegal expression.
-- An illegal expression.

Howegver, these expressions may be rewritte

Al(+B)
A1+ (-B)

7.2.9 Multiplying operators

The pperators * and /
mathematical m ;
operators, the ope

operand must not
tax does

ir conventional
h of these

Operator Oﬁe\rgﬁi@ \Iﬁt operand type Right operand type Result type
* M lication Any integer type Same type Same type
Q\\ Any floating point type | Same type Same type
/ @” 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

Integer division and remainder are defined by the following relation:

A =(A/B) [B +(A rem B)

where (Arem B) has the sign of A and an absolute value less than the absolute value of B. Integer division

satisfies the following identity:

(-A)/B = —(A/B) = A/(-B)
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The result of the modulus operation is such than@d B) has the sign of B and an absolute value less than
the absolute value of B; in addition, for some integer value N, this result must satisfy the relation:
A=B [N+ (Amod B)

In addition to the above table, the operatasd / 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 (Sﬁw left

INTEGER Any physical type Sghﬁe\a}n{ht

REAL Any physical ty&\ aNW

/ Division Any physical type INTE},QQ\ \\ %m&y}eﬂ

Any physical type }E.&\\ \ \Sey}e as left

Any physical type T{Té;saNN Universal integer
&0

lue\of type INJEGER is equivalent to the following

Multiplication of a value P of a physical typ
computation:

TpVal( TyPos(P)1 )

=]

Multiplication of a valueR of '8 ca N following

T

)
&
z
3
m
®
m

Divisjon of a valugé
computation:

following

Tp

Divisjon of a following
computations:

T

Val(INTEGER( REAL( TyPos(P) ) / F))

=]

Division of a value P of a physical typg By a value P2 of the same physical type is equivalent to the
following computation:

TpPos(P) / FPos(P2)
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Examples:
5 rem 3 = 2
5 mod 3 = 2
(-5) rem 3 = =2
(-5) mod 3 =1
(-5) rem (-3) = -2
(-5) mod (-3) -2
| g rana. L[N\ — 2
~J LA~ BN \ \J} —
5 mod (-3) = -1
NOTHE—Because of the precedence rules (see 7.2), the expressiemi‘23 is interpreted*a Een\2)” and| not as
“(-5)fem 2.”
7.2.1 Miscellaneous operators
The unary operatabs is predefined for any numeric type.
Operator Operation mw/f t)ypg Result type
abs Absollﬁe\vahg ) Aﬁy nu&QerMpr Same numeric type
Thegxponentiatingpperator ** is predefingd fo h egertype and for each floating point type. In either
case|the right operand calted the gxporeny, i s Qf the predefined type INTEGER.
Operator 6Rerat|o w type Right operand type | Result type
*x pohelitiation Weger type INTEGER Same as left
\A/n{/ floating point type INTEGER Same as left
Expdnendiati integer exponent is equivalent to repeated multiplication of the left opgrand by itself
for alnumb ted by the absolute value of the exponent and from left to right; if the exponent
is ndgative, the sult is the reciprocal of that obtained with the absolute value of [the exponent.
Expdnentiation with a-hegative exponent is only allowed for a left operand of a floating point type. Exponen-
tiation by.a zero exponent results in the value one. Exponentiation of a value of a floatind point type is
appropximate.

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
expression enclosed in parentheses may be an operand in an expression. Names are defined in 6.1; the other
kinds of operands are defined in 7.3.1 through 7.3.6.

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

7.3.1 Literals

-110-

IEC 61691-1-1:2004(E)

IEEE 1076-2002(E)

A literal is either a numeric literal, an enumeration literal, a string literal, a bit string literal, or the literal

null.

literal ::=

numeric_literal

| enumeration_literal

| string_literal
| bit_string_literal
| null

numeric_literal ::=

abstract_literal
| physical_literal

Numeric literals include literals of the abstract typeiversal_integeandlni
of physical types. Abstract literals are defined in 13.4; physical lit

Enurperation literals are literals of enumeration types. The
Enumeration literals are defined in 3.1.1.

Strinf and bit string literals are represent
string literal must be determinable
literag] itself but using the fact that the type
exical structure of string and bit stri

or bi

The

For 4
array

elemients in the aggreg

array
value

predecessor (a

Succg

The ¢
litera

The li

Evalliation of'a litere

Examples:

0 the graphic characters contained within a string litera
of the string literal.

elds the corresponding value.

literals

dracter literals.

type of a string
, lexcluding the
Character type.

bounds of the
the number of
teral. For a null
d of the array
st bound is the
5t bound is the

or a hit string

3.14159 26536

5280

10.7 ns
o477
"54L.5281"

-- A literal of typsiversal_real
-- A literal of typeuniversal_integer
-- A literal of a physical type.
-- A bit-string literal.
-- A string literal.
-- A string literal representing a null array.
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7.3.2 Aggregates

An aggregate is a basic operation (see the introduction to Clause 3) that combines one or more values into a
composite value of a record or array type.

ag

gregate ::=
( element_association { , element_association } )

element_association ::=

[ choices =>] expression

choices ::= choice { | choice }

ch

Each
said
apo
in thg

Both
appe
error|
must
expre

An e

An ¢ » : allowed in an
array aggregate: a_si eXpressi blue, whereas a
discrgte range ses he elgm te range has no
significance other thé definet r, the direction
spec y i as no significance. An element association with thatlodrgice

is all nd has this single
choige;

Each in the aggregate.
The type of an/aggregate/must be determinable solely from the context in which the aggiegate appears,

exclu
type

7.3.7

bice ;1=
simple_expression

| discrete_range

| elementsimple_name

| others

ding the(aggregate itself but using the fact that the type of the aggregate must be a com
of an-aggregate 1h turn determines the required type for each of its elements.

nt association is

f the elements

nal associations
ept that it is an
association
parenthesized

ord aggregate.

posite type. The

.I\Record aggregates

If the type of an aggregate is a record type, the element names given as choices must denote elements of that
record type. If the choicethers is given as a choice of a record aggregate, it must represent at least one
element. An element association with more than one choice, or with the offwcg is only allowed if the

elements specified are all of the same type. The expression of an element association must have the type of
the associated record elements.

A record aggregate is evaluated as follows. The expressions given in the element associations are evaluated
in an order (or lack thereof) not defined by the language. The expression of a named association is evaluated

once for each associated element. A check is made that the value of each element of the aggregate belongs to
the subtype of this element. It is an error if this check fails.
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7.3.2.2 Array aggregates

For an aggregate of a one-dimensional array type, each choice must specify values of the index type, and the
expression of each element association must be of the element type. An aggregate of an n-dimensional array
type, wheren is greater than 1, is written as a one-dimensional aggregate in which the index subtype of the
aggregate is given by the first index position of the array type, and the expression specified for each element
association is am{1)-dimensional array or array aggregate, which is calltaggregateA string or bit

string literal is allowed as a subaggregate in the place of any aggregate of a one-dimensional array of a
character type.

Apart from a final element association with the single choiters, the rest (if any) of the element
assoriations of an array aggregate must be either all positional or all named. A named assaciftion of an array
aggregate is allowed to have a choice that is not locally static, or likewise a choicexthat is @ull range, only if
the dggregate includes a single element association and this element agspciationNjas’a sjngle choice. An
othe i

The § t. That is,

ana

a) a constrained

b) a constrained
C) a constrained
d) object, and the
that object is
f) | As the exp i _ ini X i i i ion, bre the corre-

sponding subty

y subtype

in one of these

The pounds*of an array that does not havetaers choice are determined as follows. If the pggregate

appdars(in one of the contexts in the preceding list, then the direction of the index subtype of {he aggregate is
that mmmmmm—mmxlumype 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 deter-
mined 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 type of the array.
In either case, the rightmost bound is determined by the direction of the index subtype and the number of
elements.
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The evaluation of an array aggregate that is not a subaggregate proceeds in two steps. First, the choices of
this aggregate and of its subaggregates, if any, are evaluated in some order (or lack thereof) that is not
defined by the language. Second, the expressions of the element associations of the array aggregate are eval-
uated in some order that is not defined by the language; the expression of a named association is evaluated
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 the evaluation of an aggregate that is not a null array, a check is made that the index values defined by
choices 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 dimersicimeck is made

that all f-1)-dimensional subaggregates have the same bounds. It is an error if any one of these checks fails.

7.3.3 Function calls

A function call invokes the execution of a function body. The call specjfies unction to be
invoked and specifies the actual parameters, if any, to be associate ith pafjameters of the
function. Execution of the function body results in a value of the ult type in the
decldration of the invoked function.

function_call ::=
function name [ ( actual_parameter_part ) ]

acfual_parameter_part :;parameter assqciation

For ¢ach formal parameter of a functios onding actual
paraeter. This actual parameter is specif other than the
actual partopen) in the association list,( or i : iati , by a default
expre¢ssion (see 4.3.2).

Evalliation of a function i ion of the actual parameter expressions specified in the call and
evalyation of the defa It e ions 5\ ith formal parameters of the function that do not have
actual parameter i P\ cases, the resulting value must belong to thie subtype of the
assogiated formal\par : al parameter is of an unconstrained array type, then the formal
parameter takes on,¢ ) theNactual parameter.) The function body is executed dising the actual
parameter values@and de 3 ioh values as the values of the corresponding formal pdrameters.
NOTE—If a néd inelidi g used as a prefix) has an interpretation both as a function call and ap indexed name,

then the inr te context is used to dlsamblguate the name. If, after applying this rule, thgre is not exactly

7.3.4 Qualifiedexpressions

A quplified expression is a basic operation (see the introduction to Clause 3) that is used to|explicitly state
the typey/and possibly the subtype, of an operand that is an expression or an aggregate.

qualified_expression ::=
type_mark ' ( expression )
| type_mark ' aggregate

The operand must have the same type as the base type of the type mark. The value of a qualified expression
is the value of the operand. The evaluation of a qualified expression evaluates the operand and checks that its
value belongs to the subtype denoted by the type mark.

NOTE—Whenever the type of an enumeration literal or aggregate is not known from the context, a qualified expression
can be used to state the type explicitly.
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7.3.5 Type conversions
A type conversion provides for explicit conversion between closely related types.
type_conversion ::= type_mark ( expression )

The target type of a type conversion is the base type of the type mark. The type of the operand of a type

conversion must be determinable independent of the context (in particular, independent of the target type).

Furthermore, the operand of a type conversion is not allowed to be thenlitéraln allocator, an aggregate,

or a string literal. An expression enclosed by parentheses is allowed as the operand of a type conversion only
if the expression alone is allowed.

If thg type mark denotes a subtype, conversion consists of conversion to the/farg
that the result of the conversion belongs to the subtype.

et type.folloyved by a check

Explicit type conversions are allowed betwetosely related typesn parti pens closely related to
itself|f Other types are closely related only under the following conditi

a)| Abstract Numeric TypesAny abstract numeric type is @ ed'to any other abstiact numeric
type. In an explicit type conversion where the type-marke nabstract numeric ftype, the oper-
and can be of any integer or floating point type eof.the operand is convertdd to the target
type, which must also be an integer or floating point type.“<TRe conversion of a floating point value to

if the aI@is halfway between two integers, rounding

b) if, all of the following apply
ither the same or are closely related
a.the type mark denotes an array type, the following rules apply:
onstrained array type and if the operand is not a null prray, then, for
of the result are obtained by converting the bounds offthe operand to
peof the target type. If the type mark denotes a constrained array subtype,
sult are those imposed by the type mark. In either case, thg value of each
No o

In the¢ case of conversions between numeric types, it is an error if the result of the conversior fails to satisfy
a corrstraint 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 corre-
sponding 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.
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In certain cases, an implicit type conversion will be performed. An implicit conversion of an operand of type
universal_integeto another integer type, or of an operand of typrersal_realto another floating point

type, can only be applied if the operand is either a numeric literal or an attribute, or if the operand is an
expression consisting of the division of a value of a physical type by a value of the same type; such an oper-
and is called &onvertibleuniversal 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
implicit conversion, and there is no legal interpretation of this context without this conversion.

NOTE—Two array types may be closely related even if corresponding index positions have different directions.

7.3.6 Allocators

The gvaluation of an allocator creates an object and yields an access value t signates tll\e object.

allpcator ::=
new subtype_indication
| new qualified_expression

The type of the object created by an allocator is the base ty the type.mark given in either the subtype

indicption or the qualified expression. For an allocator value of the
creafed object is the same as the default initial value for an exp ared variable of {he designated
subtype. For an allocator with a qualified expression, this i i of the created
objeqt.

The fype of the access value returned b
the fact that the value returned is of an a

ntext, but using

The pnly allowed form of constraint in the s indication of an allocator is an index comstraint. If an
allocptor includes a subtype indicati i en the subtype
indichption must either denote™a constraj ubtype indica-

If the type of the ¢ . If the allocator
incluges a subtype i ator includes a
qualified expression,\the efined by that

expregssion. Fo ' b subtype of the
acceps type

For the evaluati ator, the elaboration of the subtype indication or the evaluation ¢f the qualified
expression is figst-performéd. The new object is then created, and the object is then assigned its initial value.
Finally, an aceess value that designates the created object is returned.

In thp.@absence of explicit deallocation, an implementation must guarantee that any object [created by the
evallation-ofan-allocatorremains-allocatedforaslong-as-this-object-orene-of-ts-subelements is accessible

directly or indirectly; that is, as long as it can be denoted by some name.

NOTES

1—Procedure deallocate is implicitly declared for each access type. This procedure provides a mechanism for explicitly
deallocating the storage occupied by an object created by an allocator.

2—An implementation may (but need not) deallocate the storage occupied by an object created by an allocator, once this
object has become inaccessible.
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Examples:

new NODE

new NODE'(15 nsnull)

new NODE'(Delay => 5 ns, \Next\=> Stack)
new BIT_VECTOR'("00110110")

new STRING (1to 10)

new STRING

Takes on default initial value.
Initial value is specified.

Initial value is specified.
Constrained by initial value.
Constrained by index constraint.
lllegal: must be constrained.

7.4 Static nvprnccinnc

Certqin expressions are said tostetic. Similarly, certain discrete ranges are said to be statie, 3

mark

Therp

Sis 0

expre

expre
7.4.1
An e
defin

statid

a)
b)

<)
d)

e)

f)

a)

s of certain subtypes are said to denote static subtypes.

bssion is said to lggobally static

Locally static primaries

A constant (other t
ized with a locally

An alias whgse ali
A functio@
parameters are

ACTIVE 'LAST VALUE 'DRIVING and 'DRIVING VALUE

A'user-defined attribute whose value is defined by a locally static expression

h)

A_aualified exnressionwhose aonerand-is a locallv static expression
=1 L L PA L

ind the type

uring the analy-
Fms of
porated; such an

s an implicitly

on and initial-

static primary
vhose actual

ENAME and
e that is of a

T, 'ACTIVE,
whose
P, and whose

i)
)

A type conversion whose expression is a locally static expression
A locally static expression enclosed in parentheses

A locally static range is either a range of the second form (see 3.1) whose bounds are locally static expres-
sions, 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.
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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
locally static access subtype is a subtype denoting an access type. A locally static file subtype is a subtype
denoting a file type.

A locally static subtype is either a locally static scalar subtype, a locally static array subtype, a locally static
record subtype, a locally static access subtype, or a locally static file subtype.

7.4.2 Globally static primaries

An expression is said to be globally static if and only if every operator in pression’denotes a pure
function and every primary in the expression gdabally static primarywhere a4 tic’prinpary is a
primary that, if it denotes an object or a function, does not denote a gya rateql named entity
(see12.5) and is one of the following:

a)| Aliteral of type TIME

b)| A locally static primary

c)| A generic constant

d)| A generate parameter

e)

f) i ding alias declaration) is a ¢lobally static

g)| An array aggregate, i

2) Allrangesi

h)[ A record : [ éxpressions in its element associations are @lobally static
expression

i) ame denotes a pure function and whose actual paranpeters are each
)] [ attrib is a value and whose prefix is either a globally static sulptype or is an
k) i attribdte that is a function, other than the predefined attributes 'EVENT, 'ACTIVE,

'LASTLEVENT, 'LAST_ACTIVE, 'LAST_VALUE, 'DRIVING, and 'DRIVING_VALUE, [whose
prefixis either’a globally static subtype or is an object or function call that is of a globally static sub-
type, and whose actual parameter (if any) is a globally static expression

I) —Auser-defined attribuie 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

g) 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
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A globally static range is either a range of the second form (see 3.1) whose bounds are globally static expres-
sions, or a range of the first form whose prefix denotes either a globally static subtype or an object that is of
a globally static subtype. A globally static range constraint is a range constraint whose range is globally
static. A globally static scalar subtype is either a scalar base type or a scalar subtype formed by imposing on
a globally static subtype a globally static range constraint. A globally static discrete range is either a globally
static subtype or a globally static range.

A globally static index constraint is an index constraint for which each index subtype of the corresponding
array type is globally static and in which each discrete range is globally static. A globally static array
subtype is a constrained array subtype formed by imposing on an unconstrained array type a globally static
index constraint. A globally static record subtype is a record type whose fields are all of globally static
subtypes. A globally stafic access subtype IS a subfype denofing an access type. A globally. sfatic file subtype
is a gubtype denoting a file type.

A glgbally static subtype is either a globally static scalar subtype, a globa ) pe, a globally

1—Anp expression that is required to be a static expression must either be ) g i a globally static
i , 3 [ i raint, or an array
subtype that is required to be static must either be locally staji

2—The rules for locally and globally static expressions jmp 8 YStant or a generic may be initialized
with gn expression that is neither globally nor / caIIy st { i all to an impure functior]. The resulting
constant value may be globally or locally st jh itscSubtype orifs initial value expression |s neither. Only
interface constant, variable, and signal declara 5.1E¥ gir initia) value expressions be static ¢xpressions.

7.5 WUniversal expressions

A unliversal_expressiois either an| expressio elivers a result of typeersal_integeror orle that
delivers a result of typeniv

The same opera
i ined

tions| are predefi

incluge the fOHOWiQI.
\ .
@%\orx Operation Left operand type nghtt;g:rand Result type

pe universal_integer as for any integer type. The same opera-
eal as for any floating point type. In addition, these operations

}Aultiplication Universal real Universal integer Universal reg
Universal integer Universal real Universal reg|
4 Bivision oniversat Teat Umiversatimeger Umiversat Tea

The accuracy of the evaluation of a universal expression ofutypersal_realis at least as good as the
accuracy of evaluation of expressions of the most precise predefined floating point type supported by the
implementation, apart fromniversal_realitself.
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For the evaluation of an operation of a universal expression, the following rules apply. If the result is of type
universal_integerthen the values of the operands and the result must lie within the range of the integer type
with the widest range provided by the implementation, excludingugpersal_integeitself. If the result is

of typeuniversal_realthen the values of the operands and the result must lie within the range of the floating
point type with the widest range provided by the implementation, excludingitypersal_realitself.

NOTE—The predefined operators for the universal types are declared in package STANDARD as shown in 14.2.

@%
S
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8. Sequential 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.

sequence_of_statements ::=
{ sequential_statement }

sequential_statement ::=
wait_statement
[[assertion_statement
| report_statement

| signal_assignment_statement

| variable_assignment_statement
| procedure_call_statement
| if_statement

| case_statement

| loop_statement

| next_statement

| exit_statement

| return_statement

| null_statement

All sequential statements may be labeled
tive part of the innermost enclosing proce

declared at the beginning of the declara-
St S ubprogram body.

8.1 \|Vait statement
The wait statement caus

wdit_statemen
[ label : Jwai

The sensitivity clause defines thensitivity sebf the wait statement, which is the set of signals td which the

wait ptatement is sensitive. Each signal name in the sensitivity list identifies a given signal as a member of
the Senstivi - i i fivityH je-si : }ach name must
denote a signal for which reading is permitted. If no sensitivity clause appears, the sensitivity set is
constructed according to the following (recursive) rule:

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
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— 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 longest static prefix of the
name of the implicit signal denoted by the attribute name to the sensitivity set; otherwise, 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 any, in
every element association

—| A function call, apply this rule to every actual designator in every parameter association

type mark, as

htheses

—| Otherwise, do not add to the sensitivity set.

This|rule is also used to construct the sensitivit
stategments for concurrent procedure ca
rent ignal assignment statements (9.5)

statéments in the equivalent process
assertion statements (9.4), and concur-

If a gdignal name that denotes a signal of’a composite appears in a sensitivity list, the effect is as if the
name¢ of each scalar subelement of that 'si A e list.

The fondition clause specifies ‘a i &t Bbe met for the process to continue execution. If no
condition clause appea ition d is assumed.

The fimeout cla ifi I amount of time the process will remain suspended at this wait
statgment. If no 20 5, the timeout cliars€STD.STANDARD.TIME'HIGH —
STD|STANDARD.N&\ § /Tsen error if the time expression in the timeout clause|evaluates to a

negative value.

the condltlon is TRUE the process WI|| resume. If the value of the condltlon is FALSE the process will
resuspend. Such resuspension does not involve the recalculation of the timeout interval.

Itis 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.
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Example:

type Arris array (1 to 5) of BOOLEAN;
function F (P: BOOLEAN)return BOOLEAN;
signal S: Arr;

signall, r: INTEGERrange 1 to 5;

-- The following two wait statements have the same meaning:

wait until F(S(3))and (S(l)or S(1));
wait on S(3), S, I, until F(S(3))and (S(I)or S(r));

NOTES

1—THhe wait statementait until Clk ='1'; has semantics identical to

loap
wait on CIk;
exitwhenClk = '1";
engd loop

becalise of the rules for the construction of the default sensiti
semantics identical to wait;.

2—The conditions that cause a wait statemefit i 'ts englosing process may no |
time the process resumes execution if the i is a.postpenegd-process.

3—The rule for the construction of the default sk t
and the called function is an impure function/ then any signals that are accessed by the function but th
through the association list of the call are not adde default sensitivity set for the condition by virty

ance

8.2 /
An a ied condition is true and reports an error if it is no
as

as

If thg report clause~s present, it must include an expression of predefined type STRING th
message(ta be reported. If theverity clause is present, it must specify an expression of pre(
SEVERITY_LEVEL that specifies the severity level of the assertion.

it until True; has
bnger hold at the

pndition clause
at are not passed
e of the appear-

.

at specifies a
efined type

Thereport clause specifies a message string to be included in error messages generated by

the assertion. In

the absence of i@port clause for a given assertion, the string "Assertion violation." is the default value for
the message string. Theverity clause specifies a severity level associated with the assertion. In the absence

of aseverity clause for a given assertion, the default value of the severity level is ERROR.

Evaluation of an assertion statement consists of evaluation of the Boolean expression specifying the condi-
tion. If the expression results in the value FALSE, themssertion violations said to occur. When an
assertion violation occurs, threport 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.
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The error message consists of at least

a) Anindication that this message is from an assertion

b) The value of the severity level

¢) The value of the message string

d) The name of the design unit (see 11.1) containing the assertion.

8.3 Report statement

A report statement displays a message.

re;lmort_statement =
[ label : ]
report expression
[ severityexpression ] ;

Thergport statement expression must be of the predefined typ
is indluded in the message generated by the report statemen
an expression of predefined type SEVERITY_LEVEL. The

ated |with the report. In the absence akesaerity clause for'a gi
levellis NOTE.

The pvaluation of a report statement cQnsi
expression, if present. The specified mess
ity leyel is not specified) are then used tg

The feport message consis

a)| An indication tha
b)| The value
c)| Thevalu

d)| The name o

Example:

report " -- A report statement

-- with default severity NOTE.

report "Setdp,®
severityWAR

, -- Another report statement;
NG; -- severity is specified.

his expression
ispecify

level associ-
e severity

severity clause
ult, if the sever-

84 h 1 H + aotat %
. |9||al CI.OOIUIIIIICIIL S0 AlCITITTTU

A signal assignment statement modifies the projected output waveforms contained in the drivers of one or

more signals (see 12.6.1).

signal_assignment_statement ::=
[ label : ] target <=[ delay_mechanism ] waveform ;

delay_mechanism ::=
transport
| [ reject time_expression inertial
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target ::=
name
| aggregate
waveform ::=
waveform_element {, waveform_element }
| unaffected

If the target of the signal assignment statement is a name, then the name must denote a signal, and the base
type of the value component of each transaction produced by a waveform element on the right-hand side
must be the same as the base type of the signal denoted by that name. This form of signal assignment assigns

right

ele

one ¢

is to

sion fines) that exbipit
duration. If no d
present, the delay 1sco y. Inertial delay is characteristic of switching circui

; ' hing time of the circuit will not be transmitted, or in t

n error if the pulse rejection limit for any inertially delayed signal assignment staten
iveror greater than the time expression associated with the first waveform element.

pf the aggregate
hat the type of

action produced
Jregate. Further-

ide values to the

regate.

pression in an
given signal and
he assign-

et by more than
iation in such an

ay mechanism
rm element

as transmis-

I how short its

if a delay mechanism including the reservetiatds

[s: a pulse
ne case that a

& whose duration is shorter than that limit will not be transmitted.

pecifies
me expres-
d by the time

nent is either

It is an error if the reserved wordhaffected appears as a waveform in a (sequential) signal
statement.

NOTES

assignment

1—The reserved wordinaffected must only appear as a waveform in concurrent signal assignment statements

(see 9.5.1).

2—For a signal assignment whose target is a name, the type of the target must not be a protected type
error if the type of any subelement of the target is a protected type.

3—For a signal assignment whose target is in the form of an aggregate, it is an error if any element of

; moreover, it is an

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.
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Examples:

-- Assignments using inertial delay:

The following three assignments are equivalent to each other:

Output_pin <= Input_pimfter 10 ns;
Output_pin <Hnertial Input_pinafter 10 ns;
Output_pin <=reject 10 nsinertial Input_pinafter 10 ns;

-- Assignments with pulse rejection limitess than the time expression:

NOTIE

univel
8.4.1

The
outp

W4

The

of w.
elem|
seco
(atle
null

form

Output_pin <=reject 5 ns inertial Input_pinafter 10 ns;
Output_pin <=reject 5 ns inertial Input_pinafter 10 ns, not Input_pim

Assignments using transport delay:
Output_pin <=ransport Input_pinafter 10 ns;
Output_pin <=transport Input_pinafter 10 ns, notinput_pix

Their equivalent assignments:

bffect of execution of
It waveforms (see 12.6.1

veform_ele =
value e '
| null [ after

‘\\'

ast tempegarily) stops’contributing to the value of the target. This form of waveform elem
vaveform_elementp is an error if the target of a signal assignment statement containing
element’is not a'guarded signal or an aggregate of guarded signals.

result of type

h the projected

the evaluation
of waveform
cified time. The
d off, so that it
ent is called a
a null wave

The

pase type of the time expression in each waveform element must be the predefined phy

sical type TIME

as defined in package STANDARD. If thiter 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
determined by the current time added to 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 expres-
sion in the waveform element. For the second form of waveform element, the value component is not defined
by the language, but it is defined to be of the type of the target. A transaction produced by the evaluation of

the s

econd form of waveform element is calledithtransaction
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For the execution of a signal assignment statement whose target is of a scalar type, the waveform on its right-
hand side is first evaluated. Evaluation of a waveform consists of the evaluation of each waveform element in
the waveform. Thus, the evaluation of a waveform results in a sequence of transactions, where each transac-
tion corresponds to one waveform element in the waveform. These transactions areeatieshsactions.

Itis an error if the sequence of new transactions is not in ascending order with respect to time.

The sequence of transactions is then used to update the projected output waveform representing the current
and future values of the driver associated with the signal assignment statement. Updating a projected output
waveform consists of the deletion of zero or more previously computed transactionso{daitadsactions)

from the projected output waveform and the addition of the new transactions, as follows:

a)| All old transactions that are projected to occur at or after the time at which the earliegt new transac-

tion is projected to occur are deleted from the projected output wavefo

b)] The new transactions are then appended to the projected output Waye order of their

If thg initial delay is inertial delay according to the definitions of 8.4\ the proje waveform is

further modified as follows:

a)| All of the new transactions are marked.

b)
<)

d)
e)

For the purposes of m

form|are consid

The
fashi
sube
dete
time
sequ
the t

waveform.

er

h the time at

immediately
'ked transaction.

d output wave-

eds in a similar
for each scalar
blue portions are
form, and whose

subelement of
D a target that is

If a diven\procedure is declared by a declarative item that is not contained within a process sfatement, and if
a sighal‘assignment statement appears in that procedure, then the target of the assignment gtatement must 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 witfoahor out mode signal parameter in a subprogram

call within that procedure, then the signal so associated must be a formal parameter of the given procedure or
of a parent of that procedure.
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NOTES

1—These rules guarantee that the driver affected by a signal assignment statement is always statically determinable if
the signal assignment appears within a given process (including the case in which it appears within a procedure that is
declared within the given process). In this case, the affected driver is the one defined by the process; otherwise, the signal
assignment must appear within a procedure, and the affected driver is the one passed to the procedure along with a signal
parameter of that procedure.

2—Overloading the operator "=" has no effect on the updating of a projected output waveform.

3—Consider a signal assignment statement of the form

T <= rejectt, inertial e, after t; {, g after t; }

FouT - i ool
Th £ TUNMTUWITTY TSTAUUTTS TTUTU.

angl

Note that, if f= 0 ns, then the waveform editing is identical to that for trgr

the

4—Cpnsider the following signal assignment in some proces

where S is a signal of some integer type.

Asgume that at the time this signal assignm
contents (the first entry is the current drivi

(The

a)

b)

OnSSFStl

0n551<ti+1

waveform is identical to that for the statement
T <= ¢ aftert {, e after{}

S <=reject15 ns inertial 12 after 20 ns, 18 afte

(N
OSSN
NOW +N +\izqs\ \\T&Q ) +20ns  +42ns
imes given ativ to theScu

The driver i?\@% (ON3 IS

\2 2 12
NG«V 3& N_¥12ns| +13ns

The nﬁefm\s\a}e added to the driver. The driver now contains the following pending tran

1 2 2 12 12 18

ver now contains the following pending transactions:

NOW +3 ns +12 ns +13 ns +20 ns +41 ns

ergf S in the process has the follpwing

ds as follows:

Factions:

c)

All new transactions are marked, as well as those old transactions that occur at less than the time of the first new

waveform (20 ns) less the rejection limit (15 ns). The driver now contains the following pendin
(marked transactions are emboldened):

NOW +3 ns +12 ns +13ns | +20ns +41 ns
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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 contains the following pending transactions:
1 2 2 12 12 18
NOW +3 ns +12 ns +13 ns +20 ns +41ns
e) The transaction that determines the current value of the driver is marked, and all unmarked transactions are then
deleted. The final driver contents are then as follows, after clearing the markings:
1 2 12 12 18
NOW +3ns +13 ns +20 ns +41 ns

5—Np subtype check is performed on the value component of a new transaction v i s driver. Instead, a
subtype check that the value component of a transaction belongs to the subty he Sign i he driver is made
when|the driver takes on that value (see 12.6.1).
8.5 Variable assignment statement
A vafiable assignment statement replaces the current/Aalue of\a.vax i specified by an
expréssion. The named variable and the right-hand si i e of the same type

vafiable_assignment_statement ::=

[ label : ] target := expression ;

If thg target of the variable assignment stat i - variable, and the
base| type of the expressio [ S variable denoted
by that name. This form of varni SIgR Sl ngle (scalar or
comjposite) variable.
If the target of tha » i ment is in the form of an aggregate, then the type of the aggre-
gate [must be determiné ct that the type
of the aggregate mu nd side must be
the ame as the bas hssociation of the
aggregate mys pgnment assigns
each| subele i i ding subelement
or slice of the.aggregate
If the target of-advariable assignment statement is in the form of an aggregate, and if the locally static name
in an element-association of that aggregate denotes a given variable or denotes another varigble of which the
given variable is a subelement or slice, then the element association isidarditpthe given variable as a
targdt-of the assignment statement. It is an error if a given variable is identified as a target by more than one

elen

T aSSOCation i Such am aggregate.

For the execution of a variable assignment whose target is a variable name, the variable name and the expres-

sion
varia

are first evaluated. A check is then made that the value of the expression belongs to the subtype of the
ble, except in the case of a variable that is an array (in which case the assignment involves a subtype

conversion). Finally, the value of the expression becomes the new value of the variable. A design is errone-
ous if it depends on the order of evaluation of the target and source expressions of an assignment statement.

The execution of a variable assignment whose target is in the form of an aggregate proceeds in a similar
fashion, except that each of the names in the aggregate is evaluated, and a subtype check is performed for

each

subelement or slice of the right-hand side value that corresponds to one of the names in the aggregate.
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The value of the subelement or slice of the right-hand side value then becomes the new value of the variable
denoted by the corresponding name.

An error occurs if the aforementioned subtype checks fail.

The determination of the type of the target of a variable assignment statement may require determination 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 access value returned by a function call, and similarly, as an element or slice of such a variable.

NOTES

1—If

niver-

sal re)

2—F
an er

3—F
prote

8.5.1
If the
assig
conv
This

7.2.2
chec

NOTH
the ri

8.6 |

A prg

The
ifies

ks that for each element of the array variablet
versa. An error occurs if thisgheck fails. %

IOFI
pr

al then an implicit type conversion is performed.

r a variable assignment whose target is a name, the type of the target must
or if the type of any subelement of the target is a protected type.

means that the new value of each e
in the corresponding array value o

brocedure-nam
he aSsociation of actual parameters with formal parameters of the procedure.

ha riaht haond oida ic aithar o nuaario Biaral oy o atteiba o that v aalde o racult ofbbhynrc ol intaaane
et o e e e o e e te e oot ettt ot te ety et resorearty P TtegeorT

ignment to an array variable is performed only|
ed for subelements or slices that are array values.

pecifies the procedure body to be invoked. The actual parameter part,

be; moreover, it is

the target is of a
L protected type.

lice), the value
pf this subtype

ng element (see
/pe conversion
value, and vice

for the value of

if present, spec-

For ¢

h foroacol + £ Al A 1l + H N el
accltiurtimar paraimicicl Ulha JrutTuUuurTT, a pJruttuurtc uvalr TTiuot opJTUlTy TAAUU Y UTTC CUTTT

ponding actual

parameter. This actual parameter is specified either explicitly, by an association element (other than the
actualopen) in the association list or, in the absence of such an association element, by a default expression

(see

4.3.2).

Execution of a procedure call includes evaluation of the actual parameter expressions specified in the call
and evaluation of the default expressions associated with formal parameters of the procedure that do not
have actual parameters associated with them. In both cases, the resulting value must 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 procedure body is executed using the actual
parameter values and default expression values as the values of the corresponding formal parameters.
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8.7 If statement

An if statement selects for execution one or none of the enclosed sequences of statements, depending on the
value of one or more corresponding conditions.

if statement ::=
[if_label : ]
if conditionthen
sequence_of_statements
{ elsif conditionthen
sequence of statements }
[ else
sequence_of_statements ]
end if [ if_label ] ;

If a label appears at the end of an if statement, it must repeat the if label.
For the execution of an if statement, the condition specifiedififta tisif,

are gvaluated in succession (treating a fatsé as elsif TRUE thiien)™ntil op E or all
conditions are evaluated and yield FALSE. If one conditic : JE, then the gorresponding
sequence of statements is executed; otherwise, none @ S uted.

8.8 Case statement

A ca ative sequences of statemlents; the chosen

alter

cape_statement ::=
[ case label : ]

The express a discrete type, or of a one-dimensional array type whose elemeft base type is a
character typé. M must be determinable independently of the context in which the expression occurs,
but ysing, the*fact that the expression must be of a discrete type or a one-dimensional char}cter array type.

Each choice in a case statement alternative must be of the same type as the expression; the list of choices
specjfies’for which values of the expression the alternative is chosen.

If the expression is the name of an object whose subtype is locally static, whether a scalar type or an array
type, then each value of the subtype must be represented once and only once in the set of choices of the case
statement, and no other value is allowed; this rule is likewise applied if the expression is a qualified expres-
sion or type conversion whose type mark denotes a locally static subtype, or if the expression is a call to a
function whose return type mark denotes a locally static subtype.
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If the expression is of a one-dimensional character array type, then the expression must be one of the

following:

The name of an object whose subtype is locally static

locally static expressions

A slice name whose prefix is one of the members of this list and whose discrete ran
static discrete range

A function call whose return type mark denotes a locally static subtype

An indexed name whose prefix is one of the members of this list and whose indexing expressions are

ge is a locally

A qualified expression or type conversion whose type mark denotes a locally static subtype.

In su
expre
type

ch a case, each choice appearing in any of the case statement alteyhatives mustyb
pssion whose value is of the same length as that of the case expressjor, It is a

For ¢
only

The
choig
allow
choig
state

ed for the last alternative and as its only choice; it std

Nanie (s@?. .

The gxecution of a case sta ation of the expression followed by t
the chosen sequence of sta éments in a given case statement alte
sen $equence of state

sion,|“V” is the valye of(on

range, then this la is an element of the discrete range), and th

e execution ©

%h

a locally static
e element sub-

sented once and

locally static. A
beonly

ot given in the
hoice of a case

he execution of
rnative is the cho-
[ is the expres-

e is a discrete

e operator "="

e exhaustive and

mutuglly exclusive. A gurglified expression whose type mark denotes a locally static subtype can oftef be used as the
exprgssia aCa to limit the number of choices that need be explicitly specified.

2—An others Is xequired in a case statement if the type of the expression is theiygrsal_integer(for

example, i on is an integer literal), since this is the only way to cover all valuep of the type

universal_integer

3—Oyefloading 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 times.

loop_statement ::=
[loop_label : ]
[ iteration_schemelpop
sequence_of_statements
end loop[ loop_label ];
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iteration_scheme ::=
while condition
| for loop_parameter_specification

parameter_specification ::=
identifierin discrete_range

If a label appears at the end of a loop statement, it must repeat the label at the beginning of the loop
statement.

Execution of a loop statement is complete when the loop is left as a consequence of the completion of the
iterafion scheme (See below), It any, or the execution of a next statement, an exit statemeént, or a return

statement.

A logp statement without an iteration scheme specifies repeated executigi s S f statements.
For 3 loop statement withvehile iteration scheme, the condition is gvs Cution of the
sequence of statements; if the value of the condition is TRUE, is executed; if
FALSE, the iteration scheme is said todoenpleteand the execytio heloop statemeént is compplete

For 4 loop statement withfar iteration scheme, the loo < iflation i Fation of the
loop [parametemwith the given identifier. The loop parametef i3 i i se type of the
discrete range. Within the sequence of st ( ) i , |a loop parameter

t be given as an

For the execution of a loop withfar itera e the discrete
range is a null range, the |t ation sche 'tm) mplet€éand the execution of the loop statement is
thergfore complete' othervt % e, oks nts is executed once for each valug of the discrete

ent, or a return o er which\theiteration scheme is sa@topbete Prior to eagh such

stat
iterafion, the cory 8 discrete range is assigned to the loop parameter. TThese values are
assigned in left-to®

NOTE—A loop maycbe lef f It of tHe execution of a next statement if the loop is nested inside |of an outer loop
and the next sta a at denotes the outer loop.

8.10[N

A nekt statemen ed to complete the execution of one of the iterations of an enclosing|loop statement
(called “loop™in’thefallowing text). The completion is conditional if the statement includes a cpndition.

nekt statement ::=
[ fabetjrext{foop_tabetj fwhemn conditon |

A next statement with a loop label is only allowed within the labeled loop and applies to that loop; a next
statement without a loop label is only allowed within a loop and applies only to the innermost enclosing loop
(whether labeled or not).

For the 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 is no condition.
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8.11 Exit statement

An exit statement is used to complete the execution of an enclosing loop statement (called “loop” in the

following text). The completion is conditional if the statement includes a condition.

exit_statement ::=
[ label : Jexit [ loop_label ] [when condition ] ;

An exit statement with a loop label is only allowed within the labeled loop and applies to that

loop; an exit

statement without a loop label is only allowed within a loop and applies only to the innermost enclosing loop

(whether labeled or not).

Exit-from

For the execution of an exit statement, the condition, if present, is first eval
takes place if the value 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 i e ) tion or p

return_statement ::=
[ label : Jreturn [ expression];

A return statement is only allowed withigr'th
enclgsing function or procedure.

A return statement appearing in a procedure hody M
in a function body must have.an expression.

edretnth in the specification of the funct

the loop then

rocedure body.

the innermost

bment appearing

d by the function. The type of this expression must be

on. ltis

any means other than the execution of a retufn statement.

s made that the
ted if the check
ce of the return

1—If[the expression is ‘either a numeric literal, or an attribute that yields a result ofiniyszsal_intg¢geror

universal_realthen al

conversions are
t function. Thus,

for eaCh Index position of each value, the bounds O ISCrete range mus
return subtype, and the directions must be the same.

8.13 Null statement
A null statement performs no action.

null_statement ::=
[ label : Inull ;
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The execution 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 conditions
are true, although it is never mandatory for this (or any other) purpose. This is particularly useful in conjunction with the

case statement, in which all possible values of the case expression must be covered by choices: for certain choices, it
may be that no action is required.

@%
S

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

IEC 61691-1-1:2004(E) —135-
IEEE 1076-2002(E)

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 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

| concurrent_signal_assignment_statement
| component_instantiation_statement
| generate_statement

The |primary concurrent statements are the block statement, whick
stateiments, and the process statement, which represents a smgl ino
concprrent statements provide convenient syntax for repres
processes, as well as for representing structural decomposit

Within a given simulation cycle, an implementation
descfiption that depends upon a particul
All concurrent statements may be labeled

ative| part of the innermost enclosing er
stategment.

9.1 Block statement

A blgck stateme [
nested to support

b

q

end block[ block_ label 1;

b

ckheader ;=

esenting a portion of a design. Blocks may bsg

gnt statements in
statements will

ner concurrent
Fring forms of
parallel or in
be executed. A

neous.

) of the declar-
t, or generate

e hierarchically

[ generic_clause

[ generic_map_aspect ;] ]
[ port_clause

[ port_map_aspect ;]

block_declarative_part ::=
{ block_declarative_item }

block_statement_part ::=
{ concurrent_statement }
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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 must be type BOOLEAN. Signhal GUARD may be used to control the operation of certain state-
ments within the block (see 9.5).

The implicit signal GUARD must not have a source.

If a block header appears in a block statement, it explicitly identifies certain values or signals that are to be
imported from the enclosing environment into the block and associated with formal generics or ports. The
generic and port clauses define the formal generics and formal ports of the block (see 1.1.1.1 and 1.1.1.2);
the generic map and port map aspects define the association of actuals with those formals (sge 5.2.1.2). Such
actuals are evaluated in the context of the enclosing declarative region.

If a l@bel appears at the end of a block statement, it must repeat the blgek

NOTES

1—Tlpe value of signal GUARD is always defined within the scope of agive and i citly extend to
design entities bound to components instantiated within the given bfc e ay be explicitly
pass¢d as an actual signal in a component instantiation in orde fer-level compgnents.

2—AnD actual appearing in a port association list of a given b ¢ 9 2 ame block.
9.2 Process statement

A prgcess statement defines an independer bEN f some portion of
the design.

progcess_statement ::=
[ processlabel

slarative_iterh ::=
am_Jdeclaration
|[rsubprogram_body

| type_declaration

! sl |hf\]/pn_dnr‘|nrnfinn

| constant_declaration

| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| use_clause

| group_template_declaration
| group_declaration
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process_statement_part ::=
{ sequential_statement }

If the reserved worgostponedprecedes the initial reserved wqnabcess the process statement defines a
postponed processtherwise, the process statement definasngpostponed process

If a sensitivity list appears following the reserved wprdcess then the process statement is assumed to
contain an implicit wait statement as the last statement of the process statement part; this implicit wait state-
ment is of the form

wait on sensitivity list ;

where the sensitivity list of the wait statement is that following the reserved Such'a ;Ixrocess
stateiment must not contain an explicit wait statement. Similarly, if such a atement|is a parent of a
proce¢dure, then it is an error if that procedure contains a wait statemen

It is @n error if any name that does not denote a static signal nameé 8 ] PN ng is permitted
appdars in the sensitivity list of a process statement.

If thg reserved worgostponedappears at the end of a prgee LS F e a postponed
process. If a label appears at the end of a process statement, the |a ss label.

It is 4n error if a variable declaration in a process

dtatements. After
tion will immedi-

The execution of a process statement consi
the last statement in the sequence of sta
ately|continue with the first statement in the

A prgcess statement is saig ea ive'x i i , ¢ of which
the i i i i [ or a concurrent

stateiment, other than a/p Ss, appears in the
entit statement :

mentlin it, and Hatwait i . ,a

tion m

“final” values at the current S|mulated tlme

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 worghostponed The equivalent process statement has a label if and only if the concurrent proce-
dure 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 procedure call statement consists of the same procedure name and actual parameter. pprt that appear in
the goncurrent procedure call statement.

If thgre exists a name that denotes a signal in the actual part of any as i in the concurrent
procedure call statement, and that actual is associated with a formal parameteri 3 bn the

equiValent process statement includes a final wait statement wit i ' constructed by
taking the union of the sets constructed by applying the rule of bociated with a
formal parameter.

Exeqution of a concurrent procedure call statement |8
statement.

valent process

Example:

CHeckTiming (tPLH, tPHL, CIk, D, Q); -- A concurrent procedure call stafement.

process
bepin

The equivalent process.

CheckTiming (
wait on Clk, D,
enp process

LHt

NOTES

1—Cpncurrent proc B C3 make it possible to declare procedures representing commor]ly used processes
' by merely calling the procedure as a concurrent statement. The wait statement at the
a Juiyalent process statement allows a procedure to be called without hgving it loop inter-
minably, evendf t is not necessarily intended for use as a process (i.e., it contains no wait Statement). Such a
procgdurexuay pe v ¢ (and thus the values of its variables retain state over time) if its outermpst statement is a

2—Thealue of an implicitly declared signal GUARD has no effect on evaluation of a concurrent proceglure 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 state-
ment. 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 condijoort clause, andeverity clause that appear in the
concurrent assertion statement.

If there exists a name that denotes a signal in the Boolean expression that defines the condition of the asser-
tion,[hen the equivalent process statement Includes a final wait statement with a sensiivity clause that is

consfructed by applying the rule of 8.1 to that expression; otherwise, the/€quivalent(progess statement

contai out clause.

Exedution of a concurrent assertion statement is equivalent to executic Juivalentyprgcess statement.
NOTHE

1—Since a concurrent assertion statement represents a passive prgcess.staten gs no outputs. There-
fore, fhe execution of a concurrent assertion statement will neve S A , If the assertion is
false,[then the specified error message will be sent to the simufation repo

2—The value of an implicitly declared signal GUARD hag € i i 5 it is explicitly
refergnced in one of the expressions of that agsertion.

3—A|concurrent assertion statement whos iti i . a process state-
ment|that ends in a wait statement that has \go se > e through at the

beginning of simulation and then wait indefini

95¢C

A copcurrent signal assignme g Bpres [ pssigns values to
signals

co 1current_sign; 3

[ label :

options ;;

Therg are | gracteristics that
distwgwsh it are dISCU sed in the following paragraphs.

Each form may include one or both of the two optignarded and a delay mechanism (see 8.4 for the

delay méchanism, 9.5.1 for the conditional signal assignment statement, and 9.5.2 for the |selected signal
assignmentstatement)—The optorarded specifies that thesignatassignment statementisexecuted when

a signal GUARD changes from FALSE to TRUE, or when that signal has been TRUE and an event occurs on
one of the signal assignment statement’s inputs. (The signal GUARD must be either one of the implicitly
declared GUARD signals associated with block statements that have guard expressions, or it must 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 tgusrded targetlf the target of a concurrent
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signal assignment is a name that denotes a signal that is not a guarded signal, 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
signal that is not a guarded signal, then the target is said tourgyaarded targetit 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 alabel 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 j
ment statement includes the reserved vparstponed

he concurrent signal assign-

c)| If the delay mechanism option appears in the concurrent signz
mechanism appears in every signal assignment statement i
appears in no signal assignment statement in the process

he same delay
t; otherwise, it

d)| The statement part of the equivalent process statemey gform [described

in item e)].
e)| If the optionguarded appears in the concurreni/signal statement, then tle concurrent
signal assignment is calledyaarded aSS|gnmen th al assignment statement is a
guarded assignment, and if the ta ~ y ignal assignment is a guargled target, then
the statement transform is as foff N
if GUARD then

signal_transform

t if the target of
as follows:

if the target
sform is as

It is,an error if a concurrent signal assignment is not a guarded assignment and thie target of the
¢oncurrent signal assignment is a guarded target.

A signal transformis either a sequential signal assignment statement, an if statement, a case
statement, or a null statement. If the signal transform is an if statement or a case statement, then it
contains either sequential signal assignment statements or null statements, one for each of the alter-
native 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 sensitiv-
ity 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
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is a guarded assignment, then the sensitivity clause also contains the simple name GUARD. (The
signals identified by these names are calledrtpets of the signal assignment statement.) Other-
wise, the process statement contains a final wait statement that has no explicit sensitivity clause,

condition clause, or timeout clause.

Under certain conditions (see above) the equivalent process statement may contain a sequence of disconnec-
tion statements. Alisconnection statemerg 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 state-
ment, 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

wavd
discq

If the

formation applies. Such a target must contain only locally static signal
signdl is identified by more than one signal name.

Itis an error if a null waveform element appears in a waveform

form of the assignment IS a null waveform element WhoSe Time expression IS given by
nnection specification (see 5.3).

target of a concurrent signal assignment statement is in the form g

the applicable

the same trans-

an error if any

Exedution of a concurrent signal assignment statement ivalent process
statement.

NOTES

1—A|concurrent signal assignment statementwhose Wwavefo e ons is equivalent

toap

beginning of simulation and then suspend p

2—A
the t4

nu

in the

9.5.1

The
state

co

co

manently.

equivalent p sta

Conditional sigH

hditional>wavefo
{\waveformwhen conditionelse}

waveform [when condition ]

The options for a conditional signal assignment statement are discussed in 9.5.
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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
waveformlwhen conditionlelse
waveform2when condition2else

waveformN—-1when conditionN—Ielse
waveformNwhen conditionN;

then|the signal transform in the corresponding process statement is of the fo

if gonditionlthen
wave_transforml
qif condition2then
wave_transform2

@

elgif conditionN—1then
wave_transformN-1
elgif conditionNthen
wave_transformN
end if ;

If thg conditional waveform i
stategment is of the form

wdve_transform

ny Waveforr@ve

For ¢

w4
then

)sm ] waveform_elementl, waveform_element2, ...,
waveform_elementN;

tar

If thg waveform is of the form

un bhffactad

Treocteo

then the wave transform in the corresponding process statement is of the form

null;

In this example, the finadull causes the driver to be unchanged, rather than disconnected. (This is the null
statement—not a null waveform element).

The characteristics of the waveforms and conditions in the conditional assignment statement must be such
that the if statement in the equivalent process statement is a legal statement.
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Example:

S <= unaffected whenlnput_pin = S'DrivingValuelse
Input_pinafter Buffer_Delay;

NOTE—The wave transform of a waveform of the farmaffectedis 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.

selected_signal_assignment ::=
with expressiorselect
target <= options selected_waveforms ;

selected_waveforms ::=
{ waveformwhen choices , }
waveformwhen choices

The pptions for a selected signal assignment statement/are di

For @ given selected signal assignment, there i ivale ponding to it as
defined for any concurrent signal assig pf the form

with expressiorselect
target <= options

when choice_listN-1,
when choice_listN ;
then onding process statement is of the form

ca

when choice_listN-1 =>
wave_transformN-1
when choice_listN =>
wave_transformN
end case

Wave transforms are defined in 9.5.1.

The characteristics of the select expression, the waveforms, and the choices in the selected assignment state-
ment must be such that the case statement in the equivalent process statement is a legal statement.
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9.6 Component instantiation statements

A component instantiation statement defines a subcomponent of the design entity in which it appears,
associates signals 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 corresponding
component declaration, design entity, or configuration declaration.

component_instantiation_statement ::=
instantiation label :
instantiated_unit
[ generic map aspect ]
[ port_map_aspect];

ingtantiated_unit ::=

[ component] componentname
| entity entity name [ (@rchitecture identifier ) ]
| configuration configuration name

The ant o in a comporent declaration.
The 2R ity de hn architecture
identjfier appears in the instantiated unit, then that ids \ he” the\same as the simple name of an

arch orresponding enfity name. The
arch e n hierarchy to
seleg ﬂﬂe name of a
previ atioN\Th i spect, if present, optionally associates a
singl i1 in the corresponding component|declaration or
entity must be associated at most oncg. Similarly, the
port jlevactual with each local port (or member thereof) in
the : I0R B / declaration. Each local port (or member thereof) must be

asso A\ and port ;map aspects are described in 5.2.1.2.

If an instantiated{r} ytaining erved yamtty does not contain an explicitly specified|architec-

ture identifier, the archi identifier is implicitly specified according to the rules givenjin 5.2.2. The
architecture identifig a\Sirny ame that is used during the elaboration of a design hierarchy to
seleg

A co A ati ent and a corresponding configuration specification, if any, faken together,
imply that” the Klock raxchy within the design entity containing the component instantigtion is to be
exte Vi igue y of the block defined by another design entity. The generic map and port map
asp [ entinstantiation statement and in the binding indication of the configuration specifica-

tion identify the/connegtions that are to be made in order to accomplish the extension.

NOTES

1—A configuration specification can be used to bind a particular instance of a component to a design entity and to
associate the local generics and local ports of the component with the formal generics and formal ports of that design
entity. A configuration specification can apply to a component instantiation statement only if the name in the instantiated
unit of the component instantiation statement denotes a component declaration. See 5.2.

2—The component instantiation statement may be used to imply a structural organization for a hardware design. By
using component declarations, signals, and component instantiation statements, a given (internal or external) block may
be described in terms of subcomponents that are interconnected by signals.

3—Component instantiation provides a way of structuring the logical decomposition of a design. The precise structural
or behavioral characteristics of a given subcomponent may be described later, provided that the instantiated unit is a
component declaration. Component instantiation also provides a mechanism for reusing existing designs in a design
library. A configuration specification can bind a given component instance to an existing design entity, even if the
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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 must 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 triple 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 declaraﬂon the intermediate block represents the entlty declaration to

which K e body. Each is
define

The header of the block statement corresponding to the component de consists of the generic and
port ¢lauses (if present) that appear in the component declaration, follpwed\by the g p and port map
aspelcts (if present) that appear in the corresponding component |n ta Fhel meaning of any
identjfier appearing in the header of this block statement is asso ponding occurrence of
the iglentifier in the generic clause, port clause, generic map aspect, respectively. The
statgment part of the block statement corresponding to the X on consists df a nested block

ent corresponding to the entity declaration.

clauges (if present) that appear in the enti \ by the generic map and pgrt map aspects
(if present) that appear in the binding indicatic | i ity declaration.

The gleclarative part of the block statementcorre i i i the declarative
items$ from the entity declarative part. T 8 3 ing to the entity-

declaration consists of the concurrent s | enti , a nested block
stat ‘ identifier appearing
anywhere in this |ntermed| i i i i currence of the

ing to the architecture body is empty. The de¢larative part of
pchitecture body consists of the declarative items from the declar-

The header of th

the Hlock statemen

ative e body. The statement part of the block statement cprresponding to
the 3 he Concurrent statements from the statement part of thg corresponding
arch Qf any identifier appearing anywhere in this block statemen{ is that associ-
ated utrence of the identifier in the architecture body

For ¢ idey the following component declaration, instantiation, and corresponding configuration

spec| f|cat|0n

compohent
COMPport (A,B : inout BIT);
end component

for C: COMPuse
entity X(Y)
port map (P1=>A, P2=>B);

C: COMPport map (A => S1, B => S2);
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Given the following entity declaration and architecture declaration:

entity X is

port (P1, P2 iinout BIT);

constantDelay: Time := 1 ms;
begin

CheckTiming (P1, P2, 2*Delay);
end X ;

architecture Y of X is
signal P3: Bit;
begit

P3 <= Plafter Delay;
P2 <= P3after Delay;
B: block

end block
end;

then|the following block statements implen pling between the block hierarchy in yhich compo-
nentfinstantiation statement C appears anhd the blo archy contained in design entity X(Y):

-- Component block.
Local ports.
Actual/local binding.

C: block
port (A,B : inout

-- Formal ports.
Local/formal binding.
Entity declarative item.

Entity statement.

Architecture declarative ifem.

P3 <= P1 aft@elay; Architecture statements.
P2 <= P3 aft@elay;

B: block-- Internal block hierarchy.

begin
end block
end block;
end blockX ;
end block C;
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The block hierarchy extensions implied by component instantiation statements that are bound to design
entities are accomplished during the elaboration of a design hierarchy (see Clause 12).

9.6.2 Instantiation of a design entity

A component instantiation statement whose instantiated unit denotes either a design entity or a configuration
declaration is equivalent to a triple 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 instantiation statement; the intermediate block
represents the entity declaration to which the instance is bound; and the inner block represents the corre-

sponding architecture body. Each is defined by a block statement.

The
decld

neader of the block statement corresponding to the component instantiatio

The
claug
by th
binds
resp
state
ment
ing 3
assori

The
bloch
part
arch
ture
the G

orrespondm@:
xample, consi

For 4

ent

begi

endl entity X;

hitectlrew of X is
sighal P3: BIT;
in

a

=

(¢

be

statement\is|

empty, as is the
ponding to the

aration.

eneric and port
entity, followed

ipn statement that

statement cor-
htive part. The
oncurrent state-
he correspond-
fement is that

ative part of the
the declarative
sponding to the
pnding architec-

gssociated with

P3 <= Plafter Delay;
P2 <= P3after Delay;
B: block

end block B;
end architecture;
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This design entity is instantiated by the following component instantiation statement:
C: entity Work.X (Y) port map (P1 => 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):

C: block -- Instance block.
begin
X: block -- Design entity block.
port (P1, P2:inout BIT); -- Entity declaration ports.
port map (P1 => S1, P2 => S2); -- Instantiation statement port map.
constantDelay: DELAY_LENGITH =1 ms; -- Entity declarative 1tems.
use WORK.TimingCheckall;
begin
CheckTiming (P1, P2, 2*Delay);
Y: block
signalP3: BIT;
begin
P3 <= P1 aftebelay;
P2 <= P3 afteDelay;
B: block
begin
end blockB;
end blockY;
end block X;
engl block C;
Mordover, consi e fg which is followed by an associated configuratign declaration
and ¢omponent in kat
enfity X is
begin
endl entity X;
ardhitecture-Y of X is
signal P3: BIT;
bepin

P3<=PIafter Delay;
P2 <= P3after Delay;
B: block

end block B;
end architectureY;
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The configuration declaration is

configuration Alphaof X is
for'Y

end for;
end configurationAlpha;

The component instantiation is

C:|configuration Work.Alphaport map (P1 => S1, P2 => S2);

The following block statements implement the coupling between the blog
instantiation statement C appears and the block hierarchy contained i

C: block

begin

X: block [ 3
port (P1, P2:inout BIT); ati clafation ports.
port map (P1 =>S1, P2 => S2); Instagtiation statement
constantDelay: DELAY_LENGTH := 1 ms; ity declarative items
use WORK.TimingCheckall;

begin
CheckTiming (P1, P2, 2*Delay Entity statement.
Y: block

endplock X
end black C;

signalP3: BIT; -- Architecture declarative i

-- Architecture statements.

h component

port map.

em.

The btockhrerarchy extensionsmptred-by compornentinstantiationstatements-thatarebound to design enti-

ties occur during the elaboration of a design hierarchy (see Clause 12).
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A generate statement provides a mechanism for iterative or conditional elaboration of a portion of a

description.

generate_statement ::=
generatelabel :
generation_schengenerate
[ { block_declarative_item }
begin]
{ concurrent_statement }

end generatg generatefabet

geheration_scheme ::=
for generate parameter_specification
| if condition

lahel ::= identifier

For 4
tion
type

The
cond

The
Example:

Gégn:block
bepin

L6 for I in 1 to 3 generate
L7: for Jin 1 to 3 generate

the declara-
bject whose

p: similarly, the

8- ift+I<dgenerate
L9: CELL port map (A(I1+1),B(J+1),A(1),B(J)) ;
end generate
end generate
end generate,
end block Gen;
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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)| An entity declaration

b)| An architecture body

c)| A configuration declaration
d)| A subprogram declaration, together with the corresponding subp
e)| A package declaration together with the corresponding bod
f) | Arecord type declaration
g)| A component declaration
h)| A block statement

i) | A process statement

i) | Aloop statement

k)| A block configuration

) | A component configuration
m) A generate stateme
n)| A protected type deg

In edch of these cases
stategiment. A de*i
most region that erclgo

declaration itself.

Fation or
he inner-
ciated with the

Certain declayati i onsidered as a
(logigally) corxi 0 fion Xt as the text
thatgxtepddra I portion is the
corrgsponthi pse Clarative items

between the in

In addition to the above declarative regions, therer@@tdeclarative regionnot associated with g portion

of th¢ text of the description, but encompassing any given primary unit. At the beginning of the analysis of a

given-prirary-thit—there-are-no-declarations-whose-scopes<{see-10-2are-within-the+eet-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 Abrary declarative regiorassociated with each design library (see 11.2). Each library declar-
ative region has within its scope declarations corresponding to each primary unit contained within the asso-
ciated design library.

The declarative region associated with an architecture body is considered to occur immediately within the de-
clarative region associated with the entity declaration corresponding to the given architecture body.
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NOTE—The fact that an architecture body has an associated root declarative region does not mean that the declarative
region associated with the architecture is directly within the associated root declarative region. Instead, the declarative

region associated with the corresponding entity declaration surrounds the declarative region associated with the architec-
ture.

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 declaratiofhe 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
notafion. Within the scope of a named entity, and only there, there are places where it is legallto use the asso-
ciated notation in order to refer to the named entity. These places are defingd by pf visibility and
overlpading.

mediately clos-
re, for
he immediate

The scope of a declaration extends from the beginning of the declarat
ing declarative region; this part of the scope of a declaration is calld
any
scopg:

a)
b)
c)
d)
e)
f)
9)
h)

In th
body
tion

the subprogram
the given declara-
tion extends to

defined by a

figuration that
larative part of
the declarative
regign.associated with the given component configuration. A similar rule applies to a block|configuration
that T foTT 1 T T fth T T ided 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—These scope rules apply to all forms of declaration. In particular, they apply also to implicit declarations and to
named design units.
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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
subclause include any identifier other than a reserved word or an attribute designator that denotes a pre-
defined attribute. The places considered in this subclause are those where a lexical element (such as an iden-
tifier) 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

visib
meal

A de
exce|
after

Visibjli

folloy

a)

b)

c)

d)

e)

e at a given place in the text when, according to the visibility rules, the declaration defimes a possible
ning of this occurrence. The following two cases arise in determining the/meaning of'suc

a declaration:

rules are
igentifier, or in
given point.

ence of the
the over-

fined as

For a primary unit A L libPary~¢ iX i whose prefix
denotes theNjbr
For an enti 9 Sfi i i i i i lat the place of

block specifi-
y that entity

an architecture
Hication.

Farsa~declaration given in a package declaration: at the place of the suffix in a select¢d name whose
prefix denotes the package.

f)

a)

h)

= 1 + ol 1 +1 £ H ot Al 1 £ . + o 1 £+l ££: 1

Ul Arn Ticimiermt utuouiaratauilitT ur Aa uIVCII IAA VIRV | L_erU urtuiarataurt, at aitc Hlabc U urc outti In a Selected
name whose prefix is appropriate for the type; also at the place of a choice (before the compound
delimiter =>) in a named element association of an aggregate of the type.

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.
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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

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.

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.

k)

n)

Fina
prote
withi
deno

Whe
be d
scop
para

mad¢

A de
hom
hom

For a formal generic declaration of a given entity declaration: at the place of the formal
a formal part (before the compound delimiter =>) of a named generic aSsosiation €lem

plack
ad po

For a subprogram declared imm
suffix in a selected name whose

%Ot
iated-wi

cted type, any de¢
N the construct is Vi
tes the con

pgraph of this.declaration; the outer declaration is then hidden within the immediate sco

designator in
ent of a corre-
part (before

ponent instan-
ation.

psignator in a
nt of a corre-

formal part
g component

Jeclaration.

t: at the place
d association

ne place of the

bclaration or a
curs textually
whose prefix

said to

the immediate
n the following
ckage can be

contains a
be of the inner

pgraphi Each oftwo declarations is said to heraographof the other if both declarations

sam

two. |f overloadin
have the same identifier, operator symbol, or character literal, as well as the same parameter and result type

profil

e (see 3.1.1).

have the

identifier, operator symbol, or character literal, and if overloading is allowed for at mgst one of the
I g is allowed for both declarations, then each of the two is a homograph of tJ; other if they

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 must 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
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.
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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 addition, any declaration that is directly visible at the end of the declarative part of a given block is
directly visible in a block configuration that conflgures the given block. This rule holds unless a use clause
that mmakesahomograpihrof thedectarationm potentiatty visibte(see 102 appea ecorresponding config-
uratipn declaration, and if the scope of that use clause encompasses all or pa thoseceonfiguration items.

tion {tems, except at those places that fall within the scope of the additional (Use)clagse. At such places,
neithier name will be directly visible.

If a gomponent configuration appears as a configuration item im i ( Withi yck configuration that
configures a given block, and if a given declaration is visible b i f the deglarative part of

that block, then the given declaration is visible by selection fi K the end of {he declarative
regign associated with the given component configuratio imilart ppties to a block|configuration
that appears as a configuration item immediately withi onfjguration, provided that the con-

tained block configuration configures an internal bl

ediately within a block configuration that

configures a given block, and if a given des oM at the end of the declaratjve part of that
blocl, then the given declaration is visip i om the beginning to the end of the declarative
regign associated with the given comp 3 fi i A similar rule applies to a block|configuration
that pppears as a configyratiqn i ithin' another block configuration, proyided that the

contgined block configurati { anaternal bldck. Furthermore, the visibility of declgrations made

i issimilarly extended. Finally, the visibility of a logical library
name corresponding to visible at the end of a block is similarly extengled. The rules
of th|s paragrap at makes a homograph of the declaration pqtentially visible
appdars in the corr&sp sfigyration, and if the scope of that use clause encompasses all or part
of thpse configuratid S€ clause appears, then the declaration will be directly visible within
i except at those places that fall within the scope of thg additional use

clauge. At sugh place ith e will be directly visible.

NOTES

1—Tlhe same id fer, sharacter literal, or operator symbol may occur in different declarations and may thus be associ-
ated yvith different entities, even if the scopes of these declarations overlap. Overlap of the scopgs of declarations

with the same-identifiercharacter literal, or operator symbol can result from overloading of subprogramg and of enumer-
ation [literals, Such overlaps can also occur for named entities declared in the visible parts of packaggs and for formal
geneficS¢and ports, record elements, and formal parameters, Where there is overlap of the scopesy of the enclosing
ally, overlapping

pack AAAAA 2= .._-. declarations ecord ne-declaras -._5 subprogram—declarations-

scopes can result from nesting.

2—The rules defining immediate scope, hiding, and visibility imply that a reference to an identifier, character literal, 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:
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constantK: INTEGER := K*K; -- lllegal
constantT: T; -- lllegal
procedureP (X: P); -- lllegal
function Q (X: REAL := Q)return Q; -- lllegal
procedure R (R: REAL); -- Legal (although perhaps confusing)
Example:
L1: block
signal A,B: Bit ;
begin
E2-btock
signal B: Bit ;

begin
A <= B after 5 ns;
B <= L1.Bafter 10 ns;
end block;
B <= A after 15 ns;
end block;

10.4|Use clauses

A usg clause achieves direct visibility of de

usg_clause ::=
use selected_name {, selected r

EacH| selected name in a use.clause i ifi ecome directly
visible. If the suffix of the Selected e IS c mbol, then the
selegted name identifies i perator symbol
contg@ined within the package b suffix is the

resefved wordall, ne package or
libraffy denoted byxthe

For ¢ach use clayse i iy region of text callextdpeof the use clause. This region starts

immediately after the ause. Ifadse clause is a declarative item of some declarative region, the scope of
the dause e S the given declarative region. If a use clause occurs within the context clause
of a glesig of the use clause extends to the end of the root declarative regior| associated with

the ivenesi
10.2).

e sgope of a use clause may additionally extend into a configuration dleclaration (see

In orfer todetermine“which declarations are made directly visible at a given place by use clauses, consider
the set.ofdeclarations identified by all use clauses whose scopes enclose this place. Any declaration in this
set ig_apotentially visible declaration. A potentially visible declaration is_actually made difectly 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).
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NOTES

1—These rules guarantee that a declaration that is made directly visible by a use clause cannot hide an otherwise directly
visible declaration.

2—If a named entity X declared in package P is made potentially visible within a package Q (e.g., by the inclusion of the
clause "use P.X;" in the context clause of package Q), and the context clause for design unit R includes theeclause "
Q.all;", this does not imply that X will be potentially visible in R. Only those named entities that are actually declared 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

Ove

For @

ora

able

occu

At sych a place, all visible declarations are considered. The gscunencge | is exactly one
inter 2 eclara-

tion, ja specification, or a statement.

Whe are the syntax
ruled, the scope and visibility rules, and ¥

a) type as another
name or expression.

b) ; similarly, any
rule that requires aertajn t G sal, or charac-
ter type.

c)| Any rule that reg

d)| The rules ggregate or string literal to be determinable splely from the

, the rules that require the type of the prefix of ar] attribute, the
of.a casg statement, or the type of the operand of a type cgnversion to be
e context
e) : » olution of overloaded subprogram calls; for the implicit cgnversions of
essioks; for the interpretation of discrete ranges with bounds having a tiniversal type;
stetation of an expanded name whose prefix denotes a subprogram.

f) iven for the requirements on the return type, the number of formal paramieters, and the

typéesof the fofmal parameters of the subprogram denoted by the resolution function rame (see 2.4).
NOTES

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 nhamed association in an indexed
name, the use apen in an indexed name, the use of a slice as an actual to a function call, and so forth.

2—A loop parameter specification is a declaration, and hence a complete context.

3—Rules that require certain constructs to have the same parameter and result type profile fall under category a) above.
The same holds for rules that require conformance of two constructs, since conformance requires that corresponding
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.

111

Design units

Certain constructs may be independently analyzed and inserted into a design library; these constructs are
calleddesign unitsOne or more design units in sequence compriksign file

de
de

lib

pri

se

Desi
of a
unit
previ

The
seco
fier f
that
must
that

Entit
decla

11.

Tgn_iile = design_unit{ design_unit
5ign_unit ::= context_clause library_unit
ary_unit ;=

primary_unit
| secondary_unit
mary_unit ::=
entity _declaration
| configuration_declaration
| package_declaration
condary_unit ::=

architecture_body
| package_body

esign unit defines th 9 [ in a design librdityrafly unit is either a p
br a secondary unit. L ately analyzed body of a primary unit re
pus analysis

ri;r §

hame of a p

declaratioqs, arshitecture bodies, and configuration declarations are discussed in Clg
prations and pask&ge bodies are discussed in Clause 2.

gn file. Analysis
rimary
sulting from a

t unit. Of the

imple name

ity declaration
associated with

use 1. Package

Design libraries

A design libraryis an implementation-dependent storage facility for previously analyzed design units. A
given implementation 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 caigukthe

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 corre-

spon
Each

For 3
may
logic

Therg
Iibrar

is the
(includi

Ever
part

lib

Libra
resid
all de
Libra

e; these are
clarations witk
ry logical name

The
STAI

Ase
prim

NOTE—The design of t
t elause of a design unit will remain unchanged during the analysis of that unit (with the possible

cont

logical name defined by the library clause denotes a design library i

ding secondary unit.

e host eqvironm

it being analyzed. O
contrast, any numbe

e language assumes that the contents of resource libraries named in all librg

updating‘ef the library unit corresponding to the analyzed design unit within the working library, if that i

ent.

5t environment
ociate a library

h

is the

ibraryis

ly one library
r of libraries

text items as

age TEXTIO
use clause makes
it; see 10.4).

han package

y in which the

ry clauses in the
exception of the
brary is also a

resoUrce fibraryy.

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 }

library_clause

| use_clause
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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

The rules defining the order in which design units can be analyzed are direct consequences of the visibility
rules. In particular

a)| A primary unit whose name is referenced within a given design unit ¢ be analyzed prior to the
analysis of the given design unit.

b)| A primary unit must be analyzed prior to the analysis of any corresponding secordary| unit.

In eqch case, the second weépendn the first unit.

The prder in which design units are analyzed must be congiste 5 atial ‘ordering fefined by the
abowve rules.

If any error is detected while attempting to analyze a ig ity attempted analysiq is rejected and
has no effect whatsoever on the current working libra

A giMen library unit is potentially affected by a change\i library unit whose name is refefenced within

the diven library unit. A secondary unit is patential y-a-Change in its corresponding primary unit.
If a ljbrary unit is changed (e.g., by reanfalysis of thexgorresponding design unit), then all libfary units that

are potentially affected by sych a change be% and must be reanalyzed before they can be used
again. < : i g
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12. Elaboration and execution

The process by which a declaration achieves its effect is calledattverationof 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 concurrent
statements), and concurrent statements. Elaboration of such constructs is necessary in order ultimately to
elaborate declarative items that are declared within those constructs.

In order to execute a model, the design hierarchy defining the model must first be elaborated. Initialization of
nets |(see 12.6.2) in the model then occurs. Finally, simulation of the model proceeds. Simulafion consists of
the repetitive execution of tlemulation cycleduring which processes are exec and netsiugdated.

12.1) Elaboration of a design hierarchy

The glaboration of a design hierarchy creates a collection of proc ' \ 5; this collection
of prpcesses and nets can then be executed to simulate the béhavi

A depign hierarchy is defined either by a design entity or'by a

Elabpration of a design hierarchy defined by a de i i i ne block state-
men{ equivalent to the external block d i) i esign entity is
assumed to contain an implicit configurs ation(see 5/2) for each component ipstance that is
unbdund in this architecture; each configurs as an entity aspect denotinglan anonymous
configuration declaration identifying the ation (see 5.2) and supplying an |mplicit block
configuration (see 1.3.1) th binds and ¥ entity identified according to thg rules of 5.2.2.
The gquivalent block statef [ .6+2) Elaberation of a block statement is defined in 12.4.1.

Elab o the external

bloch ) ins an implicit
component confi ) ) ' in the external
block and an implicjtb i ioN 3. i i ithir] the external
bloc

. : is not required to allow, a design entity at the root of a design hierarchy to
have| genetics & . plementation allows ttugstevelinterface objects, it may restfict their
allowed 3 des ik an implementation defined manner. Similarly, the means by which top-level
inter ace obje ed by an imple-

Elabration of a block statement |nvolves first elaboratlng each not -yet- elaborated packcige containing

a - 5t elaborating
each not yet elaborated package containlng declarations referenced by the given package Elaboration of a
package consists additionally of the

a) Elaboration of the declarative part of the package declaration, eventually followed by

b) Elaboration of the declarative part of the corresponding package body, if the package has a corre-
sponding package body.

Step b) above, 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.
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Elaboration of a declarative part is defined in 12.3.
Examples:

-- In the following example, because of the dependencies between the packages, the
-- elaboration of either package body must follow the elaboration of both package
-- declarations.

packageP1 is
constantC1: INTEGER = 42;
constantC2: INTEGER;

en pau'r\agu':\l,

packageP2 is

constantCl: INTEGER := 17;
constantC2: INTEGER,;

end packageP2;

package bodyP1 is
constantC2: INTEGER := Work.P2.C1,;

end package bodyP1;

=]

package bodyP2 is
constantC2: INTEGER := Work.R1.

end package bodyP2;

>

-- |If a design hierarchy is described by,
entity E is end

arg¢hitecture A of E is
componentco

port (.~
end co nI

-- [then.its'architecture contains the following implicit configuration specification at the
-- lend,of its declarative part:

for C: compuse configurationanonymous

and the following configuration declaration is assumed to exist when E(A) is

-- elaborated:
configuration anonymou®f L.Eis -- 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
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12.2 Elaboration of a block header

Elaboration of a block header consists of the elaboration of the generic clause, the generic map aspect, the
port clause, and the port map aspect, in that order.

12.2.1 The generic clause
Elaboration of a generic clause consists of the elaboration of each of the equivalent single generic

declarations contained in the clause, in the order given. The elaboration of a generic declaration consists of
elaborating the subtype indication and then creating a generic constant of that subtype.

The yalue of a generic constant is not defined until a subsequent generic map aspect is evaluated or, in the
absence of a generic map aspect, until the default expression associate bric constant is
evalyated to determine the value of the constant.

12.2J2 The generic map aspect

Elabpration of a generic map aspect consists of elaborating the gehegic\assagjation list. The generic
assoriation list contains an implicit association element fo: ic cogstant that is| not explicitly
assoriated with an actual or that is associated with the-res ) a.gctual part of such an
impligit association element is the default expression appearinghq. it i bric constant.

Elabpration of a generic association list capsi f 3 n element in the
assoriation list. Elaboration of a generi S i A i he formal part
and the evaluation of the actual part. Thexgeneri S 3 signated by the
formal part is then initialized with the valye - actual part. It

is an| error if the value of the actual does no ndication of the
formal. If the subtype denogtéd by the.s icatle a constrained
array subtype, then an implicit St G ISN\L an error if the

type jof the formal is an ) to the element

subtype of the forzil.
12.2{3 The port clause
Elabpration of a port CoNs rt declarations

contained in the § int elaborating the
subtype indica

12.2}4 Theport ap

Elabpration_of-a portupap aspect consists of elaborating the port association list.

Elabpration of a port association list consists of the elaboration of each port association glement in the
assocratior i ' : T Tati Nt 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 or expression 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 port of moda whose declaration includes a default expression, and if no association
element associates a signal or expression with that port, then the default expression is evaluated and the
effective and driving value of the port is set to the value of the default expression. Similarly, if a given port of
modein is associated with an expression, that expression is evaluated and the effective and driving value of
the port is set to the value of the expression. In the event that the value of a port is derived from an expression
in either fashion, references to the predefined attributes 'DELAYED, 'STABLE, 'QUIET, 'EVENT, 'ACTIVE,
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'LAST_EVENT, 'LAST_ACTIVE, 'LAST_VALUE, 'DRIVING, and 'DRIVING_VALUE of the port return
values indicating that the port has the given driving value with no activity at any time (see 12.6.3).

If an actual signal is associated with a port of any mode, and if the type of the formal is a scalar type, then it
is an error if (after applying any conversion function or type conversion expression present in the actual part)
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 expres-
sion is associated with a formal port (of maale and if the type of the formal is a scalar type, then it is an
error if the value of the expression does not belong to the subtype denoted by the subtype indication of the
declaration of the formal.

If an|actual signal or expression is associated with a formal port, and if the formal is of a co:Lstrained array
subtype, then it is an error if the actual does not contain a matching element/for each element of the formal.
In the % i ype conversion
that port, and if the
subtype denoted by the subtype indication of the declarat|on of the frml is anm\ynconstrained array type,
then K i an error if the
mode 2 . after applying any
conve 3 g to the element subtype of
the f alue of eacly element

of the part) does not
belong to the element subtype of the actual

If an cord subtype,
thenlit i nt of the record
subty function or type
conve

12.3|Elaboration of a

The ¢laboration o e
which they are gi

exceptions:

in the order in
llowing three

a) brated with the
b) hted with the
c) ribute defined

For these cases, the declarative jtems are not elaborated: instead, the design entity or subpogram is subject
to implementation-dependent elaboration.

In certain cases, the elaboration of a declarative item involves the evaluation of expressions that appear
within the declarative item. The value of any object denoted by a primary in such an expression must be
defined at the time the primary is read (see 4.3.2). In addition, if a primary in such an expression is a function
call, then the value of any object denoted by or appearing as a part of an actual designator in the function call
must be defined at the time the expression is evaluated. Additionally, it is an error if a primary that denotes a
shared variable, or a method of the protected type of a shared variable, is evaluated during the elaboration of
a declarative item. During static elaboration, the function STD.STANDARD.NOW (see 14.2) returns the
value 0 ns.
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NOTE—It is a consequence of this rule that the name of a signal declared within a block cannot be referenced in expres-
sions appearing in declarative items within that block, an inner block, or process statement; nor can it be passed as a
parameter to a function called during the elaboration of the block. These restrictions exist because the value of a signal is
not defined until after the design hierarchy is elaborated. However, a signal parameter name may be used within

expressions in declarative items within a subprogram declarative part, provided that the subprogram is only called after

simulation begins, because the value of every signal will be defined by that time.

12.3.1 Elaboration of a declaration
Elaboration of a declaration has the effect of creating the declared item.

For each declaration, the language rules (in particular scope and visibility rules) are such that it is either
impossible or illegal to use a given item before the elaboration of its corresponding deglaration. For
exanmple, it is not possible to use the name of a type for an object declaratioy esponding type
ding body is

elabgrated.
12.3J1.1 Subprogram declarations and bodies

Elab

Ice list of the
subp

ach interface

elem

Elab om then on, be
used

12.3

Elab E ts ofthe”elaboration of the definition of th¢ type and the
creafi 3 e of the elabora-
tion i hamed subtype
of th

Elab sponding type.

Elab ) ration of the
Corre or a physical type definition, each unit declaration in the dgfinition is also
elabx al unit declaration has no effect other than to create the unit defined by the
unit

Elabprati (T-uncynstrained array type definition consists of the elaboration of the el¢ment subtype
indic

Elabpration of a record type definition consists of the elaboration of the equivalent single element declara-
tionstmrthegivenorder—Etaboratiomrofamretement dectarationconsists of efaborationmrof theelement subtype
indication.

Elaboration of an access type definition consists of the elaboration of the corresponding subtype indication.

Elaboration of a protected type definition consists of the elaboration, in the order given, of each of the decla-
rations occurring immediately within the protected type definition.

Elaboration of a protected type body has no effect other than to establish that the body, from then on, can be
used during the elaboration of objects of the given protected type.
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12.3.1.3 Subtype declarations

Elaboration of a subtype declaration consists of the elaboration of the subtype indication. The

elaboration of

a subtype indication creates a subtype. If the subtype does not include a constraint, then the subtype is the

same as that denoted by the type mark. The elaboration of a subtype indication that includ
proceeds as follows:

es a constraint

a) The constraint is first elaborated.
b) A check is then made that the constraint is compatible with the type or subtype denoted by the type
mark (see 3.1 and 3.2.1.1).
Elabpration of a range constraint consists of the evaluation of the range. The _evaluation of. & range defines

the b of the elah

of th

ounds and direction of the range. Elaboration of an index constraint cor
b discrete ranges in the index constraint in some order that is not defi

12.3]1.4 Object declarations

Elab
type

a)
b)

onstant whose subtype ind
initial value for the object is deter

c)

d)
The eclared object or one of its subelements) in
that of’the object. For an array object declared by an

The laration consists of the elaboration of the subtype indicatiq
the creatio le object declaration contains file open information, then the

FILE| OP d (see 4.3.1.4).

The lelaboration of an/object of a protected type consists of the elaboration of the subty

followed by creation of the object. Creation of the object consists of elaborating, in the order
the declarative items in the protected type body.

NOTES

oration of each
e,

t of a protected

value of the
5sion does not
ptype conver-

cation denotes

mined.

olves a check
object declara-
the object is a

n followed by
mplicit call to

pe indication,
given, each of

1—These rules apply to all object declarations other than port and generic declarations, which are elaborated as outlined

in 12.2.1 through 12.2.4.
2—The expression initializing a constant object need not be a static expression.

3—Each object whose type is a protected type creates an instance of the shared objects.
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12.3.1.5 Alias declarations

Elaboration of an alias declaration consists of the elaboration of the subtype indication to establish the
subtype 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 obiject. 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.

12.3{1.7 Component declarations

Elabpration of a component declaration has no effect other than to create s ntiating compo-

nentfinstances.
12.3J2 Elaboration of a specification

Elabpration of a specification has the effect of associating-s usly declared

item,|

12.342.1 Attribute specifications
Elabpration of an attribute specification p

a)| The entity specification is elabor y the attribute

specification.

b)| The expression js eva e [ e value of the

C y type, then an
implicit subtype ‘conversjor_is fi
attribute c%’ 8 G Al

cation of the

c)| A new instapge tatedhattribute is created and associated with each of the jaffected items.
d)| Each new attri ' is-dssigned the value of the expression.
The fassigp value ar’instance of a given attribute involves a check that the valug belongs to the
subtype €f thesdesign attribute. For an attribute of a constrained array type, an implicit subtype conver-

sion Jis first applies an assignment statement. No such conversion is necessary for ap attribute of an
unconstrained aray type; the constraints on the value determine the constraints on the attribjite.

NOTHE—TheJexpression in an attribute specification need not be a static expression.

12.3.Z-Z°Configuration Specifications
Elaboration 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.

c) The binding information is associated with each affected component instance label for later use in
instantiating those component instances.
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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
check fails.

12.3.2.3 Disconnection specifications

Elaboration of a disconnection specification proceeds as follows:

error if this

a) The guarded signal specification is elaborated in order to identify the signals affected by the discon-
nection specification.
b) —Fhetime-expression-is—evaluatedto—determine—the—disconrnrectontimefordrivers—gf the affected
signals.
c)| The disconnection time is associated with each affected signal for constijucting discon-
nection statements in the equivalent processes for guarded assi he affected signals.
12.4{Elaboration of a statement part
Condurrent statements appearing in the statement part o glaborated bpfore execution

For e-design entity is subject to

depdandent elaboration.

12.4)1 Block statements

Elab
elabgration of th

elaboration of the block header, if present, f

Elabpration of a b under the control of a configuration declaration
block configuratio plicit, within a configuration declaration may supply
of additional impli¢it co pecifications to be applied during the elaboration of the ¢
block statemeft. ckistaternent is being elaborated under the control of a configurati
then|the s grifiguration specifications supplied by the block configuration
as part of the alock clara ve part, following all other declarative items in that part

explitit, consists of each of the configuration specifications implied by component configuratid
occufring.immediately within the block configuration, in the order in which the component ¢
themselves appear.

rrent statement
PNt to a design
d in package

mplementation-

bllowed by the

d by the elaboration of the block statement part.

. In particular, a

a sequence
prresponding

ipn declaration,

is elaborated

i6jt configuration specifications supplied by a block configuration, whether implicit or

ns (see 1.3.2)
bnfigurations

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 gen-

erate statement and whose statement part consists of the concurrent statements contained within the generate
statement. These block statements are said tedresentedby the generate statement. Each block state-

ment is then elaborated.
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For a generate statement with a for generation scheme, elaboration consists of the elaboration of the discrete
range, followed by the generation of one block statement for each value in the range. The block statements
all have the following form:

a)
b)

The label of the block statement is the same as the label of the generate statement.

The block declarative part has, as its first item, a single constant declaration that declares a constant
with the same simple name as that of the applicable generate parameter; the value of the constant is
the value of the generate parameter for the generation of this particular block statement. The type of
this declaration is determined by the base type of the discrete range of the generate parameter. The
remainder of the block declarative part consists of a copy of the declarative items contained within

thao aaonaorata ctatarmaant

c)

For 4
expry
and

Exar

be

be

LABL : for lin11to 2
signal s EG
pin

e gereratc—StatCTITe Tt

The block statement part consists of a copy of the concurrent sta
generate statement.

statement.

The block statement part consi
generate statement.

nples:

The following generats

sighalsl : INTEGER,;
pin

en

st== pl,
Instl : and_gatport map (s1, p2(l), p3);
d block LABL;

LABL : block

be

en

constantl : INTEGER := 2;

signalsl : INTEGER,;
gin

sl <=pil;

Instl : and_gatport map (s1, p2(l), p3);
d block LABL;
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-- The following generate statement:

LABL : if (g1 = g2)generate

signalsl : INTEGER,;
begin

sl <=pl;

Instl : and_gatport map (s1, p4, p3);
end generateLABL;

-- is equivalent to the following statement if g1 = g2;
-- otherwise, it is equivalent to no statement at all:

L/JBL . block
signalsl : INTEGER,;
bepin

sl <=pl;
Instl : and_gatport map (s1, p4, p3);
enpd block LABL;

ple declarations

NOTHE—The repetition of the block labels in the case of a for geperati
Atement constitute

of the label on the generate statement. The multiple block s}
multiple references to the same implicitly declared label.

12.4]3 Component instantiation statemerit

Elab n has no effect
unles eclaration and
arch e is so bound,
then boration of the
impli bd block state-

ment bd block state-
ment

Elab design entity or
a co| a bresenting the

component instantiati \ g bresenting the

desig W fined in 9.6.2.

12.4
All O;L
lent

Elabgration of a process statement proceeds as follows:

bre is an equiva-

rocess statemertt.

a) The process declarative part is elaborated.
b) The drivers required by the process statement are created.

c) 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.
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12.5 Dynamic elaboration

The execution of certain constructs that involve sequential statements rather than concurrent statements also
involves elaboration. Such elaboration occurs during the execution of the model.

There are three particular instances in which elaboration occurs dynamically during simulation. These are as
follows:

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)

c)| Evaluation of an allocator that contai
indication prior to the allocation o

NOTES

1—It S 2
are eJaborated each time [the i Qrog i i i given declarative
item @ppearing in a te.i i
the same subtype ¢

2—If
be pd
allowge

hat is, it may not
lementations are

12.6

The ¢

repre
each

the design
At interact with

other and with the environment.

The kernel Inmmn':és a Pnnrr-\lnhlal rpprr-\qr-\nratinn of the agent that coaordinates the am‘i\/i'ry 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(T)] 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 contains a variable
representing the current value of that signal. Any evaluation of a name denoting a given signal retrieves the
current value of the corresponding variable in the kernel process. During simulation, the kernel process
updates these variables from time to time, based upon the current values of sources of the corresponding
signal.
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In addition, the kernel process contains a variable representing the current value of any imp

licitly declared

GUARD signal resulting from the appearance of a guard expression on a given block statement. Further-
more, the kernel process contains both a driver for, and a variable representing the current value 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 STransaction.

12.6.1 Drivers

Every signal assignment statement in a process statement defines driserefor certain scalar signals.
There is a single driver for a given scalar signal S in a process statement, provided that there is at least one
signal assignment statement in that process statement and that the longest static prefix of the target signal of

that gignal assignment statement denotes S or denotes a composite signal of which S is a. g

stat

A driver for a scalar signal is represented byr@jected output waveforiv
consjsts of a sequence of one or ma@sactions where each trangacti

ubelement. Each
signment

veform

of a value

a value that the
h point in time.

i with a given

For current simula-
tion result of the
advance of time, the current time becomes ¢ & component of the next transactign, then the first
trandaction is deleted from the projected, ou nt value of the
drive}.

12.6

As si er (see 12.6.1)
will g e in this way,
regal g different from the previous value, that driver is saictiveoe

durin value from a
null t imula-

tion

One-oflits subefements is active

The-signal is named in the formal part of an association element in a port associati
eorresponding actual is active

The signal is a subelement of a resolved signal and the resolved signal is active.

bn list and the

If a signal of a given composite type has a source that is of a different type (and therefore a conversion
function or type conversion appears in the corresponding association element), then each scalar subelement
of that signal is considered to be active if the source itself is active. Similarly, if a port of a given composite
type is associated with a signal that is of a different type (and therefore a conversion function or type
conversion appears in the corresponding association element), then each scalar subelement of that port is
considered to be active if the actual signal itself is active.
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In addition to the preceding information, an implicit 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 saidqoidieluring that
simulation cycle.

The kernel process determines two values for certain signals during any given simulation cyafizifidhe
valueof a given signal is the value that signal provides as a source of other sign@fedinee valuef a

given signal is the value obtainable by evaluating a reference to the signal within an expression. The driving
value and the effective value of a signal are not always the same, especially when resolution functions and
conversion functions or type conversions are involved in the propagation of signal values.

A ba

Basi

The

Sic signalis a signal that has all of the following properties:

It is either a scalar signal or a resolved signal (see 4.3.1.2)
It is not a subelement of a resolved signal

Is not an implicit signal of the form S'Stable(T), S'Quiet(T),
It is not an implicit signal GUARD (see 9.1).

If S has no source, then the driv bd with S (see

4.3.1.2).

If S has one source that is a driv olved signal (see 4.3.1.2), then the driving value
of S is the current va

If S has one so lue of S is the
driving value of thexform ) e ociation element that associates S with that port (see
43.22).T Pt is obtained by evaluating the formal part as follows: If no
conversion is present in the formal part, then the driving value of the
formal part is ¢ signal denoted by the formal designator. Otherwige, the driving
value of th alue obtained by applying either the conversion fungtion or type
conversian gined in the formal part) to the driving value of the signal denoted by
the fortnal d

If&S is al and has one or more sources, then the driving values of the ources of S are
exa eyor if any of these driving values is a composite where one or mofe subelement

valuescat ined by the null transaction (see 8.4.1) and one or more subelemert values are not
determined bythe null transaction. If S is of signal kmister and all the sources of S haye values
determined by the null transaction, then the driving value of S is unchanged from its pfevious value.
Otherwise, the driving value of S is obtained by executing the resolution function associated with S,

where that function is called with an input parameter consisting of the concatenation of the driving
values of the sources of S, with the exception of the value of any source of S whose current value is
determined by the null transaction.

The driving 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 subelement
value of the driving value of R.

Otherwise (S is a nonresolved, composite signal), the driving value of S is equal to the aggregate of
the driving values of each of the basic signals that are the subelements of S.
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For a scalar signal S, tledfective valuef S is determined in the following manner:

If S is a signal declared by a signal declaration, a port of rooffer, or an unconnected port of
modeinout, then the effective value of S is the same as the driving value of S.

If S is a connected port of modeor inout, then the effective value of S is the same as the effective
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 actual part is obtained by evaluating the actual part, using the effective value of
the signal denoted by the actual designator in place of the actual designator.

If S is an unconnected port of moe the effective value of S is given by the default value associ-

ated with S (see 4.3.1.2).

For 4 composite signal R, the effective value of R is the aggregate of the eff alues.of dach of the sub-
elements of R.

For g scalar signal S, both the driving and effective values must belorg tQ the subtype of the signal. For a
composite signal R, an implicit subtype conversion is performed tg each element of R,

therd

In or|
and
of th

e signal with the newly determined effective value| as follows;

ay tye,@ effe

i

es the driving
e current value

a)| If Sis a signal of some type that isot@ ffeéctive value of S is used to update the
current value of S. A check is made e _effective value of S belongs to the subtypg of S. An error
occurs if this subtype check fails. Fit | stive value of S is assigned to the viariable repre-
senting the current value of the s|gna
b)| If Sis an array signé i array), the effective value of S is implicitly|converted to
the subtype of i écks that for each element of S therel is a matching
element in the sd. An error occurs if this check fails. The|result of this
subtype c<> e variable representing the current value of $.
Updating a signal S @ gethe current value of S if and only if the expression “S =
S’Dejayed” evaluates i¢ 1e "=" operator in the expression is the predefined "9" on type T. If
updating a signal value of that signal to change, themtisisaid to have occlirred on

the signal. This de tp any updating of a signal, whether such updating occurs according to the
above rul les for updating implicit signals given in 12.6.3. The occurrence of an event
will ¢au ption ‘and subsequent execution of certain processes during the simdilation cycle in
which the eve d only if those processes are currently sensitive to the signal on yhich the event
has ¢ccurred(

For any’sighal other than one declared with the signalrdegdter, the driving and effective valugs of the

signdl aré determined and the current value of that signal is updated as described above in ¢very simulation
cycle. A signal declared with the signal kiredjister is updated in the same fashion during every simulation
cycle except those in which all of its sources have current values that are determined by null transactions.

A net is a collection of drivers, signals (including ports and implicit signals), conversion functions, and
resolution functions that, taken together, determine the effective and driving values of every signal on the
net.

Implicit signals GUARD, S'Stable(T), S'Quiet(T), and S'Transaction, for any prefix S and any time T, are not
updated according to the above rules; such signals are updated according to the rules described in 12.6.3.
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NOTES

1—In a given simulation cycle, simulations can occur where a subelement of a composite signal is quiet, and the signal
itself is active.

2—The rules concerning association of actuals with formals (see 4.3.2.2) imply that, if a composite signal is associated
with a composite port of mod=ut, inout, or buffer, and if no conversion function or type conversion appears in either

the actual or formal part of the association element, then each scalar subelement of the formal is a source of the matching
subelement of the actual. In such a case, a given subelement of the actual will be active if and only if the matching
subelement of the formal is active.

3—The algorithm for computing the driving value of a scalar signal S is recursive. For example, if S is a local signal
appearing as an actual ina port assomaﬂon list whose formal is of(mbdemout the drlvmg value of S can only be
obtai involve multiple

4—S
modgin corresponds to an actual A, the effective value of A must be computed
computed. The actual A may itself appear as a formal port in a port associatiopis

brmal port S of
ue of S can be

5—Np effective value is specified fout and linkageports, since these ports ga
6—Oyerloading the operator “=" has no effect on the propagation of si

7—A|signal of kindregister may be active even if its assomate jonNiyNCHoN 3 in the current
simulption cycle if the values of all of its drivers are determin e of its drivers is
also active.

8—The definition of the driving value of a bagic signal € resolved signal

with rpore than one source. This condition ig“defiged 4
12.6J3 Updating implicit signals

statement that
{ : dates the values of each implicit sighal S'Stable(T),

S'Quiet(T), or STransuon or any J[ time T; this also involves updating {he drivers of

S'Stgble(T) and S'Quiet(

The

For any implicit s W vatUe of the signal is modified if and only if the cqrresponding
guarfl expression coR g 8NG a’signal S and if S is active during the current simiilation cycle. In
such , mnp iIs updated by evaluating the corresponding guard ¢xpression and
assigni t0 the variable representing the current value of the sigpal.

For any implicit signakS e(1), the current value of the signal (and likewise the current state of the
corrdspoadingdtiver:is modified if and only if one of the following statements is true:

—| An eventfas occurred on S in this simulation cycle
—| The-driver of S’Stable(T) is active.

If an| event has occurred on signal S, then S'Stable(T) is updated by assigning the value| FALSE to the
variable representing the current value of S stable( 1), and the driver of S stable(T1) 1S assigned the waveform
TRUE after T. Otherwise, if the driver of S'Stable(T) is active, then S'Stable(T) is updated by assigning the
current value of the driver to the variable representing the current value of S'Stable(T). Otherwise, neither
the variable nor the driver is modified.

Similarly, for any implicit signal S'Quiet(T), the current value of the signal (and likewise the current state of
the corresponding driver) is modified if and only if one of the following statements is true:

— Sis active
— The driver of S'Quiet(T) is active.

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

~176 -

IEC 61691-1-1:2004(E)

IEEE 1076-2002(E)

If signal S is active, then S'Quiet(T) is updated by assigning the value FALSE to the variable representing the
current value of S'Quiet(T), and the driver of S'Quiet(T) is assigned the waveformafRUE. Otherwise,

if the driver of S'Quiet(T) is active, then S'Quiet(T) is updated by assigning the current value of the driver to
the variable representing the current value of S'Quiet(T). Otherwise, neither the variable nor the driver is
modified.

Finally, for any implicit signal S'Transaction, the current value of the signal is modified if and only if S is
active. If signal S is active, then S'Transaction is updated by assigning the value of the expression (
S'Transaction) to the variable representing the current value of S'Transaction. At most one such assignment
will occur during any given simulation cycle.

For g
cons|

The
signa

Thes
kerng
curre
cycle

NOTE
. Furthermor
pble(T) becom
hed the value
hed to that signaf

TRUH
S'Sta
assig
assig

12.6

The
state
cyclg
occu

as part of the simulation cycle.

ny implicit signal S'Delayed(T), the signal is not updated by the kernel process. Instead,
fructing an equivalent process (see 14.1) and executing that process.

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.

bxegution of aXxedel consists of an initialization phase followed by the repetitive execut
in thesdescription of that model. Each such repetition is said snbalaion cycleln
, the values of al\signals in the description are computed. If as a result of this compu
['s on a.given signdl, process statements that are sensitive to that signal will resume and

At th

H : TSN : : [
c bEgIII ||g UI L tla|lzatIU T, tl recurrent t"“% '-5 ASSUTTICU U U G LLISH

The initialization phase consists of the following steps:

t is updated by

current value of a given implicit signal denoted by R is saiépendupon e oflanother
1l S if one of the following statements is true:
R denotes an implicit GUARD signal and S is any other ed within the guard

ignals by the

pends upon the
Ilar simulation

ver is the value

Stable(T) will be
b will never be

on of process
each

ation an event
will be executed

The driving value and the effective value of each explicitly declared signal are computed, and the

current value of the signal is set to the effective value. This value is assumed to have
of the signal for an infinite length of time prior to the start of simulation.

been the value

The value of each implicit signal of the form S'Stable(T) or S'Quiet(T) is set to True. The value of

each implicit signal of the form S'Delayed(T) is set to the initial value of its prefix, S.
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The value of each implicit GUARD signal is set to the result of evaluating the corresponding guard

expression.
Each nonpostponed process in the model is executed until it suspends.

Each postponed process in the model is executed until it suspends.

The time of the next simulation cycle (which in this case is the first simulation cyglels T

calculated according to the rules of step f) of the simulation cycle, below.

A simulation cycle consists of the following steps:

Thoe crrranttima T ic caot acial a0 T Comalatian 1o anamanlata v

a.) rrrc ourreorTic I.Illlb,c' LE= =y 5 \.,\.1u|uu I.\Jnl ITTTUTUALIVUITT 1O \JUIIIPI\'L\- V‘l'l |Cr‘n$ T:IhvnlElHICH and th :re are
no active drivers or process resumptions,at T
b)| Each active explicit signal in the model is updated. (Events may o result.)
c)| Each implicit signal in the model is updated. (Events may occ )
d)| For each process, P, if P is currently sensitive to a signal, $ i has gcculfred on S in this
simulation cycle, then P resumes.
e)| Each nonpostponed process that has resumed in tt xecuted until it
suspends.
f) | If the break flag is set, the time of the next si it to the
earliest of
1) TIME'HIGH,
2)
3)
If T, = T, then the p
g)| If the next simulation . Otherwise,
each postponed St resumption is
executed gntil it c an error if
the execut 3cess causes a delta cycle to occur immediately dfter the current
simulation ¢
NOTES
1—The initi
2—Updating.of €
3—When a proces stponed processes
and the set.of.nonpostpdéned processes). However, no process actually begins to execute until all gignals have been

updated and,all executable processes for this simulation cycle have been identified. Nonpostponed pro
executed-during step e) of every simulation cycle, while postponed processes are executed during step

lationLcyele that does not immediately precede a delta cycle

cesses are always
g) of every simu-

4—The second and third steps of the initialization phase and steps b) and c) of the simulation cycle may occur in inter-
leaved fashion. This interleaving may occur because the implicit signal GUARD may be used as the prefix of another
implicit signal; moreover, implicit signals may be associated as actuals with explicit signals, making the value of an

explicit signal a function of an implicit signal.
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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 1ISO
eight-bit coded character set (ISO 8859-1: 1987 [B11]) and is represented (visually) by a graphical symbol.

bakic_graphic_character ::=
upper_case_letter | digit | special_character | space_character

graphic_character ::=
basic_graphic_character | lower_case_letter | other_specig

bakic_character ::=
basic_graphic_character | format_effector

The pasic character set is sufficient for writing any d in each of the

categories of basic graphic characters are defined
a)| Uppercase letters

ABCDEFGHIJKLMNOPOR

iDNOOOOOBUUOWP

b)| Digits
012345678

c)| Special c@te
()t +Y )

d)| The spac
SPACE

Format effecto r he ISQ (and ASCII) characters called horizontal tabulation, vertical tabulation, carriage
returp, line feed;and Yorm

The ¢haracters includéd in each of the remaining categories of graphic characters are definegl as follows:

e)| “\Lowercase letters

abcdefghijklmnopgrstuvwxyzRadadadeceéedionvo
66gulGypy

f)  Other special characters
1$%@?\" " {} ~i¢cE ¥I§"©a«—1-®_°£3'pﬂ°,1°>>1/41/23/4¢x+-(softhyphen)

The visual representation of the space is the absence of a graphic symbol. It may be interpreted as a graphic charatter, a cont
character, or both.

3The visual representation of the nonbreaking space is the absence of a graphic symbol. It is used when a line breakésntedbe pr
in the text as presented.
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Allowable replacements for the special characters vertical line (]), number sign (#), and quotation mark (*)
are defined in 13.10.
NOTES

1—The font design of graphical symbols (for example, whether they are in italic or bold typeface) is not part of ISO
8859-1:1987 [B11].

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.

3—There are no uppercase equivalents for the characters 3 and y.

4—T

Character Name

Quotation mark

# Number sign < x
&

Ampersand (\ \
' Apostrophe, tpk\
( Left parentqésis
)| RompgEes), [\
* < \&iteﬁsk\m ItipIyK N )\/
+ E’Iu&b& N
, ( Cmma \
| P i

\[. ﬁ{t, point,\périod, full stop
1\ \"Stash;divide, solidus

: “solen
Q z\\/\ )Semicolon

< ) Less-than sign

= Equals sign

> Greater-than sign

> Underline, low line

| Vertical line, vertical bar

! Exclamation mark

$ Dollar sign
(] PerceEntSign

? Question mark
@ Commercial at

[ Left square bracket

\ Backslash, reverse solidus
] Right square bracket

n Circumflex accent

Grave accent
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Character Name
{ Left curly bracket
} Right curly bracket
~ Tilde

i Inverted exclamation mark

Cent sign

Pound sign

¢
£
€ Currency sign
¥

Yen sign

} Broken bar

Paragraph sign, clause sign

Diaeresis
© Copyright sign < x
a Feminine ordinal ir?féa-rq 3
« Left angle quc}aﬁen\\ma(\
- Not sign

AN

O

- Soft hy;gﬁéﬁ\/ / R
® < \%géte\r\ed@rade@ahdigp\/
D NG
° ( R('Ln{a%Ke, degree sign
o\ Pl sgr”

\F \S%JerscriMo

<

\ S\xiﬁscﬁpt three
Nytfe accent
\\/\ )Micro sign

Ul ) Pilcrow sign

. Middle dot
Cedilla
> 1 Superscript one

° Masculine ordinal indicator
» Right angle quotation mark
l/4 Vulgar fraction one quarter
1/2 vulgal I[d(,liUll orie Tiall
3/4 Vulgar fraction three quarters
é Inverted question mark

X Multiplication sign

+ Division sign

“The soft hyphen is a graphic character that is repre-
sented 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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13.2 Lexical elements, separators, and delimiters

The text of each design unit is a sequence of separate lexical elements. Each lexical element is either a
delimiter, an identifier (which may be a reserved word), an abstract literal, a character literal, a string literal,

a bit

string literal, or a comment.

In some cases an explicit separator is required to separate adjacent lexical elements (hamely when, without
separation, interpretation as a single lexical element is possible). A separator is either a space character
(SPACE or NBSP), a format effector, or the end of a line. A space character (SPACE or NBSP) is a separator
except within an extended identifier, a comment, a string literal, or a space character literal.

The end of a line is always a separator. The language does not define what causes the end.of a line. However

iden

A dei

&l

or orj

=3

Each
ter ig

string literal, cha

The

NOTH
1—E

undefli

, ra:ter I
emaining formg’ of

ES

0 adjacent special charact

ese characters
pr more format

he first of each

ired between an

t if this charac-
tifier, comment,

, humber sign, and

ical elements.

Delimiter Name
= Arrows
*k Double star, exponentiate
= Variable assignment
/= Inequality (pronounced “not equal”)
>= Greater than or equal
<= Less than or equal; signal assignment
< Box
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13.3 Identifiers

Identifiers are used as names and also as reserved words.
identifier ::= basic_identifier | extended_identifier

13.3.1 Basic identifiers

A basic identifier consists only of letters, digits, and underlines.

basic_identifier ::=

| Py LL pu | Li. 1laods pu | )

ICTLLTT 1 |_ UTTUCTTITITIT J ICLLUI_UI_UIUIL j‘
letfer_or_digit ::= letter | digit

letfer ::= upper_case_letter | lower_case_letter

All characters of a basic identifier are significant, including any ungd
or digit and an adjacent letter or digit. Basic identifiers differing
and lowercase letters are considered the same.

Examples:
COQUNT X c_out
VHSIC X1 PageCount

NOTHE—No space (SPACE or NBSP) is allowed within a

13.3)2 Extended identifiers

Extended identifiers m

ex ended_ide:::

\ graphic_sharacte
If a hackslash is tO be
characters of an extended

Extepded idextifier e ing"e
Mordovey; every extended identifier is distinct from any basic identifier.

btween a letter
ng uppercase

be doubled. All
bne character).
prs are distinct.

S

Examples:
\BUS \bus\ -- Two different identifiers, neither of which
-- the reserved wordus.
\a\\b\ --Anidentifier containing three characters.
VHDL  \VHDL\ \vhdl\ -- Three distinct identifiers.

13.4 Abstract literals

There are two classes of abstract literals: real literals and integer literals. A real literal is an abstract literal
that includes a point; an integer literal is an abstract literal without a point. Real literals are the literals of the

typeuniversal_real Integer literals are the literals of the typs@versal_integer

abstract_literal ::= decimal_literal | based_literal
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13.4.1 Decimal literals

A decimal literal is an abstract literal expressed in the conventional decimal notation (that is, the base is
implicitly ten).

decimal_literal ::= integer [ . integer ] [ exponent ]
integer ::= digit { [ underline ] digit }

exponent ::= E [ +] integer | E — integer

An UR i 3 i ecHbetweeradh ep : e H e value of this
abst he letter E of the exponent, if any, can be written either in lowe inLyuppercase, with
the same meaning.

An ekponent indicates the power of ten by which the value of the decij
be multiplied to obtain the value of the decimal literal with the expg
must not have a minus sign.

pxponent is to
integer literal

Examples:
12 0 1E6 123 456
12{0 0.0 0.456

1.34E-12 1.0E+6 6.023E+24 nents.

NOTHkE—Leading zeros are allowed. No spaceNSPA 3 S L even between
consfjtuents of the exponent, since a space ig"a separatqr, ral.

13.4)2 Based literals

A baped literal is an abstract base must be at

least{two and at mﬁt sixteen.
baked_literal ::=

bake ::

baked 4

extended_.digit™s git | letter

An undérline character inserted between adjacent digits of a based literal does not affect the value of this
abst ' ' i i i rs allowed as

extended digits are the letters A through F for the digits ten through fifteen. A letter in a based literal (either
an extended digit or the letter E of an exponent) can be written either in lowercase or in uppercase, with the
same meaning.

The conventional meaning of based notation is assumed; in particular the value of each extended digit of a
based literal must be less than the base. An exponent indicates the power of the base by which the value of
the based literal without the exponent is to be multiplied to obtain the value of the based literal with the
exponent. An exponent for a based integer literal must not have a minus sign.
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Examples:

-- Integer literals of value 255:

-- Integer literals of value 224:

-- Real literals of value 4095.0:

2#1111_1111#

16#E#E1

16#F.FF#E+2
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16#FF# 016#0FF#

2#1110_0000#

2#1.1111 1111 _111#E11

13.5

A ch
brea

Character literals

a character type.

ch

Exar

A

13.6

A str

—

St

A str
the s
sequ
place
neve|

The

Exar

"S

nples:

String literals

ng_literal ::= "

ence of charat
within the stri

Aracter literal is formed by enclosing one of the 191 graphic charactefs
ing space characters) between two apostrophe characters. A cha

Aracter_literal ::= ' graphic_character'

ng literal is formed by a sequence
tion marks used as string brackets.

ng literal has a value thatN
tring literal fr

pace and non-
e that belongs to

een two quota-

ic characters of
Kitself. If a quotation-mark value is to be reprgsented in the
of adjacent quotation marks must be written at the corresponding
that a string literal that includes two adjacent quotption marks is
literals.)

¢ number of character values in the sequence represented| (Each doubled

-- An error message.
-- An empty string literal.

EJ) .y Lig 1 £l o
== THree sty nerals urierigur L.

"Characters such as $, %, and } are allowed in string literals."

NOTE—A string literal must fit on one line, since it is a lexical element (see 13.2). Longer sequences of graphic charac-
ter values can be obtained by concatenation of string literals. The concatenation operation may also be used to obtain
string literals containing nongraphic character values. The predefined type CHARACTER in package STANDARD
specifies the enumeration literals denoting both graphic and nongraphic characters. Examples of such uses of concatena-
tion are

"FIRST PART OF A SEQUENCE OF CHARACTERS " &
"THAT CONTINUES ON THE NEXT LINE"

"Sequence that includes the" & ACK & "control character"

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

IEC 61691-1-1:2004(E) —185-—
IEEE 1076-2002(E)

13.7 Bit string literals

A bit string literal is formed by a sequence of extended digits (possibly none) enclosed between two quota-
tions used as bit string brackets, preceded by a base specifier.

bit_string_literal ::= base_specifier " [ bit_value ] "
bit_value ::= extended_digit { [ underline ] extended_digit }
base_specifier := B| O | X

Anu ot affect the value of this
litera). The only letters allowed as extended digits are the letters A through igits ten through
fiftegn. A letter in a bit string literal (either an extended digit or the base specifi itten either in
lowefcase or in uppercase, with the same meaning.

If thg base specifier is 'B', the extended digits in the bit value are restti ) . ase specifier is
'O, the extended digits in the bit value are restricted to legal digits\n th \ , .e., the digits
0 thrpugh 7. If the base specifier is 'X', the extended digits are igitsy i s A through F.

A bit|string literal has a value that is a string literal congisting of the charater iterals ‘0" and [1'. If the base
specffier is 'B', the value of the bit string literal is the seq ¥ explici i e itself after
any uinderlines have been removed.

If thg base specifier is 'O’ (respectively e obtained by
repldcing each extended digit in the bit_val ¢ Isting of the three (respectijely four) values
reprgsenting that extended dlglt taken from t terals '0"' and '1'; as in the case of the base specifier
'B', underlines are first remg is reptaced as follows:

Extended digit Replacemn Replacement when the base|specifier is

N
0 Q 0000
1 0001
2 0010
3 0011

0100

0101
6 0110
7 111 0111
8 (illegal) 1000
9 fHegah 1004
A (illegal) 1010
B (illegal) 1011
C (illegal) 1100
D (illegal) 1101
E (illegal) 1110
F (illegal) 1111
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The lengthof a bit string literal is the length of its string literal value.
Example:
B"1111 1111 1111" -- Equivalent to the string literal "111111111111".
X"FFF" -- Equivalentto B"1111 1111 1111"
o"777" -- Equivalentto B"111_111 111",
X777 -- Equivalent to B"0111 0111 0111"

constantcl: STRING :=B"1111 1111 1111"

co

tyy
tyy
co

as

13.8

A co
any |
riage
desc
their

Exar

Tstamtc2 BT _VECTOR—=—X"FFF

e MVL is (X', '0', '1",'Z");
e MVL_VECTORIs array (NATURAL range <>) of MVL;
hstantc3: MVL_VECTOR := O"777",

sert  c1'LENGTH = 12and
C2'LENGTH = 12and
c3="111111111";

Comments

brizontal tabulation can be used in comments, after the double hyphen, and is equivalent to one

t can appear on
rtical tab, car-
ce on whether a
ation module;

Oor more spaces

CE\characters) (see 13.2).

2—Comments may contain characters that, according to 13.1, are non-printing characters. Implementations may inter-
pret the characters of a comment as members of ISO 8859-1 : 1987, or of any other character set; for example, an imple-
mentation may interpret multiple consecutive characters within a comment as single characters of a multi-byte character

set.
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13.9 Reserved words

The identifiers listed below are callezserved wordand are reserved for significance in the language. For
readability of this standard, the reserved words appear in lowercase holdface

abs file nand select
access for new severity
after function next signal
alias nor shared
all generate not sla

and generic null sl
architecture group sra
array guarded of srl

assert
attribute if
impure
begin in
block inertial
body inout
buffer is
bus
label
case library
component linkage
configuration literal
constant loop variable
disconnect wait
downto when
while
reference with

register

reject xnor
rem xor
report

return

rol

ror

A regerved-word musthot be used as an explicitly declared identifier.

NOTES

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 wartje is also used as the name of a predefined attribute.

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.
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13.10 Allowable replacements of characters

The

following replacements are allowed for the vertical line, number sign, and quotation mark basic

characters:

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 replacement is
done for both occurrences.

The quotation marks (") used as string brackets at both ends of a string literal can be replaced by
percent signs (%), provided that the enclosed sequence of characters contains no quotation marks,

Theq

NOTE

1—It
to ca
on so

ently;

3—The use of these characters as replace

Anne

and provided that both string brackets are replaced. Any percent sign within the sequdnce of charac-
ters must then be doubled, and each such doubled percent sign is intérpreted as.a sirjgle percent sign
value. The same replacement is allowed for a bit string literal, proviQe th-bit sfring brackets
are replaced.

e replacements do not change the meaning of the descriptiop

the language. See
K F.
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14. Predefined language environment

This clause describes the predefined attributes of VHDL and the packages that all VHDL implementations
must provide.

14.1 Predefined attributes

Predefined attributes denote values, functions, types, and ranges associated with various kinds of named
entities. These attributes are described below. For each attribute, the following information is provided:

—[ The Kind of atribute; valtue, type, range, tancuon, or signal
—| The prefixes for which the attribute is defined

—| A description of the parameters or argument, if one exists

—| The result of evaluating the attribute, and the result type (if appl
—| Any further restrictions or comments that apply.

T'BASE

Kind:
Prefix:
Result:

Restrictions: b name of

TUEFT

Kind:

Prefix:
Result Type:
Result:

TRIGHT Q
Kind: ue.

Prefix: ny scalar type or subtype T.
{ Same type as T.
The right bound of T.

eNleft bound of T.

THIGE

Value.

Any scalar type or subtype T.
y Same type as T.

Result: The upper bound of T.

T'LOW
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: It is TRUE if T is defined with an ascending range; FALSE
otherwise.
T'IMAGE(X)
Kind: Function.
Prefrx Any scalar type or subtype T

Result Type: Type Strrng
Result: The string representation of the veter\valye, without

leading or trailing whitespace. | enumeration type or
d identifier
h a leading
and trailing reverse o) dase of an
extended identifier) o character
literal); in the case of a entifier that hps a back-
slash, the bac g tring represeptation. If T

is an enumer pe’and the parametér value is a
basic |de sult is”expressed in lowefcase char-
i 4 4 expressed
ue without
gcessary to
e); more-
resent and
S it is or is
f'the exponent is present, the “e” is exgressed as a
haracter. If T is a physical type or subtype, the
5 expressed in terms of the primary unit of T|unless the
pasetype of T is TIME, in which case the result is expressed in
rims of the resolution limit (see 3.1.3.1); in either qase, if the
unit is a basic identifier, the image of the unit is expressed in
lowercase characters. If T is a floating point type dr subtype,
the number of digits to the right of the decimal pdint corre-
sponds to the standard form generated when the DIGITS
parameter to TextlO. Write for type REAL is set [0 O (see
14.3). The result never contains the replacement| characters
described in 13.10.
Restrictiofns: It is an error if the parameter value does not belong to the sub-
type implied by the prefix.

O
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T'VALUE(X)
Kind:
Prefix:
Parameter:

Result Type:

Result:

—191 -

Function.

Any scalar type or subtype T.

An expression of type String.

The base type of T.

The value of T whose string representation (as defined in
Clause 13) is given by the parameter. Leading and trailing
whitespace is allowed and ignored. If T is a numeric type or
subtype, the parameter must be expressed either as a decimal
literal or as a based literal. If T is a physical type or subtype,
the parameter must be expressed using a string representation

T'ROS(X)

Kind:
Prefix:
Parameter:

Result:
T'VAL(X)
Kind:

Prefix:
Parameter:

T'$UCC

Result:

Restrictions:

Result Type:

Res e
Resu

Result Type:

of any of the unit names of T, with or without a leading abstract

literal. The parameter must have( white fween any
abstract literal and the unit namg. characters
of 13.10 are allowed in the paré

Itis an error if the parameter - d stxi resentation

of a literal of type T or if D the sub-

type implied by T.

Function.

sigal'type or Subtype T.
e i8 the base type of T.

expression of any integer type.

pase type of T.

e’ value whose position number is theversal_inhteger

alue corresponding to X.
It is an error if the result does not belong to the rahge T'LOW

to T'HIGH.

Function.

Any discrete or physical type or subtype T.
An expression whose type is the base type of T.
The base type of T.

The value whose position number is one greater thgn that of the

Restrictions:

parameter:
An error occurs if X equals T'HIGH or if X does not belong to
the range T'LOWo T'HIGH.
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T'PRED(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
the range T'LOWo T'HIGH.
T'LEETOE(X)
Kind: Function.
Prefix: Any discrete or physical type or subtype T
Parameter: An expression whose type is thetbase type of\T.
Result Type: The base type of T.
Result: The value that is to the lef.of the para inth€ range of T.
Restrictions: An error occurs if X equd Qr, INX does not pelong to
the range T'LOWOo T'}
T'RIGHTOF(X)
Kind: Function.
Prefix:
Parameter:
Result Type:
Result: ght of the parameter in the fange of T.

Restrictions: equals T'RIGHT or if X does not pelong to

A'LEFT [(N)]
Kind: .
Prefi@ ¥ orefix A that is appropriate for an array object, ¢r an alias
greof, or that denotes a constrained array subtype

K'locally static expression of typeiversal_integerthe| value

of which must not exceed the dimensionality of A. If gmitted, it
defaults to 1.

Type of the left bound of the Nth index range of A.
Left bound of the Nth index range of A. (If A is an allas for an
array object, then the result is the left bound of the|Nth index
range from the declaration of A, not that of the object.)

A'RIGHT {(N)]

Kind: Function.

Prefix: Anyprefix Athattsappropriateforamarrayobject;or an alias
thereof, or that denotes a constrained array subtype.

Parameter: A locally static expression of typeiversal_integerthe value
of which must not exceed the dimensionality of A. If omitted, it
defaults 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.

Parameter: A locally static expression of typeversal_integerthe value
of which must 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 appropria Dr an alias
thereof, or that denotes a con

Parameter: A locally static expressj value
of which must not exct mitted, it
defaults to 1.

Result Type: Type of the Nt}

Result: ge of A. (If A is an alias for

the lower bound |of the Nth
jon of A, not that of the|object.)
A'RANGE [(N)]

Kind:

Prefix: s appropriate for an array object, pr an alias

Parameter: value

mitted, it

Re&@)e: ype of the Nth index range of A.

Result: e range A'LEFT(Np A'RIGHT(N) if the Nth indeX range
of A is ascending, or the range A'LEFT(NJgqwnto
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 determlined by the
Nth index range from the declaration of A, not that of the
object.)

A'REVERSEY [(N)]

Kind: Range.

Prefix: Any prefix A that is appropriate for an array object, pr an alias
thereof, or that denotes a constrained array subtype!

Parameter: A locally static expression of typeversal_integerthe value
of which must 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(NJownto A'LEFT(N) if the Nth index

range of A is ascending, or the range A'RIGHT(I¢)
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 declaration of A, not that of the
object.)
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A'LENGTH [(N)]

A

S

Kind: Value.

Prefix: Any prefix A that is appropriate for an array object, or an alias

thereof, or that denotes a constrained array subtype
Parameter: A locally static expression of typeversal_integerthe

value

of which must 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 TTPOS(A'HIGH(N)) — T'POS(A'

OW(N))

A

[

+ 1, where T is the subtype of the Nth index of A.

\SCENDING [(N)]

Kind: Value.

Prefix: Any prefix A that is appropriate
thereof, or that denotes &

Parameter: A locally static expye

Result Type: Type Booleah.
Result: TRUE if

DELAYED [(T)]

Kind:
Prefix: @ by the static signal name S.
Parameter: sion of type TIME that evaluates to

ASsuming that the initial value of R is the same as the initial value of S, then
'DELAYED is defined such that S'DELAYED(T) = R for any T.

Dr an alias

value
exceed the

ascending

a nonnega-

nt of the form

the attribute

TABLE [(T)]

Kind: Signal.

Prefix: Any signal denoted by the static signal name S.

Parameter: A static expression of type TIME that evaluates to a nonnega-
tive value. If omitted, it defaults to O ns.

Result Type: Type Boolean.

Result: A signal that has the value TRUE when an event has not

occurred on signal S for T units of time, 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 honnega-
tive value. If omitted, it defaults to 0 ns.

Result Type: Type Boolean.

Result: A signal that has the value TRUE when the signal has been
quiet for T units of time, and the value FALSE otherwise (see
12.6.2).

S'TRANSACTION

Kind: Signal.

Prefix: Any signal denoted by the static sj

Result Type: Type Bit.

Result: A signal whose value toggle its previous
value in each simulation cy S| becomes
active.

Restriction: A description is errgneous itipl value of
S'Transaction.

S'E

S'4

Kind:

Prefix:
Result Type: ¢
Result: e indi hether an event has just ¢ccurred on

d on S during

n any scalar

Any signal denoted by the static signal name S.
Type Boolean.
A value that indicates whether signal S is active. Specifically:

p al S, S ACTIVE returns the value TRUE if signal S is active during the current

Eor a cow p05|te signal S, SACTIVE returns TRUE if any scalar subelement df S is active
during the current simulation cycle; otherwise, it returns FALSE.

S'LAST_EVENT

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 a signal S, S'ILAST_EVENT returns the smallest value T of type TIME such that SEVENT
= True during any simulation cycle at time NOW — T, if such a value exists; otherwise, it
returns TIME'HIGH.

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

S'LAST_ACTIVE

Kind:

Prefix:
Result Type:
Result:
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Function.

Any signal denoted by the static signal name S.
Type Time.

The amount of time that has elapsed since the

which signal S was active. Specifically:

last time at

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 exists; other-
wise, it returns TIME'HIGH.

Sl

LAS T _VALUE

Kind:

Prefix:
Result Type:
Result:

DRIVING

Kind:

Prefix:
Result Type:
Result:

Restriction

O

Function.
Any signal denoted by the static
The base type of S.
The previous value of S, imm
S.

Function.

attribute is available only from within a process
atement with an equivalent process, or a subj
eréfix denotes a port, it is an error if the port doe
mode ofinout, out, or buffer. It is also an erro
gttribute name appears in a subprogram body th
declarative item contained within a process statem
prefix is not a formal parameter of the given subprog
parent of that subprogram. Finally, it is an error if

t change of

—alse if the
S is deter-
he prefix
nd only if
f S; False
ignal, the

, a.concur-
program. If
s not have
if the

At is not a
bnt and the
fam or of a
the prefix

denotes a subprogram formal parameter whose mode is not

inout or out
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S'DRIVING_VALUE

Kind:
Prefix:

Result Type:

Result:

Restrictions:

-197 -

Function.

Any signal denoted by the static sighal name S.

The base type of S.

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.

This attribute is available only from within a process, a concur-

E'S

E'l

bIMPLE_NAME

Kind:
Prefix:

Result Type:

Result:

rent statement with an equivalent process, or a subprogram. If
the prefix denotes a port, it is an error_if the port dogs not have
a mode ofinout, out, or buffer. an~errof if the
attribute name appears in a sybprogram body thpat is not a
declarative item contained wi $S Statement and the
prefix is not a formal paramete sslbprogfam or of a
parent of that subprogra an>error if the prefix
denotes a subprogrs ode is not
inout or out, or if S'B se akthe time of the evalu-

ation of S'DRIVJN

Vith apostrophes (in the case of §

B hame or operator symbol, the characters ar
lowercase equivalents. In the case of an ext
er, the case of the identifier is preserved, and
solidus characters appearing as part of the identifie
sented with two consecutive reverse solidus charact

Value.
Any named entity other than the local ports and ge

component declaration.
Type String.

or quota-
character

a leading and trailing reverse soliglus (back-

b case of a
P converted
bnded iden-

gny reverse

[ are repre-
IS,

nerics of a

the root of

A string describing the hierarchical path starting at
the design hierarchy and descending to the nal

ed entity,

mcioding the  Tames — of —nstantiated—design
Specifically:

The result string has the following syntax:

package based_path ::=
leaderlibrary_logical_name leader

[ package simple_name leader ]
{ subprogram simple_name signature leader }
[ local_item_name ]
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full_instance_based_path ::= leader full_path_to_instance [ local_item_name ]

full_path_to_instance ::= { full_path_instance_element leader }

local_item_name ::=
simple_name
character_literal
operator_symbol

full_path_instance_element ::=
[ component_instantiatiorabel @ ]

| block label

| generate_label
| process_label
| loop_label

| subprogramsimple_name signatyre

generate_label ::generatelabel [ ( lit

process_label ::= grocesslabel ]

leader ::= :

the entity declaration designated by the entity simple name; fur
antiation label (and the commercial at following it) are require
name and the architecture simple name together denote the root dg

ed paths iden-

tiple logical

denotes a
0 path or full

Ck statement,
Lhy between the

ancte element, the architecture simple name must denote ah architecture

thermore, the
] unless the
sign entity.

The literal in a generate label is required if the label denotes a generate statement with a for

generation scheme; the literal must denote one of the values of the generate par

pmeter.

A process statement with no label is denoted by an empty process label.

All characters in basic identifiers appearing in the result are converted to their low
alents. Both a leading and trailing reverse solidus surround an extended identifie

ercase equiv-
r appearing in

the result; any reverse solidus characters appearing as part of the identifier are represented with

two consecutive reverse solidus characters.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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E'PATH_NAME
Kind:
Prefix:

Result Type:
Result:
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Value.

Any named entity other than the local ports and generics of a
component declaration.

Type String.

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:

com

Exar

lib
pal

0

precedure P

constantC: INTEGER := 42;

path_name ::= package_based_path | instance_based_path

instance_based_path ::=
leader path_to_instance [ local_item_ng

path_to_instance ::= { path_instance_elemen

path_instance _element ::=

| entity simple_name
| block label

| generate_label
| process. label
| subp i

¢ (Finout INTEGER); -- Proc'PATH_NAME = ":lib:p:proc [integer]{

ponent_instantiatiotabé

paths identify

denotes a
hth or instance

ment, generate
fween the root

-- All design units are in this library:
-- P'PATH_NAME = "lib:p:"
-- P'INSTANCE_NAME = ":lib:p:"

-- Proc'INSTANCE_NAME = "lib:p:proc [integer]:"
-- C'PATH_NAME = "lib:p:c"

end packageP;

package bodyP is

-- CINSTANCE_NAME = "lib:p:c”

procedure Proc (Finout INTEGER)is

variable x: INTEGER,;
begin
end;
end;

-- X'PATH_NAME = "lib:p:proc [integer]:x"
-- XINSTANCE_NAME = ":lib:p:proc [integer]:x"

[Published by IEC under licence from IEEE. © 2004 IEEE

. All rights reserved. |
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library Lib;
use Lib.Pall;
entity E is

generic(G: INTEGER);

port (P: in INTEGER);
end entity E;

architecture A of E is

IEC 61691-1-1:2004(E)
IEEE 1076-2002(E)

Assume that E is in Lib and

E is the top-level design entity:
E'PATH_NAME = ":e:"
E'INSTANCE_NAME = "e(a):"
G'PATH_NAME =":e:g"
G'INSTANCE_NAME = ":e(a):g"
P'PATH_NAME = ":e:p"
P'INSTANCE_NAME = ".e(a):p"

Signal St BIT_VECTOR (%o GJ;

variable max: DELAY_LENGTH;

begin
max := spl * ns;
wait on spifor
C:=spl;

end procedure

bepin

p1f process
variable ¥

begin

“INTEGER := 12;

procedure Procl éignal spl: NATURAL; C:out INTEGER)is

SPAITH_NAME = "e:s”
S'INSTANCE_NAME = "

Procl'PATH_NAME integer]:"

pr].c"

T'PATH_NAME = "e:plit"
T'INSTANCE_NAME = ":e(a):pl{t

T'PATH_NAME = "e:t"
TINSTANCE_NAME = ":e(a)::t"

end process
end architecture;

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

generidGBottom : INTEGER);

port (PBottom : INTEGER);
end entity Bottom;

architecture BottomArchof Bottomis
signal SBottom : INTEGER,;
begin
ProcessBottomprocess
variable V : INTEGER,;
begin

It GBottom = 4then
assertV'Simple_Name ="v"

and V'Instance_Name =

and GBottom'Instance_Name =
":top(top):b1:b2:91(4):b3;

elsif GBottom = -1then
assertV'Simple_Name ="v"
and V'Path_Nar

end if;

wait;
end proc race

enpd architecture Ba

entity Topis
ar¢hitecture\Jop o

sZomp : INTEGER)
(PComp : INTEGER);

end-ecomponehtBComp;

signal S : INTEGER,;

and V'Path_Name = ":top:b1:b2:g1(4):b3:11:proces

ftom:v";

begin
B1 : block
signal S : INTEGER,;

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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begin
B2 : block
signalS : INTEGER,;
begin
G1:forlin 1to 10 generate
B3 : block
signal S : INTEGER,;
for L1 : BCompuse entityWork.Bottom(BottomArch)
generic map  (GBottom => GComp)
port map (PBottom => PComp);
begin

L1 : BCompgeneric map(l) port ma|
P1 : process
variable V : INTEGER,;

begin
if | =7 then

Ie Name ="s"
Name =":top:bl:s"

for L2 : BCompuse
entity Work.Bottom(BottomArch)
generic map (GRottom => GComp)

me =" top(top) bl: b2 gl(7)

fnstance_Name = ":top(top):b1:s";

3:plivy;
:b3:p1:";

p3:s";

port map (PBottom => PComp);
end for;
end for;
end configuration TopConf;

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

1—The relationship between the values of the LEFT, RIGHT, LOW, and HIGH attributes is expressed as follows:

Ascending range Descending range
T'LEFT = TLOW THIGH
T'RIGHT = T'HIGH TLOW

2—Since the attributes S'EVENT, S'ACTIVE, S'LAST_EVENT, S'LAST_ACTIVE, and S'LAST_VALUE are func-
tions, not signals, they cannot cause the execution of a process, even though the value returned by such a function may
change dynamically. It is thus recommended that the equivalent signal-valued attributes S'STABLE and S'QUIET, or

expressrons |nvoIV|ng those attnbutes be used in concurrent contexts such as guard expressrons or

TAMNDARD- AL

concurrent signal

asslg LA~ II.O \)Illlllal I)’, Iul IL,I.IUII S TAAINUAT\LU.TNUVY OI IUqu IIUl UC UQCU M ouUricurTTl II. CUIT ILCI\LO
3—SIDELAYED(O ns) is not equal to S during any simulation cycle where S'EVENT ig

4—S
S hag

5—F
6—If

ycle in which

T—If[Ts i ' , e B'DELAYED(t) = S.

8—S
procs
for th

9—The values of E'PATH_NAME and E'INST
ent, Unlabelled processes may have the sa

8 prédefined for the types declared for package STANDARD are give
sincg they are’ implicitly declared.

Italics are used for pseudo-names of anonymous t)

ivalent postponed

=|0 ns can be used

in two differ-
pgrams, and named

ias, the result

ontext clause
NDARD cannot

N in comments
pes (such as

1 oSTA
puur\aucu AN

-- Predefined enumeration types:
type BOOLEAN:Is (FALSE, TRUE);
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-- The predefined operators for this type are as follows:

-- function "and" @nonymous, anonymauBOOLEAN) return BOOLEAN,;
-- function "or" (anonymous, anonymauBOOLEAN) return BOOLEAN;
-- function "nand" @nonymous, anonymalBOOLEAN) return BOOLEAN;
-- function "nor" (anonymous, anonymatBOOLEAN) return BOOLEAN;
-- function "xor" (anonymous, anonymauBOOLEAN) return BOOLEAN;
-- function "xnor" (anonymous, anonymatBOOLEAN) return BOOLEAN;
-- function "not" (@anonymousBOOLEAN) return BOOLEAN,;

-- funct|on =" (anonymous, anonymOLBOOLEAN) return BOOLEAN;

-- function <! (anonymous anonymoLBOOLEAN) return

-- function "<=" (anonymous, anonymalBOOLEAN) return
-- function ">" (anonymous, anonymatBOOLEAN) retury
-- function ">=" (anonymous, anonymalBOOLEAN) re

type BITis (0, '1Y);
-- The predefined operators for this type are as follol

-- function "and"
-- function "or

-- function "nand"
-- function "nor"
-- function "xor"
-- function "xnor"

-- function "not"

-- function "=" BOOLEAN;

-- function "/=" BOOLEAN;

-- function "<" BOOLEAN;

-- functi <= BOOLEAN;

-- functio " BOOLEAN;
function "% BOOLEAN;

ETX, EOT, ENQ, ACK, BEL,
VT, FF, CR, SO, Sl
DC3, DC4, NAK, SYN, ETB,
ESC, FSP, GSP, RSP, USP,

" ', '#, '$, %', ‘&',
‘¢, ', " "+, T,
-0 1 2 3~ 4 5= -6~ -
‘8", ‘9", < = > ',
'@, ‘A, 'B', 'C, D, 'E', 'F, 'G,
'H', T, 'J' 'K' L', ‘M’ 'N' ‘o'
P! Q' 'R, 'S’ T, 'U' V' "W,
X' Y', 'z, T, "\, T, ", '
" ‘a’, 'b’, 'c', 'd', 'e’, 'f!, ‘g,
'h' ", T, k', I, 'm', n', '0',
P, 'q, T, 's', 't u', V', W',
IX" ‘yll ' .1 I{I’ Il" ‘}.1 ‘~‘1 DEL1
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C129,
C137,
C145,
C153,

C131,
C139,
C147,
C155,

C132,
C140,
C148,
C156,

C134,
Cl142,
C150,
C158,

C135,
C143,
C151,
C159,

function

function "/="
function "<"
function "<=
function ">"
function ">=

-~ The p@'
-- function =

The predefined operators for this type are as follows:

functlon (anonymous anonymous un|versal mt&geturn BOOLEAN

-- function "<" (anonymous, anonymous un|versal mt(}geturn BOOLEAN
-- function "<= (anonymous, anonymous: universal_int¢geturn BOOLEAN;
-- function ">" (anonymous, anonymous: universal_int¢geturn BOOLEAN,;
-- function ">= (anonymous, anonymous: universal_int¢geturn BOOLEAN;

“The nonbreaking space character.
5The soft hyphen character.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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-- function "+" (anonymous: universal_integereturn universal_integer
-- function "-" (anonymous: universal_integeeturn universal_integer
-- function "abs" @nonymous: universal_integereturn universal_integer
-- function "+" (anonymous, anonymous: universal_intg¢geturn universal_integer
-- function "-" (anonymous, anonymous: universal_int@geturn universal_integer
-- function "*" (anonymous, anonymous: universal_int@¢geturn universal_integer
-- function "/" (anonymous, anonymous: universal_intg¢geturn universal_integer
-- function "mod" (@anonymous, anonymous: universal_int@geturn universal_integer
-- function "rem" (@anonymous, anonymous: universal_intégeturn universal_integer

L varaal raalic rananimanlamantatinn Aafin
L_be HRtrerSar —roarrS rang e ioTre e rattroTT_—_ Ot

-- The predefined operators for this type are as follows:

-- function "=" (anonymous, anonymous:

-- function "/=" (anonymous, anonymous:

-- function "<" (anonymous, anonymous:

-- function "<=" (anonymous, anonymous:

-- function ">" (anonymous, anonymous:

-- function ">=" (anonymous, anonymous:

-- function "+" (anonymous: universal_

-- function "-" (anonymous: un|v 3a

-- function "abs"

-- function "+" |

-- function "-" . universal_jeaturn universal_real
-- function "*" yniversal_jeaturn universal_real
-- function "/" universal_Jeaturn universal_real
-- function "*" real; anonymous: universal_infeger
- drn universal_real

-- functiom™*" niversal_integer; anonymous: universal) real

return universal_real
ds: universal_real; anonymous: universal_infeger
return universal_real

function

operators for this type are as follows:

(‘anonymous: universal_integer; anonymolTEGER)
= return universal_integer

£ function "**" ((anonymous: universal real; anonymoUSTEGER)

-- return universal_real

-- function "=" (anonymous, anonymausiTEGER)return BOOLEAN;
-- function "/=" (anonymous, anonymausiTEGER)return BOOLEAN;
-- function "<" (anonymous, anonymau®dTEGER)return BOOLEAN;
-- function "<=" (anonymous, anonymaudiTEGER)return BOOLEAN;
-- function ">" (anonymous, anonymau®dTEGER)return BOOLEAN;
-- function ">=" (anonymous, anonymausiTEGER)return BOOLEAN;
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-- function "+"
-- function "-"

-- function "abs
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(anonymousINTEGER)return INTEGER;
(anonymousINTEGER)return INTEGER,;
@nonymousINTEGER)return INTEGER;

-- function "+" (anonymous, anonymauSiTEGER)return INTEGER;
-- function "-" (anonymous, anonymau8iTEGER)return INTEGER;
-- function "*" (anonymous, anonymauSiTEGER)return INTEGER;
-- function "/" (anonymous, anonymaudiTEGER)return INTEGER;
-- function "mod" (@anonymous, anonymau8iTEGER)return INTEGER,;
-- function "rem" (@anonymous, anonymau8iTEGER)return INTEGER,;

-- function "**" (‘anonymousINTEGER;anonymousINTEGER)return INTEGER;

type REAL is rangeimplementation_defined

-- The predefined operators for this type are as follows:

-- function "=" (anonymous, anonymalREAL) return_BOO

-- function "/=" (anonymous, anonymaulEAL) re )

-- function "<" (anonymous, anonymau3EA

-- function "<=" (anonymous, anonymaus ;
-- function ">" ;
-- function ">="

-- function "+"

-- function "-"

-- function "abs"

-- function "+"
-- function "-"
-- function ™"
-- function "/"

-- functiopl**"
-- Predefi;’\e c

type TIME

REAL) return REAL;
REAL) return REAL;

femtosecond
picosecond
1000 ps; -- nanosecond
= 1000 ns; -- microsecond
ms = 1000 us; -- millisecond
sec = 1000 ms; -- second
min = 60 sec; -- minute
hr = 60 min; -- hour
end units,

The predefined operators for this type are as follows:

-- function "=" (anonymous, anonymauBEME) return BOOLEAN;
-- function "/=" (anonymous, anonymauBEME) return BOOLEAN;
-- function "<" (anonymous, anonymauBEME) return BOOLEAN;
-- function "<=" (anonymous, anonymauBEIME) return BOOLEAN,;
-- function ">" (anonymous, anonymauBEME) return BOOLEAN;
-- function ">=" (anonymous, anonymauEIME) return BOOLEAN,;
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-- function "+" (anonymousTIME) return TIME;

-- function "-" (anonymousTIME) return TIME;

-- function "abs" @nonymousTIME) return TIME;

-- function "+" (anonymous, anonymauslME) return TIME;

-- function "-" (anonymous, anonymauEME) return TIME;

-- function "*" (anonymousTIME; anonymousINTEGER) return TIME;
-- function "*" (anonymousTIME; anonymousREAL) return TIME;
-- function "*" (anonymousINTEGER; anonymousTIME) return TIME;
-- function "*" (anonymousREAL; anonymousTIME) return TIME;
-- function "/" (anonymousTIME; anonymousINTEGER) return TIME;
-- function "/" (anonymousTIME; anonymousREAL) return TIME;
-- function "/" (anonymous, anonymauEIME) return univ ager

subtype DELAY_LENGTH is TIME range O fs to TIME'HIGH,;

-- A function that returns universal_to_physical_timg );T(

pure function NOW return DELAY_LENGTH,;

-- Predefined numeric subtypes:

<>)
-- The predefined ) e t;es ayé as follows:

-- function "=" zanonymauSTRING)return BOOLEAN;
-- functior™=" S, anonymauSTRING)return BOOLEAN;
-- functi ' anonymous,’anonymauSTRING)return BOOLEAN;

function " 2MONYods, anonymauSTRING)return BOOLEAN,;
y mous, anonymau8TRING)return BOOLEAN;
iymous, anonymau8TRING)return BOOLEAN,;

anonymousSTRING;anonymousSTRING) return STRING;
(anonymousSTRING;anonymousCHARACTER)return STRING;
(anonymousCHARACTER;anonymousSTRING)return STRING;
(anonymousCHARACTER;anonymousCHARACTER)
return STRING,;

type BIT_VECTORIs array (NATURAL range <>) of BIT;

-- The predefined operators for this type are as follows:

-- function "and" @nonymous, anonymawBIT_VECTOR)return BIT_VECTOR,;
-- function "or" (anonymous, anonymaBIT_VECTOR)return BIT_VECTOR;
-- function "nand" @nonymous, anonymawBIT_VECTOR)return BIT_VECTOR,;
-- function "nor" (anonymous, anonymawBIT_VECTOR)return BIT_VECTOR,;
-- function "xor" (anonymous, anonymaBIT_VECTOR)return BIT_VECTOR;
-- function "xnor" (anonymous, anonymawBIT_VECTOR)return BIT_VECTOR,;
-- function "not" (anonymousBIT_VECTOR)return BIT_VECTOR,;
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-- function "slI" (anonymousBIT_VECTOR;anonymousINTEGER)
-- return BIT_VECTOR,;
-- function "srl" (anonymousBIT_VECTOR;anonymousINTEGER)
-- return BIT_VECTOR,;
-- function "sla” (@anonymousBIT_VECTOR;anonymousINTEGER)
-- return BIT_VECTOR,;
-- function "sra" @nonymousBIT_VECTOR;anonymousINTEGER)
-- return BIT_VECTOR,;
-- function "rol" (anonymousBIT_VECTOR;anonymousINTEGER)
-- return BIT_VECTOR,
-- function "ror" (anonymousBIT_VECTOR;anonymousINTEGER)

-- return BIT_VECTOR,;

-- function "=" (anonymous, anonymawBIT_VECTOR)retyr
-- function "/=" (anonymous, anonymawBIT_VECTOR)re
-- function "<" (anonymous, anonymawBIT_VECTORJre
-- function "<=" (anonymous, anonymaBIT_VECTQR)etiun
-- function ">" (anonymous, anonymawBIT_VEGQ
-- function ">=" (anonymous, anonymauBIT

-- function "&" (anonymousBIT_VECTOR:a
-- return BIT_VECTOR,;
-- function "&" ;@ return BIT_VECJOR;
-- function "&" TOR)return BIT_VECTOR,;
-- function "&" return BIT_VECTOR,;

Resulting access mode is write-only; infgrmation
-- is appended to the end of the existing file

8 ous, anonymausiLE_OPEN_KIND)return BOOLEA
anonymous, anonymausiLE_OPEN_KIND)return BOOLEA
nonymous, anonymausiLE_ OPEN_KIND)return BOOLEA
(anonymous, anonymausiLE_ OPEN_KIND)return BOOLEA
(anonymous, anonymausiLE_OPEN_KIND)return BOOLEA
(anonymous, anonymausiLE_ OPEN_KIND)return BOOLEA

[ A A AL AN

type FILE_OPEN_STATUSs (

OPEN _OK, --_File open was successful.

STATUS_ERROR, -- File object was already open.

NAME_ERROR, -- External file not found or inaccessible.
MODE_ERROR); -- Could not open file with requested access mode.
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-- The predefined operators for this type are as follows:

-- function "=" (anonymous, anonymausiLE_OPEN_STATUS)

-- return BOOLEAN,;

-- function "/=" (anonymous, anonymausiLE_OPEN_STATUS)

-- return BOOLEAN,;

-- function "<" (anonymous, anonymausiLE_OPEN_STATUS)

-- return BOOLEAN,;

-- function "<=" (anonymous, anonymausiLE_ OPEN_STATUS)

-- return BOOLEAN,;

-- function ">" (anonymous, anonymausiLE_OPEN_STATUS)
retHr—BOOEEAN:

-- function ">=" (anonymous, anonymausiLE_ OPEN_STATU

- return BOOLEAN;

-- The 'FOREIGN attribute:

attribute FOREIGN: STRING;

end STANDARD;
The [FOREIGN attribute must be associated only with/architec .2) or with subprpgrams. In the
latten case, the attribute specification must appear in the d hich the subprodram is declared
(seel2.1).
NOTES
1—Tlpe ASCII mnemonics for file separator 3 Or (GS), record separator (RS), and unjt separator (US)
are represented by FSP, GSP, RSP, and USR, re in\t HARACTER in order to avoid confljct with the units
of type TIME.
2—The declarative parts 8sign entjties whose corresponding architectures are flecorated with the
'FOREIGN attribute and spbprog i décorated are subject to special elaboration rules. See 12.3 and
12.4.
3—Tlhe function 81@ S g only within a single discrete time step; that is, within a et of simula-

tion ¢

14.3

Pack
text f

pa

ycles whose & are

age declarations of types and subprograms that support formatted I/Q operations on

ckageTEXTIO
-~Type definitions for text 1/O:

— type LINETS accessSTRING; — A CINETSapomter to a STRING value.

-- The predefined operators for this type are as follows:

-- function "=" (anonymousanonymousLINE) return BOOLEAN;
-- function "/=" (anonymousanonymousLINE) return BOOLEAN;
type TEXT is file of STRING; -- A file of variable-length ASCII records.
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The predefined operators for this type are as follows:

-- procedure FILE_OPEN file F: TEXT; External_Naméan STRING;

- Open_Kind:in FILE_OPEN_KIND := READ_MODE);
-- procedure FILE_OPEN (Statusout FILE_ OPEN_STATUS(ile F: TEXT;

-- External_Namein STRING;

- Open_Kind:in FILE_OPEN_KIND := READ_MODE);
-- procedure 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 SIDEis (RIGHT, LEFT);

-- function "<"

-- function ">"

subtypeWIDTH is NATURAL;

-- Standard text files:
file INPUT:

file OUTPUT:

-- Input routine

procedu {?A
procedure RE

iyt LINE;

procedure READ (L: inout LINE;
procedure READ (L: inout LINE;

-- The predefined operators for this type are as follows:

-- function "=" (anonymousanonymousSIDE)return
-- function "/=" (anonymousanonymousSIDE)return
(anonymousanonymousSIDE return
-- function "<=" (anonymousanonymousSIDE)return
(anonymousanonymousSIDE) retu
-- function ">=" (anonymousanonymousSIDE) retur

VALUE: out BIT_VECTOR);
“inout LINE; VALUE: out BOOLEAN,;
:inout LINE; VALUE: out BOOLEAN);

nout LINE);

. out BIT;
: out BIT);

-- For justifying out ta withinAfields.

o@pec' fying widths of output figlds.

is "STD_INPUT";

is "STD_OUTPUT";

GOOD:out BOOLEAN);

: out BIT_VECTOR; GOOD:out BOOLEAN);

GOOD:out BOOLEAN);

: out CHARACTER; GOOD:out BOOLERAN);
: out CHARACTER);

procedure READ (L: inout LINE;
procedure READ (L: inout LINE;

: out INTEGER;
: out INTEGER);

GOOD:out BOOLEAN);

procedure READ (L: inout LINE; VALUE: out REAL,; GOOD:out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out REAL);

procedure READ (L: inout LINE; VALUE: out STRING; GOOD:out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out STRING);

procedure READ (L:inout LINE; VALUE: out TIME; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out TIME);
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-- 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,;
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

procedure WRITE (L:inout LINE;  VALUE: in INTEGER,;
JUSTIFIED:in SIDE:= RIGHT; FI

procedure WRITE (L:inout LINE;  VALUE: in REAL;

procedure WRITE (L: inout LINE;
JUSTIEIED:in

procedure WRITE (L:

function ENDFILE

i TEXTIO; Q

Procpdures READKINE declared in package TEXTIO read and write entire |ines of a file

of type TEXT. Pro < uses the next line to be read from the file and returns ps the value of
parameter L at designates an object representing that line. If parameter L contains a
nonnull ace valueratthe staxof the call, the object designated by that value is deallocated before the new
objegt is [ \\- epresentation of the line does not contain the representation of the end of the line. It is
an efror if thefile'spekifiedin a call to READLINE is not open or, if open, the file has an accegs mode other

than
Writte
anu
fied i

n to the-file andeturns with the value of parameter L designating a null string. If paramdter L contains
access value at the start of the call, then a null string is written to the file. It is an error if the file speci-

h acall to WRITELINE is not open or, if open, the file has an access mode other than wrjte-only.

The

language does not define the representation of the end of a line. An implementation must allow all

possible values of types CHARACTER and STRING to be written to a file. However, as an implementation

is pe

rmitted to use certain values of types CHARACTER and STRING as line delimiters, it might not be

possible to read these values from a TEXT file.

Each

READ procedure declared in package TEXTIO extracts data from the beginning of the string value

designated by parameter L and modifies the value so that it designates the remaining portion of the line on

exit.
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The READ procedures defined for a given type other than CHARACTER and STRING begin by skipping
leadingwhitespace characteré 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
type. The READ does not succeed if the sequence of characters removed from L is not a valid string repre-
sentqtion of a value of the specified type or, in the case of types STRING and BIT_VELTOR, if the
sequience does not contain VALUE'LENGTH characters.

The definitions of the string representation of the value for each data type

—| The representation of a BIT value is formed by a single charé ' L or O\ N&'leadling or trailing
—| The representation of a BIT_VECTOR value is formed sY , either 1 or 0. No

—| The representatlon of a BOOLEAN value is formed(by an‘identi ither FALSE or TRUE.

rmdt@ i

values is that of a decimal literal (se€] 13.4.1), with

S ative, but it is
en the sign and
al and present
hnguage does
$ent, the “e” is
hry to meet the
ad.

r each element

—| The representation of both INTEG
the addition of an optional Ieadm Si

foIIowing the
entifier that is
S defmed in package STANDARD (see 14.2). When read the idgntifier can be
acters of either case; when written, the identifier is expressed in lowercase
characte

Each WRITE procedure similarly appends data to the end of the string value designated by parameter L; in
this ¢ase, however, L continues to designate the entire line after the value is appended. THe format of the
appendeddatatsdefimectby thestringrepresentationsdefimedabove for the READprocedures.

The READ and WRITE procedures for the types BIT_VECTOR and STRING respectively read and write
the element values in left-to-right order.

For each predefined data type there are two READ procedures declared in package TEXTIO. The first has
three parameters: L, the line to read from; VALUE, the value read from the line; and GOOD, a Boolean flag
that indicates whether the read operation succeeded or not. For example, the operation READ (L, IntVal,
OK) would return with OK set to FALSE, L unchanged, and IntVal undefined if IntVal is a variable of type
INTEGER and L designates the line "ABC". The success indication returned via parameter GOOD allows a
process to recover gracefully from unexpected discrepancies in input format. The second form of read oper-

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



https://iecnorm.com/api/?name=daae80a0b25d60abbb5d39b7daacfb4c

—214 -

IEC 61691-1-1:2004(E)

IEEE 1076-2002(E)

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 additional
parameters JUSTIFIED, FIELD, DIGITS, and UNIT control the formatting of output data. Each write oper-
ation appends data to a line formatted withirell 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., no leading

or trgiling spaces). Parameter JUSTIFIED specifies whether values are to be right- or left-just
field;[the default is right-justified. If the FIELD parameter describes a field width Taxger than't

. value of this pard
ME; the result is that the

. For a line Lthat\s b
to the ling; \ i

ten, the value of L'Length gives the number of characters that ha
Q the column number of the last character of the line. For aline L th

2—The execu
parameter L of type Line for that operation; thus, a dangling reference may result if the value of a variabl
is asgigned to.anothe ess variable and then a read or write operation is performed on L.

fied within the
ne number of
field.

when writing

real number is
mber of digits

meter must be
TIME value is
0 by the name
procedure call
to the string
'5 ns" being

h as part of

5 being read or

e already been

At is being read,
the expression

jon~of-a\tead of write operation may modify or even deallocate the string object designated by input

e L of type Line
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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.

abptract_literal ::= decimal_literal | based_literal [8.113.4]
acress_type_definition ::accesssubtype_indication [$ 3.3]
acfual_designator ::= 4]3.2.2]
expression
| signal name

| variable name

| file_name

| open
acfual_parameter_part ::;parameter assogiation [871.3.3]
actual_part ::= [§8 4]3.2.2]

actual_designator
| function name (actual_designg
| type_mark (actual desigrate

adding_operator ::= [87.2]
agpregate ::= Q [§71.3.2]
(element_4ass
alips_declaration, :: [§4.3.3]
aligs_d [§4.3.3]
allpcator ::= [§1.3.6]
p€”_indication
[\néw qualified_expression
architecture_body ::= [§1.2]
architecture identifierof entity namels
architecture_declarative_part
begin
architecture_statement_part
end [ architecture ] [ architecture simple_name ] ;
architecture_declarative_part ::= [§1.2.1]

{ block_declarative_item }
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architecture_statement_part ::=
{ concurrent_statement }

array_type_definition ::=
unconstrained_array_definition | constrained_array_definition

assertion ::=
assertcondition
[ report expression |
[ severity expression ]

IEC 61691-1-1:2004(E)
IEEE 1076-2002(E)

[§ 1.2.2]

[§ 3.2.1]

[§ 8.2]

aspertion_statement ::= [ label : ] assertion ;

aspociation_element ::=
[ formal_part => ] actual_part

aspociation_list ::=
association_element { , association_element }

—

attribute_declaration ::=

attribute identifier : type_mark ;

—

attribute_designator ::;attribute_simple

attribute_name ::=
prefix [ signature ] ' attribute_dest

tribute_specification ::= s
attribute attribute “desi Vity . speeifigasions expression ;

bake ::= integer

—

al

bake_specifier :

baked_integer :

baked

bakic_charaeter™
basic_graphic_character | format_effector

1 8.2]

I8 4[3.2.2]

§ 4[3.2.2]

(3 4.4]

[$ 6.6]

[$ 6.6]

[$ 5.1]

8 13.4.2]
(8 13.7]

[ 13.4.2]

[ 13.4.2]

[§ [13.1]

ba ib_glapilib_bilala\icl o
upper_case_letter | digit | special_character| space_character

basic_identifier ::= letter {[ underline ] letter_or_digit }
binding_indication ::=

[ useentity _aspect ]

[ generic_map_aspect ]

[ port_map_aspect ]

bit_string_literal ::= base_specifier " [ bit_value ] "
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bit_value ::= extended_digit { [ underline ] extended_digit }

block _configuration ::=
for block_specification
{use_clause }
{ configuration_item }
end for ;

block _declarative_item ::=
subprogram_declaration
| subprogram_body

[§ 13.7]

§ 1.3.1]

[§ 1.2.1]

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared variable_declaration
| file_declaration

| alias_declaration

| component_declaration

| attribute_declaration

| attribute_specification

| configuration_specification
| disconnection_specification
| use_clause

| group_template_declaration
| group_declaration

b

qck_declarative_part ::>
{ block_declarative

b

qck_header ::=
[ generi
[ generic

blgck_specifi

| genetate statemeriabel [ ( index_specification ) ]

b

qck_statement ::=
block label :

1g9.1]

1g9.1]

[§ 1.3.1]

1g9.1]

biock [ ( gualu'_w\plcaaiun ) ] S ]
block header
block_declarative_part

begin
block_statement_part

end block[ block label ] ;

block_statement_part ::=
{ concurrent_statement }
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case_statement ::= [& 8.8]
[ case label : ]
case expressiois
case_statement_alternative
{ case_statement_alternative }
end casq case label ] ;

case_statement_alternative ::= [& 8.8]
when choices =>
sequence_of statements

chharacter_literal ::= ' graphic_character' [8[13.5]

chpice ::= [871.3.2]
simple_expression

| discrete_range

| elementsimple_name

| others

chpices ::= choice { | choice } [871.3.2]

component_configuration ::= [81.3.2]

for component_specification
[ binding_indication ; ]
[ block_configuration ]
end for ;
component_declaration :; [§4.5]

componentidentifie

[$ 9.6]
(8 5.2]
composite_type_definition ::= [$3.2]
array—type—ctefimition
| record_type_definition
concurrent_assertion_statement ::= [89.4]
[ label : ] [ postponed] assertion ;
concurrent_procedure_call_statement ::= [89.3]

[ label : ] [ postponed] procedure_call ;
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concurrent_signal_assignment_statement ::= [8 9.5]
[ label : ] [postponed] conditional_signal_assignment
| [ label : ] [postponed] selected_signal_assignment

concurrent_statement ::= [8 9]
block_statement

| process_statement

| concurrent_procedure_call_statement

| concurrent_assertion_statement

| concurrent_signal_assignment_statement

| component_instantiation_statement

| generate_statement

copdition ::= boolean expression [$ 8.1]
condition_clause ::=until condition (8 8.1]
cohditional_signal_assignment ::= [89.5.1]

target <= options conditional_waveforms ;

copditional_waveforms ::= [8 9.5.1]
{ waveformwhen conditionelse}
waveform [when condition ]
copfiguration_declaration ::= 8 1.3]

o]

configuration identifierof entity_
configuration_declarative_pa
block_configuratign
end [ configuratio

copfiguration_declarg [$1.3]
use_cl
| attribute i
[$1.3]
[81.3.1]
copfiguration_specification ::= [85.2]
forcomponent—specificatiormbinding—indication;
constant_declaration ::= [84.3.1.1]
constantidentifier_list : subtype_indication [ := expression ] ;
constrained_array_definition ::= [83.2.1]
array index_constrainbf elementsubtype_indication
constraint ::= [84.2]

range_constraint
| index_constraint
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context_clause ::= { context_item } [8 11.3]
context_item ::= [8 11.3]
library_clause
| use_clause
decimal_literal ::= integer [ . integer ] [ exponent ] [8 13.4.1]
declaration ::= [8 4]

type_declaration
| subtype_declaration
| object_declaration
| interface_declaration
| alias_declaration
| attribute_declaration
| component_declaration
| group_template_declaration
| group_declaration
| entity_declaration
| configuration_declaration
| subprogram_declaration
| package_declaration

| primary_unit
| architecture_body
deJay_mechanism ::= [§ 8.4]
transport
| [ reject time_expregsion inertial

[§11.1]

[8L1.1]

(8 2.1]

[ 3.1]

[$5.3]

(8 3.2.1]

eld ment_as_sociation = _ [871.3.2]

fchotces=>}expression

element_declaration ::= [83.2.2]
identifier_list : element_subtype_definition ;

element_subtype_definition ::= subtype_indication [§3.2.2]

entity_aspect ::= [85.2.1.1]

entity entity name [ @rchitecture identifier) ]
| configuration configuration name
| open
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entity_class ::=
entity | architecture | configuration
| procedure | function | package
| type | subtype | constant
| signal | variable | component
| label | literal | units

entity_class_entry ::= entity_class [ <>]

entity_class_entry_list ::=
entity _class_entry {, entity class_entry }

[§ 5.1]

[§ 4.6]

[§ 4.6]

enlity _declaration ::=
entity identifieris
entity _header
entity_declarative_part
[ begin
entity_statement_part ]
end [ entity ] [ entity_simple_name ] ;

enlity_declarative_item ::=
subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared variable_d i

| attribut
| disconn
| use_clauge

enlity de

entity _designators;

entity header ::=

(g 1.1]

§1.1.2]

§1.1.2]

[§ 5.1]

§ 1.1.1]

[ funllai_g\:l |clib_biau:,t: ]
[ formal_port_clause ]

entity_name_list ::=
entity_designator { , entity_designator }
| others
| all

entity_specification ::=
entity_name_list : entity_class
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entity _statement ::= [81.1.3]
concurrent_assertion_statement
| passiveconcurrent_procedure_call
| passiveprocess_statement
entity _statement_part ::= [81.1.3]
{ entity_statement }
entity_tag ::= simple_name | character_literal | operator_symbol [8 5.1]
enumeration_literal ::= identifier | character_literal [§3.1.1]
enumeration_type_definition ::= [§ 3.1.1]
( enumeration_literal { , enumeration_literal } )
ex|t_statement ::= §B.11]
[ label : Jexit [ loop_label ] [when condition ] ;
exponent ::= E [ +]integer | E — integer [8 13.4.1]
expression ::= [§7.1]
relation {and relation }
| relation {or relation }
| relation {xor relation }
| relation [nand relation ]
| relation [nor relation ]
| relation {xnor relation }
extended_digit ::= digit [8 13.4.2]
exfended_identifier :: [8 13.3.2]
fagtor ::= é [$7.1]
primary [ 3y
filg_dec [§ 4]3.1.4]
abtype_indication [ file_open_information ] ;
fild_logical-name;s$tring_expression [8 4(3.1.4]
fild «0pen_information ::= [8 4(3.1.4]
[ upt:llfiit:_upcl |_ki| |E'c1\p|caaiun ijb ﬁiU_iUgibai_llalllU
file_type_definition ::= (8§ 3.4]
file of type_mark
floating_type_definition ::= range_constraint [83.1.4]
formal_designator ::= [84.3.2.2]

generic name
| port_name
| parametername
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formal_parameter_list ::sparameter interface_list [§2.1.1]

formal_part ::= [84.3.2.2]
formal_designator
| function name ( formal_designator )
| type_mark ( formal_designator )

full_type_declaration ::= [84.1]
type identifieris type_definition ;

function_call ::= [§ 7.3.3]
function_name [ ( actual_parameter_part ) ]

geperate_statement ::= [89.7]
generatelabel :
generation_schengenerate
[ { block_declarative_item }
begin]
{ concurrent_statement }

end generate] generatelabel | ;
geperation_scheme ::= [89.7]
for generate parameter_specification
| if condition

geperic_clause ::= [81.1.1]
generic( generic_list) ;

geperic_list ::=generic inte [81f1.1.1]

gepheric_map_aspect [85.2.1.2]
generic ge d

graphic_characte [8[L3.1]

ef _case_letter | other_special_character

group_cons 3 e aracter_literal (8 4.7]

group_co : t group_constituent {, group_constituent } [44.7]

group_declaration (8 4.7]
group identifier :group_templatename ( group_constituent_list ) ;

group—temptate_dectaration—= {8 4.6]
group identifieris ( entity_class_entry_list) ;

guarded_signal_specification ::= [85.3]
guarded signal_list : type_mark

identifier ::= basic_identifier | extended_identifier [813.3]

identifier_list ::= identifier { , identifier } [§ 3.2.2]
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if statement ::= [88.7]
[if_label : ]
if conditionthen
sequence_of_statements
{ elsif conditionthen
sequence_of_statements }
[ else
sequence_of_statements ]
end if [ if_label ];

incomplete_type declaration :type identifier ; [8 3.3.1]
index_constraint ::= ( discrete_range {, discrete_range } ) [§ 3.2.1]
index_specification ::= [81.3.1]

discrete_range
| static expression

index_subtype_definition ::= type_marnge <> [ 8.2.1]
ingexed_name ::= prefix ( expression {, expression [$ 6.4]
indtantiated_unit ::= [$ 9.6]
[ component] componentna
| entity entity name [ @rchitecturey ifi
| configuration configuration name
indtantiation_list ::= [§5.2]
instantiation labe abe

| others
| all
integer ::= digit; [8 18.4.1]
int [§3.1.2]
int (8§ 4.3.2]
int (8§ 4.3.2]
|(interface_signal_declaration
[Anterface_variable_declaration
finterface—fite—dectaration
interface_element ::= interface_declaration [8 4.3.2.1]
interface_file_declaration ::= [84.3.2]
file identifier_list : subtype_indication
interface_list ::= [84.3.2.1]

interface_element { ; interface_element }
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interface_signal_declaration ::=

[signal] identifier_list : [ mode ] subtype_indicatio{is ] [ := static_expression ]

interface_variable_declaration ::=

[variable] identifier_list : [ mode ] subtype_indication [ static_expression ]

iteration_scheme ::=
while condition
| for loop_parameter_specification

label ::= identifier

[§ 4.3.2]

[§ 4.3.2]

[§ 8.9]

[§ 9.7]

letter ::= upper_case_letter | lower_case_letter
letter_or_digit ::= letter | digit

libfary_clause ::=library logical_name_list ;
libfary_unit ::=

primary_unit
| secondary_unit

litgral ::=
numeric_literal
| enumeration_literal
| string_literal
| bit_string_literal
| null

logical_name ::= ide
ical_name_@

logp__

log

log

miscellaneous_operator ::= *aps | not

[518.3.1]
§13.3.1]
8 11.2]

[§[11.1]

[§ 7.3.1]

§111.2]
§111.2]
[§ 7.2]

[$ 8.9]

[§ 7.2]

maode—-=irouttinoutboffertHimkage
multiplying_operator ::= * | /fhod | rem

name ::=
simple_name
| operator_symbol
| selected_name
| indexed_name
| slice_name
| attribute_name
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next_statement ::= [8 8.10]
[ label : Inext [ loop_label ] [when condition ] ;

null_statement ::= [ label :Aull ; [88.13]

numeric_literal ::= [87.3.1]
abstract_literal
| physical_literal

object_declaration ::= [84.3.1]
constant_declaration

| signal_declaration

| variable_declaration

| file_declaration

opgrator_symbol ::= string_literal 4 2.1]

options ::= [guarded] [ delay_mechanism ] [$ 9.5]

package body ::= [$ 2.6]

package bodypackagesimple _namés

package body_declarative_part

end [ package body] [ package simple_n ;

package body declarative_item ::= [$ 2.6]
subprogram_declaration

| subprogram_body

| type_declaration
| subtype_declaratiQ

| shared variab
|fi|e_deio X
| alias_deul&ration

| use_clauge

pagckagé Y€ | i (8 2.6]

package_deeclaration :: [§ 2.5]

packageidentifieris
package_declarative_part

end [ pabkagt:] [ pab;\agc_billlpic_llalllc ] i
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package_declarative_item ::=

subprogram_declaration
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared variable_declaration
| file_declaration
| alias_declaration
| component_declaration
| attribute_declaration

[§ 2.5]

pa

parameter_specification ::=

ph

ph

| attribute_specification

| disconnection_specification
| use_clause

| group_template_declaration
| group_declaration

ckage_declarative_part ::= [§
{ package_declarative_item }

[§
identifierin discrete_range

ysical_literal ::= [ abstract_literali 3 % [8 1
ysical_type_definition ::= [8 ]
range_constraint
units
i cha 5

{ seco

end un'fts[
It clause ::=

81

[§ 5.
sociation_list )

K

[§ 1.

2.5]

8.9]

1.3]

1.3]

1.1]

1.1.2]

p.1.2]

6.1]

[function_call

primary ::=

name
| literal

| aggregate

| function_call

| qualified_expression
| type_conversion

| allocator

| ( expression )
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primary_unit ::=
entity_declaration
| configuration_declaration
| package_declaration
primary_unit_declaration ::= identifier ;
procedure_call ::=procedure name [ ( actual_parameter_part ) ]

procedure_call_statement ::= [ label : ] procedure_call ;

IEC 61691-1-1:2004(E)
IEEE 1076-2002(E)

§ 11.1]

[§ 3.1.3]
[§ 8.6]

[§ 8.6]

process_declarative_item ::=
subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| use_clause

| group_template_declaration

| group_declaration
process_declarative_part ::=

{ process_declaratjve_ite

process_statement ::

protected body
protected_type_body_declarative_part

§9.2]

819.2]

819.2]

819.2]

[§ B.5.2]

. POSTR PN P 2
enaprotecteanoty [ protectet_typesmpremante |
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protected_type_body_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| variable_declaration
| file_declaration
| alias_declaration
| attribute_declaration
| attribute_specification

[§ 3.5.2]

| use_clause
| group_template_declaration
| group_declaration

protected_type_body_declarative_part ::=
{ protected_type_body_declarative_item }

protected_type_declaration ::=

protected
protected_type_declarative_part
end protected[ protected_typesimple_name
protected_type_declarative_item ::=
subprogram_specification
| attribute_specification

| use_clause

protected_type_declarative_part ::

a)tected_typ i
protectechAype

item

=

p

|(simple_expression direction simple_expression

[8 3

[8 3

[8 3

[ 4

(8]

3.5.2]

5.1]

5.1]

5.1]

5]

3.4]

§ 3.1]

range—constraint——rangeranye

record_type_definition ::=
record
element_declaration
{ element_declaration }
end record|[ record_typesimple_name ]

relation ::=
shift_expression [ relational_operator shift_expression ]
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relational_operator::= = | /[= | < | <= ]| > | >= [87.2]
report_statement ::= [88.3]
[ label : ]
report expression
[ severity expression | ;
return_statement ::= [88.12]
[ label : Jreturn [ expression];
scalar_type_definition ::= [8 3.1]
enumeration_type_definition | integer_type_definition
| floating_type_definition | physical_type_definition
sefondary_unit ::= [8[L1.1]
architecture_body
| package_body
sefondary_unit_declaration ::= identifier = physical_literal [83.1.3]
selected_name ::= prefix . suffix [$ 6.3]
selected_signal_assignment ::= [8 9.5.2]
with expressiorselect
target <= options selected_ws m
selected_waveforms ::= [8 9.5.2]
{ waveformwhen choices ,
waveformwhen chg
sesitivity clause :: [$ 8.1]
sensitivity _list ::i| 8 [$ 8.1]
(& 8]
S 8]
|(signal_assignment_statement
| variable_assignment_statement
fprocedure—catt—statement
| if_statement
| case_statement
| loop_statement
| next_statement
| exit_statement
| return_statement
| null_statement
shift_expression ::= [87.1]

simple_expression [ shift_operator simple_expression ]
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shift_operator ::=sll | srl | sla | srg rol | ror [87.2]
sign = +|— [87.2]
signal_assignment_statement ::= [8 8.4]

[ label : ] target <= [ delay_mechanism ] waveform ;

signal_declaration ::= [84.3.1.2]
signal identifier_list : subtype_indication [ signal_kind ] [ := expression | ;
signal_kind ::=register | bus [§4.3.1.2]
signal_list ::= [§5.3]
signal name { ;signal name }
| others
| all
signature ::= [[type_mark {, type_mark } tgturn type_mark ] ] [§ 2.3.2]
si [§ 7.1]

—

supprogram_body ::=
subprogram_ sy

subprogram_de
begin é
subprogfarm, s

end [ subpyQy

mple_expression ::=
[ sign ] term { adding_operator term }
simple_name ::= identifier (8
slite_name ::= prefix ( discrete_range [§
strjng_literal ::= “{ graphic_character } [8

|(type_declaration
|/subtype_declaration

6.2]
6.5]

13.6]

§2.2]

g2.1]

§2.2]

constant—dectaration

| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| use_clause

| group_template_declaration
| group_declaration
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subprogram_declarative_part ::= [§82.2]
{ subprogram_declarative_item }

subprogram_kind ::9procedure | function [82.2]

subprogram_specification ::= [82.1]
proceduredesignator [ ( formal_parameter_list ) ]
| [ pure | impure ] function designator [ ( formal_parameter_list) ]
return type_mark

subprogram_statement_part ::= [§82.2]
{ sequential_statement }
suptype_declaration ::= 4 4.2]
subtypeidentifieris subtype_indication ;
suptype_indication ::= 4 4.2]
[ resolution_functionname ] type_mark [ constraint ]
suffix ;1= 4 6.3]
simple_name
| character_literal
| operator_symbol
| all
tanget ::= (g 8.4]
name
| aggregate
tefm = [47.1]
factor { multipl 3 [
timeout_clause 9\; A 4 8.1]
type_conversion :: \ [ i [871.3.5]
type_declaration™s 4 4.1]
type_definition : [$4.1]
scalar_type_definition
[,composite_type_definition
access—type—defnition
| file_type_definition
| protected_type_definition
type_mark ::= [(84.2]
type_name
| subtypename
unconstrained_array_definition ::= [83.2.1]

array ( index_subtype_definition {, index_subtype_definition } )
of elementsubtype_indication
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use_clause ::= [8 10.4]
use selected_name {, selected_name} ;

variable_assignment_statement ::= [& 8.5]
[ label : ] target := expression ;

variable_declaration ::= [84.3.1.3]
[ shared] variable identifier_list : subtype_indication [ := expression ] ;

wait_statement ::= [8 8.1]
[ label : Jwait [ sensitivity clause ] [ condition_clause ] [ timeout_clause ] ;

wgveform ::= 4 8.4]
waveform_element { , waveform_element }
| unaffected
wgveform_element ::= (8 §.4.1]

value _expressiondfter time_expression]

| null [after time_expression]
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Annex B

(informative)

Glo

ssary

This glossary contains brief, informal descriptions for a number of terms and phrases used to define this
language. The complete, formal definition of each term or phrase is provided in the main body of the
standard.

For gach entry, the relevant clause numbers in the text are given. Some descrjptions refer to

B.1
(813

B.2 3
The

achig
(83,

B.4 g
(whig
only
decld

B.5 ¢
new

B.6 4
form

B.7 g
givin

assori

varia
said

bstract literal: A literal of the universal_realabstract type o¢’th

2,83.4)

iccess modeThe mode in which a file object is opened git€ronlyor write)
hccess mode depends on the value supplied to th 4térg4.3)

ved by an access value returned
53.3)

iration. §3, §83.3)

Ctive driver@
value is different

ctual: An exp al, or a variable associated with a formal port, formal
bl generig §3.2.1.184.3.1.284.3.2.2,85.2.185.2.1.2

ggrégate kind\of expression, denoting a value of a composite type. The value is
) the afthe elements of the composite type. Either a positional associat
ciation mu d to indicate which value is associated with which e{@nArkind of targ
ble assignmentstatement or signal assignment statement assigning a composite value. ]

fobe'in'the form of an aggregat®7.3.1,87.3.2.87.3.4, §7.3.5, §7.5.2)

multiple clauses
finition of the
fer to multiple

t type.

-only.

an object is

ates an object
cess value can
] by an object

whether the

parameter, or

specified by
on or a named
Pt of a
['he target is then

B.8 alias:An alternate name for a named entity. (84.3.3)

B.9 allocator: An operation used to create anonymous, variable objects accessible by means of access
values. §3.3, §7.3.6)

B.10 analysis:The syntactic and semantic analysis of source code in a VHDL design file and the insertion of
intermediate form representations of design units into a design library. (811.1, §11.2, §11.4)
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