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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DESIGN AUTOMATION -

Part 1: VHDL language reference manual

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international co- operanon on all quesnons concernlng standardization in the electrical and

ele LIUIIIL IICIUD IU LIII:: CIIU oulu III dUUIlIUII [19) UlIIL':I a\.lIVILICb lllﬁ II:L/ puuuallca II (SIRAI=Y Ulldl Lld |dal’ds
Thdir preparation is entrusted to technical committees; any IEC National Com in the
subject dealt with may participate in this preparatory work. International d non-
governmental organizations liaising with the IEC also participate in this preparad borates
clogely with the International Organization for Standardization (ISO) i giitions
determined by agreement between the two organizations.

2) Thg formal decisions or agreements of the IEC on technical matters expres ble, an
intdrnational consensus of opinion on the relevant subjects \ be has
repfesentation from all interested National Committees.

3) Thdq i in the
for in that
sense.

4) Ind ational
Sta s. Any
div clearly
indicated in the latter.

5) The ible for
anyf

6) Atte be the
subject of patent rights. ghts.

Internftional Standa e 93:

Desigh autom@

This $tandard 18" b rence

Manugl (1993).

IEC 6

- Pa

- Pa

This standard~does yot follow the rules for the structure of international standards given in

Part 3 of the ISO/HZC Directives.

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

FDIS Report on voting

93/42/FDIS 93/45/RVD

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

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

1) To be published
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Section 0: General

This S

0.1 S
The o
impler
encou
prior t
a VHO

At the
may

clarifig
public

revisefl.

0.2 §

This s

define accurately. Its primary aud

pbject of this international standard is

p reading this sta

L-complia i
time of its i

tandard is organized into sections, each of which focuses on some particular area

1997 (E)

ry High Speed
nual.

ences are the

Other users are
ge in some detail
. rather than how

ime to time, it

orrections and
he time of their
dard is officially

of the language.

Withi

ch nic

otin ndadnadiial ~ atruntc oconea Arn dic ad ch elanc
each o\.uuull, HehHaHa-CORSHHEISBF CONCCPtsS are-eseHsSsSeaHeachEeadse:

Each clause describing a specific construct begins with an introductory paragraph. Next, the syntax of the

constr

uct is described using one or more grammatical “productions.”

A set of paragraphs describing the meaning and restrictions of the construct in narrative form then follow.
Unlike many other IEEE standards, which use the verb “shall’ to indicate mandatory requirements of the

standard and “may” to indicate optional features, the verb “is
In all cases, “is

" is to be interpreted as having mandatory weight.

" is used uniformly throughout this standard.
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Additionally, the word “must” is used to indicate mandatory weight. This word is preferred over the more
common “shall,” as “must” denotes a different meaning to different readers of this standard.

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

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

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

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

0.2.1 [Syntactic description

The fq \ ing”a simple variant of
Backu

used to denote

es themselves,
the narrative

b replaced
tic category;

e |left-hand side

inless it occurs

” or_digit ::= letter | digit

choices = choice { I r\hnir‘n}

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

e) Square brackets enclose optional items on the right-hand side of a production; thus the two
following productions are equivalent:
return_statement ::return [ expression ] ;
return_statement ::return ; | return expression ;
Note, however, that the initial and terminal square brackets in the right-hand side of the

production for signatures (in 2.3.2) are part of the syntax of signatures and do not indicate that
the entire right-hand side is optional.
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f)  Braces enclose a repeated item or items on the right-hand side of a production. The items may
appear zero or more times; the repetitions occur from left to right as with an equivalent left-
recursive rule. Thus, the following two productions are equivalent:

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

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

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

0.2.2 |Semantic description

harrative rules
5 the definition
age STANDARD

The meaning and restrictions of a particular construct are describ
immedliately following the syntactic productions. In these rules, af italicizeo
of thaj term and identifiers appearing entirely in uppercase r ]
(see clause 14.2).

The fa

erronsg tations are not

requir

Condi
proces

error:
the co

illegal

legal:

0.2.3

Some
standd
forms
conse
narrat
meant
not pa'

Strate the possible
to emphasize
es from the other

toguide the user to other relevant clauses of the standard. Examples, notes, and cross-references are

0.2.4 Normative reference

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

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


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

61691

-1 © IEC: 1997 (E) —11-

Section 1: Design entities and configurations

The d

esign entity is the primary hardware abstraction in VHDL. It represents a portion

of a hardware

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

represent an entire system, a subsystem, a board, a chip, a macro-cell, a logic gate, or any level of
abstraction in between. A configuration can be used to describe how design entities are put together to
form a complete design.

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

the whole design. The top-level block in such a hierarchy is the design enfity itself; suc
. |[Nested blocks in

exter

A des
entity
comp(
to oth
repres
bindin
in the

This s
defing
defing

1.1 H
An en
used.
declar
entity

the hi%archy are internal blocks, defined by block statements (see claugé\9:

| block that resides in a library and may be used as a component of other-desi

gn entity may also be described in terms of interconnected
may be bound to a lower-level design entity in order tg

enting a complete design.
S necessary to identify a design hierarchy can
hierarchy.

pction describes the way in whic
d by an entity declaration togeth
[d by a configuration declaration.

AN

ntity declaratiogs

ity declaratiqn ae
It may @ Gi
ation may be

Heclaratio

end|[ entity ] [ entity simple_name ] ;

N a block is an

bnent of a design
haviour of that
ose components
f design entities
hierarchy. The
top-level entity

design entity is
pnfiguration is

nt in which it is

A given entity
cture. Thus, an
prface.

The entity header and entity declarative part consist of declarative items that pertain to each design entity

whose interface is defined by the entity declaration.

concu

rrent statements that are present in each such design entity.

The entity statement part, if present, consists of

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

declar

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

entity _header ::=
[ formal_generic_clause ]
[ formal_port_clause ]

generic_clause ::=
generic( generic_list) ;

port_clause ::=
port ( port_list) ;

The generic list in the formal generic clause defines generic constants whgse| values pay ll)e determined by

the erfvironment. The port list in the formal port clause defines the inpu

entity.

In cerfain circumstances, the names of generic constants and p
visiblg outside the design entity (see clauses 10.2 and 10.3).

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

—An éntity declaration wi

entity AndGateis
generic

—An ¢

and Qutputparts of the design

header become

1.1.1.1 Generics

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

block statements.

generic_list ::=generic interface_list

The generics of a block are defined by a generic interface list; interface lists are described in 4.3.2.1. Each

interface element in such a generic interface list declares a formal generic.
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The value of a generic constant may be specified by the corresponding actual in a generic association list.
If no such actual is specified for a given formal generic (either because the formal generic is unassociated
or because the actual apen), and if a default expression is specified for that generic, the value of this
expression is the value of the generic. It is an error if no actual is specified for a given formal generic and
no 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 behavioural characteristics of a block, or may simply

be used as documentation. In particular, generics may be used to specify the size of ports; the number of
subcomponents within a block; the timing characteristics of a block; or even the physical characteristics of a design
such as temperature, capacitance, location, etc.

1.1.1.2 Ports

Ports provide channels for dynamic communication between a block 2 \
applies to both external blocks defined by design entities and to effhed by block

statements, including those equivalent to component instantiation statements (see
clausg 9.7).

port_list ::= port_interface_list

The p 4.3.2.1. Each
interfa

To communicate with other blocks, the ports ef a ociated with signals in fhe environment
in whi Ssion in order to
provid a signal

(see 4.3.1.2); thus, a formg i port of an inner
block.|The port, signal, oKexpress bonding

to the[formal port (see
clausg 6.1). The actua

After & given d@
actuallthat is itself a

formal

tatic name (see
4).

pciated with an
ee 4.3.2) of the

the associated actual may only be a port of nader inout.

¢) For a formal port of modiaout,
the associated actual may only be a port of mooigt.

d) For a formal port of modeuffer,
the associated actual may only be a port of nidter.

e) For a formal port of modankage,
the associated actual may be a port of any mode.

A buffer port may have at most one source (see 4.3.1.2 and 4.3.2). Furthermore, after a description is
completely elaborated (see section 12), any actual associated with a formal buffer port may have at most
one source.
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If a formal port is associated with an actual port, signal, or expression, then the formal port is said to be
connected If a formal port is instead associated with the reserved amed then the formal is said to be
unconnected A port of modein may be unconnected or unassociated (see 4.3.2.2) only if its declaration
includes a default expression (see 4.3.2). A port of any mode otheinthaay be unconnected or
unassociated as long as its type is not an unconstrained array type. Itis an error if some of the subelements
of a composite formal port are connected and others are either unconnected or unassociated.

1.1.2 Entity declarative part

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

eTTtity dectarative part ==
{ entity_declarative_item }

entity _declarative_item ::=
subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared variable_declaration
| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| disconnection_specification

| use_clause

eplity declarative part of a given entity declaration are visible
entities, as well as within certain portions of al corresponding

Namep declare
within|the bodies o

config
Exam

—An ¢ ty declarative items:

port Addr: in  Word,
Data: out Word;
Sel: in  Bit):
type Instructionis array (1 to 5) of Natural;
type Programis array (Naturalrange <>) of Instruction;
use Work.OpCodesll, Work.RegisterNamesll;
constant ROM_Code: Program :=
(
(STM, R14, R12, 12, R13),
(LD, R7, 32, 0, R1),
(BAL, R14, 0O, 0, R7),
. -- etc.
)

end ROM;
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NOTE—The entity declarative part of a design entity whose corresponding architecture is decorated with the
'FOREIGN attribute is subject to special elaboration rules. See 12.3.

1.13

Entity statement part

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

Only

entity_statement_part ::=
{ entity_statement }

entity _statement ::=

conerrrant aconrtinn  otat

amant
COoOTCOTTCTrIt Tt oSt TtoTT—State T e Tt

| passiveconcurrent_procedure_call
| passiveprocess_statement

appear in the entity statement part. All such statements must be
may be used to monitor the operating conditions or characteristi

Exam

—An éntity declaration with statements:

NOTE-
attribuf

1.2 A

An ar

Dle:

entity Latchis
port ( Din:
Dout:
Load:

hiteCture body defines the body of a design entity. It specifies the relationships bet

statements may
Such statements

th the 'FOREIGN

lveen the inputs

and outputs of a design entity and may be expressed in terms of structure, dataflow, or behaviour. Such
specifications may be partial or complete.

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

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

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

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

1.2.1 JArchitecture declarative part

The afchitecture declarative part contains declarations of items that vajlablg foruse githin the block
defined by the design entity.

architecture_declarative_part ::=
{ block_declarative_item }

block_declarative_item ::=

subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared variable i

pecification are

The v ‘
The use clause, which makes externally defined names visible within the block, is

descri :
descriped in/sectionA10.

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

asynchronously with respect to one another.

section 9.
Examples:
—A body of entity Full_Adder:

architecture DataFlowof Full_Adderis
signal A,B: Bit;

begin
A<= Xxor,
B <= Aand Cin;

The various kinds of concurrent statements are described in

Sunmr=<=7Axor €im;
Cout <= Bor (X and Y);
end architecture DataFlow ;

—A bady of entity TestBench:

ibrary Test;

Lise Test.Componenddl;

architecture Structureof TestBenchis
componentFull_Adder

end component

signal A,B,C,D,E,F,G: Bit;
signal OK: Boolean;
begin

UUT:
Generator:

Full /Adder
Adg

nputs(i) = 'Othen

port (X, Y, Cin: Bit; Cout, Sumout Bit):

Temp :='0";
exit;
endif;
endloop;
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 clause 12.4.
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1.3 Configuration declarations

The binding of component instances to design entities is performed by configuration specifications (see
clause 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 identifier of entity name is
configuration_declarative_part
block_configuration
end [ configuration ] [ configuration simple_name ] ;

configuration_declarative_part ::=
{ configuration_declarative_item }

configuration_declarative_item ::=
use_clause
| attribute_specification
| group_declaration

The entity name identifies the name of the entity decl
design hierarchy. For a configuration of a given [
corregponding entity declaration must resSide in the,

t the apex of the
aration and the

If a simple name appears at the end o dentifier of the

configlration declaration.
NOTE$

There are no

begin
Al: ALU port map (**) ;
M1: MUX port map (e ) ;
M2: MUX port map (e ) ;
M3: MUX port map (e ) ;
L1: Latchport map (e ) ;
L2: Latchport map (e ) ;

end Structure_View ;
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—A configuration of the microprocessor:

library TTL, Work ;
configuration V4_27_ 87of Processor is
use Work.all;
for Structure_View
for Al: ALU
useconfiguration TTL.SN74LS181 ;
endfor ;
for M1,M2,M3: MUX
useentity Multiplex4 (Behavior) ;
endfor ;
for all: Latch
—use defaults
endfor ;
endfor ;
end configuration V4_27_87 ;

1.3.1 Block configuration

A blogk configuration defines the configuration of a blogk. ‘ e either anl internal block
define ty. If the block is an internal
block,|the defining block statement may be either i a ent or an implicit hlock statement

that is|itself defined by a generate stateprent.

block_configuration ::=
for block_specification

_specification ) ]

[*eOmponent_configuration

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

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

If a block configuration appears immediately within a component configuration, then the corresponding
components must be fully bound (see 5.2.1.1), the block specification of that block configuration must be
an architecture name, and that architecture name must denote the same architecture body as that to which
the corresponding components are bound.
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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 clause 10.2) includes the end of the declarative part of a block
corresponding to a given block configuration, then the scope of that declaration extends to each
configuration item contained in that block configuration, with the exception of block configurations that
configure external blocks. Similarly, if a declaration is visible (either directly or by selection) at the end of
the declarative part of a block corresponding to a given block configuration, then the declaration is visible
in each configuration item contained in that block configuration, with the exception of block configurations
that configure external blocks. Additionally, if a given declaration is a homograph of a declaration that a
use clause in the block conflguratlon makes potentlally dlrectly VISIb|e then the given declaration is not
directly—visi R —7See<ctause0.3 for more

infor

For any name that is the label of a block statement appeanng imfe
corre

configlration corresponding to the glven block For any coIIectlo of na
the E

generated by that generate statement. If's ' i ion contains an index spegification that is a
discrefe range, then the block configuration applies t
e range has no

the specified range of values of the, corfespondi

signifitance other than to Gefi he se of by the discrete
range] If such a block copfighiration contains an’ ing gssion, then the
block ies © e implicit block statement generated for the specified value of the
corres [ g . Qi specification appears in such a block conflguration, then it

appliep

ted by the corresponding generate statement, if and only if the
ment has a generation scheme including the reserigrd word

— imphici erated by the corresponding generate statement, if and only if the
' ate statement has a generation scheme including the reserilednadfd

NoTmyplicitMor explicit blocks, if and only if the corresponding generate statement has a
genheration” scheme including the reserved wibrdnd the condition in the genergte scheme
evaluates to FALSE

If the block specification of a block configuration contains a generate statement label, and if this label
contains an index specification, then it is an error if the generate statement denoted by the label does not
have a generation scheme including the reserved foord

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 or component instance.

NOTES

1 As a result of the rules described in the preceding paragraphs and in Section 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
declarative part, it will likewise be directly visible in the corresponding configuration items, unless a use clause for
a different declaration with the same simple name appears in the corresponding configuration declaration, and the
scope of that use clause encompasses all or part of those configuration items. If such a use clause appears, then the
name will be directly visible within the corresponding configuration items except at tlaass phat fall within the
scope of the additional use clause (at which places neither name will be directly visible).

2 If ap implicit configuration item is assumed to appear within a block configuration, imglicit corffiguration item
willnever contain explicit configuration items.

3 If the block specification in a block configuration specifies a generate statefne
indgx specification that is a discrete range, then the direction specifiedl or\
significance other than to define, together with the bounds of the ra 3
valyes denoted by the range. Thus, the following two block configurations a

te range has no
tement parameter
for Adders(31downto O) ssend for;
for Adders(Oto 31) seeend for;

4 AN

den
the

ity declaration

es. Furthermore,
Exam
—A bl

-- An architecture name.

—A bl
-- A block label.
£ for blqcks and components

-~ within block B1.

LE
enaror—;

1.3.2 Component configuration

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

component_configuration ::=
for component_specification
[ binding_indication ; ]
[ block_configuration ]
endfor ;
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The component specification (see clause 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.

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

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

If a given component instance is unbound in the corresponding block, then any explicit component
configuration for that instance that does not contain an explicit binding indication will contain an implicit,
tarsg—s—unbound in the
ce will¢entalin an implicit,

default—imding—ndication—(see—5:2:2)—Simifarly,if = givemcomponent i
corresponding block, then any implicit component configuration for that in
default binding indication.

It is ah error if a component configuration contains an explicit blo¢ ) [ he component
configlration does not bind all identified component instances to t i

Within[ a given component configuration, whether implicit or
assumn
config

figuration is
ig bound, if po explicit block

Exam

—A c(

—A c(

end for ;
endfor ;

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

architecture A of Eis
componentCis end componentC;
for L1: Cuseentity E1(X);
for L2: Cuseentity E2(X);
begin
L1: C;
L2: C;
end architecture A;
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Section 2: Subprograms and packages

configuration lllegal of Work.Eis

for A

for all: C

for X -- Does not apply to the same design entity in all instances of C.

endfor; -- X

endfor; -- C
endfor; -- A
endconfiguration lllegal ;

Subpr| ) py be used as
computational resources to convert between values of diffe lution of output
valueg driving a common signal, or to define portions of a \ eans of defining
these pnd other resources in a way that allows different desi it : arations.
There|are two forms of subprograms: ‘ ment; a function
call is|an expression and returns a value. o)) j he same

value pach time they are called with the 1ctions,

may return a different value each time he same actual
paramleter values. aje And can access a
broadé¢r class of values t i : en in two parts:
a subprogram declaration defining i ts execution.

packape; a package

Packages may!
subprepgrams declare

subprogra

~dé&claration ::=
subprogram_specification ;

e contents of a
he bodies of any

Slaration, declares a procedure or a function, as indicated by the appropriate reserved

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

designator ::=

identifier | operator_symbol

operator_symbol ::= string_literal


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

—24- 61691-1 © IEC: 1997 (E)

The specification of a procedure specifies its designator and its formal parameters (if any). The
specification of a function specifies its designator, its formal parameters (if any), the subtype of the
returned value (theesult subtypg and whether or not the function is pure. A functiommpure if its
specification contains the reserved worngbure; otherwise, it is said to hgure A procedure designator is

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

is an operator symbol is used for the overloading of an operator (see 2.3.1). The sequence of characters
represented by an operator symbol must be an operator belonging to one of the classes of operators defined
in 7.2. Extra spaces are not allowed in an operator symbol, and the case of letters is not significant.

NOTE—AIl subprograms can be called recursively.

2.1.1 Formal parameters

The fdrmal parameter list in a subprogram specification defines the formal p e subprogram.
formal_parameter_list ::parameter interface_list

t three cases, the
the subprogram.

Formgl parameters of subprograms may be constants, variables, ¢
mode |of a parameter determines how a given formal paramete

The n such access is

imple

For th f a procedure are
in, ino d. If the

mode

For th h function is the

mode |n (whether this mode is specifie hetant,

signalf orfile. If no object
Ina sxbprogram call, esighalass
must e a signal. c atornassogiated with a formal ofarladde must be a variable. The
actualldesignat S i designator
assoclated with

NOTE- mal parameter are
legal o bsociated with the
formal,

2111

For pgrameters of\classnstant or variable, only the values of the actual or formal are transferred into or
out of [thé.subprogram call. The manner of such transfers, and the accompanying access $rivileges that are
granted for constant and variable parameters, are described in this subclause.

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

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

copied back into the associated actual parameter; it is similarly an error if, after applying any conversion
function or type conversion present in the formal part of the applicable association element, the value of the
formal parameter does not belong to the subtype denoted by the subtype indication of the actual.
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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 mechanisms is to be adopted for parameter passing, nor whether different calls to the same subprogram
are to use the same mechanism. The execution of a subprogram is erroneous if its effect depends on which
mechanism is selected by the implementation.

For a formal parameter of a constrained array subtype of moaldnout, 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 contaln a matchmg element for each element of the formal. For a formal parameter

whosgde e subtype of the
formal in any caII to the subprogram is taken from the actual assomated with that forrgalin the call to the
subprggram. , , z acfual array (after
applyi i 3 belong to the
element subtype of the formal. i i i \ r(if, at the
end of the subprogram call, the value of each element of the form& 3 i ersion function
or type conversion present in the formal part) does not belong actual.
NOTE$
1 For|parameters of array and record types, the param j i that i rameter of such a
type ; or not the
imp . to such a
pargmeter (for example, if another formalara i sociated wi , then the value of
the|formal is undefined after updating the astual oth . iptign using such an

2 Ash 0 ith a shared variable
(se¢ 4.3.1.3) as an 10 i etet of nmudesor out, the shared variable may not be
updated until the progedure somple{es\ X ion. fFurthermore, a formal variable parameter [with modes
ino 8 ) arethvariable associated with it as an actual during the execution of the
subj > e to the actyal during the execution of a wait statement within p procedure.

2112

For a
into th

al, references to the signal, the driver of the signal, or both, are passed

For a
signal| paramete

referepce, to’the fo
signal

mode or inout, the actual signal is associated with the corresponding formal
e start of each call. Thereafter, during the execution of the subgrogram body, a
al signal parameter within an expression is equivalent to a reference to the actual

It is an error if signal-valued attributes 'STABLE, 'QUIET, 'TRANSACTION, and 'DELAYED of formal
signal parameters of any mode are read within a subprogram.

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

For a signal parameter of modeout or out, the driver of an actual signal is associated with the
corresponding driver of the formal signal parameter at the start of each call. Thereafter, during the
execution of the subprogram body, an assignment to the driver of a formal signal parameter is equivalent to
an assignment to the driver of the actual signal.
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If an actual signal is associated with a signal parameter of any mode, the actual must be denoted by a static
signal name. It is an error if a conversion function or type conversion appears in either the formal part or
the actual part of an association element that associates an actual signal with a formal signal parameter.

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

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

Msignal that is a

enimcs word

alled by a
procesp i i i igha ithi procedure to take
effect. Assignments to the driver of a formal signal paral i i D the actual driver

contairjed in the process calling the procedurg,

2.1.13

No particular
paramn i ) §E: g , arameter must be
equiva s C ameter. It i iati Sociates an actual
with a a iati i ion function or type
conve . i il [ i i i of afile type.

At the inni 9 ,afi i A4.1) i if the actual file
object i B gi [ i i . $imilarly, at the
with (see 3.4.1)
hal file associated
with th

mpletion of the
execufion 'of)a givepysubprogram call, the access mode of and the external file associated with an open
actuall file.object associated with a given file parameter are the same as, respectively, thg¢ access mode of
and the external file associated with the associated formal parameter.

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

subprogram_body ::=
subprogram_specificatida
subprogram_declarative_part
begin
subprogram_statement_part
end [ subprogram_kind ] [ designator ] ;
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subprogram_declarative_part ::=
{ subprogram_declarative_item }

subprogram_declarative_item ::=
subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

attribute—specification

| use_clause

| group_template_declaration

| group_declaration

subprogram_statement_part ::=
{ sequential_statement }

subprogram_kind ::=procedure | function

The d the subprogram
specif Jeclaration; each subprogram declafation, there must

be a g bcification of the
body cation of the declaration. Fdirthermore, both
the d e clause 10.1).

If a sybprogram kind appeé ' bd word given in
the subprogram specification. must repeat the

Itis an error if Ation le (see 4.3.1.3).

A forgign subprogfa € i in package

STANPARD (seég JRING value of the attribute may specify implementation-dependent
infor plementations.
An i of the formal

paranietess tg a forei er and allowable

Excepting foreiga subprograms, the algorithm performed by a subprogram is defined by
statenpents-that apgears in the subprogram statement part. For a foreign subprogra
performed’is implementation defined.

he 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, 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 bgaeentof 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 signalis 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. @&kglicit
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 section 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 explicitly declared signal or variable object, or a slice or subelement (or slice thereof) of an explicit
signal, then that object must be declared within the declarative reglon formed by the function (see

clausqt LU.U orwithir the UULKHdUVUIEgKHIIUHHCU UylHU}NULEUuIU thisTgte—=at hotdsy for the eXphCﬂ
ancesior, if any, of an implicit signal and also for the implicit signal GUARR), nction is the
parent i igitly declared file
object

Simila ignal or variable
object ust be declared

within stor, if any, of
an implici h reference to
an exg

A pure

The ry
are ng
canno
descri

re functions that
mplementations
subprograms, a

LS.

Exam

— Thd

paoc

end
NOTE

1 It fqllows_froms sibility rules that a subprogram declaration must be given if a call of the subprogram occurs
textually‘before the Subprogram body, and that such a declaration must occur before the call itself

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

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

4 The declarative parts and statement parts of subprograms decorated with the 'FOREIGN attribute are subject to
special elaboration rules. See clauses 12.3 and 12.4.

5 A pure function subprogram may not reference a shared variable. This prohibition esdstseba shared variable
may not be declared in a subprogram declarative part and a pure function may not reference any variable declared
outside its declarative region.
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2.3 Subprogram overloading

Two formal parameter lists are said to have the saanameter type profiléf 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@maeter 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 in several subprogram specifications. The subprogram
designator is then said to be overloaded; the designated subprograms are also said to be overloaded and to
overload each other. If two subprograms overload each other, one of them can hide the other only if both
subprograms have the same parameter and result type profile.

Acallfoar rfoad pprogram IS ambig nd therefore 1s ar Fyif7the mam the subprogram,
the number of parameter associations, the types and order of the actual paraq mes of the formal
parameters (if named associations are used), and the result type (for funct Syfficient to identify
exactl

Simila i i [ stipeindicatiopr is ambiguous (and
is then LIt type, and the

relatio
not suffici

in clause 2.4) are

Exam

—Deg

|;signal C: Clock);
; signalD: Data);

—Call

Df Clk.

NOTE

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 clause 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 clause 7.2.

The subprogram specification of a unary operator must have a single parameter. The subprogram
specification of a binary operator must have two parameters; for each use of this operator, the first
parameter is associated with the left operand, and the second parameter is associated with the right operand.

For each of the operators “+"” and “—", overloading is allowed both as a unary operator and as a binary
operator.

NOTE$

1 Ovgrloading of the equality operator does not affect the selection of choices i 8 in a selected signal
ass|gnment statement; nor does it have an affect on the propagation of signg

2 A user-defined operator that has the same designator as a short-cir¢uit opera is, tR erloads the short-
circpit operator) is not invoked in a short-circuit manner. ifi d bperator always

evajuate both arguments prior to the execution of the function.

3 Furnctions that overload operator symbols may also be A€alled usi dncti i er than operator
notdtion. This statement is also true of the predefined op

Examples:

lype MVL is (0, '1', 'Z', 'X") ;
function "not" (V, Iue.
Signal Q, ,i

Q <="X'or

R <="or" ('OA\X
S <=

2.3.2

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

signature ::= [[type_mark {, type_mark } y¢turn 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 sachtchthe parameter and result
type profile of a given subprogram if and only if all of the following conditions hold:

— The number of type marks prior to the reserved wetdrn, if any, matches the number of
formal parameters of the subprogram.

— At each parameter position, the base type denoted by the type mark of the signature is the same
as the base type of the corresponding formal parameter of the subprogram.
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— 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 woedurn is absent and the subprogram is a procedure.

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

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

-- Because of the presence of the signature, this attribute specification
-- decorates only the "or" function defined in the previous section.

pttribute Mapping of JMP freturn OpCode] :literal is “001”;

2.4 Resolution functions

A resd n signal are to
be res ignals that require
resolu jnal or in the
declar plled a resolved

signall(see 4.3.1.2).

A resolution function must be a pureNfunctio .); a single input
param i S| lype is that of

the re signal. Errors
occur if any of these

checks fail (see clause 4.

signal determinesstiigedvalue of the signal as a
sources. If a resolved signal is of a composite type,
inctions have no
plved signal has
d array type used

The r¢solution functio

functign of the collecti
and if subelem s
effect jon the pro

more

to defi

Resol ding resolved
signal hrray value, each
eleme| bxcluding those
sourcg h drivers are said
to be 5 of a signal

declarpd/with the signhal kinous), a resolution function may thus be invoked with an input pdrameter that
is a nwlarray: this occurs when all sources of the bus are drivers,_and they are all off In uch 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
constant FloatValue: BIT :='0";
begin
if Inputs'Length = @hen
-- This is a bus whose drivers are all off.
return FloatValue;
else
for I in Inputs’'Rangéoop
if Inputs(l) ='1then
return '1';
end if;
endoon
return '0';
end if;
end function WIRED_OR;

2.5 Hackage declarations

A package declaration defines the interface to a packagé aration within a package can

be extended to other design units.

package_declaration ::=

packageidentifieris
package_declarative_part

end [ package] [ package simp

package_declar
sua
| type_dleC

[‘attribute~specification
| disconnection specification
| use_clause

| group_template_declaration
| group_declaration

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

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

NOTE—Not all packages will have a package body. In particular, a package bodgéessary if no subprograms or
deferred constants are declared in the package declaration.
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Examples:
—A package declaration that needs no package body:

packageTimeConstantss

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

end TimeConstants ;

L ST S . L I
—A pgckage dectaratomthat meeds e package body:

packageTriStateis
type Triis ('0', '1', 'Z', 'E");
function BitVal (Value: Tri)return Bit ;
function TriVal (Value: Bit)return Tri;
type TriVectoris array (Naturalrange <>) of Tri ;
function Resolve (Sources: TriVecta®turn Tri ;
end packageTriState ;

2.6 Hackage bodies

A package body defines the bodies of sybprogr
interface to the package.

package _body ::=

['shared vdriable_declaration
| file declaration

dthe

aldes of deferred constant

5 declared in the

| alias_declaration

| use_clause

| group_template_declaration
| group_declaration

The simple name at the start of a package body must repeat the package identifier.

If a simple name

appears at the end of the package body, it must be the same as the identifier in the package declaration.

In addition to subprogram body and constant declarative items, a package body may contain certain other
declarative items to facilitate the definition of the bodies of subprograms declared in the interface. Items
declared in the body of a package cannot be made visible outside of the package body.
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If a given package declaration contains a deferred constant declaration (see 4.3.1.1), then a constant
declaration with the same identifier must appear as a declarative item in the corresponding package body.
This object declaration is called thel declaration of the deferred constant. The subtype indication given

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

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

Example:

1 : o
dLRaycCluuy TTIotdlClis

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

function TriVal (Value: Bit)return Tri is
begin
return Tri'Val(Bit'Pos(Value));

end;

function Resolve (Sources: Tri
variable V: Tri :='Z";

2.7 Gonformance 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 saidctmformif, apart from comments and the allowed variations
above, both specifications are formed by the same sequence of lexical elements, and if corresponding
lexical elements are given the same meaning by the visibility rules.
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Conformance is likewise defined for subtype indications in deferred constant declarations.

NOTE

S

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

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

fun

ction.

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

Section 3: Types

procedure P (X,Y : INTEGER)
procedure P (X: INTEGER; Y : INTEGER)

procedure P (X,Y :in INTEGER)

This section describes the various ca
speciffc types that are predefined. The
STANPARD, the declaration of which ap

A typq is characterized by &
the explicitly declared subprog

of a type are the basig\Qpers

implic
explic

A bas

A_qualification (in a qualified expression), an explicit type conversion, a formal or

as well as those
ned in package

f a type includes
ining operations
perations are each

tly declared for p give arati ediately after the type declaration and Ipefore the next

actual part in

the form of a type conversion, or an implicit type conversion of a va

ue of type

universal_integeor universal_reato the corresponding value of another numeric type

string literal, an aggregate, or a predefined attribute

A numeric literal (for a universal type), the literalll (for an access type), a string literal, a bit

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

are array and record types; values of these types consist of element vatuessypes provide access to
objects of a given typeFile types provide access to objects that contain a sequence of values of a given

type.
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The set of possible values for an object of a given type can be subjected to a condition that is called a
constraint(the case where the constraint imposes no restriction is also included); a value isatsflyt
constraint if it satisfies the corresponding condition.subtypeis a type together with a constraint. A

value is said tdoelong to a subtypef a given type if it belongs to the type and satisfies the constraint; the
given type is called thkase typeof the subtype. A type is a subtype of itself; such a subtype is said to be
unconstrained (it corresponds to a condition that imposes no restriction). The base type of a type is the
type itself.

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

The tgrmsubetementsused i anua- T place o ete etere o dicaEte e
element of another element or subelement. Where other subelements are exgludedg
insteafl.

element, or an
e used

slsplis

A given type must not have a subelement whose type is the given t

A merberf an object is either

- A slice of the object,

- A subelement of the object, or

|
I
>
23
=
o
o
=3
N
%)
c
o
@
®
3
®
S
=
o
=3
.
5.

at have a type of
array type;

The name of a class of types is used in
the clgss considered. For example, the tenrs
similafly, the term access yakg

NOTEH e a proper subset.
3.1 S

Scalaf ypes, integer types, physical typasd floating poinf types

Enum are callisdretetypes. Integer types, floating point fypes, and

physiq : & erictypes. All scalar types are ordered; that is, all relational ¢pperators are
predefined foy theirwalugs. Each value of a discrete or physical type has a position number that is an

ftion_type_definition | integer_type_definition
| floating_type_definition | physical type_definition

range_constraint ::¥ange range
range ::=
range attribute_name
| simple_expression direction simple_expression

direction ::=to | downto

A range specifies a subset of values of a scalar type. A range is said toubaange if the specified
subset is empty.
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The range Lto R is called arascendingrange; if L > R, then the range is a null range. The range L
downto R is called alescendingange; if L < R, then the range is a null range. The smaller of L and R is
called thelower bound and the larger, thepper boundof the range. The value V is saidaelong to the

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

For values of discrete or physical types, a value V1 is said to tee left ofa value V2 within a given

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

that range, except for the last value in the list.

If a ral the bounds of a
range cation. A range
constrpi br if the range

constrpi §btype.

The d

NOTE+Indexing and iteration rules use values of discrete types.

3.1.1 [Enumeration types
An enbimeration type definition define

enumeration_type_definition ::=
( enumeration_literal { , enu

The identifiers and ¢ aras - iSte i initi istinct within the
enumeration ty 9 ing enumeration
literal;|for the p tion literal, this
declargtion i ¢ the same as the
enumeration lite

An en
literal.

a character

Each ations between
enumeratiorryvalues follow the order of corresponding position numbers. The position numper of the value
of thﬁIf;rst listed ent

eration literal is zero; the position nhumber for each additional enumeration literal is
re‘than that of its predecessor in the list.

one

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

Each enumeration type definition defines an ascending range.
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Examples:

type MULTI_LEVEL_LOGIC is (LOW, HIGH, RISING, FALLING, AMBIGUOUS) ;
type BIT is (0','1') ;

type SWITCH_LEVELis ('0',1',X’) ; -- Overloads '0' and '1'

3.1.1.1 Predefined enumeration types

61691-1 © IEC:

1997 (E)

The predefined enumeration types are CHARACTER, BIT, BOOLEAN, SEVERITY_LEVEL,

FILE_

The

ISO 8859-1 character set.
corregponding character literal.

OPEN_KIND, and FILE_OPEN_STATUS.

redefined type CHARACTER is a character type whose values axg
Each of the 191 graphic characters of thj

aracters of the
denoted by the

The declarations of the predefined types CHARACTER, BN Y LEVEL,

FILE_PPEN_KIND, and FILE_OPEN_STATUS appear in packa 4,

NOTES

1 Thq fi are the ASCII
abb 14). The ASCII
nan p to and including
C14

2 Typge BOOLEAN can be used to modgl eit Qr active low logic, depending o the particular
con

3.1.2 |Integer types

An intgger type de whose set of values includes those of the $pecified range.

An int both a type and a subtype of that type. The type is an ahonymous type,

the ra the implementation; this range must be such that it whqlly contains the

range mtege type definition. The subtype is a named subtype of this anonymous base type,

where| tf e _sybtype is that given by the corresponding type declaration, and the range of the

subtyp

Each pound of a range constraint that is used in an integer type definition must be [a locally static

expressionmof-some-integertype; butthetwo bounds meed ot have thesame-integertype (negative bounds

are allowed).

Integer literals are the literals of an anonymous predefined type that is oalleztsal_integerin this

standard. Other integer types have no literals.

However, for each integer type there exists an implicit

conversion that converts a value of typeiversal_integerinto the corresponding value (if any) of the

intege

r type (see 7.3.5).

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

The same arithmetic operators are predefined for all integer types (see clause 7.2).

Iti

s an error if the

execution of such an operation (in particular, an implicit conversion) cannot deliver the correct result (that
is, if the value corresponding to the mathematical result is not a value of the integer type).


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

61691-1 © IEC: 1997 (E) -39-

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

type TWOS_COMPLEMENT_INTEGERS range —32768to 32767,

type BYTE_LENGTH_INTEGERIs range 0 to 255;

type WORD_INDEX s range 31 downto O;

subtype HIGH_BIT_LOW is BYTE_LENGTH_INTEGERrange 0 to 127;

3.1.2.1 Predefined integer types

The only predefined integer type is the type INTEGER. The ra
dependent, but it is guaranteed to include the range —214748364
ascenfling range.

implementation
defined with an

NOTE+The range of INTEGER in a particular implementatio
attributes.

ffom the 'LQW and 'HIGH

3.1.3 |Physical types

Value sical type is an

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

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

Each unit declaration (either the primary unit declaration or a secondary unit declaration) deifiites a
name Unit names declared in secondary unit declarations must be directly or indirectly defined in terms of
integral multiples of the primary unit of the type declaration in which they appear. The position numbers
of unit names need not lie within the range specified by the range constraint.
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If a simple name appears at the end of a physical type declaration, it must repeat the identifier of the type

declaration in which the physical type definition is included.

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

be an integer literal.

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

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

accompanying unit name.

The same arithmetic operators are predefined for all physical types (see
execufion of such an operation cannot deliver the correct result (that is
mathematical result is not a value of the physical type).

An implementation may restrict the bounds of the range cons
implementation must allow the declaration of any physical typg’w
bounds —2147483647 and +2147483647 inclusive.

Examples:

lype DURATION is range —1E18tg
units
fs;
ps
ns =
us =
ms =
sec =

1000 fs;

s an error if the
sponding to the

However, an
ined within the

-- angstrom
0 A; -- hanometer
1000 nm; -- micrometer (or micron)
mm 1000 um; -- millimeter
cm = 10 mm; -- centimeter
m = 1000 mm; -- meter
km = 1000 m; -- kilometer
-- English lengths:

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

end units DISTANCE;
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variable x: distance; variable y: duration; variable z: integer;

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

zZ:=ns/ps;
X 1=z *mi;
y :=y/10;

z:=39.34 inch/ m;
NOTES

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

3.1.31

The o ndent, but it is
guaral nding range. All
specif of type TIME
apped

By de F. Any

TIME pCated to zero (0) tipe units.  An
impler Y ¢ 12.6) to select a secondary unit of type
TIME [as the resolution limit. b 8 entafion may restrict the pregision of the
repregentation of values of type TIME wessions of type TIME, providefl that values as
small gs the resolution limig~are represer in thoseAfestrictions. It is an error if a giyen unit of type
TIME pppears anywhere i i ining a model to be executed, angl if the position
numbgr of that unit isless ‘ y unit selected as the resolution limifl for type TIME

during| the execution o
NOTE+-By sele MIE as the resolution limit for type TIME, it may pe possible to
simulafe for a longer pé ith redwssgiracy, or to simulate with greater accuracy|for a shorter

period

Cross; , of a guarded
signal Predefined attributes, functions of TIME, 14.1; Simulation tine, 12.6.2 and
12.6.3 i se in, 8.1.

3.14

Floatir seful for models

in which the precise characterization of a floating point calculatlon is not important or not determined.
floating_type_definition ::= range_constraint

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

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

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

Floating point literals are the literals of an anonymous predefined type that iswalledsal_realin this
standard. Other floating point types have no literals. However, for each floating point type there exists an
implicit conversion that converts a value of typgversal_realinto the corresponding value (if any) of the
floating point type (see 7.3.5).

The same arithmetic operations are predefined for all floating point types (see clause 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 imptermentatiom may restrict thebounds of therangeconstraintof ftoatin pther than type
universal_real However, an implementation must allow the declaration of int type whose
range|is wholly contained within the bounds —1.0E38 and +1.0E38 iR bresentation of
floatinp point types must include a minimum of six decimal digits of pregisio

NOTE+An implementation is not required to detect errors in the execufion of e pred point arithmetic
operation, since the detection of overflow conditions resulting from s accomplished on

many host systems.

3.1.4.1 Predefined floating point types

The o
guara

NOTEH

3.2 @

Comp
of val

types)

2-0f REAL is host-depe|
defined with an ascend

Dsite types ate
esofah

nhdent, but it is
ng range.

SH attributes.

glues (collections

heterogeneous

An ob positefype represents a collection of objects, one for each element df the composite
objectl A cemposite\ type may only contain elements that are of scalar, composite, or access types;
elemepts of file typeg are not allowed in a composite type. Thus an object of a compositg type ultimately

repres

enfs’a collection of objects of scalar or access types, one for each noncomposite s

ubelement of the

composite object.

3.2.1 Array types

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

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

constrained_array_definition ::=

array index_constraindf elementsubtype_indication
index_subtype_definition ::= type_mamknge <>
index_constraint ::= ( discrete_range {, discrete_range })

discrete_range ::=iscrete subtype_indication | range

constrained array definition defines an array typ
e array type, the number of indices, the typs
hts are as in the type definition. A

index, and thq

definition. The valusd

The d

ray); the type,

. | The order of the

imensional array

s that belong to

each object that
subtype of the

position is, by definition, the

s of the left and

d index subtype;

N index
have the same

y an (implicit)

he constrained
denotes the

int on the array

this declaration

reetion of a discrete range is the same as the direction of the range or the discrete o

btype indication

that defines the discrete range. If a subtype indication appears as a discrete range, the subtype indication
must not contain a resolution function.

Examples:

—Exa

mples of constrained array declarations:

type MY_WORD isarray (0 to 31)of BIT ;
-- A memory word type with an ascending range.

type DATA_IN isarray (7 downtoO) of FIVE_LEVEL_LOGIC ;
-- An input port type with a descending range.
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—Example of unconstrained array declarations:

type MEMORY is array (INTEGERrange <>) of MY_WORD ;
-- A memory array type.

—Examples of array object declarations:

signal DATA_LINE : DATA_IN ;
-- Defines a data input line.

variable MY_MEMORY : MEMORY (0 to 2**n-1) ;
-- Defines a memory of'232-bit words.

NOTE+
definitipn such as

constrained array

ype T isarray (POSITIVErange MINIMUM to MAX) of ELEMENT;
is equiyalent to the sequence of declarations
subtypeindex_subtypées POSITIVErange MINIMUM to MAX;

ype array_typeis array (index_subtypeange <>) of ELEMENT
Subtype T is array_type (index_subtype)

whereihdex_subtypandarray_typeare both anonymous{" Gokse iS\the name of a subtype|and all objects

3.2.1.1 Index constraints and discrete rgnges

An inflex constraint dete i o- for~every index of an array type angl, thereby, the

corregponding array bounds

For a fliscrete range used h ace ANEE y definition and defined by a range, an impligit conversion to
the predefined 8 ach bound is either a numeric literal or an attfibute, and if the
type af both bouwd conversion) is the typeersal_integer Otherwise, both

bounds must be o a_di pe, other uharersal_integer this type must be determined

indepgn \ L using the fact that the type must be discrete and that bpth bounds must
have 1\ e es apply also to a discrete range used in an iteration schenpe (see clause 8.9)
orag

If an ind 93 appears after a type mark in a subtype indication, then the type or sulytype denoted by
the type ma ustk not” already impose an index constraint. The type mark must denote either an
uncongtrained array type or an access type whose designated type is such an array type. |In either case, the
index ponstraint must provide a discrete range for each index of the array type, and the type of each discrete
range

An index constraint icompatiblewith the type denoted by the type mark if and only if the constraint
defined by each discrete range is compatible with the corresponding index subtype. If any of the discrete
ranges defines a null range, any array thus constrainedu#i array, having no components. An array
valuesatisfiesan index constraint if at each index position the array value and the index constraint have the
same index range. (Note, however, that assignment and certain other operations on arrays involve an
implicit subtype conversion.)
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The index range for each index of an array object is determined as follows:

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

— For 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).

ex ranges are
b attribute is
e value of the

by the allocator

strained array

corresponding

pe and whose
ed as follows:

the formal; the
maximum and
the formal.

high and loy bou
mini valtes of the

4l port of a design entity or of a block statement that is of an
that is associated in whole, the index ranges are optained from the
lement in the generic map aspect (in the case of a fofmal generic), or
he case of a formal port) of the applicable (implicit or explicit) binding

gheric or a formal port of a design entity or of a block statement that is of an
ed array type and whose subelements are associated individually, the index ranges

The directions of the index ranges of the formal generic or formal port are that of the type of the
formal; the high and low bounds of the index ranges are respectively determined from the
maximum and minimum values of the indices given in the association elements corresponding
to the formal.

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

The directions of the index ranges of the local generic or local port are that of the type of the
local; the high and low bounds of the index ranges are respectively determined from the
maximum and minimum values of the indices given in the association elements corresponding
to the local.

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

index ranges are obtained from this constrained subtype
obtained from the object or value denoted by the actual desig

identid

Examples:

constant A Worok
-- Thainde

iated

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

Instance: entityE
genericmap ((1to 2) => (others=>"'0")
port map (A, Op2(3to 4) => B (1 to 2), Op2(2) => B (3), Result => Cd8wnto 1));
-- In this instance, the index range of ROM i® 2 (matching that of the actual),
-- The index range of Opl istd 4 (matching the index range of A), the index range
-- of Op2 is 20 4, and the index range of Result igd(8vnto 1)
-- (again matching the index range of the actual).
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3.2.1.2 Predefined array types
The predefined array types are STRING and BIT_VECTOR, defined in package STANDARD in section 14.

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

subtype POSITIVE is INTEGER rangd. to INTEGER'HIGH ;
type STRINGis array (POSITIVErange <>) of CHARACTER ;

The values of the predefined type BIT_VECTOR are one-dimensional arrays of the predefined type BIT,
indexed by values of the predefined subtype NATURAL:

sSubtype NATURAL TS INTEGER Tange0to INTEGER HIGH
lype BIT_VECTORIs array (NATURAL range <>) of BIT ;

Examples:
variable MESSAGE : STRING(10 17) := "THIS IS A MESSA(

signal LOW_BYTE : BIT_VECTOR (0o 7) ;

3.2.2 |Record types

A record type is a composite type, ob . glue of a record
object

Element_
identifier, 4

Each e S ation/declares an element of the record type. The identifiers of all elements of a record
type vithin the record
type (;Ffinition thatd

An element declaration with several identifiers is equivalent to a sequence of single element declarations.
Each single element declaration declares a record element whose subtype is specified by the element
subtype definition.

clares the element.

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

A record type definition creates a record type; it consists of the element declarations in the order in which
they appear in the type definition.
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Example:

type DATE is

record
DAY
MONTH
YEAR
endrecord;

3.3 Access types
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. INTEGERrange 1 to 31;
: MONTH_NAME;
. INTEGERrange 0 to 4000;

An object declared by an object declaratlon is created by the elaboratlon of the object declaration and is
denotgd ' an ' '
evalugtion of allocators (see 7 3.6) have no S|mple name. Access to such 3 jecti iggeddsg an

value

For es
value
by evd
object
thedesi

An ob
accesg
The o
index

value

Exam

NOTE

1

An [a

Hen

typé.

objq

bct declared Dy

object declaration.

b created by the

all. The null
pe are obtained

ted type

designated by an

indication is an
ither if the access

J by an allocator can be assigned to several variables of thendimgesccess type.
object created by an allocator to be designated by more than one varjable of the access

If the type of the object designated by the access value is an array type, this object is constrained with the array
bounds supplied implicitly or explicitly for the corresponding allocator.

3.3.1 Incomplete type declarations

The designated type of an access type can be of any type except a file type (see clause 3.3). In particular,
the type of an element of the designated type can be another access type or even the same access type. This
permits mutually dependent and recursive access types. Declarations of such types require a prior
incomplete type declaration for one or more types.

incomplete_type_declaration :type identifier ;
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For each incomplete type declaration there must be a corresponding full type declaration with the same
identifier. This full type declaration must occur later and immediately within the same declarative part as
the incomplete type declaration to which it corresponds.

Prior to the end of the corresponding full type declaration, the only allowed use of a name that denotes a
type declared by an incomplete type declaration is as the type mark in the subtype indication of an access
type definition; no constraints are allowed in this subtype indication.

Example of a recursive type:

type CELL; -- An incomplete type declaration.

type LINK is acces<CELL;

fype CELL is
record
VALUE :INTEGER;
SuUCC : LINK;
PRED : LINK;
endrecord CELL;
variable HEAD : LINK := new CELL'(0, null, null);
variable \NEXT\ : LINK := HEAD.SUCC;

Examples of mutually dependent access types:

teQe d€clarations.

fype PART,;
lype WIRE;

omp

lype PART_PTRis acces®ART;

of PART_PTR;
of WIRE_PTR,;

- STRING (1to MAX_STRING_LEN);
- WIRE_LIST_PTR;

lype WIRE is
fecord
WIRE_NAME : STRING (1to MAX_STRING_LEN);
CONNECTS : PART_LIST_PTR;
end record,

3.3.2 Allocation and deallocation of objects

An object designated by an access value is allocated by an allocator for that type. An allocator is a primary
of an expression; allocators are described in 7.3.6. For each access type, a deallocation operation is
implicitly declared immediately following the full type declaration for the type. This deallocation
operation makes it possible to deallocate explicitly the storage occupied by a designated object.
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Given the following access type declaration:

type AT is accesd;
the following operation is implicitly declared immediately following the access type declaration:

procedure DEALLOCATE (P:inout AT) ;
Procedure DEALLOCATE takes as its single parameter a variable of the specified access type. If the value
of that variable is the null value for the specified access type, then the operation has no effect. If the value
of that variable is an access value that designates an object, the storage occupied by that object is returned

to the system and may then be reused for subsequent object creation through the invocation of an allocator.
The access parameter P is set to the null value for the specified type.

NOTE+If a pointer is copied to a second variable and is then deallocated, the seganhd vani tigo |null and
thus references invalid storage.

3.4 Hile types

repxesenting files in the host
ived in the hpst system file.

A file fype definition defines a file type. File types are used fodefine\obj&
system environment. The value of a file object is the segdence.of

The type mark in a file type definition<defines<he suptyp afues contained in thelfile. The type
mark may denote either a constrained oran un i d. The base type of this|subtype must not
be a fije type or an access type. If the baSe typeNs akeomyposite type, it must not contain a gubelement of an

access type. If the base type is an arra typ@u b

file of STRING i a file type that can contain

Examples:

file of NA
on-negative integer values.

34.1

The I3 afines the operations for objects of a file type. Given the folloying file type

declar

fype ET is filevaf TM;

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

procedure FILE_OPEN file F: FT;
External_Namen STRING;
Open_Kind:in FILE_OPEN_KIND := READ_MODE);

procedure FILE_OPEN (Statusout FILE_ OPEN_STATUS;
file F: FT;
External_Namen STRING;
Open_Kind:in FILE_OPEN_KIND := READ_MODE);

procedure FILE_CLOSE file F: FT);
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procedure READ (file F: FT; VALUE: out TM);
procedure WRITE (file F: FT; VALUE: in TM);
function ENDFILE (file F: FT) return BOOLEAN;

The FILE_OPEN procedures open an external file specified by the External_Name parameter and associate
it with the file object F. If the call to FILE_OPEN is successful (see below), the file object is said to be
open and the file object has ancess moddependent on the value supplied to the Open_Kind parameter
(see clause 14.2).

— If the value supplied to the Open_Kind parameter is READ_MODE, the access mode of the file
object is read-only In addition, the file object is initialized so that a subsequent READ wiill
he order that

. 4 et 1 el " L At} e 41 7% e B —
TSI ure nmrst value 11T UTe SAlETNal 1Te. vdliues alc 1€au ITOITT Uie A71C cCl i

they appear in the external file.

mode of the
18s written to

—+ If the value supplied to the Open_Kind parameter > 5s mode of the
file object iswrite-only. In addition, the file obje€t isi ized bn to it will

In the[second form of FILE_OPEN, the ya es the results of

the prpcedure call:

—+ A value of OPEN_OK indica the % If the call to
FILE_OPEN specifies an external(fite_ thathdoes npt exist at the beginning of the|call, and if the

access mode of the file object as theealMs write-only, then the external file is created.

—+ Avalueof S S icates that the file object already has an externalffile associated
with it.

e case of an
the case of an

the requested

The fi
under

, when called
identieal conditions, would return a Status value other than OPEN_OK.

A call to FILE_OPEN of the first form is successifubnd only if the call does not cause an error to occur.
Similarly, a call to FILE_OPEN of the second form is successful if and only if it returns a Status value of
OPEN_OK.

If a file object F is associated with an external file, procedure FILE_CLOSE terminates access to the
external file associated with F and closes the external file. If F is not associated with an external file, then
FILE_CLOSE has no effect. In either case, the file object is no longer open after a call to FILE_CLOSE

that associates the file object with the formal parameter F.

An implicit call to FILE_CLOSE exists in a subprogram body for every file object declared in the
corresponding subprogram declarative part. Each such call associates a unique file object with the formal
parameter F, and is called whenever the corresponding subprogram completes its execution.
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Procedure READ retrieves the next value from a file; it is an error if the access mode of the file object is
write-only or if the file object is not open. Procedure WRITE appends a value to a file; it is similarly an
error if the access mode of the file object is read-only or if the file is not open. Function ENDFILE returns
FALSE if a subsequent READ operation on an open file object whose access mode is read-only can
retrieve another value from the file; otherwise, it returns TRUE. Function ENDFILE always returns TRUE
for an open file object whose access mode is write-only. It is an error if ENDFILE is called on a file object
that is not open.

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

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

)
mal parameter
bf the object are

An ernor will occur when a READ operation is performegon fite irn TRUE at
that point.

NOTE+Predefined package TEXTIO is proyie yport s type TEXT (a
file typg representing files of variable-length text\stri 2 e ignates such strings).
READ |and WRITE operations are provided\i M a single line.
Additignal operations are provided to read opx Fent line or of the
file itsqlf.

The la of entities that are declared explicitly or implicitly by dedlarations.

|interface” declaration
| alias declaration

| attribute_declaration
| component_declaration

| group_template_declaration
| group_declaration

| entity_declaration

| configuration_declaration

| subprogram_declaration

| package_declaration
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For each form of declaration, the language rules define a certain region of text calsedpghef the
declaration (see clause 10.2). Each form of declaration associates an identifier with a named entity. Only
within its scope are there places where it is possible to use the identifier to refer to the associated declared
entity; these places are defined by the visibility rules (see clause 10.3). At such places, the identifier is said
to be a namef the entity; the name is saiddenotethe associated entity.

This section describes type and subtype declarations, the various kinds of object declarations, alias
declarations, attribute declarations, component declarations, and group and group template declarations.
The other kinds of declarations are described in section 1 and section 2.

A declaration takes effect through the process of elaboration. Elaboration of declarations is discussed in
section 12,

4.1 Tlype declarations
A typd declaration declares a type.
lype_declaration ::=

full_type_declaration
| incomplete_type_ declaration

full_type_declaration ::=
type identifieris type_definition ;
fype_definition ::=
scalar_type_definition

| composite_type_definition

a subtype of the

type declaration
enotes the subtype
Atype is said embeymousf it has no simple name. For explanatory

)es refers to an anonymous type by a pseudo-name, writfen in italics, and

¢ type-definitiorfs always define two distinct types, even if they are lexically identical. Thus, the type
defipitions in the following two integer type declarations define distinct types:

type A is range 1to 10;
type Bis rangelto 10;

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

2 The various forms of type definition are described in section 3. Examples of type declarations are also given in that
section.
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4.2 Subtype declarations

A subtype declaration declares a subtype.

subtype_declaration ::=

—54—

subtypeidentifieris subtype_indication ;

subtype_indication ::=

[ resolution_functionname ] type_mark [ constraint ]

type_mark ::=

type_name
| subtypename

61691-1 © IEC: 1997 (E)
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constraint ::=

range_constraint
| index_constraint

nge usedtq defime the denoted type. The direction of a discrete subtype is the same
its suljtype indicatiori.

by definition, the

of that subtype
nction name, the
5 an error if the
b presence of a
hals or on the

the expressions
of constraint in

Lbtype, then the
b subtype on its

constraint that
b mark denotes a

If no constraint

same as that of
hs the direction of

A subtype indication denoting an access type or a file type may not contain a resolution function.
Furthermore, the only allowable constraint on a subtype indication denoting an access type is an index

constraint (and then only if the designated type is an array type).

NOTE—A subtype declaration does not define a new type.
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4.3 Objects

An objectis a named entity that contains (has) a value of a given type. An object is one of the following:

— An object declared by an object declaration (see 4.3.1)

— Aloop or generate parameter (see clauses 8.9 and 9.7)

— A formal parameter of a subprogram (see 2.1.1)

— Aformal port (see 1.1.1.2 and clause 9.1)

— Aformal generic (see 1.1.1.1 and clause 9.1)

-+ Alocal port (see clause 4.5)
-+ Alocal generic (see clause 4.5)

-+ Animplicit signal GUARD defined by the guard expression ofa blo

Statepnent (seg clalise 9.1)

In add

A E, 'QUIET,
There ss of objects also
has al specified by the
reser\}} Dr a given object
ofac abject is itself an object of the same class and subclass, if any,
as the ubelements.

Objec
packa
availal
chann

43.1

An ob

s-are available for use within blocks, processes,
dters are implicitly declared by the corresponding ¢
atement. Other objects, declared by interface decl
»f values between independent parts of a description.

ect.declaration declares an object of a specified type. Such an object is calkpdicity d

subprograms, or
tatement and are
arations, create

eclared

object

object_declaration ::=

constant_declaration
| signal_declaration
| variable_declaration
| file_declaration

An object declaration is calledsingle-object declaratiorif its identifier list has a single identifier; it is

called amultiple-object declarationf the identifier list has two or more identifiers. A multiple-object
declaration is equivalent to a sequence of the corresponding number of single-object declarations. For each
identifier of the list, the equivalent sequence has a single-object declaration formed by this identifier,
followed by a colon and by whatever appears at the right of the colon in the multiple-object declaration; the
equivalent sequence is in the same order as the identifier list.
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A similar equivalence applies also for interface object declarations (see 4.3.2).

NOTE—The subelements of a composite, declared object are not declared objects.

4.3.1.1 Constant declarations

1997 (E)

A constant declaration declares@nstantof the specified type. Such a constant isaplicitly declared
constant

constant_declaration ::=
constantidentifier_list : subtype_indication [ := expression ] ;

If the
specif
constd

If the
declar
declar

appear in the body of the package (see clause 2.6).

Formg
alway
within
corres

It is arf

NOTEH

Exam

4.3.1.%

A sign

nt cannot be modified after the declaration is elaborated.

hssignment symbol ":=" followed by an expression is not pres
ption declares deferred constant Such a constant declargtion ™
ption. The corresponding full constant declaration, which_defings @

7 A loop param
parameter is a con

Dles:

constant
constant Pl ; E

100 ns;

LAY LENGTH; -- a deferred constant

, the expression
. The value of a

ration, then the

in a package

constant, must

jenerics are

pter is a constant
stant within the
constant.

e, or a composite

ignal

Gignal 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 called eesolvedsignal

If a signal kind appears in a signal declaration, then the signals so declagedaiedsignals of the kind
indicated. For a guarded signal that is of a composite type, each subelement is likewise a guarded signal.
For a guarded signal that is of an array type, each slice (see clause 6.5) is likewise a guarded signal. A
guarded signal may be assigned values under the control of Boolean-gairddexpression®r guards.
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When a given guard becomes FALSE, the drivers of the corresponding guarded signals are implicitly
assigned a null transaction (see 8.4.1) to cause those drivers to turn off. A disconnection specification (see
clause 5.3) is used to specify the time required for those drivers to turn off.

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

In the absence of an explicit default expression, an implicit default value is assumed for a signal of a scalar
subtype or for each scalar subelement of a composite signal, each of WhICh is itself a signal of a scalar
subtype . i

It is ap error if a signal declaration declares a signal that is of a file type<or an(access
error if a guarded signal of a scalar type is neither a resolved signal nokKa syt

A sigrjal may have one or moseurces For a signal of a scalar ty
12.6.1) or amut |n0ut buffer or Ilnkage port of a compone
which
scalar
descri
elabonat|0n of a description, a resolved S|gnal hasn - 8 ents in the index

range ved signal.

If a sy | in a port map
aspec q

formal i al must be

assoc ollection of the
corres golved signal of
compq of its subelements
being

If a sy nen every scalar
subele of those drivers
taken

The d hction that is the
initial is not defined,
but th¢

Exam

signal S : STANDARD.BIT_VECTOR (%o 10) :

signal CLK1, CLK2 : TIME ;
sighal OUTPUT : WIRED_OR MULTI_VALUED_LOGIC;
NOTES

1 Ports of any mode are also signals. The t&gnalis used in this standard to refer to objects declared either by
signal declarations or by port declarations (or to subelements, slices, or aliases of such objects). It also refers to the
implicit signal GUARD (see clause 9.1) and to implicit signals defined by the predefined attributes 'DELAYED,
'STABLE, 'QUIET, and 'TRANSACTION. The terport is used to refer to objects declared by port declarations
only.
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Signals are given initial values by initializing their drivers. The initial values of drivers are then propagated
through the corresponding net to determine the initial values of the signals that make up the net (see 12.6.3).

The value of a signal may be indirectly modified by a signal assignment statement (see clause 8.4); such
assignments affect the future values of the signal.

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

Cross-references: Disconnection specifications, clause 5.3; Disconnection statements, clause 9.5; Guarded
assignment, clause 9.5; Guarded blocks, clause 9.1; Guarded targets, clause 9.5; Signal GUARD, clause 9.1.

4.3.1.3 Variable declarations

A varifible declaration declaresvariable of the specified type. Such a variabl
variabje.

isexphicitly| declared

variable_declaration ::=

A varifible declaration that includes the reserved vgbated is & shared

variable declaration declaresshared variable Shared vapiables™a ¢ hble class of
objects. More than one process may access a given/shared ‘ han one process
accesses a given shared variable during the same simulati the value of the
shared variable after the access, nor thevalue reg v the language. A

description is erroneous if it depends a
variabjes.

If the [variable declaration includes the¢ as

ignme
specifles an initial value fopthe declared va th
Such an expression is said tokdri e expressi

access to shared

the expression
of the variable.

If an initial value expressi inthe' decfaration of a variable, then the initial value of the variable is

determined by

t Q
T is defined to bez g Va

value pxpressi
define|
itself g
the val

NOTE

1

ariable declaration is elaborated. In the abgdence of an initial
. The default initial value for a variable of g scalar subtype

. The default initial value of a variable of a coinposite type is
ault initial values of all of its scalar subelements, gach of which is
e default initial value of a variable of an access type|is defined to be

Thq value pfa-variahle may be modified by a variable assignment statement (see clause 8.5); sugh assignments take
effe

The-variables-declared-within-a-given-procedure-persisturti-hatprocedure-completes—ana-rettras to the caller. For
procedures that contain wait statements, a variable may therefore persist from one point in simulation time to
another, and the value in the variable is thus maintained over time. For processes, which never complete, all

variables persist from the beginning of simulation until the end of simulation.

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

Since the language does not guarantee the synchronizaaonesises to shared variables by multiple processes in
the same simulation cycle, the use of shared variables in this manner is nonportable and nondeterministic. For
example, consider the following architecture:

architecture UseSharedVariablex SomeEntity is
subtype ShortRangés INTEGERrange 0to 1;
sharedvariable Counter: ShortRange := 0;
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begin
PROC1:process
begin
Counter := Counter + 1;
wait;
end processPROC1;
PROC2:process
begin
Counter := Counter — 1;
wait;
end processPROC2;

end architecture UseSharedVariables;

In & i ertr X
nter is declared to be of type INTEGER.

Col

5 Varnables declared immediately within entity declarations, architecture
ks must be shared variables. Variables declared immediately withi

blo
shafed variables.

Examples:

variable INDEX : INTEGERrange 0to 99 :=0;
-- Initial value is determined by the initial

0+, 0to
of iaI

variable COUNT : POSITIVE ;

variable MEMORY : BIT_MATRIX
-- Initial value is the aggregat

4.3.1.4 File declaratio

A file declaratio@

The suiibtypejindicatio

of a file declaration must define a file subtype.

-- The subtype check may or may not fail.

-- The subtype check may or may not fail.

ither O or 1, even if

age bodies, and
Esses must not be

w74

eg of each element

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

elaboration of the file declaration.

If file open information is not included in a given file declaration, then the file declared by the declaration

is not opened when the file declaration is elaborated.
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The file logical name must be an expression of predefined type STRING. The value of this expression is
interpreted as a logical name for a file in the host system environment. An implementation must provide
some mechanism to associate a file logical name with a host-dependent file. 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).

The Ignguage does not define the order of and the relationship, if any, be read from and
writter} to multiple file objects that are associated with the same exterpdl file. ( Ar_implementation may

restrict the number of file objects that may be associated at one time with a\given & V)a
If a formal subprogram parameter is of the cféssit must be associat ah le object.
Examples:

type IntegerFileis file of INTEGER;

file F1: IntegerFile;

file F2: IntegerFile is "test.dat";

DES "test.dat";
At elaboration, an implicit call is performed:

-- FILE_OPEN (F3, "test.dat", WRITE_MODEY),

NOTEH game external file should be of the same base type.

4.3.2

An int déclaresiaterface objecbf a specified type. Interface objects includerface
constantghat:a 8s generics of a design entity, a component, or a block, or as constgnt parameters of
subprogramsinterfacé signalghat appear as ports of a design entity, component, or blocK, or as signal
parametersS of subprogranisierface variablesghat appear as variable parameters of subprograms; and
interface fileghat appear as file parameters of subprograms.

interface_declaration ::=
interface_constant_declaration
| interface_signal_declaration
| interface_variable_declaration
| interface_file_declaration

interface_constant_declaration ::=
[constan{ identifier_list : [in ] subtype_indication [ :static_expression ]

interface_signal_declaration ::=
[signal] identifier_list : [ mode ] subtype_indicatiorb[is] [ := static_expression ]
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interface_variable_declaration ::=
[variable] identifier_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 declarationpnwde
assumed.

For an interface constant declaration or an interface signal declaration, the subtype indication must define a
subtype that is neither a file type nor an access type.

For an interface file declaration, it is an error if the subtype indication does~qot denote-a\gubtype of a file
type.

Ifani it interface

declar

If ani is said to be the

corregponding interface object. It is an error if a default expressisn.appear declaration and

In an default value(s)
assocfated with the inter g [ . 5sion, an implicit
defaulf value i ; he si nal declarations
(see 43.1.2). Th \er.implicitly or explicitly provided, is used to determine the [initial contents
of drivers, if any, of4 Werfa ignal agSpecified for signal declarations.

An interface gbjest provid el of communication between the environment and a pprticular portion
of a description. : interface object may be determined by the value of an asspciated object or
expression i N similarly, the value of an object in the environment may be determined by
the vaft 2 socjated\interface object. The manner in which such associations are made is described in

The value of’an objett is said to teadwhen one of the following conditions is satisfied:

— When the object is evaluated, and also (indirectly) when the object is associated with an
interface object of the modes, inout, orlinkage.

— When the object is a signal and a name denoting the object appears in a sensitivity list in a wait
statement or a process statement.

—  When the object is a signal and the value of any of its predefined attributes 'STABLE, 'QUIET,
'DELAYED, 'TRANSACTION, 'EVENT, 'ACTIVE, 'LAST_EVENT, 'LAST_ACTIVE, or
'LAST_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.
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The value of an object is said to lygdatedwhen one of the following conditions is satisfied:

1997 (E)

When it is the target of an assignment, and also (indirectly) when the object is associated with

an interface object of the modest, buffer, inout, orlinkage.
When one of its subelements is updated.

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

Only signal, variable, or file objects may be updated.

An interface object has one of the following modes:

a) T hevatueof the—interfaceobjectmay oy beread—m=ad ttributes of the
interface object may be read, except that attributes 'STABL L AYED, and
"TRANSACTION of a subprogram signal parameter may not he corresponding
subprogram. For a file object, operation ENDFILE is allowed

b) out. The value of the interface object may be updated{ ReadIn bf the interface
element, other than the predefined attrib DELAYED,
"TRANSACTION, 'EVENT, 'ACTIVE, 'LAST_EVENT VALUE,
is allowed. No other reading is allowed.

c) inout. The value of the interface object g the attributes
of the interface object, othe AYED, and

e operations
d) g the attributes
e) pearing as an
dating is
NOTE$
1 Alth have the same characteristics with respect to whether thg¢y may be read
or updated by zero or more sources, whereas a signal oboffgtemust
be Qipdated b (see 1.1.1.2).
2 As ametenthat is of a file type must be declared as a file parameter.
3 Sin e a subclass of variables, a shared variable may be associated as an adgtual with a formal of
clags variable:

4.3.2.1 Interface lists

An interface list contains the declarations of the interface objects required by a subprogram, a component, a
design entity, or a block statement.

interface_list ::=

interface_element { ; interface_element }

interface_element ::= interface_declaration
A genericinterface list consists entirely of interface constant declarations. Aimqgerface list consists

entirely of interface signal declarations.

Abarameterinterface 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 may not appear in any interface declaration within the interface list
containing the denoted interface object except to declare this object.

NOTE—The above restriction makes the following three interface lists illegal:

entity E is
generic (G1: INTEGER; G2: INTEGER := G1); -- illegal
port (P1: STRING; P2: STRING(P1'RANGE)); -- illegal
procedureX (Y1, Y2: INTEGER; Y3: INTEGERngeY1lto Y2); --illegal
endE;

However, the following interface lists are legal:

entity E is
generic (G1, G2, G3, G4: INTEGER);
port (P1, P2: STRING (G1to G2));
procedure X (Y3: INTEGERrange G3to G
End E;

4.3.2.2 Association lists

An as harameter names

on the

formal_part.;:=
for
| functie’na

actual_designator
! fllnr‘finn_n.qmr-\ ( nrfllnl_dpcignnfnr)

| type_mark ( actual_designator )

actual_designator ::=
expression
| signal hame
| variable_name
| file_name
| open

Each association element in an association list associates one actual designator with the corresponding
interface element in the interface list of a subprogram declaration, component declaration, entity
declaration, or block statement. The corresponding interface element is determined either by position or by
name.
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An association element is said tormedif 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 nhamed 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, the ternactual refers to an actual designator, and the téyrmal refers to a formal
designator.

The formal part of a named element association may be in the form of a function call, where the single

argument of the funct|on is the formal de5|gnator |tself if and only if the mode of the foroud) isout,

buffer gpen—n-this case,the function-name<my denote a function

whose€ S gsponding actual.
\

Such ormal to the

actual

Altern {y bed R of\a type conversion,
where| it I theuriode(of the formal is
out, in o denoted by the type

type c .\t is an error if the type of the
formal i

Simila 8Sitio iati i of a function

call, i ioni designator i L if the mode of the
i i st denote a

he type of the

. Such
b actual to the

form of a type
only if the mode
lenoted by

type conversion
g an error if the

ht in the actual
miapist, or

inkage,

tion 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.

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).
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A formal may be either an explicitly declared interface object or member (see section 3) of such an
interface object. In the former case, such a formal is said ssdmciated in whole In the latter cases,

named association must be used to associate the formal and actual; the subelements of such a formal are
said to beassociated individually Furthermore, every scalar subelement of the explicitly declared interface
object must be associated exactly once with an actual (or subelement thereof) in the same association list,
and all such associations must appear in a contiguous sequence within that association list. Each
association element that associates a slice or subelement (or slice thereof) of an interface object must
identify the formal with a locally static name.

If an interface element in an interface list includes a default expression for a formal generic, for a formal
port of any mode other thdimkage, or for a formal variable or constant parameter of nmiad¢hen any
corresponding association list need not include an association element for that interface element. If the
association element is not included in the association list, or if the actopérnsthen the value of the

defaul TOTT i i i i Tt fation element for that
interface element.

It is ap error if an actual adpenis associated with a formal that is assaCiated\i ' . YAn actual of
opend pply a constant,
signal| or variable (as is appropriate to the object class of the form§

NOTES

\" &4

t in order to make
Iments in that

1 Itiga consequence of these rules that, if an association ¢
use]| of the default expression on the corresponding diged
asspciation list must be named associations.

2 Although a default expression can appesar in an 8 [ ‘ port, such a
defqult expression is not interpreted as the-x 3 imphci nstead, the value
of the expression is used to determing (i the port is left
undonnected (see 12.6.2).

3 Named association may ) i ing i al parameters of
the

4 Sin | function
call SSIE assogciated with a formal of objectcolastant is never interpreted as a
con > i hus, the following

ass

aram is a constant formal and F is a function returning the same bg
ore parameters, all of which may be defaulted.

se type as that of

5 No [conversion firgctOn or type conversion may appear in the actual part when the actual desmpertbr is

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

alias_declaration ::=
alias alias_designator [ : subtype_indicatiois hame [ signature | ;

alias_designator ::= identifier | character_literal | operator_symbol
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An object aliasis an alias whose alias designator denotes an object (that is, a constant, a variable, a signal,
or a file). Anonobject 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 sighal 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.

NOTES

1 Sin

(a rlame, character literal, or operator symbol) that requires the designator to
chafacteristics (for example, to be a variable) allows the designator to denote @n
denotes a named entity having the required characteristics. This sit
spegifically prohibited.

2 Th4g alias of an overloadable object is itself overloadable.

4.3.3.

The fdllowing rules apply to object aliases:

a)

b)

d)

1 Object aliases

faox naal . Loo £ o soriol] S RPN 2 | e i—rafaran At
CCTTOT CATITTPTICT trnic—anmaS— O o vanaotc— IS~ o varnaoTteT— CveTy— TCTCTCTICC vt

name specified i
subtype indicati

btype indication is present and denotes a constrained array subtype
is vigwed as if it were of the subtype specified by the subtype indication;

cnhfypn denoted I"\\J/ the :llhf\]/pn ndication must include a m:\fr‘\hing elemen

ff to a designator

bntity with certain
5 the aliased name
here aliases are

base type of the
type mark in the
be a multi-

Cified in the

then the object
moreover, the

(see 7.2.2) for

each element of the object denoted by the name.

3) If the subtype indication denotes a scalar subtype, then the object is viewed as if it were of
the subtype specified by the subtype indication; moreover, it is an error if this subtype does
not have the same bounds and direction as the subtype denoted by the object name.

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

A reference to an element of an object alias is implicitly a reference to the matching element of
the object denoted by the alias. A reference to a slice of an object alias consisting of the

elements g e, ..., § is implicitly a reference to a slice of the object denoted
consisting of the matching elements corresponding to eaghupfte and including e

by the alias
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4.3.3.2 Nonobject aliases

The following rules apply to nonobject aliases:

a)

b)

d)

e)

Exam

A subtype indication may not appear in a nonobject alias.
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 clause 2.3) the
parameter and result type profile of exactly one of the subprograms or enumeration literals
denoted by the name.
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
impticit dectaratiomtas,asitsatias designator;, the-simpte mrameor efar iteral of the literal
and has, as its name, a name constructed by taking the name the enumeration
type and substituting the simple name or character literal bei iast simple name of
the type. Each implicit alias has a signature that matches the : y gttype profile of
the literal being aliased
Alternatively, if the name denotes a physical type, thén implicit-ali S on for each of
the units of the type immediately follows the alias te : i be; each such
implicit declaration has, as its name, a name gonstructed by tak g he alias for the
physical type and substituting the simple na i gimple name of
the type.
efined operator
if|present, any
signature that
.
les:

variable REAL_|

alias SIG

(23downto 0) is REAL_NUMBER (80 31);
bit value whose range isd@8vnto O.

aliads EXPO T:BIT_VECTOR (10 7) is REAL_NUMBER (1to 7);
- EXPONENT is a 7-bit value whose range i® I7.

aliasSTD_BIT  is STD.STANDARD.BIT; -- explicit alias

-- alias'0’ is STD.STANDARD.'0' -- implicit 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
-- return STD.STANDARD.BIT];

-- alias"not" is STD.STANDARD."not"

= [STO-STANDARDBIT, STO-STANDARDBIT
- return STD.STANDARD.BIT];

- alias"=" is STD.STANDARD."="

- [STD.STANDARD.BIT, STD.STANDARD.B
- return STD.STANDARD.BOOLEAN%}
- alias"/=" is STD.STANDARD."/="

= [STD.STANDARD.BIT, STD.STA
= return STD.STANDARD.BOOL
- alias"<" is STD.STANDARD."<"
= [STD.STANDARD.BIT, STD.STA
= return STD.STANDA

- alias"<="  is STD. STANDAR.

- alias">" is STD.STANDARDR™>"

[STDSTANAR \STANDARD.BIT
.S D .B ;

- alias">="
- S ANDARDBIT, STD.STANDARD.BIT
= . DARD.BOOLEAN];
NOTE+An alias@ is not an explicitly declared object, nor is the alias of ja subelement or

slice of declared object.

4.4 A
An attffhute™ | tion, type, range, signal, or constant that may be associated with one or more
named entities(in stiption.  There are two categories of attributes: predefined attributes|and user-defined

ined gttributes provide information about named entities in a description. Section 14 contains
defined attributes. Predefined attributes that are signals may not be updated.

attributes. Prede
the definition/of all pré

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 thdesignatorof 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 component, a label, a literal, a unit, a group, or a file.

The type mark must denote a subtype that is neither an access type nor a file type. The subtype need not be
constrained.
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Examples:

type COORDINATEis record X,Y: INTEGER;endrecord;
subtype POSITIVE is INTEGER rangdl. 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 and only if an attribute specification
for the value of attribute A exists in the same declarative part as the declaration of E. In the absence of such a
specification, an attribute name of the form E'A is illegal.

claration, not with
ject rather than the
such a way is the
Clared name of the

ipbute of the entire
vith each element
it for each element

45 C
A component declaration declares a vii desig i ih a component
instantiati . igurati a conf|gurat|on specification can be used to

assoc i i i ' }des in a library.

Each
port cl

bject in the local

If as dentifier of the

COMpJR

4.6 G

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

group_template_declaration ::=
group identifieris ( entity_class_entry_list) ;

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 clause 5.1.
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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 entity class entry list.

Examples:

Groups of this type consist of two signals.

group PIN2PINis (signal, signal;

Groups of this type consist of any number
-- of labels.

group RESOURCE islébel <>);

group DIFF_CYCLESIs (group <>); A group of groups.

4.7 Group declarations

A group declaration declareggeoup, a hamed collection of named entiti d entitiesfare described

in clayse 5.1.

group_declaration ::=

jroup_constituent ::= name | ch

It is ap error if the class of any group
specifled by the corresponding entity cl

hplate.

A nanje that is a group ontains a prefix,

may that prefix be a funs

If a grpup decl 5
is the|same as thé€ simg

declarption and ngQ

oup declaration
ptes the package
ppearing within

subpr f the enclosing
subpr
If a glodp iOR ing type, the group
declarpti S if any.
Exam

groip G1: RESOQURCE (11,1 2): --_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.
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Section 5: Specifications

This section describes specificatipmghich 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.

Furthg
in whi
units

declar

51 A

An att
the val

entity class ::=

entity orfiduration
| procedure gackage
| typ@ constant
| signal | component
| units

entity designator ::= entity _tag [ signature ]

rmore, a specification must always appear either immediately within the same~declar
Ch the declaration of the named entity appears, or (in the case of i

ecifi

htive part as that
relate to design

jptely within the

Pk statement.

ties and defines
I entity.

entity tag ::= simple_name | character_literal | operator_symbol

The attribute designator must denote an attribute. The entity name list identifies those named entities, both

implicitly and explicitly defined, that inherit the attribute, as described in the following list:

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 explicity named in the entity name list of a previous attribute

specification for the given attribute.
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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.

An attribute specification with the entity name lighers or all for a given entity class that ap

pears in a

declarative part must be the last such specification for the given attribute for the given entity class in that

declarative part. No named entity in the specified entity class may be declared in a given
following such an attribute specification.

declarative part

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 €
subprggrams or enumeration literals.
result type profile of exactly one subprogram or enumeration literal {
encloging attribute specification then decorates that subprogram or e

The e
result
same
name [li
requirg

entity interface, an
declarative part of th

sociated more than once with a given named entity. S
jth the same simple name (whether predefined or user-de

pf one or more
ne parameter and
>’itive part; the

he attribute as a

ibn must be the
ion.

If the entity

architecture, a
at design unit.

, $ubprogram, or
, pubprogram, or

b, a subtype, an

Lbtype, object,

specified in an

imilarly, it is an
fined) are both

more character
ith one or more

The decoration of a named entity that can be overloaded attributes all named entities matching the

specification already declared in the current declarative part.

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

specifications are allowed for all user-defined attributes, but are not allowed for predefined attributes.

An attribute specification may reference a hamed 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
subprogram, has the effect of associating that attribute with each of the designated overloaded subprograms
declared within that declarative part.

Examples:

attribute PIN_NO of CIN: signalis 10;

attribute PIN_NOof COUT:signalis 5;

attribute LOCATION of ADDER1:labelis (10,15);
attribute LOCATION of others: labelis (25,77);

attribute CAPACITANCE of all: signalis 15 pF;

attribute IMPLEMENTATION of G1:group is "74LS152";
attribute RISING_DELAY of C2Q:group is 7.2 ns;

NOTES

1 Usd
des|
ass
E(B
suc
reld

ation from one
}ibute A. Further,
ome design entity
name A, unless
and X'A are not

2 The
ded

Heclarations lack a

3 Ifa Q : ¢ al named entities
with i ardtive part unless the aforenjentioned attribute
spe ¢

4 Attrjbute specifications sygplyi i ‘ objects of
desjgn units, block state

5 An Jattribute specific S e th he named
entities in the ¢ iq the event that none of the named entities in the current declarative part
megt all of theNeguireri ribute i

nting instances

for compament_specification binding_indication ;

component_specification ::=
instantiation_list componentname

instantiation_list ::=
instantiation label { ,instantiation label }
| others
| all


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

— 74— 61691-1 © IEC: 1997 (E)

The instantiation list identifies those component instances with which binding information is to be
associated, as defined below:

— If a list of instantiation labels is supplied, then the configuration specification applies to the
corresponding 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 component declaration named in the component specification. It is also an error
if any of the labels 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 instances
of the specified component declaration whose labels are (implicitly) declared in the immediately
enclosmg declarative part prowded that each such component instance is not explicitly named

“Tut only to those
components.

mthemstantiation tist of e previous configurationspecification:
component instantiation statements whose correspondlng instantj

Il instances
e immediately
ion statements

—+ If the reserved wordll is supplied, then the configuration spe
of the speC|f|ed component declaratlon Whose labels are

A configuration specification with the instantiation listhg all e Ve ¢ ame that
appears in a declarative part must be the last such /spegifi Qi nt name in that
declarptive part.

The e|aboration of a configuration spécificati ation with the
labels|identified by the instantiation list. 3 i th it is said to
be boyind. It is an error if the elaborai association of
bindin

NOTE- ne of the
compo ht instances in the
current

521

A bindi
also a

ances of a component declaration with a particular design entity. It may
s declared in the entity interface.

The entity aspect of a binding indication, if present, identifies the design entity with which the instances of

a component are associated. If present, the generic map aspect of a binding indication identifies the
expressions to be associated with formal generics in the design entity interface. Similarly, the port map
aspect of a binding indication identifies the signals or values to be associated with formal ports in the

design entity interface.

When a binding indication is used in a configuration specification, it is an error if the entity aspect is absent.

A binding indication appearing in a component configuration need not have an entity aspect under the
following condition: the block corresponding to the block configuration in which the given component
configuration appears is required to have one or more configuration specifications that together configure
all component instances denoted in the given component configuration. Under this circumstance, these
binding indications are thgrimary binding indications It is an error if a binding indication appearing in a
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component configuration does not have an entity aspect, and there are no primary binding indications. It is
also an error if, under these circumstances, the binding indication has neither a generic map aspect nor a
port map aspect. This form of binding indication is itheremental binding indicatignand it is used to
incrementally rebindhe 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 associategeviin any of
the primary binding indications, the given formal generic is bound to the actual with which it is
associated in the generic map aspect of the incremental binding indication.

— For each formal generic appearing in the generic map aspect of the incremental binding
indication, and denoting a formal generic that is associated with an actual othepeham one

of the primary binding indications, the given formal generieizoundto the actual with which
itis—associatetimthegeneric map aspect of the—mcrementa—bingifig indication.  That is, the
association given in the primary binding indication has no effect f; lnce.

indication, and
primary
associated in

indication, and it is a formal port that is assdciate ' e of the
primary binding indications.

If the generic map aspect or port map a ing-ikdi i$ not present, then the default rules as
descriped in 5.2.2 apply.

Examples:

entity AND_GATE iS

_LENGTH := 4 ns);
O :out BIT);

port (11, 12:in BIT; O: out BIT);
end componentAND_GATE;

componentXOR_GATEis
generic (11to0, 12toO: DELAY_LENGTH := 4 ns);
port (12, 12:in BIT; O :out BIT);
end componentXOR_GATE;
endpackageMY_GATES;

entity Half _Adderis
port (X, Y:in BIT;
Sum, Carryout BIT);
endentity Half_Adder;
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use WORK.MY_GATESall;
architecture Structureof Half_Adderis
for L1: XOR_GATEuse
entity WORK.XOR_GATE(Behavior)
genericmap (3 ns, 3 ns)
port map (11 =>11, 12 => 12, O => O);

The primary binding indication
for instance L1.

for L2: AND_GATE use
entity WORK.AND_GATE(Behavior)
genericmap (3 ns, 4 ns)
port map (11, open, O);

The primary binding indication
for instance L2.

begin

— I XOR—GATE —portmap (XY Sumyj;
L2: AND_GATE port map (X, Y, Carry);

end architecture Structure;

liIse WORK.GLOBAL_SIGNALSall;
configuration Differentof Half _Adderis
for Structure
for L1: XOR_GATE
genericmap (2.9 ns, 3.6 ns);
endfor;

al binding
L1; rebinds it$ generics.

for L2: AND_GATE
genericmap (2.8 ns,
port map (12 => Tied_|
endfor;
endfor;
end configuration Diff

pdication L2; rebinds its generics
-- and binds its open port.

5.2.1.1 Entity aspect

An enlity aspec
entity pspect may 32

Component. An

The fi corresponding
architecture-body. “M no architecture identifier appears, then the immediately enclosing birjding indication
is said_toimply the design entity whose interface is defined by the entity declaration denoted by the entity
name and whose body is defined by the default binding rules for architecture identifiers (see 5.2.2). If an
architecture identifier appears, then the immediately enclosing binding indication is isgidytthe design

entity consisting of the entity declaration denoted by the entity name, together with an architecture body
associated with the entity declaration; the architecture identifier defines a simple name that is used during
the elaboration of a design hierarchy to select the appropriate architecture body. In either case, the
corresponding component instances are said follyebound.

At the time of the analysis of an entity aspect of the first form, the library unit corresponding to the entity
declaration denoted by the entity name is required to exist; moreover, the design unit containing the entity
aspect depends on the denoted entity declaration. If the architecture identifier is also present, the library
unit corresponding to the architecture identifier is required to exist only if the binding indication is part of a
component configuration containing explicit block configurations or explicit component configurations;
only in this case does the design unit containing the entity aspect also depend on the denoted architecture
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body. In any case, the library unit corresponding to the architecture identifier is required to exist at the time
that the design entity implied by the enclosing binding indication is bound to the component instance
denoted by the component configuration or configuration specification containing the binding indication; if
the library unit corresponding to the architecture identifier was required to exist during analysis, it is an
error if the architecture identifier does not denote the same library unit as that denoted during analysis. The
library unit corresponding to the architecture identifier, if it exists, must be an architecture body associated
with the entity declaration denoted by the entity name.

The second form of entity aspect identifies a design entity indirectly by identifying a configuration. In this
case, the entity aspect is saidrtply the design entity at the apex of the design hierarchy that is defined by
the configuration denoted by the configuration name.

At the time of the analysis of an entity aspect of the second form, the library unit corresponding to the
configprati i i TSt i i e lepends on the
configlration denoted by the configuration name.

o be deferred.
entity.
Aspect or a port

The third form of entity aspect is used to specify that the identification a
In thi$ case, the immediately enclosing binding indication is saig
Furthgrmore, the immediately enclosing binding indication must n
map aspect.

5.2.1.2 Generic map and port map aspects
A gen

assoc
defing

port map aspect
external blocks

Both n
The fa
n element of a

n element of a
portassociation list, or in an association element of a generic association list.

The purpose of port and generic map aspects is as follows:

— Generic map aspects and port map aspects appearing immediately within a binding indication
associate actuals with the formals of the design entity interface implied by the immediately
enclosing binding indication. No scalar formal may be associated with more than one actual.
No scalar subelement of any composite formal may be associated more than once in the same
association list.

Each scalar subelement of every local port of the component instances to which an enclosing
configuration specification or component configuration applies must be associated as an actual
with at least one formal, or with a scalar subelement thereof. The actuals of these associations
for a given local port may be the entire local port, or any slice or subelement (or slice thereof) of
the local port. The actuals in these associations must be locally static names.
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— Generic map aspects and port map aspects appearing immediately within a component
instantiation statement associate actuals with the formals of the component instantiated by the
statement. No scalar formal may be associated with more than one actual. No scalar
subelement of any composite formal may be associated with more than one scalar subelement of
an actual.

— Generic map aspects and port map aspects appearing immediately within a block header
associate actuals with the formals defined by the same block header. No scalar formal may be
associated with more than one actual. No scalar subelement of any composite formal may be
associated with more than one actual, or with a scalar subelement thereof.

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 regerved-wordper

Certaip restrictions apply to the actual associated with a formal port in a gQrt m&p aspect; these restrictions

are dgscribed in 1.1.1.2.
A formal that is not associated with an actual is said to hmassocia

NOTE+A generic map aspect appearing immediately within a bi
generi¢ with an actual. These formals may be left unbound sg
configyration declaration may subsequently bind them.

hte every formal
guration within a

Example:

entity Bufis
generic (Buf_Delay: TIME := 0 as);

port (Input_pin:in Bit; Output pinx&Bit);

end Buf;

architecture Data
begin

-- A binding indication; generic and port map aspects within a binding indication
-- associate actuals (Comp_lI, etc.) with formals of the design entity interface
-- (Input_pin, etc.):
for UUT: Buf
useentity Work.Buf(DataFlow)
genericmap (Buf_Delay => Comp_Buf_Delay)
port map (Input_pin => Comp_lI, Output_pin=> Comp_O);

signal S1,S2: Bit;
begin
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-- A component instantiation statement; generic and port map aspects within a
-- component instantiation statement associate actuals (S1, etc.) with the
-- formals of a component (Comp_1, etc.):
UUT: Buf
generic magdComp_Buf_Delay => 50 ns)
port map(Comp_| => S1, Comp_O => S2);

-- A block statement; generic and port map aspects within the block header of a block
-- statement associate actuals (4, etc.) with the formals defined in the block header:
B: block

generic(G: INTEGER);

genericmap(G => 4);
begin

end Structure;

—A local generic (from a component declaration) or formal generic (fro
tion of the enclosing design entity) may appear as an actual in a gene
component declaration) or formal port (from a block statement o
entity) may appear as an actual in a port map aspect.

Default binding indication

entity_entity™yg

a1 1
CIIUUIOCK,

from the entity
i ﬁarly, a local port
of the enclosing

plicit binding
default generic

ponent, then the
component and

component and
3) component

uses the default

e (architecture identifier )

where the entity name is the simple name of the instantiated component, and the architecture identifier is
the same as the simple name of the most recently analyzed architecture body associated with the entity
declaration. If this rule is applied, either to a binding indication contained within a configuration
specification or to a component configuration that does not contain an explicit inner block configuration,
then the architecture identifier is determined during elaboration of the design hierarchy containing the
binding indication. Likewise, if a component instantiation statement contains an instantiated unit
containing the reserved woethtity, but does not contain an explicitly specified architecture identifier, this

rule is applied during the elaboration of the design hierarchy containing 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 interface 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
corresponding component instantiation (if any) with a formal of the same simple name. It is an error if
such a formal does not exist, or if its mode and type are not appropriate for such an association. Any
remaining unassociated formals are associated with the actual desap&ator

The default binding indication includes a default port map aspect if the design entity implied by the entity
aspect contains formal ports. The default port map aspect associates each local port in the corresponding
component instantiation (if any) with a formal of the same simple name. It is an error if such a formal does
not exist, or if its mode and type are not appropriate for such an association. Any remaining unassociated
formals are associated with the actual desigrgen.

If an explicit binding indication lacks a generic map aspect, and if the design entity implied by the entity
red—within that binding
design entity
stimed within that

aspect—containsformmatgenerics, thenthe defautt generic map—aspect s &S
indication. Similarly, if an explicit binding indication lacks a port map aspect, an
implied by the entity aspect contains formal ports, then the default port pfap aspect.i
bindinp indication.

5.3 Disconnection specification

A discpnnection specification defines the time delay to b€ of drivers of a

guardé¢d signal within a guarded signal assignment.

fisconnection_specification ::=
disconnectguarded_signal_sp

juarded_signal_specification ::=
signal_list =

signal na
| others

Each $i ame that denotes
a gua | or member of
such &

If the g as the type mark
indicafed_in the guarded s y element of an
explicitly de e type mark must be the same as the element subtype indicatign in the (explicit
or implicit)-arra declaration that declares the base type of the explicitly declared|signal. If the
guardgdssignal is aYecord element of an explicitly declared signal, then the type mark mudt be the same as
the type mark i initi i $ the type of the

explicitly declared signal. Each signal must be declared in the declarative part enclosing the disconnection
specification.

Subject to the aforementioned rules, a disconnection specificgijaies tothe drivers of a guarded signal
S, 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.
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For a composite signal S, an explicit or implicit disconnection specification of the form
disconnectS: Tafter time_expression;

is equivalent to a series of implicit disconnection specifications, one for each scalar subelement

of the signal S. Each disconnection specification in the series is created as follows: it has, as its
single signal name in its signal list, a unique scalar subelement of S. Its type mark is the same as
the type of the same scalar subelement of S. Its time expression is the same as that of the
original disconnection specification.

The characteristics of the disconnection specification must be such that each implicit
disconnection specification in the series is a legal disconnection specification.

pre than one
disconnection
Specification in
Blist, a unique
hark and time

COMNEITTS 1M

Hfthe—sigmattistmamexplicit orimpticit disconmection—spetificatio
signal name, the disconnection specification is equivalent tg
specifications, one for each signal name in the signal list. ]

the series is created as follows: it has, as its single signég
member of the signal list from the original disconnection

each implicit

replaced with a signal list cq
declared signals“teclared-ing t

ignals that are
the same as T,
to its drivers;
there are no

ers, then the

At the implicit

Al: T after time_expression;

is-equivatent to an implicit disconnection specification where the reservedalldsdrgplaced

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.

A disconnection specification with the signal tishers 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. No guarded signal of the
given type may be 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.
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Itis 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
default disconnection specification is implicitly assumed:

disconnectS : Tafter O ns;

A disconnection specification that applies to the drivers of a guarded signal S Bpplieable
disconnection specificaticior the signal S.

Thus the implicit disconnection delay for any guarded signal is always defined, either by an explicit
disconnection specification or by an implicit one.

NOTE$

1 Ad
sig
me

2 Sin

entity interface cannot be referenced by a disconnection spe

Cross

clause

Section 6;: Name

The ru

6.1 N

Name

—+ ~Subelements of compasite objects

sconnection specification, supplying either the reserved vathdss or all, ry
als in the current declarative part, in the event that none of the gu
bt all of the requirements of the disconnection specification.

Ce disconnection specifications are based on declarative paf

s, 0f name are described in this section.

guarded
t declarative part

brts declared in an

Suarded blocks,
1.

50 denote

— Subelements of composite values,

— Slices of composite objects,

— Slices of composite values, and

— Attributes of any named entity.
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name ::=
simple_name
| operator_symbol
| selected_name
| indexed_name
| slice_name
| attribute_name

prefix ::=
name
| function_call

Certain forms of name (indexed and selected names, sllces and attribute names) ipcifidehat is a

name
or an [attribute, either of the result of the function call, or (if the result is
designated by the result. Function calls are defined in 7.3.3.

If the fype of a prefix is an access type, then the prefix must not be a naxn
of mogleout or a subelement thereof.

A preflx is said to bappropriatefor a type in either of the follo

- The type of the prefix is the type considered

|
!
_|
>
)
—
<
©
D
o
=h
—
>
)
o
=
D
=h
X
n
Q
>
Q

The e
has a |prefix mcludes the evaluation of thé

element, a slice,

?ormal parameter

idered.

ipn of a name that

tion call. If the

type d [ prefix includes the determinatign of the object

desigrnjated by the correspdt
null agcess value.
ambiguous.

A nan

r’selected name (including those that are expan
all or an object or value of an access type and (i

of the prefix is a
) the name is

ded names) that
h the case of a

— : ~ indexed name whose prefix is a static name, and every expressgion that appears

ange is a static

Furthermore, a name is said to bleeally static naméf and only if one of the following conditions hold:

— The name is a simple name or selected name (including those that are expanded names) that is
not an alias and that does not denote a function call, or an object or a value of an access type and

(in the case of a selected name) whose prefix is a locally static name.

— The name is a simple name or selected name (including those that are expanded names) that is
an alias, and that the aliased name given in the corresponding alias declaration (see 4.3.3) is a
locally static name, and (in the case of a selected name) whose prefix is a locally static name.

— The name is an indexed name whose prefix is a locally static name, and every expression that

appears as part of the name is a locally static expression.
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— The name is a slice name whose prefix is a locally static name and whose discrete range is a
locally static discrete range.

A static sighal namés a static name that denotes a signal. |®hgest static prefiof a signal name is the

name itself, if the name is a static signal name; otherwise, it is the longest prefix of the name that is a static
signal name. Similarly, a static variable naise static name that denotes a variable, and the longest static
prefix of a variable name is the name itself, if the name is a static variable name; otherwise, it is the longest
prefix of the name that is a static variable name.

Examples:
S(C,2) -- A static name: C is a static constant.
R(J to 16) -- A nonstatic name: J is a signal.
=Ris thefongeststatic prefix of RI-167-
T(n) -- A static name; n is a generic constant.
T(2) -- A locally static name.

6.2 Simple names

A simple name for a named entity is either the identifig i the entity by its|declaration, or
another identifier associated with the entity by an alias dectaratiog\"n icular, the simpgle name for an
entity nterface, a configuration, a package, a prog ion is the identifier thal appears in the
corregponding entity declaration, configdration de 3 eclaration, procedurg declaration, or

functign declaration, respectively. The re is that defined by the identifier of
the arc¢hitecture body.
simple_name ::= identifier

The eyaluation of a simple™x ar'to determine the named entity denofed by the name.

6.3 §

A selg the declaration of

|, operator”symbol

Lall
1

A selected name may be used to denote an element of a record, an object designated by an access value, or
a named entity whose declaration is contained within another named entity, particularly within a library or

a package. Furthermore, a selected name may be used to denote all named entities whose declarations are
contained within a library or a package.

For a selected name that is used to denote a record element, the suffix must be a simple nhame denoting an
element of a record object or value. The prefix must be appropriate for the type of this object or value.

For a selected name that is used to denote the object designated by an access value, the suffix must be the
reserved woréll. The prefix must belong to an access type.
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The remaining forms of selected names are calgzhnded namesThe prefix of an expanded name may

not be

a function call.

An expanded name denotes a primary unit contained in a design library if the prefix denotes the library and
the suffix is the simple name of a primary unit whose declaration is contained in that library. An expanded
name denotes all primary units contained in a library if the prefix denotes the library, and the suffix is the
reserved worall. An expanded name is not allowed for a secondary unit, particularly for an architecture

body.

An expanded name denotes a named entity declared in a package if the prefix denotes the package and the
suffix is the simple name, character literal, or operator symbol of a named entity whose declaration occurs
immediately within that package. An expanded name denotes all named entities declared in a package if
the prefix denotes the package and the suffix is the reservedaikord

statenjent, generate statement, or |00p statement, th

immeqd
name)

Exam

iately preceding paragraph. In this case,
In particular, no interpretations gfthe prefix
les:

- Given the following declarations

fype INSTR_TYPEis
record

OPCO
end r;
signal INSTR

- <Fhé name "PTRII" is the name of the object designated by PTR.

uct if the prefix
garacter literal, or
tfuct. This form
of a selected

| are those of the
as an expanded

-- Given the following library clause:

library TTL, CMOS;

-- The name "TTL.SN74LS221" is the name of a design unit contained in a library

-- and the name "CMO@&I" denotes all design units contained in a library.
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-- Given the following declaration and use clause:

library MKS;
use MKS.MEASUREMENTS, STD.STANDARD;

The name "MEASUREMENTS.VOLTAGE" denotes a hamed entity declared in a
-- package and the name "STANDARID' denotes all named entities declared in a
-- package.

Given the following process label and declarative part:

P: process
variable DATA: INTEGER;
begin

- Within process P, the name "P.DATA" denotes a named entity declared\in process|P.

end process
NOTE$
1 Thg object denoted by an access value is accessed diff ether the ¢ntire object, or a

subelement of the object is desired. If the entire object is desi S mMe whose prefix [denotes the access
valye and whose suffix is the reserved waillis use i5 CaSe, the actess value is not [automatically
i e the dbject denoted by an agcess value.

dergferenced, since it is necessary to disti
Re whose prefix denotes the access value is again used;
Ris case, the access value is automat|cally dereferenced.

If a| subelement of the object is desired,™a
however, the suffix in this case denotes the

Thgse two cases are show

ype rec;
ype recptri@e S
ype recis

record

ist2,:=ist1; -- Access values are copied;
--_listl and list2 now denote the same object.
list2 := listl.\next\; -- list2 denotes the same object as list1.\next\.
-- listl.\next\ is the same as listl.all.\next\.
-- An implicit dereference of the access value occurs before the
-- “\next\” field is selected.

recobj := list2all; -- An explicit dereference is needed here.

2 Overload resolution may be used to disambiguate selected names. See rules a) and c) of clause 10.5.

3 If, according to the rules of this clause and of clause 10.5, there is not exactly one interpretation of a selected name
that satisfies these rules, then the selected name is ambiguous.
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6.4 Indexed names
An indexed name denotes an element of an array.
indexed_name ::= prefix ( expression {, expression })

The prefix of an indexed name must be appropriate for an array type. The expressions specify the index
values for the element; there must be one such expression for each index position of the array, and each
expression must be of the type of the corresponding index. For the evaluation of an indexed name, the
prefix and the expressions are evaluated. It is an error if an index value does not belong to the range of the
corresponding index range of the array.

Examples:
REGISTER_ARRAY(5) -- An element of a one-dimensio
MEMORY_CELL(1024,7) -- An element of a two-dimensj@

NOTE+If a name (including one used as a prefix) has an interpretation bo as a function call,
then thie innermost complete context is used to disambiguate the name. i is rge, there is not exactly
one interpretation of the name, then the name is ambiguous. See cl

6.5 S

A slicg bments of another
one-d ce of a constant
is a cd

The pfefix of a slice musibe pe of this array

type ig the type of the glice.
The bpunds of jHe di dex of the array.
The slice is anu i the discrete

range e name.
For th slice, the prefix and the discrete range are evaluatedl. It is an error if
either C gte range does not belong to the index range of the prefix|ng array, unless
the slice iGe\. (The bolnds of a null slice need not belong to the subtype of the index.)

Exam

signal : BIT_VECTOR (0o 31) ;
constant  DATA: BIT VECTOR (31downto 0) ;

R15(0to 7) -- A slice with an ascending range.
DATA(24 downto 1) -- A slice with a descending range.
DATA(1 downto 24) -- A null slice.

DATA(24 to 25) -- An error.

NOTE—If A is a one-dimensional array of objects, the name t&(N) or A(N downto N) is a slice that contains one
element; its type is the base type of A. On the other hand, A(N) is an element of the array A, and has the
corresponding element type.
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An attribute name denotes a value, function, type, range, signal, or constant associated with a named entity.

attribute_name ::=

prefix [ signature ] ' attribute_designator [ ( expression ) ]

attribute_designator ::attribute_simple_name

The applicable attribute designators depend on the prefix plus the signature, if any. The meaning of the
prefix of an attribute must be determinable independently of the attribute designator, and independently of
the fact that it is the prefix of an attribute.

A sig
an ali
profile

If the
depen

If the
name
'SIMP
alias
'PATH
of the

If the

of an ¢bject.

Exam

Ature may fottow the prefix if and onty if the prefix denotes a subprograr orenumers
s thereof. In this case, the signature is required to match (see 2.32) the paramet
of exactly one visible subprogram or enumeration literal, as is appropriate\tothe’ pref

| E_NAME, 'PATH_NAME, or 'INSTANCE_NAME.
and the attribute designator denotes 2
| NAME, or 'INSTANCE_NAME, :
aliased name.

httribute designator denotes a use

les:

REG'LEFT(1) eNeftmost index bound of array REG.
NPUT_P<> Yhe hierarchical path name of the port INPUT_PI
CLK'DEL - The signal CLK delayed by 5 ns.

tion literal, or
br and result type
X.

or may appear,
sent.

ute of the aliased
Hefined attributes
denotes an
MPLE_NAME,
alias and not

lement or a slice

Sectish7#Expresstons

The rules applicable to the different forms of expression, and to their evaluation, are given in this section.

7.1 Expressions

An expression is a formula that defines the computation of a value.
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Each
and n
the val

The ty
overlog
overlog

and re S 2 the following clause.

NOTE-
(wheth
nand

predefi

expression ::=
relation {and relation }
| relation {or relation }
| relation {xor relation }
| relation [nand relation ]
| relation [nor relation ]
| relation {xnor relation }

relation ::=
shift_expression [ relational_operator shift_expression ]

shift_expression ::=
simple_expression [ shift_operator simple_expression ]

simple_expression ;=
[ sign ] term { adding_operator term }

ferm ;=
factor { multiplying_operator factor }

factor ;.=

primary [ ** primary |
| abs primary
| not primary

primary ::=
name
| literal
| aggregate
| function_call
| qualified_expression

| type_conversid
| allocator
| ( expressio

)rimary
hmes denoting ok

ply names allowed as primaries are attributes
pthe case of hames denoting objects, the value

ands only upon the types of its operands and on the operatg
ot, the determination of the operand type, or the ident

pr Qredefined or user-defined), since the corresponding predefined operations are associative

that yield values
of the primary is

rs applied; for an
fication of the
rator, the operand

perators
For the operators

dnor (whether predefined or user-defined). however, such a sequence is not allowed. since

he corresponding

ned 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 a class of
operators, all of which have the same precedence level; the classes of operators are listed in order of
increasing precedence.

logical_operator n= and | or | nand | nor | xor | xnor
relational_operator = = | /= | < | <= | > | >=
shift_operator a= sl | srl | sla | sra | rol | ror
adding_operator u= + | - | &

sign = + | —

Multiplying_operator = *

Miscellaneous_operator n= *x

Operators of higher precedence are associated with their operand fQre pwer precedence.
Wherg the language allows a sequence of operators i pdence level are
assoclated with their operands in textual order, from | ight: ¢ perator is fixed
and miay not be changed by the user, but parenthese iatign of operators and

operands.

In general, operands in an expression a 8 heforenheing associated with operagtors. For certain
operafions, however, the right-hand opefand is ey i d has a certain

value.| These operations are ca%nbrt citcuit pperations. logical operations amd, nand, gndnor
3 N all’short-circuit operations; furthermpore, these are

defined for operands of type
the onlly short-circuit operati
Every|predefined operatoiMsa i see clause 2.1). No predefined operators haye named formal
parameters; thgrefo ; iatiom(s€e 4.3.2.2) may not be used when invoking a predefined
operafion.

NOTE
1 The clause 14.2.

but is otherwise

7.2.1 |Logical operators

The logical operatorand, or, nand, nor, xor, xnor, andnot are defined for predefined types BIT and
BOOLEAN. They are also defined for any one-dimensional array type whose element type is BIT or
BOOLEAN. For the binary operatoasd, or, nand, nor, xor, andxnor, the operands must be of the same

base type. Moreover, for the binary operatarsl, or, nand, nor, xor, and xnor defined on one-
dimensional 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 operatarot 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 A andB 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 Anor B 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— F F—T
F F T F F T F F T
A not A
T F
F T
For the short-circuit operatiorsnd, or, nand, andnor on types-k \N,the right ¢perand is
evaluated only if the value of the left operand is not sufficient to e result of the|operation. For
operallongind and nand, the right operand is evaluat inly i of the left operand is T; for
operafionor and nor, the right operand is evaluate( if thie @ue okthe left operand is F.
NOTE+-AIl of the binary logical operators b 8 operators with the lowest precedgnce. The unary

logical joperatonot belongs to the class of opera

7.2.2 |Relational operator

Relatipnal operators i ity,Nnequality, and ordering of operands. The operands of each
relational operatgr must be okthe sane type.\The result type of each relational operator (s the predefined
type BOOLEA@

Ope}agx\\ Opéré\ig\n/ Operand type Result type
= \\ Equality Any type BOOLEAN

ﬁ \\ ykequality Any type BOOLEAN

Ordering Any scalar type grBOOLEAN
discrete array

type

Q

The equality and inequality operators (= and /=) are defined for all types other than file types. The equality
operator returns the value TRUE if the two operands are equal, and returns the value FALSE otherwise.
The inequality operator returns the value FALSE if the two operands are equal, and returns the value TRUE
otherwise.

Two scalar values of the same type are equal if and only if the values are the same. Two composite values
of the same type are equal if and only if for each element of the left operand theratehengelementof

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.
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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
immediately to their right are also defined to match. For two multi-dimensional array values, matching
elements are those whose indices match in successive positions.

The ordering operators are defined for any scalar type and for any discrete array tiperet&array is a

one-dimensional array whose elements are of a discrete type.

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

Each operator returns TRUE if the

For scalar types, ordering is defined in terms of the relative values. For discrete array types, the relation <
(less than) is defined so that the left operand is less than the right operand if and only if

null

ull
o

arenr athanmaic
tHEH

a arravy and tha riaht A
cHoraHey et eHg o

of the leftmost element and can be null).

The rglation <= (less than or equal) for discrete array type
resultg of the < and = operators for the same two Gpetan
than dr equal) are defined to be the complemen

operands.

7.2.3 |Shift operators

The shift operatorsll, srl,
elemept type is either pkthe predefi

noann
TTOTITT

The leftmost element of the left operand is equal to\that ofNige, Nght
operand is less than that of the right (the tail cghsists\of

7

e remaiping eleme

< operators respectively

Ty

Opera% Opgratio Leftoperand Right operand | Result
e type type
N AN
sli ift le y one-dimensional INTEGER Same as
logic array type whose element left
<\\ type is BIT or BOOLEAN
sr\\ Shift Nght Any one-dimensional INTEGER Same as
log array type whose element left
type is BIT or BOOLEAN
sla Shift left Any one-dimensional INTEGER Same as
al ithlllct;b allay tyIJC \IVhUDC C:CIIICI It :Cft
type is BIT or BOOLEAN
sra Shift right Any one-dimensional INTEGER Same as
arithmetic array type whose element left
type is BIT or BOOLEAN
rol Rotate left Any one-dimensional INTEGER Same as
logical array type whose element left
type is BIT or BOOLEAN
ror Rotate right Any one-dimensional INTEGER Same as
logical array type whose element left
type is BIT or BOOLEAN

tail of the left
nts to the right

sjunction of the
and >= (greater
or the same two

ype whose
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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 section, 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 R
is 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 expressidr-R.

on replaces L
4 the leftmost
element type
esult. If Ris

R index positions. That
a basic spift operation

s the rightmost
. If R is positive, this

If R is negative, then the return

—+ Thesra operator returns a valy€ is\ tically shifted right by R index pqsitions. That
is,if RisOorifLisa nuII 8 Y pe is L. Otherwise, a basic shift operation
replaces L with 2 of axgorfcatenation whose right argument is the leftmost
(L'LENGTH - ¢ 3 8 Jeft argument is L(L'LEFT). If R is positive, this
imes fo form the result. If R is negative, then the return

—+ { lueMhat is L rotated left by R index positions. That is, if R is O or if

y, R de is L. Otherwise, a basic rotate operation repjaces L with a
ncatenation whose left argument is the rightmost (JLENGTH — 1)
e’right argument is L(L'LEFT). If R is positive, this|basic rotate
times to form the result. If R is negative, then the return value is the

— eratof returns a value that is L rotated right by R index positions. Thatlis, if R is 0 or

a nulbarray, the return value is L. Otherwise, a basic rotate operation replaces L with a
value thatis the result of a concatenation whose right argument is the leftmost (LLENGTH — 1)
elements of L and whose left argument is L(L'RIGHT). If R is positive, this|basic rotate
operation is repeated R times to form the result. If R is negative, then the return value is the
value of the expressionrol —

NOTES
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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The adding operators + and — are predefined for any numeric type, and have their conventional
The concatenation operator & is predefined for any one-dimensional array type.

mathematical meaning.

Operator Operation Left operand Right operand | Result
type type type

+ Addition Any numeric Same type Same type
type

- Subtraction Any numeric | Same type Same type
type

& Concatenation Any array Same array. Sa
type type type
Any array The element ame arrqy
type type < \X
The element | Any arr %S(W
type t €
yp yp?\ s p
The element meny, {Any grray
type tg%e Bpe

bncatenation is a
of its operands,
rder) followed

b result is the

e the direction

right operand.
S be the index
itenation is the

operand is the
bncatenation is
ay having this

c ibottroperarmdsare of the same type, and- it isthe efement type of someone-di
type, the type of the result must be known from the context, and is this one-dimensional array

type. In this case, each operand is treated as the one element of an implicit array, and the result
of the concatenation is determined as in case a).

nensional array

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.
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Examples:

subtypeBYTE is BIT_VECTOR (7downto 0);
type MEMORY is array (Naturalrange <>) of BYTE;

-- 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)]:

constantC1: BIT_VECTOR := ZERO & ZERO;

- The following concatenation accepts two BIT_VECTORSs agrithretyrns\aMEMQR

.- [case ¢)]:
constantC2: MEMORY := ZERO & ZERO;

- The following concatenation accepts a BIT_VF
.- MEMORY [case b)]:

Y, returning a

constantC3: MEMORY := ZERCK&

L- The following concatenation acge
.- MEMORY [case b)]:

X@and a BIT_VECTOR, returning a

- The following

constant @

FMORYs and returns a MEMORY [casq a)]:

constantK1:- S1

= pthers=>'0):

constantkK2: T1 := K1(1to 3) & K1(3to 4); -- K2'Left = 0Oand K2'Right = 4
constantK3: T1 := K1(5to 7) & K1(1to 2); -- K3'Left = 0Oand K3'Right = 4
constantkK4: T1 := K1(2to 1) & K1(1to 2); -- K4'Left = 0Oand 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
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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 isambitd therefore an error if,
using the overload resolution rules of clauses 2.3 and 10.5, the type of the result is not uniquely determined.

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 r
opera

NOTE-
follow
does n

HoweV

7.2.6

The @
conve
each ¢

hd and the result have the same type.

Operator Operation Operand type
+ Identity Any numeric type %@\tﬂ\e >
- Negation Any numeric ty@ ety

A/+B
B

A/ (+B)
A**(_B)

Multlplyl

Q

perators *

fthege’\ape\ {

1t|onal mathe a' al

essions, a signe
. For example, t

y operators, the

] operand must not
he syntax

type. For

\ eratlon Left operand Right operand | Result
type type type
Multlplication Any integer Same type Same type
type
Any floating Same type Same type
point type
/ Division Any integer Same type Same type
type
Any floating Same type Same type
point type
mod Modulus Any integer Same type Same type
type
rem Remainder Any integer Same type Same type
type
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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)

The result of the modulus operation is such thatn@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 + (A mod B)

In addition to the above table, the operators * and / are predefined for any?s%sical type.

N

Operator Operation Left operand Right opera sul
type type s N
* Multiplication | Any physical | INTEG aie as_/
type left

Any physical ARE W N\same€ as
type (7 I
INTEGER \ \ y@ysic Same as
type right
EAD AnyphySical | Same as
e right
NN :
/ Diyision An@fica NKTEGER Same as
\I)Qe left
Aty physical

i REAL Same as
\;@e left

nV/physicaI The same type | Universal
pe integer

[~

AKX

ue\P of& physical type, DBy a value | of type INTEGER is equivalent to the

N

Multipli
follow

Multipication of a value P of a physical type By a value F of type REAL is equivalent to the following
computation: '

Tp'VaI( INTEGER( REAL( 'IEJ'POS(P) )*F))

Division of a value P of a physical typg, By a value | of type INTEGER is equivalent to the following
computation:

Tp'VaI( Tp'Pos(P) /1)
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Division of a value P of a physical type, By a value F of type REAL is equivalent to the following
computation:

T, Val( INTEGER( REAL( T,Pos(P) ) / F))

Division of a value P of a physical type, by a value P2 of the same physical type is equivalent to the
following computation:

ToPos(P) / TPos(P2)

Examples:
5rem 3 = 2
5 _ mod 3 = 2
—-5)rem 3 = -2
-5)mod 3 = 1
-5) rem (-3) = -2
-5) mod (-3) = -2
5 rem (-3) = 2
5 mod (-3) = -1

NOTE{Because of the precedence rules (see clause 7 §s interpreted as “—(Bem|2)” and

not as [“(-5yem 2.

7.2.7 Miscellaneous operators

hary operat@absis p@wm\em n typ

Omoﬁ\ |__Operand type
<A SOIW Any numeric type

The u

Result type

Operator

Same numeric typ

D

Thee is efined for each integer type and for each floating pgint type. In
either , called the exponent, is of the predefined type INTEGER.
\yperation Left operand Right operand | Result
type type type
**\_/ |Exponentiation | Any integer | INTEGER Same as
type left
Any floating INTEGER Same as
point type left

Exponentiation with an integer exponent is equivalent to repeated multiplication of the left operand by

itself for a number of times indicated by the absolute value of the exponent, and from left to right; if the

exponent is negative, then the result is the reciprocal of that obtained with the absolute value of the
exponent. Exponentiation with a negative exponent is only allowed for a left operand of a floating point

type. Exponentiation by a zero exponent results in the value one. Exponentiation of a value of a floating
point type is approximate.
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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
clause 6.1; the other kinds of operands are defined in the following subclauses.

7.3.1 Literals

A literal is either a numeric literal, an enumeration literal, a string literal, a bit string literal, or the literal
null.

fterat =
numeric_literal
| enumeration_literal

| string_literal
| bit_string_literal
[ null

humeric_literal ::=
abstract_literal
| physical_literal

well as
fined in 3.1.3.

Numetric literals include literals of the
literalg of physical types. Abstract litera

Enumeg aracter literals.
Enume

String The type of a
string iteral appears,
excludi he-type of the literal must be a one-dimengional array of a
chara d bit string literals is defined in section 13.

For a - NEVE gither a string or bit-string literal, the direction an¢l bounds of the
array 1€ cordingyto the rules for positional array aggregates, where¢ the number of
elemepts i ggrega equal tothe length (see clauses 13.6 and 13.7) of the string dr bit string literal.
For a ed by either a string or bit-string literal, the direction and leftmost bound of
the ar If the direction is ascending, thén the rightmost
bounds the essor\(as given by the 'PRED attribute) of the leftmost bound; otherwise the rightmost
boundi Ces as’given by the 'SUCC attribute) of the leftmost bound.

The character lite corresponding to the graphic characters contained within a string literfal or a bit string

literal must’be visible at the place of the string literal.

The literalnull represents the null access value for any access type.

Evaluation of a literal yields the corresponding value.

Examples:
3.14159_26536 -- A literal of typaniversal_real.
5280 -- A literal of typauniversal_integer.
10.7 ns -- A literal of a physical type.
o"ar77" -- A bit-string literal.
"541.5281" -- 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 section 3) that combines one or more values into a
composite value of a record or array type.

aggregate ::=
(element_association { , element_association })

element_association ::=
[ choices =>] expression

choices ::= choice {| choice }

choice ==
simple_expression
| discrete_range
| elementsimple_name

| others
Each glement association associates an expression with elem Ty N bment association
is said to baenamedif the elements are specified explicitly by choices; R [ i hiconal
For a|positional association, each element is implicitly speci ROSItioR_inthe textual order of the

elemepts in the corresponding type declaration.

Both 1 : G itjonal associations
appeayring first (in textual order) and a - ssogiati Al i , except that no
assoclations may follow asthers association): ociation must
always [ f d expressions.
An elgment association with a choice that is\an glemept'si i [ pcord aggregate.

An elgment association ly allowed in an
array pggregate: a si efement at the corresponding index jalue, whereas a
discrefe range specifies\the a C index values in the range. The discfete range has no

signifitance othepthanto es implied by the discrete range. In particular, the direction
speciffed or im no significance. An element assouann with the choice
otherdis aIIowed et

this si i i

pars last and has

Each pnly once in the
aggre

The ty G ust be determinable solely from the context in which the aggregate appears,
excludi S composite type.

The ty

7.3.2.1 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 choiaghersis 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 theatheisgis 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, where n 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 an (n—1)-dimensional array or array aggregate, which is calbedjgregate A

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 choiteers, the rest (if any) of the element
associations of an array aggregate must be either all positional or all named. A named association of an
array aggregate is allowed to have a choice that is not locally static, or likewise a choice that is a null range,
sociatiom tigs a single choice.

only ifftteaggregateinctudes asingleetement association, and-thiseferment
An otHers choice is locally static if the applicable index constraint is locally s

The syibtype of an array aggregate that hastlaers choice must be deter:

}text. That
is, an prray aggregate with athers choice may only appear as followss

d) As an actual associated with a formal parametg eri d to be of a

) As the default expression defining the d d to be of a

constrained array subtype
Sult type is a

d object, and the
ared object)

e that object is
bn, where the
ing the value of an attribute in an attribute specificatign, where that

be of a constrained array subtype

f a qualified expression whose type mark denotes a constrained|array subtype

The bounds of an array that does not havethers choice are determined as follows. |If the aggregate
appears in one of the contexts in the preceding list, then the direction of the index subtype of the aggregate
is that of the corresponding constrained array subtype; otherwise, the direction of the index subtype of the
aggregate is that of the index subtype of the base type of the aggregate. For an aggregate that has named
associations, the leftmost and rightmost bounds are determined by the direction of the index subtype of the
aggregate and the smallest and largest choices given. For a positional aggregate, the leftmost bound is
determined by the applicable index constraint if the aggregate appears in one of the contexts in the
preceding list; otherwise, the leftmost bound is given by S'LEFT where S is the index subtype of the base
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
evaluated 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 dimension n, a
check is made that all (n-1)-dimensional subaggregates have the same bounds. It is an error if any one of
these checks fails.

7.3.3 |Function calls

function to be
rameters of the
gsult type in the

A fungtion call invokes the execution of a function body. The call spec
invokgd, and specifies the actual parameters, if any, to be asso
functign. Execution of the function body results in a value of the
declargtion of the invoked function.

function_call ::=
function name [ ( actual_parameter_part) ]

hctual_parameter_part :jparamete

For eqch formal parameter of a function gponding actual
parameter. This actual parameter is spe (other than the
actuall partopen) in the association list,| or i ; S iati t, by a default
expresgsion (see 4.3.2).

Evaluation of a functigrn_calNincl g At i ified in the call
and eyaluation of the ~ i i that do not have
actuallparamet he subtype of the
assoclated for ,|then the formal
param using the actual
param andhdefaylt expression values as the values of the corresponding formal parameters.

NOTEH

then the | ‘ \ i i i . If, after applying this rule, there is not exactly
one intg N O

7.3.4

A gqualified expression is a basic operation (See the Introduction 10 section 3) that 1S used 1o explicitly state
the type, and possibly the subtype, of an operand that is an expression or an aggregate.

gualified_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 the titélralan 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 the type mark denotes a subtype, conversion consists of conversion to the target type followed by a check

h |y £ o + el + +lao Jak:
t at t reSUnt uTrarc LOTNVETSIUTT UTTUTNTY S TU TITT SUUTy JT.

Explic|t type conversions are allowed between closely related.tyipegartic i ly related
to itse|f. Other types are closely related only under the following conditions

other abstract

pstract numeric
he operand is
int type. The
er; if the value

a) Abstract Numeric TypesAny abstract numeric type is
numeric type. In an explicit type conversion where th

ollowing rules

d is not a null
converting the
the type mark
osed by the type
hing element of

No oth

In the |case-of converSions between numeric types, it is an error if the result of the conversign fails to satisfy

a consgtraint imposed by the type mark.

In the case of conversions between array types, a check is made that any constraint on the element subtype
is the same for the operand array type as for the target array type. If the type mark denotes an
unconstrained array type, then, for each index position, a check is made that the bounds of the result belong
to the corresponding index subtype of the target type. If the type mark denotes a constrained array subtype,
a check is made that for each element of the operand there is a matching element of the target subtype, and
vice versa. Itis 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 typwersal_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
operand is called aonvertible universal operand. An implicit conversion of a convertible universal
operand is applied if and only if the innermost complete context determines a unique (numeric) target type
for the 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 e toro € ates-ar-objectane-yi -aee ye

hllocator ::=
new subtype_indication
| new qualified_expression

The type of the object created by an allocator is the base type~af the type
indicafion or the qualified expression. For an allocator with
created object is the same as the default initial value fg
subtype. For an allocator with a qualified expression, thi
object

The type of the access value returnee efminable solely from

Nark given'in e
T, dication, the initial value of the

using the fact that the value returned is ofan agce K i ¢ named designated typ

subtype indication must githexdénote™a &0 J
subtype indication thatNs pax of an allocatefrust not include a resolution function.

The oply allowed form of constraint in the spbtype oy of an allocator is an index co
allocator includes a subtype_ indication .W y f'the object created is an array
nstra

If the ftype of t reat jectNs aR ay type, then the created object is always con

allocator includ

includ i %€ created object is constrained by the bounds of the init

: performed. The new object is then created, and the object is
initial ess value that designates the created object is returned.
In the|absence of
evalugtien”/of an allocator remains allocated for as long as this object, or one of its

ator, the elaboration of the subtype indication or the ev

i

explicit deallocation, an implementation must guarantee that any objec

q

the object.

ther the subtype

the designated
e of the created

the context, but

a)

nstraint. If an
type, then the
constraint. A

strained. If the
If the allocator

al value defined

d by the subtype

hluation of the
hen assigned its

| created by the

ubelements, 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 => 55, \Next\ => Stack)
new BIT_VECTOR'("00110110") -
new STRING (1to 10)
newSTRING

Initial value is specified.
Initial value is specified.
Constrained by initial value.

lllegal: must be constrained

7.4 Static expressions

Takes on default initial value.

Constrained by index constraint.

Certain expressions are said tostatic Similarly, certain discrete ranges are said to be static, and the type

marksrof-certain-subtypes-are-said-to-denote-static-subtypes
HeeRaH-SHBtY P afe-Saat0-aeRote-StatHc-SUHRYPe s

There|are two categories of static expression. Certain forms of expre
analygis of the design unit in which they appear; such an expression
forms |of expression can be evaluated as soon as the design hiers
such gn expression is said togebally static

7.4.1 |Locally static primaries
An expression is said to be locally static if and

implicitly defined operator whose opera
locally static primary where a locally st&tic pri

a

o

Liated during the

ertain

Kar is elaborated;

ibn denotes an

expression is a

A constant (otherthan a defrretan explicitly declared by a constant geclaration and
initialized with icexpressien

prima

A functiog g me denotes an implicitly defined operator, and

a . 'LAST_VALUE, 'DRIVING, and 'DRIVING_
whose prefix is either a locally static subtype or is an object that is of a locally

9)
h)

)

and whose actual parameter (if any) is a locally static expression

A user-defined attribute whose value is defined by a locally static expression
A qualified expression whose operand is a locally static expression

A type conversion whose expression is a locally static expression

A locally static expression enclosed in parentheses

a locally static

whose actual

i NAME, and

NT, 'ACTIVE,
VALUE,
Static subtype,
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A locally static range is either a range of the second form (see clause 3.1) whose bounds are locally static
expressions, or a range of the first form whose prefix denotes either a locally static subtype, or an object
that is of a locally static subtype. A locally static range constraint is a range constraint whose range is

locally static. A locally static scalar subtype is either a scalar base type, or a scalar subtype formed by
imposing on a locally static subtype a locally static range constraint. A locally static discrete range is either

a locally static subtype, or a locally static range.

A locally static index constraint is an index constraint for which each index subtype of the corresponding
array type is locally static, and in which each discrete range is locally static. A locally static array subtype
is a constrained array subtype formed by imposing on an unconstrained array type a locally static index
constraint. A locally static record subtype is a record type whose fields are all of locally static subtypes. A
locally static access subtype is a subtype denoting an access type. A locally static file subtype is a subtype
denoting a file type.

A locdlly static subtype is either a locally static scalar subtype, a locally statjearray suktype} a locally static
record subtype, a locally static access subtype, or a locally static file sub

7.4.2 (Globally static primaries

An expression is said to be globally static if and only if every opera ‘.\Y‘ e expression |[denotes a pure
functign and every primary in the expression gabally stati globkally static grimary is

a primary that, if it denotes an object or a function, dog¢ pically elaborated named entity
(see clause 12.5) and is one of the following:
a) Aliteral of type TIME

b) A locally static primary

A generic constg

globally static

h) \VA record aggregate, if and only if all expressions in its element associations arg globally static
expressions

i) A function call whose function name denotes a pure function and whose actual parameters are
each globally static expressions

i) A predefined attribute that is a value and whose prefix is either a globally static subtype, or an
object or function call that is of a globally static subtype

k) A predefined attribute that is a function, other than the predefined attributes 'EVENT, 'ACTIVE,
'LAST_EVENT, 'LAST_ACTIVE, 'LAST VALUE, 'DRIVING, and 'DRIVING VALUE,
whose prefix is either a globally static subtype, or an object or function call that is of a globally
static subtype, and whose actual parameter (if any) is a globally static expression
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I) A user-defined attribute whose value is defined by a globally static expression
m) A qualified expression whose operand is a globally static expression
n) A type conversion whose expression is a globally static expression

0) An allocator of the first form (see 7.3.6), whose subtype indication denotes a globally static
subtype

p) An allocator of the second form, whose qualified expression is a globally static expression

q) A globally static expression enclosed in parentheses

r Asubefementorastice of & gluuany static plllucuy, pluwueu that Iy dex e pressions are
globally static expressions, and any discrete ranges used in e names~arg globally static
discrete ranges

A glob
exprey
that is
global
impos
either

re globally static
pe, or an object
whose range is
ptype formed by
screte range is

A glob corresponding
array i ic, i \ \ ) yidbally static. A globglly static array
subtype i i ' a globally static
index globally static
subtyp obally static file
subtyp

A gloh
static

type, a globally

NOTES

br a globally static
hstraint, or an array

function. The
lle expression is
b expressions be

stafjic expreSS|0ns

7.5 Universal expressions

A universal_expressiois either an expression that delivers a result of tygeersal_integeror one that
delivers a result of typeniversal_real
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The same operations are predefined for the type universal_integer as for any integer type. The same
operations are predefined for the type universal_real as for any floating point type. In addition, these
operations include the following multiplication and division operators:

Operator Operation Left operand Right operand | Result

type type type

* Multiplication Universal Universal Universal
real integer real
Universal Universal Universal
integer real real

/ Division Universal Universal Universal
real inrngnr real—-.

The agcuracy of the evaluation of a universal expression ofuypersal_realis Bd as the
accuracy of evaluation of expressions of the most precise predefined floati ! upported by the
implementation, apart fromniversal_reaitself.

For thp evaluation of an operation of a universal expression Wi . Iffthe result is of
type upiversal_integerthen the values of the operand G ie withi range of the
integef type with the widest range provided by the jmplems ' : gy sal_integeitself.

If the yesult is of typeauniversal_real the & \nd the result must lie within the

range|of the floating point type with the Wi , J y~the implementation, ¢xcluding type
univergal_realitself.

NOTE+-The predefined operators for the uni e de g in package STANDARD as shown|in clause 14.2.

ts

: '§ gtatements are described in this section. Sequential statements are used to
algarithms forthe\execution of a subprogram or process; they execute in the ordgr in which they

gtements 1=

{ssequential_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
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All sequential statements may be labeled. Such labels are implicitly declared at the beginning of the
declarative part of the innermost enclosing process statement or subprogram body.

8.1 Wait statement

The wait statement causes the suspension of a process statement or a procedure.

wait_statement ::=
[ label : Jwait [ sensitivity_clause ] [ condition_clause ] [ timeout_clause ] ;

sensitivity _clause ::=on sensitivity _list

sensitivity_list ::= signal name { ,signhal nhame }

condition_clause ::=until condition

condition ::= boolean expression

limeout_clause ::=for time_expression

The sensitivity clause defines teensitivity sebf the wait state als to which

the wait statement is sensitive. Each signal name in the sensitiyity tis hal as a member
of the|sensitivity set. Each signal name in the sensitivigy li tic si and each name
must ¢lenote a signal for which reading is permitted. i sensitivity set is

constructed according to the following (recursive) rute:

The sgnsitivity set is initially empty.
primaty is as follows:

clause, if the

—+ A simple name that denotes a
set

D the sensitivity

—+ A selected the name to the

of the name to

prefix denotes a signal, add the longest static prefix of fhe name to the
y this rule to all expressions in the indexed name

ose prefix denotes a signal, add the longest static prefix of the name to the
thahd apply this rule to any expressions appearing in the discrete rgnge of the slice

—+ "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
— An actual designator @fpenin a parameter association, do not add to the sensitivity set

— A qualified expression, apply this rule to the expression or aggregate qualified by the type mark,
as appropriate
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— A parenthesized expression, apply this rule to the expression enclosed within the

— Otherwise, do not add to the sensitivity set

1997 (E)

A type conversion, apply this rule to the expression type converted by the type mark

parentheses

This rule is also used to construct the sensitivity sets of the wait statements in the equivalent process
statements for concurrent procedure call statements (clause 9.3), concurrent assertion statements
(clause 9.4), and concurrent signal assignment statements (clause 9.5).

If a sighal name that denotes a signal of a composite type appears in a sensitivity list, the effect is as if the

name

The ¢

conditlon clause appears, the condition claugd TRUE is assumed.

The ti

statenmpent. If no timeout clause appears, the timeout clausé
STD.STANDARD.NOW) is assumed. It is an error if the time exprk

aneg

The s
of the
value

process will re-suspend.

It is an error if a wait 3 y i nction subprogram or in a procedure that hg
a fungtion subam. i error if a wait statement appears in an
statenpent that ingludes & ' i5t, ONn a procedure that has a parent that is such a pr

Exam

of each scalar subelement of that signal appears in the list.

e 1 L ] T — o +1 =
DITUILUOIT ClaUst SPELNIes da CUTNUILUIT iat TTust e Thet 101 U1e Protess AU U

meout clause specifies the maximum amount of time the proce

tive value.

wait statement. )
of the condition is If the value of the condition i

ihvolve the recalculation of the timeq

ERrfange 1to 5;

- Thelfollowing two wait statements have the same meaning:

xecution. If no

ended, where the
5 the parent (see
ill resume, at the

the sensitivity set
aluated. If the

5 FALSE, the

ut interval.

s a parent that is
explicit process
pcess statement.

walt until F(S(s))and (S(1) or S(r));
wait on S(3), S, I, muntil F(S(3))and (S(I) or S(r));

NOTES

1 The wait statementait until Clk ='1"; has semantics identical to

because of the rules for the construction of the default sensitivity clause.

loop

wait on CIk;

exit when Clk ='1";
end loop;

True; has semantics identicalvt@it;.

These same rules invply dmat
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2 The conditions that cause a wait statement to resume execution of its enclosing process may no longer hold at the
time the process resumes execution if the enclosing process is a postponed process.

3 The rule for the construction of the default sensitivity set implies that if a function call appears in a condition
clause, and the called function is an impure function, then any signals that are accessed by the function, but that are
not passed through the association list of the call, are not added to the default sensitivity set for the condition by
virtue of the appearance of the function call in the condition.

8.2 Assertion statement

An assertion statement checks that a specified condition is true and reports an error if it is not.

assertion_statement ::= [ label : ] assertion :

Assertion =

assertcondition
[ report expression ]
[ severity expression ]

If the feport clause is present, it must include an expressioy’0 S S hat specifies a
messdge to be reported. If theverity clause is present, it m ‘ pression of predefined type
SEVERITY_LEVEL that specifies the severity level of thé assertion:

There
In the
for thg

by the assertion.
Hefault value
ertion. In the

absen ROR.
Evalugtion of an assertion_statement : 1aj specifying the
condit . When

an as ge expressions of the corresponding |Jassertion, if
presemt, are evaluated. e ring and severity level (or the corregponding default
values Qnstiyct an error message.

The e

The nane of the design unit (see clause 11.1) containing the assertion

8.3 Report statement
A report statement displays a message.

report_statement ::=
[ label : ]
report expression
[ severity expression ] ;
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The report statement expression must be of the predefined type STRING. The string value of this
expression is included in the message generated by the report statemensevetiig clause is present, it

must specify an expression of predefined type SEVERITY_LEVEL. The severity clause specifies a
severity level associated with the report. In the absencese¥eaxity clause for a given report, the default
value of the severity level is NOTE.

The evaluation of a report statement consists of the evaluation of the report expression and severity clause
expression, if present. The specified message string and severity level (or corresponding default, if the
severity level is not specified) are then used to construct a report message.

The report message consists of at least

a) An indication that this message is from a report statement

bl) The value of the severity level

c The value of the message string
d The name of the design unit containing the report statef
Example:

report "Entering process P"; port statement

-- with default severityy NOTE.

report "Setup or Hold violation; oytputs d
severity WARNING;

Another report statgment;
severity is specified

8.4 Signal assignment

A signjal assignment sta fieprojected output waveforms contained in the drivers of one or

more gignals (see 12.

anism | 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-hand side values to the drivers associated with a single (scalar or composite) signal.

If the target of the signal assignment statement is in the form of an aggregate, then the type of the aggregate
must be determinable from the context, excluding the aggregate itself, but including the fact that the type of

the aggregate must be a composite type. 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 aggregate.
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Furthermore, the expression in each element association of the aggregate must be a locally static name that
denotes a signal. This form of signal assignment assigns slices or subelements of the right-hand side values
to the drivers associated with the signal named as the corresponding slice or subelement of the aggregate.

If the target of a signal assignment statement is in the form of an aggregate, and if the expression in an
element association of that aggregate is a signal name that denotes a given signal, then the given signal and
each subelement thereof (if any) are said tddeatified by that element association as targets of the
assignment statement. It is an error if a given signal or any subelement thereof is identified as a target by
more than one element association in such an aggregate. Furthermore, it is an error if an element
association in such an aggregate containstlaers choice or a choice that is a discrete range.

The right-hand side of a signal assignment may optionally specify a delay mechanism. A delay mechanism
consisting of the reserved wotdansport specifies that the delay associated with the first waveform
elementistobe—To gedHtsansportdetay: ansport detay aracteristic g frargware devices (such

as trapsmission lines) that exhibit nearly infinite frequency response: any pulse is transilitted, no matter
how short its duration. If no delay mechanism is present, or if a delay pfechanismincluding the reserved
word ipertial is present, the delay is construed to be inedigly. InegtiaNdelay jis Chara 5eristic of
switching circuits: a pulse whose duration is shorter than the switching timenof the citetiit will not be
transnitted, or in the case that a pulse rejection limit is specified, & pulsewwhosg diatign is|shorter than that
limit wjll not be transmitted.

N

echanism| specifies
bn the time
Specified by the

Everylinertially delayed signal assignment hgsutse rejeefion i
inertia) delay, and if the reserved woreject followed Py a-ti
expression specifies the pulse rejection limit. In al

time ekpression associated with the firspvaveform

It is ah error if the pulse rejection limit ment is either
negative or greater than the time expresg
Itis a assignment
statenpent.

NOTES
See 9.5.1.

eNt statements.

Exam

-- Asdi

—Assignments with-putserejectiontimitess thamthetimeexpressiom:

Output_pin <=reject 5 nsinertial Input_pinafter 10 ns;
Output_pin <=reject 5 nsinertial Input_pinafter 10 ns,not Input_pinafter 20 ns;

-- Assignments using transport delay:

Output_pin <stransport Input_pinafter 10 ns;
Output_pin <=transport Input_pinafter 10 ns;not Input_pinafter 20 ns;

-- Their equivalent assignments:

Output_pin <=reject 0 nsinertial Input_pinafter 10 ns;
Output_pin <=reject 0 nsinertial Input_pinafter 10 ns,not Input_pinafter 10 ns;
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NOTEf a right-hand side value expression is either a numeric literal or an attribute that yields a result of type
universal_integeor universal_realthen an implicit type conversion is performed.
8.4.1 Updating a projected output waveform

The effect of execution of a signal assignment statement is defined in terms of its effect upon the projected
output waveforms (see 12.6.1) representing the current and future values of drivers of signals.

waveform_element ::=
value expression ffter time_expression ]
| null [ after time_expression ]

The fy i i agi i i i ; vy the evaluation
of wa i i i of waveform
element i [ [ [ i i ) e specified time.
The s¢ i i i i i is toge turned off, so
that it i ibuti jet. s 5 efBrm element is
called i [ i i ¢ comtaining a null
wavef Y igha

The b ¢
as deﬁned in package STANDARD. & eleme t is not presgnt, then an

implicit “after 0 ns” is assumed. It i i i e)y ‘ evaluates to a
negatiyve value.

e transaction is
lement. For the
by the value

e component is
broduced by the

waveform on its
bach waveform
Nsactions, where
ions aegvcalled

enting the current
ing a projected

All old transactions that are projected to occur at or after the time at which the earliest new
transaction Is projected to occur are deleted from the projected output waveform.

— The new transactions are then appended to the projected output waveform in the order of their
projected occurrence.

If the initial delay is inertial delay according to the definitions of clause 8.4, the projected output waveform
is further modified as follows:

a) All of the new transactions are marked;

b) An old transaction is marked if the time at which it is projected to occur is less than the time at
which the first new transaction is projected to occur minus the pulse rejection limit;
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For each remaining unmarked, old transaction, the old transaction is marked if it immediately

precedes a marked transaction, and its value component is the same as that of the marked
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c)
transaction;
d)
e)

output waveform.

The transaction that determines the current value of the driver is marked;

All unmarked transactions (all of which are old transactions) are deleted from the projected

For the purposes of marking transactions, any two successive null transactions in a projected output
waveform are considered to have the same value component.

The execution of a signal a55|gnment statement, whose target is of a composﬂe type proceeds in a similar

fashiorm, ons for each scalar
subele ment of the type of the target. Each such sequence consists of tranga tlons value portions are
deter é i e waveform, and

whos ion. Each such
sequence is then used to update the projected output waveform of the dgivex of\the g subelement of
the talget. This applies both to a target that is the name of a sig it 2, and to a target that
is in the form of an aggregate.

If agi | Statement, and if

a signpl assignment statement appears in that proceduyre, ‘ i i statement must be
a formal parameter of the given procedure, or of a pg ‘ , e of such formal
parameters. Similarly, if a given proceduse is desl Ve i i ntained within a
process statement, and if a signal is adsociatedwitiog i i Ibprogram

call within that procedure, then the signa i given procedure,

or of 4

NOTES

1 The

the|si

is d
the
tog

2 Ovd

eclared within t
signal as
ehter with a sighg

parent of that procedure.

in a procedure that
ocess; otherwise,
] to the procedure,

0 ns<tj<tjyy

Note that, if t = 0 ns, then the waveform editing is identical to that for transport-delayed assignment, artg if t
the waveform is identical to that for the statement

T <= g after t; {, g after t;} ;
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4 Consider the following signal assignment in some process:
S <=reject 15 nsinertial 12 after 20 ns, 1&fter 41 ns;

where S is a signal of some integer type. Assume that at the time this signal assignment is executed, the driver of S
in the process has the following contents (the first entry is the current driving value):

1 2 2 12 5 8

NOw +3ns | +12ns|] +13n$ +20ns +42ns

(The times given are relative to the current time.) The updating of the projected output wavefwedpras
follows:

a) | The driver is truncated at 20 ns. The driver now contains the following pengdiQg transactjons:

1 2 2 12

NOow +3ns | +12ns| +13ng

b) | The new waveforms are added to the driver. The drMe llowirfg pending tfansactions:
AN
1 2 2 fi\z\,) / 1 \m

h b
NOW | +3n \+3<< +13 ng~H\+#20Ms | 441 ns
¢) | All new transactions are marked, as well-as_tho transactions that occur at less than the time of the first
new waveform (20 ng) less the rejectio it~ (15.n The driver now contains the follpwing pending
transactions (marked transactio in boid type):

nSay
_—

2 12 12 18

Q NOW +3\S M +13ns| +20ns| +41ns

I\

d) | Eachre marked transagtion is marked if it immediately precedes a marked transacton, and it has the

e(marked transaction. The driver now contains the following pending transagtions:

NOW +3ns | +12ns| +13ns| +20ns| +41 ng

e) The transaction that determines the current value of the driver is marked.  and all unmarkedl transactions are
then deleted. The final driver contents are then as follows, after clearing the markings:

1 2 12 12 18

NOw +3 ns +13 ns| +20 ng +41 ns

5 No subtype check is performed on the value component of a new transaction when it is added to a driver. Instead, a
subtype check that the value component of a transaction belongs to the subtype of the signal driven by the driver is
made when the driver takes on that value. See 12.6.1.
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8.5 Variable assignment statement

A variable assignment statement replaces the current value of a variable with a new value specified by an
expression. The named variable and the right-hand side expression must be of the same type.

variable_assignment_statement ::=
[ label : ] target := expression ;

If the target of the variable assignment statement is a name, then the name must denote a variable, and the

base type of the expression on the right-hand side must be the same as the base type of th

e variable denoted

by that name. This form of variable assignment assigns the right-hand side value to a single (scalar or

composite) variable.

in an ¢ ;
Santifiothe given

statenpent.

The e
fashion,
each §
The V|
variab

An errp

The d
the ty

e of the expression if the target is a name that can be interpreted as the name of a v

the type of the
ing the fact that
ne right-hand side
in each element

is{form of variable

le named as the

Cally static name
variable of which
variable

gble is identified as @ target by more

e name and the
gs to the subtype
ment involves a

pf an assignment

peds in a similar
k is performed for
§ in the aggregate.

bw value of the

determination of
briable designated

by the[access value returned by a function call, and similarly, as an element or slice of such

a variable.

NOTE—If the right-hand side is either a numeric literal or an attribute that yields a result of type universal integer or

universal real, then an implicit type conversion is performed.

8.5.1 Array variable assignments

If the target of an assignment statement is a nhame denoting an array variable (including a

slice), the value

assigned to the target is implicitly converted to the subtype of the array variable; the result of this subtype

conversion becomes the new value of the array variable.
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This means that the new value of each element of the array variable is specified by the matching element
(see 7.2.2) in the corresponding array value obtained by evaluation of the expression. The subtype
conversion checks that for each element of the array variable there is a matching element in the array value,
and vice versa. An error occurs if this check fails.

NOTE—The implicit subtype conversion described for assignment to an array variable is performed only for the value
of the right-hand side expression as a whole; it is not performed for subelements or slices that are array values.

8.6 Procedure call statement

A procedure call invokes the execution of a procedure body.

d

racadira e
TOCTTUOUTC—CT™

The pfocedure name specifies the procedure body to be invoked,. The a >part, if present,
specifles the association of actual parameters with formal parameté

For egch formal parameter of a procedure, a procedure call
parameter. This actual parameter is specified either explici
actualppen) in the association list or, in the absence of
(see 4.3.2).

bsponding actual
(other than the
fault expression

Execution of a procedure call include cified in the call
and eyaluation of the default expressio dure that do not
have actual parameters associated with . ases, the resulting value must belgng to the subtype
of the|associated formal parameter. eter is of an unconstrained array type, then the
formal parameter takes onthe sub rieter.) The procedure body is ekecuted using the
actual s the values of the corresponding fprmal parameters.

8.7 If

Anif g i of none of the enclosed sequences of statements,|depending on the
value y ~

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 specified ifftend any conditions specified afadsif,

are evaluated in succession (treating a figlak as elsif TRUE then) until one condition evaluates to

TRUE, or all conditions are evaluated and yield FALSE. If one condition evaluates to TRUE, then the
corresponding sequence of statements is executed; otherwise, none of the sequences of statements is
executed.
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8.8 Case statement

A case statement selects for execution one of a number of alternative sequences of statements; the chosen
alternative is defined by the value of an expression.

case_statement ::=
[ case label : ]
caseexpressions
case_statement_alternative
{ case_statement_alternative }
end casq case label ];

case_statement_alternative ::=
when choices =>

sequence_of_statements

The expression must be of a discrete type, or of a one-dimensional arra Re whose glemgent base type is a
charagter type. This type must be determinable independently of the can hichjthe expression

occurg, but using the fact that the expression must be of a discrete‘type | character array
type. |Each choice in a case statement alternative must be of.th ession; the list of
choice i

If the type or an array
type, fhen each value of the subtype must be represénted ¢ of choices of the
case 9 bn is a qualified
expres expression is a
call to

If the 5t be one of the
following:

ose indexing

—+ An indexed\name ‘wf
expr 5

ete range is a

C subtype

In sug ach’ choice appearing in any of the case statement alternatives must e a locally static
expressionrwhose value is of the same length as that of the case expression. It is an erfor if the element
subtype of the one-dimensional character array type Is not a locally static subtype.

For other forms of expression, each value of the (base) type of the expression must be represented once and
only once in the set of choices, and no other value is allowed.

The simple expression and discrete ranges given as choices in a case statement must be locally static. A
choice defined by a discrete range stands for all values in the corresponding range. Thetlvbisice

only allowed for the last alternative and as its only choice; it stands for all values (possibly none) not given

in the choices of previous alternatives. An element simple name (see 7.3.2) is not allowed as a choice of a
case statement alternative.

If a label appears at the end of a case statement, it must repeat the case label.
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The execution of a case statement consists of the evaluation of the expression followed by the execution of
the chosen sequence of statements.

NOTES

1 The execution of a case statement chooses one and only one alternative, since the choices are exhaustive and
mutually exclusive. A qualified expression whose type mark denotes a locally static subtype can often be used as
the expression of a case statement to limit the number of choices that need be explicitly specified.

2 An others choice is required in a case statement if the type of the expression is theniygrsal_integer(for
example, if the expression is an integer literal), since this is the only way to cover all values of the type
universal_integer.

3 Overloading the operator “=" has no effect on the semantics of case statement execution.

8.9 Ljoop statement

A loof statement includes a sequence of statements that is to be execute or more times.
oop_statement ::=
[ loop_label : ]
[ iteration_schemelbop
sequence_of_statements
end loop[ loop_label ] ;

teration_scheme ::=
while condition
| for loop_parameter_specificatio

parameter_specification ::=
identifierin discre

If a laRel appears at the b loop statement.

Execution of a lgOp_sta
iteration schems_(sée_ b

statenpent.

ompletion of the
hent, or a return

A loop of statements.
For a ecution of the
seque ts is executed; if

FALSIE bmplete.

For a Joop statement withfar iteration scheme, the loop parameter specification is the declaration of the
loop pprametewith the given identifier. The loop parameter is an object whose type is the bpse type of the
discrete—range—\Within—the—segquence—of-statements—theloop—parameter—is—a—constant! Hence, a loop
parameter is not allowed as the target of an assignment statement. Similarly, the loop parameter must not
be given as an actual corresponding to a formal of matler inout in an association list.

For the execution of a loop withfar iteration scheme, the discrete range is first evaluated. If the discrete
range is a null range, the iteration scheme is said tmiplete and the execution of the loop statement is
therefore complete; otherwise, the sequence of statements is executed once for each value of the discrete
range (subject to the loop not being left as a consequence of the execution of a next statement, an exit
statement, or a return statement), after which the iteration scheme is sagbtogete Prior to each such

iteration, the corresponding value of the discrete range is assigned to the loop parameter. These values are
assigned in left-to-right order.

NOTE—A loop may be left as the result of the execution of a next statement if the loop is nested inside of an outer
loop, and the next statement has a loop label that denotes the outer loop.


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

61691-1 © IEC: 1997 (E) —121-

8.10 Next statement

A next statement is used to complete the execution of one of the iterations of an enclosing loop statement
(called “loop” in the following text). The completion is conditional if the statement includes a condition.

next_statement ::=
[ label : Inext [ loop_label ] [when condition ] ;

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

: — H PR Y ) ! ) (HH e ) H
the |0k P 1S T ateu 1 Ui valuc Ul Ui1e CUTTUTUUIT 1S TRUL U uiere 15 11U CUI

8.11 [Exit statement

An ex|t statement is used to complete the execution of an enclo
following text). The completion is conditional if the statement jr

bd “loop” in the

EXit_statement ;=
[ label : Jexit [ loop_label ] [when condition ] ;

An ex|t statement with a loop label is op
exit statement without a loop label is
encloging loop (whether labeled or not).

b that loop; an
the innermost

For thp execution of an exit statement, {the ition ent, is first evaluated. Exit from the loop then
takes place if the value of itiqn i g

8.12 |Return stateme

A retufn stateme bcedure body.

Feturn_stag
m s..ONly alldwed within the body of a function or procedure, and it ppplies to the
Qsgtunctign or procedure.

A retyrn statement appearing in a procedure body must not have an expression. A feturn statement
appeaIring in‘a functon body must have an expression.

The value of the expression defines the result returned by the function. The type of this expression must be
the base type of the type mark given after the reserved n@turch in the specification of the function. It
is an error if execution of a function completes by any means other than the execution of a return statement.

For the execution of a return statement, the expression (if any) is first evaluated, and a check is made that
the value belongs to the result subtype. The execution of the return statement is thereby completed if the
check succeeds; so also is the execution of the enclosing subprogram. An error occurs at the place of the
return statement if the check fails.
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NOTES

1 If the expression is either a numeric literal, or an attribute that yields a result ofirtiggsal_integeror
universal_real then an implicit conversion of the result is performed.

2 If the return type mark of a function denotes a constrained array subtype, then no implicit subtype conversions are
performed on the values of the expressions of the return statements within the subprogram body of that function.
Thus, for each index position of each value,lihands of the discrete range must be the same as the discrete range
of the return subtype, and the directions must be the same.

8.13 Null statement

A null statement performs no action.

hull_statement ::=

[label : Jnull ;
The execution of the null statement has no effect other than to pas e t.
NOTE+The null statement can be used to specify explicitly that no a€tign\ ' ertain conditions
are trug, although it is never mandatory for this (or any other) purpose. This\i i conjunction with
the cage statement, in which all possible values of the case e i | were for certain choices,

it may pe that no action is required.

ments are used to
I structure of a

The various for@
defing| interconn

design. Concurren

onclirreqt “assgertion_statement
| colcurrent signal_assignment_statement
[\componert_instantiation_statement
['generate_statement

The primary concurrent statements are the block statement, which groups together other concurrent
statements, and the process statement, which represents a single independent sequential process. Additional
concurrent statements provide convenient syntax for representing simple, commonly occurring forms of
processes, as well as for representing structural decomposition and regular descriptions.

Within a given simulation cycle, an implementation may execute concurrent statements in parallel or in
some order. The language does not define the order, if any, in which such statements will be executed. A
description that depends upon a particular order of execution of concurrent statements is erroneous.

All concurrent statements may be labeled. Such labels are implicitly declared at the beginning of the
declarative part of the innermost enclosing entity declaration, architecture body, block statement, or
generate statement.
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9.1 Block statement

A block statement defines an internal block representing a portion of a design.

hierarchically nested to support design decomposition.

block_statement ::=
block label :

block [ (guard _expression ) ]is]
block_header
block_declarative_part

begin
block_statement_part

end block[ block label ] ;

Blocks may be

block_header ::=

[ generic_clause

[ generic_map_aspect ; ]]
[ port_clause

[ port_map_aspect;]]

block_declarative_part ::=
{ block_declarative_item }

block_statement_part ::=
{ concurrent_statement }

If a guard expression appears after thenesered B ith the simple name GUARD of
predefined type BOOLEAN is implicitly d d at heginmi the declarative part of the block, and
the guard expression defines the value ©f that sig Wy given time (see 12.6.4). The {ype of the guard
expregsion must be type BOOLEAN. \Sig S » be used to control the opergtion of certain

genericand portcla
the ge
Such fctualsa i t oritext of the enclosing declarative region.

1 Thqg value.of signa
de

If a blpck head [ en/it explicitly identifies certain values or signals that are to be
imported from the € ing i ito the block and associated with formal generics or ports. The

S ing . generics and formal ports of the block (see 1.1.11 and 1.1.1.2);
define the association of actuals with those formpls (see 5.2.1.2).

UARD is always defined within the scope of a given block, and it does not implicitly extend to
gn'ehtities bound to components instantiated within the given block. However, the signal FUARD may be

explicilly passed as an actual signal il a Component instantiation in_order 0 extend s value to lower-level

components.

2 An actual appearing in a port association list of a given block can never denote a formal port of the same block.
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9.2 Process statement

A process statement defines an independent sequential process representing the behaviour of some portion
of the design.

process_statement ::=
[ processlabel : ]
[ postponed] process] ( sensitivity list ) ] [is]
process_declarative_part
begin
process_statement_part
end [ postponed] process| processlabel ] ;

rocess declarative part ::=
{ process_declarative_item }

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_type_declaration
| group_declaration

If the feserved woxgo
postpaned pro @
If a sq eserved wprdcess then the process statement is pssumed to

contai i i t as’the last statement of the process statement part; this implicit wait
statement i

al reserved warbcess the process statemeng defines a
ent definesrgpostponed process

where|the sensitivity \ist of the wait statement is that following the reservedpratdss Such g process
statement must Net_ ggntain an explicit wait statement. Similarly, if such a process statement is a parent of a
procgl;ure, then that procedure may not contain a wait statement.

Only static signal names (see clause 6.1) for which reading is permitted may appear in the sensitivity list of
a process statement.

If the reserved worgostponedappears at the end of a process statement, the process must be a postponed
process. If a label appears at the end of a process statement, the label must repeat the process label.

It is an error if a variable declaration in a process declarative part declares a shared variable.
The execution of a process statement consists of the repetitive execution of its sequence of statements.

After the last statement in the sequence of statements of a process statement is executed, execution will
immediately continue with the first statement in the sequence of statements.
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A process statement is said to beassiveprocessif neither the process itself, nor any procedure of which
the process is a parent, contains a signal assignment statement. Such a process, or any concurrent statement
equivalent to such a process, may appear in the entity statement part of an entity declaration.

NOTES

1 The above rules imply that a process that has an explicit sensitivity list always has exactly one (implicit) wait
statement in it, and that wait statement appears at the end of the sequence of statements in the process statement
part. Thus, a process with a sensitivity list always waits at the end of its statement part; any event on a signal named
in the sensitivity list will cause such a process to execute from the beginning of its statement part down to the end,
where it will wait again. Such a process executes once through at the beginning of simulation, suspending for the
first time when it executes the implicit wait statement.

2 The time at which a process executes after belng resumed by a wait statement (see clause 8. 1) differs depending on
whe or-nonpostponed.—\When a nonpostpc CESS wmed, it executes in the
d untll a simulation
; the

cycle occurs in which the next S|mulat|0n cycle is not a delta cycle.
valyes of signals that are the “final” values at the current simulated time.

execution if the process is a postponed process.

9.3 Qoncurrent procedure call statements

A corfcurrent procedure call statement represe
procedlure call statement.

ontainifig the correspopding sequential

concurrent_procedure_call_statem
[ label : ] [postponed] procedur

For apy concurrent procedtite call-state equivalent process statement.| The equivalent
process statement is a postponed proce i ifthe concurrent procedure call statefnent includes the
reservied wordpostpongd : gtatement has a label if and only if t:l:e concurrent
procedlure call statement if the equivalent process statement has a label, it is the same as that of
the ¢ ncurrent ¢ . quivalent process statement also has no pensitivity list, an
empty| declarative_papt ment part that consists of a procedure call statement fdllowed by a wait

state

The p istS of the same procedure name and actual parameter part that appear in
the co

If ther ists_ 8 e thatdenotes a signal in the actual part of any association element |n the concurrent
§ nt,/and that actual is associated with a formal parameter wf ardieut, then the
equivalent pro gtement includes a final wait statement with a sensitivity clause that is constructed by
taking| the 'union of\the sets constructed by applying the rule of clause 8.1 to each actual part associated
with a[formal parameter.

Execution of a concurrent procedure call statement is equivalent to execution of the equivalent process
statement.

Example:
CheckTiming (tPLH, tPHL, CIk, D, Q); -- A concurrent procedure call statement.
process -- The equivalent process.
begin

CheckTiming (tPLH, tPHL, CIk, D, Q);
wait on CIk, D, Q;
end process
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NOTES

1 Concurrent procedure call statements make it possible to declare procedures representing commonly used processes
and to create such processes easily by merely calling the procedure as a concurrent statement. The wait statement at
the end of the statement part of the equivalent process statement allows a procedure to be called without having it
loop interminably, even if the procedure is not necessarily intended for use as a process (that is., it contains no wait
statement). Such a procedure may persist over time (and thus the values of its variables may retain state over time)
if its outermost statement is a loop statement and the loop contains a wait statement. Similarly, such a procedure
may be guaranteed to execute only once, at the beginning of simulation, if its last statement is a wait statement that
has no sensitivity clause, condition clause, or timeout clause.

2 The value of an implicitly declared signal GUARD has no effect on evaluation of a concurrent procedure call unless
it is explicitly referenced in one of the actual parts of the actual parameter part of the concurrent procedure call
statement.

9.4 Joncurrent assertion statements

A congurrent assertion statement represents a passive process staters
statenent.

tainingthe ppecified assertion

concurrent_assertion_statement ::=
[ label : ] [ postponed] assertion ;

For any concurrent assertion statement, there is an ivare atement. The gquivalent process

statenment is a postponed process if and only if ¢ assertion statement includes the reserved
word:}ostponed The equivalent proce if amd only if the concurrent assertion
statement has a label; if the equwalent , it is the same as that of the concurrent
assert A0 sensitivity list, an empty declarative part,
and a it followed by a wait statement.

The asgserti i 1€ S8 gioort, clause, angeverity clause that apppar in the

concuf

If ther the Boolean expression that defines the|condition of the
assert ¥ Nt includes a final wait statement with a sengitivity clause that
is con ‘ wse 8.1 to that expression; otherwise, the equivalent process
state insa it entthat has no explicit sensitivity clause, condition clause, or timeout

Executi Qi ertion statement is equivalent to execution of the equyivalent process

1 Sinfesa edncurremt assertion statement represents a passive process statement, such a prodess has no outputs.
refore, the execution of a concurrent assertion statement will never cause an event to occul However, if the
assertion is false, then the specified error message will be sent to the simulation report.

2 The value of an implicitly declared signal GUARD has no effect on evaluation of the assertion unless it is explicitly
referenced in one of the expressions of that assertion.

3 A concurrent assertion statement whose condition is defined by a static expression is equivalent to a process
statement that ends in a wait statement that has no sensitivity clause; such a process will execute once through at the
beginning of simulation and then wait indefinitely.
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9.5 Concurrent signal assignment statements

A concurrent signal assignment statement represents an equivalent process statement that assigns values to
signals.

concurrent_signal_assignment_statement ::=
[ label : ] [postponed] conditional_signal_assignment
| [ label : ] [postponed] selected_signal_assignment

options ::= [guarded] [ delay_mechanism ]

There are two forms of the concurrent signal assignment statement. For each form, the characteristics that
distinguish it are discussed in the following paragraphs.

Each
the d¢
signal
execu
an evg
implic
be an
assign
signal

If the

is in the form of an aggregate and thé

signal
concu
form g
denoti

if the target of a concurrei

meani
signal

d)

orm may include one or both of the two optignarded and a delay mechanism (3eg.cla
lay mechanism, 9.5.1 for the conditional signal assignment statefpent, @nd ©:52

name denoting a guarded signal,
rrent signal assignment is a hame
f an aggregate and the expressio
hg a signal that is not'q

there is an equivalent process statems
2> a concurrent signal assignment statement

echanism option appears in the concurrent signal assignment, ther
appears in every signal assignment statement in the process statem

use 8.4 for

for the selected
Sitement is

een TRUE and
ay be one of the
sions, or it may
current signal
Acteristics of the

e 4.3.1.2), or if it
dregate is a static
jet of a

, or if it is in the
static signal name
hn error
target.

nt with the same
whose target is a

label appears on

the same delay
ent; otherwise, it

appears in no signal assignment statement in the process statement.

(described below).

The statement part of the equivalent process statement consists of a statement transform

If the option guarded appears in the concurrent signal assignment statement, then the

concurrent signal assignment is calledgaarded assignment

If the concurrent signal

assignment statement is a guarded assignment, and if the target of the concurrent signal

assignment is a guarded target, then the statement transform is as follows:
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if GUARD then
signal_transform

else
disconnection_statements

end if ;

Otherwise, if the concurrent signal assignment statement is a guarded assignment, but if the
target of the concurrent signal assignment is not a guarded target, then the statement transform is
as follows:

if GUARD then
signal_transform
end if ;

Finally, if the concurrent signal assignment statemenbtsa guarded( assightenit, [and if the
target of the concurrent signal assignmemtoisa guarded target, thgh tement transform is
as follows:

signal_transform

It is an error if a concurrent signal assignment is ng
concurrent signal assignment is a guarded target:

the target of the

ent, an if staiement, a case
if statement or a casqg statement, then
5.0 null statements, ong¢ for each of the
mines/which of the alternativg waveforms is

€ & Nen a guarded assignment or if|lany expression
S ’ nt references a

a final wait statement with an explicit sensitivity

S S sstrycted by taking the union of the sets [constructed by

applying,_the 3 X ea the aforementioned expressions. Furthermore, if the

conc i i amient is a guarded assignment, then the sensitivity clause also

contain inmy RD. (The signals identified by these names are dalpdthe

afement.) Otherwise, the process statement contgdins a final wait
it sensitivity clause, condition clause, or timeout clauge.

Under \ nditiol e above) the equivalent process statement may contain| a sequence of
discorjecti disconnection statemers a sequential signal assignment st ement that
assign i
process staten ent the sequence con3|sts of one sequential signal assignment for each sdalar subelement of
the tafget Of the sqnelrrent signal assignment statement. For each such sequential signal assignment, the
target|efthe assignment is the corresponding scalar subelement of the target of the goncurrent signal
assign ime expression is
given by the applicable disconnection specification (see clause 5.3).

If the target of a concurrent signal assignment statement is in the form of an aggregate, then the same
transformation applies. Such a target may only contain locally static signal names, and a signal may not be
identified by more than one signal name.

It is an error if a null waveform element appears in a waveform of a concurrent signal assignment
statement.

Execution of a concurrent signal assignment statement is equivalent to execution of the equivalent process
statement.
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NOTES

1 A concurrent signal assignment statement whose waveforms and target contain only static expressions is equivalent
to a process statement whose final wait statement has no explicit sensitivity clause, so it will execute once through
at the beginning of simulation and then suspend permanently.

2 A concurrent signal assignment statement whose waveforms are all the reservadafferded has no drivers for
the target, since every waveform in the concurrent signal assignment statement is transformed to the statement

null;

in the equivalent process statement. See 9.5.1.

PN

951 aditiarnalcicknal-o +
J. uriamnmurial Qlyllﬂl GQQIHIIIIICIILQ

The cpnditional signal assignment represents a process statement in
statenpent.

ignal tfansform is an if

conditional_signal_assignment ::=

target <= options conditional_waveforms ;

conditional_waveforms ::=

{ waveformwhen conditionelse}
waveform [when condition ]

The options for a conditional signal ass

process statement corresponding to it as
e conditional signal assignment is of the form

For a |given conditional signal assignmept;
defined for any concurrent signal assigiment-stateixe

elsif conditionN—1then
wave_transformN—1
elsif conditionNthen
wave_transformN
end if ;

If the conditional waveform is only a single waveform, the signal transform in the corresponding process
statement is of the form

wave_transform
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For any waveform, there is a correspondivaye transform If the waveform is of the form
waveform_elementl, waveform_element2, ..., waveform_elementN
then the wave transform in the corresponding process statement is of the form

target <= [ delay_mechanism ] waveform_elementl, waveform_element2, ...,
waveform_elementN;

If the waveform is of the form

unaffected

then the-wave-transform-inthe r‘nrrnepnnding process-statement isofthe form

hull ;

1997 (E)

In this|example, the finalull causes the driver to be unchanged, rath gissonnecte ?his is the null

statempent—not a null waveform element).

The clharacteristics of the waveforms and conditions in the 8 ent stateme
that thie if statement in the equivalent process statement j i

Example:

S <=unaffectedwhen Input_pin =
Input_pinafter Buffer_Delay;

NOTE- e null statement, not the null transg

9.5.2 [Selected signal &

The sglected si 3 reSEnts ayprocess statement in which the signal tra
statenpent. @

aveforms ::
3 f henchoices , }

The optionsfor a sefected signal assignment statement are discussed in 9.5.

nt must be such

ction.

nsform is a case

For a given selected signal assignment, there is an equivalent process statement corresponding to it as
defined for any concurrent signal assignment statement. If the selected signal assignment is of the form

with expressiorselect
target <= options waveforml  when choice_listl ,
waveform?2 when choice_list2 ,

waveformN-1 when choice_listN-1,
waveformN when choice_listN ;
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then the signal transform in the corresponding process statement is of the form

caseexpressiorns

when choice_listl =>
wave_transforml
when choice_list2 =>
wave_transform?2

when choice_listN-1 =>
wave_transformN-1

when choice_listN =>
wave_transformN

Wave

The ¢

assoc
subco
comp(

The c
The e
identif
architg
architg
select

(]
ETOCasE

transforms are defined in 9.5.1.

Mmponent. This subcomponent is
nent declaration, design entity, or

bcture bady associated with the entity declaration denoted by the corresponding er
cture jdentifiey/defines a simple name that is used during the elaboration of a des
theappropriate architecture body. The configuration name, if present, must be

bcted assignment
pal statement.

nich it appears,
h generics of that
a corresponding

nent declaration.
an architecture

tantiated unit, then that identifier must be the same as the simple name of an

tity name. The
gn hierarchy to
the name of a

previo

USly analyzed configuration declaration. The generic map aspect, it present, option

ally associates a

single actual with each local generic (or member thereof) in the corresponding component declaration or
entity interface. Each local generic (or member thereof) must be associated at most once. Similarly, the
port map aspect, if present, optionally associates a single actual with each local port (or member thereof) in
the corresponding component declaration or entity interface. Each local port (or member thereof) must be
associated at most once. The generic map and port map aspects are described in 5.2.1.2.

If an instantiated unit containing the reserved werdity does not contain an explicitly specified
architecture identifier, then the architecture identifier is implicitly specified according to the rules given in
5.2.2. The architecture identifier defines a simple name that is used during the elaboration of a design
hierarchy to select the appropriate architecture body.
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A component instantiation statement and a corresponding configuration specification, if any, taken
together, imply that the block hierarchy within the design entity containing the component instantiation is
to be extended with a unique copy of the block defined by another design entity. The generic map and port
map aspects in the component instantiation statement and in the binding indication of the configuration
specification identify the connections 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 may apply to a component instantiation statement only if the name in
the instantiated unit of the component instantiation statement denotes a component declaration (see clause 5.2).

2 The component mstantlatlon statement may be used to |mpIy a structural organlzatlon for a hardware design. By
usi five or external) block

3 Comnponent instantiation provides a way of structuring the logical decompost i recise structural
or b i hat the ingtantiated unit is a

con ing designs in a
desjgn library. A conflguratlon specification can bind a given component msta ceAoNan existir sign entity, even
if the generics and ports of the entity declaration do not precisel atc o\- of‘the\component [provided that the
inst bt match those of

the
gen

priate, to map the

9.6.1

A con
equiva
to a upi
outer
comp(

A component, is
ning design unit
mponent). The
htity to which the

The he
port ¢
map §
of any i

f the generic and
¢ map and port
nt. The meaning
corresponding
ort map aspect,
hent declaration

The heate g i i i i deneric and port
e design entity,
followgd by the genefic map and port map aspects (if present) that appear in the binding indication that
binds |the“component instance to that design entity. The declarative part of the Hlock statement

corresponding to the design entity consisis of the declarative items from the entity declarative part,

followed by the declarative items from the declarative part of the corresponding architecture body. The

statement part of the block statement corresponding to the design entity consists of the concurrent
statements from the entity statement part, followed by the concurrent statements from the statement part of
the corresponding architecture body. The meaning of any identifier appearing anywhere in this block

statement is that associated with the corresponding occurrence of the identifier in the entity declaration or
architecture body, respectively.
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For example, consider the following component declaration, instantiation, and corresponding configuration
specification:

component
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);

Given|the following entity declaration and architecture declaration:

entity X is

port (P1, P2 inout BIT);
constantDelay: Time := 1 ms;
begin

CheckTiming (P1, P2, 2*Delay);
end X ;

architecture Y of X is

signal P3: Bit;

begin
P3 <= Pilafter Delay;
P2 <= PZfter Delay;
B: block

begin

then the folowg ents implement the coupling between the block hierafchy in which
compq i il t C appears, and the block hierarchy contained in design entity X(Y):
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-- Component block.
-- Local ports.
-- Actual/local binding.

1997 (E)

The b
entitie

9.6.2

A cor
config
in the
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repreg

The h
the d¢g
comp(

The h
clause
follow

begin
X: block -- Design entity block.
port (P1, P2 inout BIT); -- Formal ports.
port map (P1 => A, P2 => B); -- Local/formal binding.
constantDelay: Time := 1 ms; -- Entity declarative item.
signal P3: Bit; -- Architecture declarative item.
begin
CheckTiming (P1, P2, 2*Delay); -- Entity statement.
P3 <= Piafter Delay; -- Architecture statements.
P2 <= PXfter Delay;
B: block -- Internal block hierarchy.
begin
end block;
end block X ;
end blockC;

declar

subcompopent).
ents the

statement cofresponding to the design entity consists of the declarative items
tive part, fallowed hy the declarative items from the declarative part aof the

atiornstatements that are pound to design
% chy (&see section 12).

block hierarchy

esign unit (that

; the inner block
bment.

esponding to the
tity.

eneric and port
e design entity,

ent instantiation

rom the entity

corresponding

architecture body. The statement part of the block statement corresponding to the design entity consists of
the concurrent statements from the entity statement part, followed by the concurrent statements from the
statement part of the corresponding architecture body. The meaning of any identifier appearing anywhere
in this block statement is that associated with the corresponding occurrence of the identifier in the entity

declaration or architecture body, respectively.
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For example, consider the following design entity:

entity X is
port (P1, P2inout BIT);
constantDelay: DELAY_LENGTH :=1 ms;
useWORK.TimingChecksll;
begin
CheckTiming (P1, P2, 2*Delay);
end entity X;

architecture Y of X is
signal P3: BIT;
begin
P3 <= Plafter Delay;

P2 <= PXfter Delay;
B: block

begin

end block B;
end architecture Y;

This d

The fcllowmg block statements |mplemntt souUpHQgND
instanti osk hie

statement:

ween the block hierarchy in wh
contained in design entity X(Y):

-- Instance block.

-- Design entity block.

-- Entity interface ports.

-- Instantiation statement por
-- Entity declarative items.

-- Architecture declarative ite

-- Entity statement.
-- Architecture statements.

end block B;
end block X;
end block C;

ch component

map.
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Moreover, consider the following design entity, which is followed by an associated configuration
declaration and component instantiation:

entity X is
port (P1, P2inout BIT);
constantDelay: DELAY_LENGTH :=1 ms;
useWORK.TimingChecksll;
begin
CheckTiming (P1, P2, 2*Delay);
end entity X;

architecture Y of X is
signal P3: BIT;

begin

P3 <= Plafter Delay;

P2 <= PXfter Delay;

B: block

begin

end block B;

end architecture Y;
The configuration declaration is
configuration Alphaof X is
for Y

endfor;
end confi@o Alpha;
The component inStantigtien

The fg ing ’ 6 plement the coupling between the block hierarchy in whjch component
instanjiéti faten appears, and the block hierarchy contained in design entity X(Y):

-- Instance block.

X block -- Design entity block.
per(PE-Pineut-BH):; Entity-rterface-peorts:
port map (P1 => S1, P2 => S2); -- Instantiation statement port map.
constantDelay: DELAY_LENGTH :=1 ms; -- Entity declarative items.

useWORK.TimingChecksll;
signal P3: BIT; -- Architecture declarative item.
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begin
CheckTiming (P1, P2, 2*Delay); -- Entity statement.
P3 <= P1lafter Delay; -- Architecture statements.
P2 <= PXfter Delay;
B: block

begin

end block B;
end block X;
end block C;

The bjJock hierarchy extensions implied by component instantiation statementsthat-ate ound to design
entities occur during the elaboration of a design hierarchy (see section

9.7 Generate statements

A gerjerate statement provides a mechanism for iterative—~e
description.

ration of [a portion of a

jenerate_statement ::=
generate label :
generation_schenuenerats

for genera
| if cn

For al g
declar
whosHg

cation is the
nstant object

The d|sefete’ range™h a generation scheme of the first form must be a static discrete range; similarly, the
conditlon:in a generation scheme of the secand form must be a static expression

The elaboration of a generate statement is described in 12.4.2.
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Example:

Gen:block
begin
L1: CELL port map (Top, Bottom, A(0), B(0)) ;

L2: for lin 1to 3generate
L3: for Jin 1to 3 generate
L4: if [+J>4generate
L5: CELL port map (A(1-1),B(3-1),A(1),B(J)) ;
end generate;
end generate;
end generate;

1997 (E)

L6: for | in 1to 3 generate
L7: for Jin 1to 3 generate
L8: if [+J<4generate
L9: CELL port map (A(1+1),B(J+1),A(1),B(J)) ;
end generate
end generate;
end generate;
endblock Gen;

The ryles defining the| stQps i +thé rules defining which identifiers are vi

points
notion

10.1

A dec

text off

ted in this section. The formulation of thes

in the text’s
of a dece

k) <A configuration declaration.

Sible at various
P rules uses the

formed by the

c) A subprogram declaration, together with the corresponding subprogram body.

d) A package declaration, together with the corresponding body (if any).

e) A record type declaration.

f) A component declaration.

g) A block statement.

h) A process statement.
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i)  Aloop statement.

i) A block configuration.

k) A component configuration.
[) A generate statement.

In each of these cases, the declarative region is saidassbeiatedvith the corresponding declaration or
statement. A declaration is said to ocammediately withina declarative region if this region is the
innermost region that encloses the declaration, not counting the declarative region (if any) associated with
the declaration itself.

Certai considered as a
(logicd ext as the text
thateltendsrom some specific point of a declaratlve reglon to the end of<thi en|this portion is
the cdrresponding subset of the declarative region (thus, it does not ir i i leclarative items
betwepn the interface declaration and a corresponding body declaration

10.2

For ed the description text called the
scope i iopis & ed the scope of any named l|entity declared
by the tion (either an identifier, a character
literal, i thi i Fie text is also called the scope of this
notatig e are places where it is|legal to use the
assoc hese places are defined by the |rules of visibility
and o

The s q in a declarative region extends frotrln the beginning
of the ative region; this part of the scope of a declaration is called the
immedi eclarations in the following list, the scope of the declaration

extend 2 )

A-local poft declaration in a component declaration

f) A formal generic declaration in an entity declaration
g) A formal port declaration in an entity declaration

In the absence of a separate subprogram declaration, the subprogram specification given in the subprogram
body acts as the declaration, and rule c) applies also in such a case. In each of these cases, the given
declaration occurs immediately within some enclosing declaration, and the scope of the given declaration
extends to the end of the scope of the enclosing declaration.

In addition to the above rules, the scope of any declaration that includes the end of the declarative part of a
given block (whether it be an external block defined by a design entity, or an internal block defined by a
block statement) extends into a configuration declaration that configures the given block.
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If a component configuration appears as a configuration item immediately within a block configuration that
configures a given block, and if the scope of a given declaration includes the end of the declarative part of
that block, then the scope of the given declaration extends from the beginning to the end of the declarative
region associated with the given component configuration. A similar rule applies to a block configuration
that appears as a configuration item immediately within another block configuration, provided that the
contained block configuration configures an internal block. Furthermore, the scope of a use clause is
similarly extended. Finally, the scope of a library unit contained within a design library is extended

togeth

er 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.

10.3

The m
also, i
includ
The p
overlo

For eg
identif
visiblg
meani

A dec

except i

occuri

Visibil

follows:

Visibility

at a given place in the text when, according to
hg of this occurrence. Two cases may arise indete

part of its scope; this part starts at the end of
it/ in which case it starts immediately after the rq

isibility rules and

ed in this section

N literals.

ations (with this
DN is said to be
ines a possible
Claration:

Bibility rules
rrence of the
e is not legal at

occurrence
Cceptable

the declaration
servexd word
eclarations.

I name whose

o For an architecture body associated with a given entity declaration: at the pla¢e of the block
specification in a block configuration for an external block whose interface is defined by that
entity declaration.

c¢) For an architecture body associated with a given entity declaration: at the place of an
architecture identifier (between the parentheses) in the first form of an entity aspect in a binding
indication.

d) For a declaration given in a package declaration: at the place of the suffix in a selected name
whose prefix denotes the package.

e) For an element declaration of a given record type declaration: at the place of the suffix 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.
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f)  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.

g) For aformal 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.

h) For a local generic declaration of a given component declaration: at the place of the formal
designator 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 corresponding binding indication.

[ For a local port declaration of a given component declaratiory: of the formal
designator in a formal part (before the compound delimiter % brt association
element of a corresponding component instantiation staterjent; ‘simi place of the
actual designator in an actual part (after the compound dglimite ort association

] For a formal generic declaration of a given entity S ' Df the formal
designator in a formal part (before the compg nd delin ric association
element of a corresponding binding |nd|cat| ; Sip designator in
a formal part (before the compound element of a
corresponding component in iati design entity or

gtement: at the
a formal part (before the compound delimiter =p) of a named
sponding generic or port map aspect.

Finally, witk S gion associated with a construct other than a record type feclaration, any
declarpgion that acctis immedidtely within the region, and that also occurs textually within the construct, is
visiblé estion a place of the suffix of an expanded name whose prefix denotes thg construct.

Wherg it isiot™igible\by selection, a visible declaration is said ttirbetly visible A declaratiop is said

to be [directly visibte” within a certain part of its immediate scope; this part extends to the end of the
immedi f th laration xcl l where th laration is hidden a$ explained in the

following paragraphs. In addition, a declaration occurring immediately within the visible part of a package
can be made directly visible by means of a use clause according to the rules described in clause 10.4.

A declaration is said to H@ddenwithin (part of) an inner declarative region if the inner region contains a
homograph of this declaration; the outer declaration is then hidden within the immediate scope of the inner
homograph. Each of two declarations is said to heraographof the other if both declarations have the

same identifier, operator symbol, or character literal, and if overloading is allowed for at most one of the
two. If overloading is allowed for both declarations, then each of the two is a homograph of the other if
they have the same identifier, operator symbol, or character literal, as well as the same parameter and result
type profile (see 3.1.1).

Within the specification of a subprogram, every declaration with the same designator as the subprogram is
hidden. Where hidden in this manner, a declaration is visible neither by selection nor directly.
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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.

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 configuresthegiverrbiock:

In addition, any declaration that is directly visible at the end of the deg ' given block is
directly visible in a block configuration that configures the given block. 5 ES a use clause

that makes a homograph of the declaration potentially visiblg S . ppears in the
corregponding configuration declaration, and if the scope of that uSe clausg engo Il or part of those
configlration items. If such a use clause appears, then the 4 ioy & di isible within the

corregponding configuration items, except at those places th i b additional use
clausg. At such places, neither name will be directly visjb

If a component configuration appears as a configugatioq i i ! hfiguration that
configlres a given block, and if a given de o i i ; declarative part
of that block, then the given declaration I [ he end of the

declarptive region associated with the given i ‘ lies to a block
configlration that appears as a confjguration N configuration,
provided that the contained block configurati

onflgu
onfigdration’item immediately within a block copfiguration that

If a co

config ~ aration js directly visible at the end of the dedlarative part of
that bl ionNisMsible\by selection from the beginning to the end of the declarative
region ive snent configuration. A similar rule applies to a block configuration
that a g I0R. immediately within another block configuration, prqvided that the
contai Qfi [ ¥fi an internal block. Furthermore, the visibility of declarations
made [di ig ause within a block is similarly extended. Finally, the visibilty of a logical
library i design library directly visible at the end of a block is similarly extended.
The ry nless a use clause that makes a homograph of the declaration potentially
visible ding block configuration, and if the scope of that use claL}e encompasses
all or pa sonfiguxation items. If such a use clause appears, then the declaration will be directly
visible| withi colesponding configuration items, except at those places that fall within the scope of the
additig ause.) At such places, neither name will be directly visible.

NOTE

p

1 The same identifier, character literal, or operator symbol may occur in different declarations, and may thus be
associated with different named entities, even if the scopes of these declarations overlap. Overlap of the scopes of
declarations with the same identifier, character literal, or operator symbol can result from overloading of
subprograms and of enumeration literals. Such overlaps can also occur for named entities declared in the visible
parts of packages and for formal generics and ports, record elements, and formal parameters, where there is overlap
of the scopes of the enclosing package declarations, entity interfaces, record type declaratidnmogram
declarations. Finally, overlapping 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
L2: block
signal B: Bit ; -- An inner homograph of B.
begin
B <= L1.Bafter 10 ns;
end block;;
B <= A after 15 ns; --
end block;
10.4 Use clauses
A use|clause achieves direct visibility of declarations tha

se_clause ::=
useselected_name {, select

Each
visiblel
select
contai
reserv
library]

For ed
immeq
of the
a desi
design
clause

ch use c@,
iately after the

clause exte

In ord
the se
set is
excep

iSible declaration. A potentially visi
in‘the following two cases:

of text callextdpeof the use clause. This re
lause is a declarative item of some declarative

ause extends to the end of the declarative region as
puse clause may additionally extend into a configuration (

xiple name, character literal, or
prefix of the selected name. If t

ble declaration is actually made ¢

become directly
ymbol, then the
bperator symbol
ne suffix is the
the package or

jion starts
fegion, the scope
context clause of
sociated with the
eclaration (see

lauses, consider
leclaration in this
irectly visible

a)

immediate scope of a homograph of the declaration.

b)

A potentially visible declaration is not made directly visible if the place considered is within the

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.

If a named entity X declared in package P is made potentially visible within a package Q (for example, by the
inclusion of the clauseuse P.X;” in the context clause of package Q), and the context clause for design unit R
includes the clauseuse Qall;”, 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

Overloading is defined for names, subprograms, and enumeration literals.

For oyerloaded entities, overload resolution determines the actual meg ccurrence of an
identifler or a character literal has whenever the visibility rules have Qs ore than one
meaning is acceptable at the place of this occurrence; overload resolytion likewis ines the actual

meanipg of an occurrence of an operator or basic operation (see th&i i ior [3).
At sugh a place, all visible declarations are considered. The TS i e is exactly one
interpiletation of each constituent of the innermost complete comestRa! ither a

declarption, a specification, or a statement.

When|considering possible interpretations of a copaglete ¢ ' H are the syntax

rules, the scope and visibility rules, and t

a) Any rule that requires a name
another name or expression.

he same type as

class; similarly,
ical, universal,

solely from the
prefix of an
prand of a type

e resolution of overloaded subprogram calls; for the implidit conversions
essions; for the interpretation of discrete ranges with bounds haying a universal
interpretation of an expanded name whose prefix denotes a subprogram.

fl .~ Fhe rulesgiven for the requirements on the return type, the number of formal pprameters, and
the types of the formal parameters of the subprogram denoted by the resolution function name
(see clause 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 nhamed entity. However, this condition does not mean that the occurrence is
necessarily legal, since other requirements exist that are not considered for overload resolution: for example, the fact
that the expression is static, the parameter modes, conformance rules, the use of named association in an indexed name,
the use obpenin an indexed name, the use of a slice as an actual to a function call, and so forth.

A loop parameter specification is a declaration, and hence a complete context.
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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Section 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 section.

11.1 Design units

Certain constructs may be mdependently analyzed and mserted |nto a design library; these constructs are
calledd i

Hesign_file ::= design_unit { design_unit }
fdesign_unit ::= context_clause library_unit
ibrary_unit ::=

primary_unit
| secondary_unit

primary_unit ::=
entity _declaration
| configuration_declaration
| package_declaration

secondary_unit ::=
architecture_body
| package_body

Desig the design file.
Analysi pither a

primat ry unit resulting
from g

The n is‘given by the first identifier after the initial reserved word of that unit. Of the
secon i is given by the
identif st have a
simple bd with a given
entity f Chitecture bodies

assoc

Entity [declarationsafrchitecture bodies, and configuration declarations are discussed in seftion 1. Package
declarptions and package bodies are discussed in section 2.

11.2 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 called
thescopeof a library clause; this region starts immediately after the library clause, and it extends to the end
of the 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 clause 10.3.

If two or more logical names having the same identifier (see clause 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
corresponding secondary unit.

Each logical name defined by the library clause denotes a design library in the host environment.

For a ips in the host
enviro mechanism to
assoc 5defined by the
langud

There y is the

library|i 8 ) library

is a library containing I|brary units that are referenced wWithi [ i Zed. Only one
library] ‘ ' i } , fany number of
librarigs (including the working library itself) may be-resougeé i ies $is.
Every|design unit except package ST < al ing implici{ context items

as pairt of its context clause:

ibrary STD, WORK ;useSTD.ST

Librar kage TEXTIO
reside| (The use clause
makeq 3 : \ ing design unit;

see 10.4). Li ic8 ¢ ' the current working library during a given ahalysis.

The i than package
STAN

A secondary uni S di i i i i i brary in which

the prime i R

NOTEA ary clauses in the

contex 0 dible exception of
the upg@lating of*theNibrafy unit corresponding to the analyzed design unit within the working library, |f that library is
also a fesaurce library).

11.3 Context clauses

A context clause defines the initial name environment in which a design unit is analyzed.
context_clause ::= { context_item }
context_item ::=

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 clause 11.2. A use clause makes certain declarations directly visible within the design unit;
use clauses are described in clause 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 _nrimans unitwhosae namae is rafarancadwithin a aiven desian unitmuust ha o 1
A-prirraryuhitwhose-name-is+eferenced-within-a—given-desighunjmust-be-analyzed prior to

the analysis of the given design unit.

k) A primary unit must be analyzed prior to the analysis of any ¢6 j gary unit.
In each case, the second wépends otthe first unit.

The ofder in which design units are analyzed must be con
above|rules.

defined by the

If any grror is detected while attempting to analyze
has ng effect whatsoever on the currentworking Jira

s is rejected and

A given library unit is potentially affected\yy a¢ha i ' brenced within
the giyen library unit. A secondary uni i by a change in its correspgnding primary
unit. |f a library unit is changed (for ep s of the corresponding design unit), then all
library|units that are potentially affected eecome obsolete, and must be feanalyzed before
they cpn be used again.

The p declaration achieves its effect is calledatherationof the declaration. | After its
elaboration; a declargtion is said to be elaborated. Prior to the completion of its elaborftion (including
beforq the' glaboration), 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. Simulation
consists of the repetitive execution of gisulationcycle during which processes are executed and nets
updated.


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

— 148 - 61691-1 © IEC: 1997 (E)

12.1 Elaboration of a design hierarchy

The elaboration of a design hierarchy creates a collection of processes interconnected by nets; this
collection of processes and nets can then be executed to simulate the behavior of the design.

A design hierarchy may be defined by a design entity. Elaboration of a design hierarchy defined in this
manner consists of the elaboration of the block statement equivalent to the external block defined by the
design entity. The architecture of this design entity is assumed to contain an implicit configuration
specification (see clause 5.2) for each component instance that is unbound in this architecture; each
configuration specification has an entity aspect denoting an anonymous configuration declaration
identifying the visible entity declaration (see clause 5.2) and supplying an implicit block configuration
(see 1.3.1) that binds and configures a design entity identified according to the rules of 5.2.2. The
equivalent block statement is defined in 9.6.2. Elaboration of a block statement is defined in 12.4.1.

A desi|gn hierarchy may also be defined by a configuration. Elaboration of/alconfiguration|consists of the
by thel configuration. The configuration contains an implicit componen{ co i ee 11.3.2) for each
unbound component instance contained within the external bloc irapli configuration
(see 1).3.1) for each internal block contained within the external bld

An implementation may allow, but is not required to allow, a desi ' pot of a design hierarchy
to have generics and ports. If an implementation alloy oveld gjects, it mgy restrict

their dllowed types and modes in an implementation-d rly, the meanp by which top-
level interface objects are associated with the ext ierarchy are also defined by an
implementation supporting top-level interfa

Elabofation of a block statement involves fi ati ich/not-yet-elaborated pacKage containing
declarptions referenced by the block. Bimilarly, elabpratien of a given package involves first elaborating
each not-yet-elaborated package containing larations referenced by the given package., Elaboration of a
packape additionally consists.of the %

3 Elaboration

b EIab feclagati at of the corresponding package body, if the package has a
correspgo on D3 3

ofthe package declaration, eventually followed by

Step ) above, a i package body, may be deferred until the declarative parts of other

packapes hax : ecessary, because of the dependencies created befween packages by
their igterp NG
Elabofati 3 dectarative part is defined in clause 12.3.

Exam

t- N1 the following example, because of the dependencies between the packages, the
-- elaboration of either package body must follow the elaboration of both package
-- declarations.

packageP1lis
constantC1: INTEGER :=42;
constantC2: INTEGER,;

end packageP1;

packageP2is
constantC1: INTEGER = 17;
constantC2: INTEGER,;

end packageP2;
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12.2

Elabo
port cl

— 149 -

package bodyP1lis
constantC2: INTEGER := Work.P2.C1;
end packagebody P1;

package bodyP2is
constantC2: INTEGER := Work.P1.C1;
end packagebody P2;
-- If a design hierarchy is described by the following design entity:

entity Eis end;

architecture A of Eis
componentcomp

port (...);
end component
begin
C: compport map (...);

— .

B: block
begi.ri.

endblock B;
end architecture A;

then its architecture contains thexfollowi

end of its declarative part:

Iieit n@ratio specification at the

and the following
elaborated:

ed to exist when E(A) is

-- L is the library in which E(A) is fou
-- The most recently analyzed archit
-- of L.E.

nd.
boture

map aspect, the

12.2.1

Thegeneric tlause

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

elabor

ating the subtype indication, and then creating a generic constant of that subtype.

The value 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 associated with the generic constant is
evaluated to determine the value of the constant.
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12.2.2 The generic map aspect

Elaboration of a generic map aspect consists of elaborating the generic association list. The generic
association list contains an implicit association element for each generic constant that is not explicitly
associated with an actual or that is associated with the reservedopemdthe actual part of such an
implicit association element is the default expression appearing in the declaration of that generic constant.

Elaboration of a generic association list consists of the elaboration of each generic association element in
the association list. Elaboration of a generic association element consists of the elaboration of the formal
part and the evaluation of the actual part. The generic constant or subelement or slice thereof designated by
the formal part is then initialized with the value resulting from the evaluation of the corresponding actual
part. It is an error if the value of the actual does not belong to the subtype denoted by the subtype
indication of the formal. If the subtype denoted by the subtype indication of the declaration of the formal is

a congtraimedarray subtype; thermamimplicit subtypeconversionis performed priorto thisgheck. It is also
an errpr if the type of the formal is an array type and the value of each the [actual does not

belong to the element subtype of the formal.

12.2.3 The port clause

Elabo
contai
subtyp

t single port declarations
r consists of elaborating the

12.2.4
Elabo

Elabo L element in the
assoc : gh Elaboration of a port association el¢ment con-

sists @ d by the formal
part is| bociation involves
a cheg heck fails.

If a gi 0 association
eleme valuated and the
effecti if a given port
of mo y ive and driving
value afue of the expression. In the event that the value of a port i derived from an
expre , references to the predefined attributes 'DELAYED, 'STABLE, 'QUIET,
'EVEN WAST_EVENT, 'LAST_ACTIVE, 'LAST_VALUE, 'DRIVING| and
'DRIVING_VABWE of tYhe port return values indicating that the port has the given driving Jalue with no

activity at any timesee 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 expression is associated with a formal port (of nmodand 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 constrained array
subtype, then it is an error if the actual does not contain a matching element for each element of the formal.
In the case of an actual signal, this check is made after applying any conversion function or type conversion
that is present in the actual part. If an actual signal or expression is associated with a formal port, and if the
subtype denoted by the subtype indication of the declaration of the formal is an unconstrained array type,
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then the subtype of the formal is taken from the actual associated with that formal. It is also an error if the
mode of the formal ign orinout and the value of each element of the actual array (after applying any
conversion function or type conversion present in the actual part) does not belong to the element subtype of
the formal. If the formal port is of modeut, inout, or buffer, it is also an error if the value of each
element of the formal (after applying any conversion function or type conversion present in the formal part)
does not belong to the element subtype of the actual.

If an actual signal or expression is associated with a formal port, and if the formal is of a record subtype,
then it is an error if the rules of the preceding three paragraphs do not apply to each element of the record
subtype. In the case of an actual signal, these checks are made after applying any conversion function or
type conversion that is present in the actual part.

12.3 [Efaboratiomofadectarative part

if @ny, in the order
;s, with three

The elaboration of a declarative part consists of the elaboration of the de
in which they are given in the declarative part. This rule holds fo
excepfions:

decorated with
)

a

prated with the

EIGN attribute

For the tead, the design entity or subprogram is subject
to imp %

In cer ons that appear
within ession must be
defing| expression is a
functiq lesignator in the
functig

NOTE- be referenced in
exprespi r can it be passed

as a para e i i guse the value of a

signal . hme may be used
within bive items within a subprogram declarative part, provided that the subprogram is only
called , because the value of every signal will be defined by that time.

12.3.1Elaboration 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 declaration. For
example, it is not possible to use the name of a type for an object declaration before the corresponding type
declaration is elaborated. Similarly, it is illegal to call a subprogram before its corresponding body is
elaborated.
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12.3.1.1 Subprogram declarations and bodies

Elaboration of a subprogram declaration involves the elaboration of the parameter interface list of the
subprogram declaration; this in turn involves the elaboration of the subtype indication of each interface
element to determine the subtype of each formal parameter of the subprogram.

Elaboration of a subprogram body has no effect other than to establish that the body can, from then on, be
used for the execution of calls of the subprogram.

12.3.1.2 Type declarations

Elaboratlon of a type declaration generally consists of the elaboratlon of the definition of the type and the

Elabofation of an enumeration type definition has no effect other tha ' S gsponding type.

Elaboration of an integer, floating point, or physical type defiritio 0 pration of the
corresponding range constraint. For a physical type definitionyseact |t efinition is also
i affectother thanto create the unit defined by

the unft declaration.

Elaboration of an unconstrained array type defing
indication of the array type.

elaboration of the element subtype

Elabo single element
declar ign of the element
subtyp

Elabo type indication.

12.3.1

Elabo
ofas
the s4
constrgjr

gnsists of the elaboration of the subtype indication. [The elaboration
ubtype. If the subtype does not include a constraint, then the subtype is
e type mark. The elaboration of a subtype indication|that includes a

ig'then made that the constraint is compatible with the type or subtype [denoted by the
type mark (see clause 3.1 and 3.2.1.1).

Elaboration of a range constraint consists of the evaluation of the range. The evaluation of a range defines
the bounds and direction of the range. Elaboration of an index constraint consists of the elaboration of each
of the discrete ranges in the index constraint in some order that is not defined by the language.
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4 Object declarations

Elaboration of an object declaration that declares an object other than a file object proceeds as follows:

a) The subtype indication is first elaborated. This establishes the subtype of the object.

b) If the object declaration includes an explicit initialization expression, then the initial value of the
object is obtained by evaluating the expression. It is an error if the value of the expression does
not belong to the subtype of the object; if the object is an array object, then an implicit subtype
conversion is first performed on the value, unless the object is a constant whose subtype
indication denotes an unconstrained array type. Otherwise, any implicit initial value for the
object is determined.

g—Theobjectistreated:

d) Any initial value is assigned to the object.

The injitialization of such an object (either the declared object or o ivolves a check
that the initial value belongs to the subtype of the object. Fo d by an object
declarption, an implicit subtype conversion is first applied as fo inless the object

is a cd

The e
by the]
call to

NOTES
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ned in 12.2.1 up to angyncluding

sts of the elaboration of the subtype indication
ed by the creatlon of the alias as an alternative nar

6 Atthihute deglarations

ation of an attribute declaration has no effect other than to create a template for de

ation, followed
en the implicit

re elaborated as

o establish the
ne for the named
:>ciated with the

4 check fails.

fining attributes

of iten

12.3.1.

S.

7 Component declarations

Elaboration of a component declaration has no effect other than to create a template for instantiating
component instances.

12.3.2 Elaboration of a specification

Elaboration of a specification has the effect of associating additional information with a previously declared

item.
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12.3.2.1 Attribute specifications
Elaboration of an attribute specification proceeds as follows:

a) The entity specification is elaborated in order to determine which items are affected by the
attribute specification.

b) The expression is evaluated to determine the value of the attribute. It is an error if the value of
the expression does not belong to the subtype of the attribute; if the attribute is of an array type,
then an implicit subtype conversion is first performed on the value, unless the subtype indication
of the attribute denotes an unconstrained array type.

c) A new instance of the designated attribute is created and associated with each of the affected
ftems:

d
. . : . . )
The agsignment of a value to an instance of a given attribute invol alfie belongs to the
subtype of the designated attribute. 3 gy type, an |mplicit subtype
convefsion is first applied as for an assignment statement. No"such\co SO\ y for an attribute
of an yinconstrained array type; the constraints on the value de g thet P attribute.

NOTE+The expression in an attribute specification need nof'be a

12.3.202 Configuration specifications

Elabofation of a configuration specificatiprmprocee

gpecification Is eled IR order to determine which componept instances are
g S ificatian.

o indication i 5 0 identify the design entity to which [the affected

As pa 3 \ ess, a check is made that both the entity declaration, and the corresponding
architgecture X implied g binding indication, exist within the specified library. It is gn error if this
checkfai

12.3.2,3 /Disconnestion specifications

Elaboration of a disconnection specification proceeds as follows:

a) The guarded signal specification is elaborated in order to identify the signals affected by the
disconnection specification.

b) The time expression is evaluated to determine the disconnection time for drivers of the affected
signals.

c) The disconnection time is associated with each affected signal for later use in constructing
disconnection statements in the equivalent processes for guarded assignments to the affected
signals.
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12.4

Elaboration of a statement part

Concurrent statements appearing in the statement part of a block must be elaborated before execution

begins.
statement in the order given.

Elaboration of the statement part of a block consists of the elaboration of each concurrent
This rule holds for all block statement parts except for those blocks

equivalent to a design entity whose corresponding architecture is decorated with the 'FOREIGN attribute

define

d in package STANDARD (see clause 14.2).

For this case, the statements are not elaborated; instead, the design entity is subject to implementation-

depen

1241

Elabo

elaboration of the block declarative part, followed by the elaboration of the

Elaboi

block ¢

additid
staten
seque
the blg

The s¢
explic

(see 1.

config

12.4.2

Elabo
copies

ation of a generate
ied of a b|o{§>a
genergte statemept, a

dent elaboration.

Block statements

ation of a block statement consists of the elaboration of the block he

3.2) occurring immediately within
Lirations themselves appear.

Generate statemens

generate statement
block & {
For a

discre

statenfeqts 2

The block declarative part has _as its first item a single constant declaration

,|followed by the

Dart.

In particular, a

A sequence of

sponding block
aration, then the
ated as part of

her implicit or
configurations
e component

with zero or more
ained within the
Ntained within the
bnt.  Each

Aboration of the
nge. The block

nt.

that declares a

c)

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 the generate statement.

generate statement.

The block statement part consists of a copy of the concurrent statements contained within the
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For a generate statement with an if generation scheme, elaboration consists of the evaluation of the Boolean
expression, followed by the generation of exactly one block statement if the expression evaluates to TRUE,
and no block statement otherwise. If generated, the block statement has the following form:

— The block label is the same as the label of the generate statement.

— The block declarative part consists of a copy of the declarative items contained within the
generate statement.

— The block statement part consists of a copy of the concurrent statements contained within the
generate statement.

Examples:

- The following generate statement:

| ABL : for | in 1to 2 generate

signalsl : INTEGER,;

begin

sl <=pl;

Instl : and_gatport map (s1, p2(l), p3);
end generateLABL;

- is equivalent to the following two block stateme

| ABL : block

constantl : INTEGER := 1;
signalsl : INTEGER,;
begin

Instl : and_gat
end block LABL;

| ABL : block

const :
signal s1

| ABL ;if (gd_=g2)generate
signalsl | INTEGER,;
egin
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:
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LABL : block

signalsl : INTEGER,;
begin

sl <=pl;

Instl : and_gatport map (s1, p4, p3);
endblock LABL;

NOTE—The repetition of the block labels in the case of a for generation scheme does not produce multiple declarations
of the label on the generate statement. The multiple block statements represented by the generate statement constitute
multiple references to the same implicitly declared label.

12.4.3 Component instantiation statements

Elabofation of a component instantiation statement that instantiates a compoyient
unlesy the component instance is either fully bound to a design entity defi
architecture body, or bound to a configuration of such a design entity. Ifa
then dlaboration of the corresponding component instantiation statem& i e ejaboration of the
implied block statement representing the component instance, and implied block
statempent representing the design entity to which the compone e implied block
statements are defined in 9.6.1.

claratipn has no effect,

Elabo insta N\denotes either & design entity or
a con i bpresenting the
compq bpresenting the
design Hefined in 9.6.2.

12.4.4

hich there is an
equivg

Elabo

gnal driven by

Mments consists of
uivalent process

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
clause 8.9). This elaboration creates the loop parameter and evaluates the discrete range.


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

— 158 - 61691-1 © IEC: 1997 (E)

b) Execution of a subprogram call involves the elaboration of the parameter interface list of the
corresponding subprogram declaration; this involves the elaboration of each interface
declaration to create the corresponding formal parameters. Actual parameters are then
associated with formal parameters. Finally, if the designator of the subprogram is not decorated
with the 'FOREIGN attribute defined in package STANDARD, the declarative part of the
corresponding subprogram body is elaborated, and the sequence of statements in the
subprogram body is executed. If the designator of the subprogram is decorated with the
'FOREIGN attribute defined in package STANDARD, then the subprogram body is subject to
implementation-dependent elaboration and execution.

c) Evaluation of an allocator that contains a subtype indication involves the elaboration of the
subtype indication prior to the allocation of the created object.

NOTE-+ t of a subprogram
body 4 iops of a given
declarati hmple, successive
elaborati pes with different
constrgi

12.6

The e b the design
repregented by the model. Si ion i ‘ ' ed processes that interact with

each g¢ther and with the environment.

The ke pf user-defined
proceq and it causes the
valueg i$ responsible for
detect to those events.

For any given signal that\is explici hins a variable
representing the current\alu t SignalX An aluation of a name denoting a given signal retrieves the

current value of the kernel process. During simulation, thel kernel process
updatgs that va

$ponding signal.

In additi plicitly declared
GUAR pck statement.
Furthe ; current value of,
any si S D efix S and any time T, that is referenced within the model; likewise, for
any si

12.6.1

Every B signals.

There is a single dnver 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 signal assignment statement denotes S, or denotes a composite signal of which S is a subelement. Each
such signal assignment statement is said @sbeciatedvith that driver. Execution of a signal assignment
statement affects only the associated driver(s).

A driver for a scalar signal is represented hyr@jected output waveformA projected output waveform

consists of a sequence of one or mimamsactions where each transaction is a pair consisting of a value
component and a time component. For a given transaction, the value component represents a value that the
driver of the signal is to assume at some point in time, and the time component specifies which point in
time. These transactions are ordered with respect to their time components.
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A driver always contains at least one transaction. The initial contents of a driver associated with a given
signal are defined by the default value associated with the signal (see 4.3.1.2).

For any driver, there is exactly one transaction whose time component is not greater than the current
simulation time. Theurrentvalue of the driver is the value component of this transaction. If, as the result

of the advance of time, the current time becomes equal to the time component of the next transaction, then
the first transaction is deleted from the projected output waveform, and the next becomes the current value
of the driver.

12.6.2 Propagation of signal values

As S|mulat|0n tlme advances the transactions in the prOJected output Waveform of a given driver (see

12.6. ew value in this
way, iver is said to be
active uiring a value

from g null transaction is assumed to have acquired a new value.
given simulation cycle

gring a
—+ If one of its sources is active
—+ If one of its subelements is active

-+ If the signal is named in the formal part ciation list and

the corresponding actual is a

If a si re a conversion
functig gcalar subelement
of thal signal is considere Similarly, if a port of a given
compgsite type is assosjatethwi ) i a di sion function or
type cpnversion appea ement of that port
is congidered t

In additi en simulation
cycle

If a si ing that
simulgti

The K jon cycle. The
driving ffectiec

value pf@a given sigral is the value obtainable by evaluating a reference to the signal withip an expression.
The dtiving value and the effective value of a signal are not always the same, especially r/vhen resolution

functions and conversion functions or type conversions are involved in the propagation of signal values.
A basic signais a signal that has all of the following properties:

— ltis either a scalar signal or a resolved signal (see 4.3.1.2);

— ltis not a subelement of a resolved signal;

— Is not an implicit signal of the form S'Stable(T), S'Quiet(T), or S'Transaction (see clause 14.1);
and

— ltis not an implicit signal GUARD (see clause 9.1).
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Basic signals are those that determine the driving values for all other signals.
The driving value of any basic signal S is determined as follows:

— If S has no source, then the driving value of S is given by the default value associated with S
(see 4.3.1.2).

— If S has one source that is a driver, and S is not a resolved signal (see 4.3.1.2), then the driving
value of S is the value of that driver.

— If S has one source that is a port and S is not a resolved signal, then the driving value of S is the
driving value of the formal part of the association element that associates S with that port (see
4 3.2.2). The driving value of a formal part |s obtained by evaluatmg the formal part as follows:

r, and
1g value of S'is
| by executing

iMput parameter

e exception of

Ction.

corresponding

D the aggregate

bd port of

hme as the
h actual with S

effective value of the actual part of the association element that associates a

4.3.2.2). The effective val f an | part i in valuating 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 moie the effective value of S is given by the default value
associated with S (see 4.3.1.2).

For a composite signal R, the effective value of R is the aggregate of the effective values of each of the
subelements of R.

For a scalar signal S, both the driving and effective values must belong to the subtype of the signal. For a
composite signal R, an implicit subtype conversion is performed to the subtype of R; for each element of R,
there must be a matching element in both the driving and the resolved value, and vice versa.
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In order to update a signal during a given simulation cycle, the kernel process first determines the driving
and effective values of that signal. The kernel process then updates the variable containing the current

value of the signal with the newly determined effective value, as follows:

If upd@iting a signal causes the current value of that signal to change, tbgg
on thg
to the
an ev
cycle

For ar
signal
cycle.
simulg
transa

A net
resolu

Implici
updatd

NOTE

1

2

a

b

) If Sis a signal of some type that is not an array type, the effective value of S is used to update
the current value of S. A check is made that the effective value of S belongs to the subtype of S.
An error occurs if this subtype check fails. Finally, the effective value of S is assigned to the
variable representing the current value of the signal.

) If S is an array signal (including a slice of an array), the effective value of S is implicitly

converted to the subtype of S. The subtype conversion checks that for each element of S there is
a matching element in the effective value and vice versa. An error occurs if this check fails.
The result of this subtype conversion is then assigned to the variable representing the current
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earing_as an-actlal in a port association list whose formal is ofoubde inout, the driving value

only

he obtained after the driving value of the corresponding formal part is computed. This ¢

inv

Ve muniple EXecutions of the above algori[nm.

inout, or buffer, and if no conversion function or type conversiop appears in
F mal is a source of
actual. In such a case, a given subelement of the actual will be active if and only if

is a local signal
of S can
bmputation may

4 Similarly, the algorithm for computing the effective value of a signal S is recursive. For example, if a formal port S
of modein corresponds to an actual A, the effective value of A must be computed before the effective value of S

can

5 No

be computed. The actual A may itself appear as a formal port in a port association list.

effective value is specified fout andlinkage ports, since these ports may not be read.

6 Overloading the operator “=" has no effect on the propagation of signal values.

7 A signal of kindregister may be active even if its associated resolution function does not execute in the current
simulation cycle, if the values of all of its drivers are determined by the null transaction and at least one of its

driv

ers is also active.
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8 The definition of the driving value of a basic signal exhausts all cases, with the exception of a non-resolved signal
with more than one source. This condition is defined as an error in 4.3.1.2.

12.6.3 Updating implicit signals

The kernel process updates the value of each implicit signal GUARD associated with a block statement that
has a guard expression. Similarly, the kernel process updates the values of each implicit signal S'Stable(T),
S'Quiet(T), or S'Transaction for any prefix S and any time T; this also involves updating the drivers of

S'Stable(T) and S'Quiet(T).

For any implicit signal GUARD, the current value of the signal is modified if and only if the corresponding

guard expression contains a reference to a signal S and if S is active during the current simulation cycle.

such
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ponding driver) is modified if and only if one of the following stateiy

An event has occurred on S in this simulation cycle.

The driver of S'Stable(T) is active.

event has occurred on signal S, then S'Stable

ing the current value of the drive
vise, neither the variable nor the dyiv

pipdated by assigning the value FALSE to the varia

If signal S\jg"active, then S'Transaction is updated by assigning the value of the
sattion) to the variable representing the current value of S'Transaction. At most one
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is assigned the
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le representing
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he variable nor

it signal S'Transaction, the current value of the signal is modified if apd only if S is

expression (
such assignment

will occur during any given simulation cycle.

For any implicit signal S'Delayed(T), the signal is not updated by the kernel process.

by constructing an equivalent process (see clause 14.1) and executing that process.

Instead, it is updated

The current value of a given implicit signal denoted by R is saidefendupon the current value of
another signal S if one of the following statements is true:

expression that defines the current value of R.

R denotes an implicit signal S'Stable(T).

R denotes an implicit GUARD signal, and S is any other implicit signal named within the guard
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— R denotes an implicit signal S'Quiet(T).

— R denotes an implicit signal S'Transaction.

— R denotes an implicit signal S'Delayed(T).

These rules define a partial ordering on all signals within a model. The updating of implicit
kernel process is guaranteed to proceed in such a manner that, if a given implicit signal R depends upon the
current value of another signal S, then the current value of S will be updated during a particular simulation

cycle

prior to the updating of the current value of R.

signals by the

NOTE—These rules imply that, if the driver of S'Stable(T) is active, then the new current value of that driver is the
value TRUE. Furthermore, these rules imply that, if an event occurs on S during a given simulation cycle, and if the

driver

will be assigned the value FALSE, and the current value of the driver of S'Stable(T) during
be ass|gned to that signal.

12.6.4f The simulation cycle

current va
giver

of S'Stable(T) becomes active during the same cycle, the variable representin

lue of S'Stable(T)
cycle will never

The execution of a model consists of an initialization phase foflow epetitive’execuition of process

statements in the description of that model. Each such rep
cycle,
occurg on a given signal, process statements that &
execufed as part of the simulation cycle.

At the

The infiti

the values of all signals in the description are cop

-+.</The time 0f the next simulation cycle (which in this case is the first simulation

.In each

itation an event
me and will be

omputed, and
d to have been

e. The value

ix, S.

torresponding

cycle), Tn, is

caleulated acecordina-tao-the rulecs of stan f of tha cimulation evela halow
Catcthate aaccoraigtome-HhesSo+-Step+-ote-SHRthatBh-Ey 6188 etoW-

A simulation cycle consists of the following steps:

a) The current time, Tc is set equal to Tn. Simulation is complete when Tn = TIME'HIGH and

there are no active drivers or process resumptions at Tn.

b) Each active explicit signal in the model is updated. (Events may occur on signals as a result.)

c) Each implicit signal in the model is updated. (Events may occur on signals as a result.)

d) For each process P, if P is currently sensitive to a signal S, and if an event has occurred on S in

this simulation cycle, then P resumes.
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)  Each nonpostponed process that has resumed in the current simulation cycle is
suspends.

1997 (E)

executed until it

f)  The time of the next simulation cycle, Tn, is determined by setting it to the earliest of

NOTES

1 The

3 Wh

1) TIME'HIGH,
2) The next time at which a driver becomes active, or

3) The next time at which a process resumes.

If T, = T, then the next simulation cycle (if any) will bel@ta cycle

f. It is an error if the execution of any postponed proce
immediately after the current simulation cycle.

\" &4

ted since |ts last

he rules of step
gycle to occur

initial value of any implicit signal of the form S'Transactio

2 Updating of explicit signals is described in 12.6.2; updatipng of i B.
BN a process resumes, it is added tg/one_ of tywO™S SSe$ e postponed processes
the set of nonpostponed processes i | signals have been

and
upd
alwj
eve

4 Thq
intg
and
valy

Secit

The te

ated and all executable processes for
hys executed during step e) of every sirT
Iy simulation cycle that does not imm

leaved fashion.
ther implicit signa

xt 0f a description consists of one or more design files. The text of a design file ig

ned processes are
d during step g) of

cle may occur in

I as the prefix of

als, making the

a sequence of

lexical €lements, each cOmpoSed Of characters, the rules ol composition are given in this section.

13.1

Character set

The only characters allowed in the text of a VHDL description 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), and is represented (visually) by a graphical symbol.

basic_graphic_character ::=
upper_case_letter | digit | special_character | space_character


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

61691-1 © IEC: 1997 (E) — 165 -

graphic_character ::=
basic_graphic_character | lower_case_letter | other_special_character

basic_character ::=
basic_graphic_character | format_effector

The basic character set is sufficient for writing any description. The characters included in each of the
categories of basic graphic characters are defined as follows:

a) Uppercase letters

=

Digits
~

0123456789

) Special characters
"HE&(O)Y+, - <=>]]_|

) The space characters
SPACE NBSP

Formgt effectors are the 1SO (and ASCII) characters iz tabulation, vert|cal tabulation,
carriaIe return, line feed, and form feed.

The characters included in each of the ed as follows:

)  Lowercase letters

,,,,,,

1$% @ ?\
Allowgble repl
are ddfined in theNa

NOTE

phen)

ation mark (")

1 The
ISQ

) is not part of

2 The
Infdrmation

astonyms used in this section are as follows: ASCII stands for American Standard Code for
ge, 1SO stands for International Organization for Standardization.

3 Thgre.are no uppercase equivalents for the characters 3 and y.

The visual representation of the space is the absence of a graphic symbol. It may be interpreted as a graphic
character, a control character, or both.

The visual representation of the nonbreaking space is the absence of a graphic symbol. It is used when a line break
is to be prevented in the text as presented.
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4 The following names are used when referring to special characters:

Character Name Character
guotation mark
number sign
ampersand
apostrophe, tick
left parenthesis
right parenthesis
asterisk, multiply
plus sign

, comma

- hyphen, minus sign

TR R

* N A~
FwotT K o th e

+
® O

. —pointperiot—fy
/ slash, divide, solidus
: colon

; semicolon

less-than sign
equals sign
greater-than sign
underline, low line
vertical line, vertical bar
exclamation mark

AVART]

B L8 — — |

dollar sign
o percent sign
question mark
) commercial at
[ left square bracket

backslash, reverse solid
right square bracket

13.2

The td
delimi
literal,

iterdl, or a comment.

a bitstring

61691-1 © IEC: 1997 (E)

Name

cent sign
pound sign
currency sign
yen sign
broken bar
paragraph sign, section sign
diaeresis

copyright sign

feminine ordinal indicator

e v SO

uperscript one
masculine ordinal indicato
right angle quotation mark
vulgar fraction one quarter
vulgar fraction one half
vulgar fraction three quartgrs
inverted question mark
multiplication sign
division sign

a graphic symbol identical with, or similar to, that representing HYPHEN] for use when a line

it is a sequence of separate lexical elements. Each lexical elgment is either a
ar (Which may be a reserved word), an abstract literal, a character [iteral, a string

In some-easesan Cl\pllblt separator 13 fcquifcd to-Separate adjabcnt lexiealelements (nam ‘ly 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 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 if, for a given implementation, the end of a line is signified by one or more characters, then these
characters must be format effectors other than horizontal tabulation. In any case, a sequence of one or
more format effectors other than horizontal tabulation must cause at least one end-of-line.

One or more separators are allowed between any two adjacent lexical elements, before the first of each
design unit or after the last lexical element of a design file. At least one separator is required between an
identifier or an abstract literal and an adjacent identifier or abstract literal.
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A delimiter is either one of the following special characters (in the basic character set):
&' ()*+,-.1:;<=>][]
or one of the following compound delimiters, each composed of two adjacent special characters:
= ** = [z >= <= <>
Each of the special characters listed for single character delimiters is a single delimiter except if this
character is used as a character of a compound delimiter, or as a character of a comment, string literal,

character literal, or abstract literal.

The remaining forms of lexical elements are described in other clauses of this section.

NOTES

\" &4

1 Eagh lexical element must fit on one line, since the end of a line is a sepay4tox.
and underline characters, likewise twoaadjnt hyphens, are not delimiters, %
elements.

ark, number sign,
ther lexical

2 Thg following names are used when referring to compound deli

Delimiter Name

1T
\Y

arrow
double star, exponeptia

L

JANEA)

\%

13.3 [Identifiers
Identifjers are u@
dentifier ::= i

13.3.1

A bas

etter_or_digit ::= letter | digit

letter ::= upper_case_letter | lower_case_letter

All characters of a basic identifier are significant, including any underline character inserted between a
letter or digit and an adjacent letter or digit. Basic identifiers differing only in the use of corresponding
uppercase and lowercase letters are considered the same.

Examples:
COUNT X c_out FFT Decoder
VHSIC X1 PageCount STORE_NEXT_ITEM

NOTE—No space (SPACE or NBSP) is allowed within a basic identifier, since a space is a separator.
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13.3.2 Extended identifiers
Extended identifiers may contain any graphic character.

extended_identifier ::=
\ graphic_character { graphic_character } \

If a backslastlis to be used as one of the graphic characters of an extended literal, it must be doubled. All
characters of an extended identifier are significant (a doubled backslash counting as one character).
Extended identifiers differing only in the use of corresponding uppercase and lowercase letters are distinct.
Moreover, every extended identifier is distinct from any basic identifier.

Examples:
BUS\ \bus\ -- Two different identifiers \either of which is
-- the reserved worlus.
a\\b\

VHDL  \VHDL\ \vhdl\

13.4 |Abstract literals

There|are two classes of abstract literals: i i Iiter . A real literal is ah abstract literal
that in

hout Bpoint. Real literals arge the literals of

13.4.1] Decimal literal

A dec|mal literais.ana g in the conventional decimal notation (that is, the base is
implicitly ten).

Hecimal_litefa

An ungerlineharacter inserted between adjacent digits of a decimal literal does not affect the value of this
abstract literal. The letter E of the exponent, if any, can be written either in lowercase or in pppercase, with
the same{meaning.

An exponent indicates the power of ten by which the value of the decimal literal without the exponent is to
be multiplied to obtain the value of the decimal literal with the exponent. An exponent for an integer literal
must not have a minus sign.

Examples:
12 0 1E6 123 456 -- Integer literals
12.0 0.0 0.456 3.14159 26 -- Real literals

1.34E-12 1.0E+6 6.023E+24 -- Real literals with exponents
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NOTE—Leading zeros are allowed. No space (SPACE or NBSP) is allowed in an abstract literal, not even between
constituents of the exponent, since a space is a separator. A zero exponent is allowed for an integer literal.

13.4.2 Based literals

A based literal is an abstract literal expressed in a form that specifies the base explicitly. The base must be
at least two and at most sixteen.

based_literal ::=
base # based_integer [ . based_integer ] # [ exponent ]

base ::= integer

based_integer ::=
extended_digit { [ underline ] extended_digit }

extended_digit ::= digit | letter

An unflerline character inserted between adjacent digits of a based li the value of this
abstract literal. The base and the exponent, if any, are in atl fters allowed as
extended digits are the letters A up to and including F for the 5. Aletterina

based]literal (either an extended digit or the letter E of 2 lowercase or in
upperg¢ase, with the same meaning.

The ¢ tended digit of a
based vhich the value of
the b4 literal with the
expon

Examples:

016#0FF#

2#111i 11
- Integer [itera

13.5

A chayacterliteral 1§ formed by enclosing one of the 191 graphic characters (including|the space and
nonbLﬂmWwww%mmw@wmm has a value that

belongs to a character type.

character_literal ::= ' graphic_character '

Examples:
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13.6 String literals

A string literal is formed by a sequence of graphic characters (possibly none) enclosed between two
guotation marks used as string brackets.

string_literal ::= “ { graphic_character } “

A string literal has a value that is a sequence of character values corresponding to the graphic characters of
the string literal apart from the quotation mark itself. If a quotation-mark value is to be represented in the
sequence of character values, then a pair of adjacent quotation marks must be written at the corresponding
place within the string literal. (This means that a string literal that includes two adjacent quotation marks is
never interpreted as two adjacent string literals.)

|. (Each doubled
ion mark is counted as a single character.)

Examples:

'Setup time is too short" -- An error message.
" -- An empty string
AT -- Three string lite

'Characters such as $, %, and } ar

NOTEH-A string literal must fit on one line, si
characfer values can be obtained by concatenation ofsthi

ences of graphic
ay also be used to
EFR in package

obtain | string literals containing nongraphic cha acte %
STANDARD specifies the enumeration literals dg QO both wra h|c and nongraphic characters. HExamples of such
uses of concatenation are

'FIRST PART OF

'"THAT CONTINU K
'Sequence i gontrol character"”

a sequence of extended digits (possibly none) enclosedl between two
brackets, preceded by a base specifier.

13.7

A bit
quotat

= base_specifier " [ bit_value ] "

bit.value ::= extended digit { [ underline ] extended digit }

base_specifier := B| O | X

An underline character inserted between adjacent digits of a bit string literal does not affect the value of this
literal. The only letters allowed as extended digits are the letters A up to and including F for the digits 10 up
to and including 15. A letter in a bit string literal (either an extended digit or the base specifier) can be
written either in lowercase or in uppercase, with the same meaning.

If the base specifier is 'B', the extended digits in the bit value are restricted to 0 and 1. If the base specifier
is 'O', the extended digits in the bit value are restricted to legal digits in the octal number system, that is, the
digits 0 up to and including 7. If the base specifier is 'X', the extended digits are all digits, together with the
letters A up to and including F.
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A bit string literal has a value that is a string literal consisting of the character literals '0' and '1'. If the base
specifier is 'B', the value of the bit string literal is the sequence given explicitly by the bit value itself after
any underlines have been removed.

If the base specifier is 'O’ (respectively 'X'), the value of the bit string literal is the sequence obtained by
replacing each extended digit in the bit_value by a sequence consisting of the three (respectively four)
values representing that extended digit, taken from the character literals '0' and '1'; as in the case of the base
specifier 'B', underlines are first removed. Each extended digit is replaced according to the following table:

Extended digit Replacement when the base specifier is Replacement when the base specifier is

o' N
000 0000
001 001
010

011
100
101

M m O O W >» © o N o oA w N RO

Thele
Exam

-- Equivalent to the string literal "111111111111"
-- Equivalentto B"1111 1111 1111"
-- Equivalentto B"111 111 111"
-- Equivalent to B"0111 0111 0111"

O" 777",
X7

constantcl: STRING :=B"1111_1111_1111"%
constantc2: BIT_VECTOR := X"FFF";

type MVL is (X', '0', '1', 'Z";
type MVL_VECTORIs array (NATURAL range <>) of MVL;
constantc3: MVL_VECTOR := O"777";

assert Ccl1'LENGTH = 12and
Cc2'LENGTH = 12and
c3="111111111";
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13.8 Comments

61691-1 © IEC: 1997 (E)

A comment starts with two adjacent hyphens, and it extends up to the end of the line. A comment can
appear on any line of a VHDL description. The presence or absence of comments has no influence on
whether a description is legal or illegal. Furthermore, comments do not influence the execution of a

simulation module; their sole purpose is to enlighten the human reader.

Examples:

-- The last sentence above echoes the Algol 68 report.

end, -- Processing of LINE is complete

A laoscey Banaart ma o P H P
oy CoreTeray OSSPt UTTto

L- two or more consecutive lines.
----------- The first two hyphens start the comment.
NOTE+{-Horizontal tabulation can be used in comments, after the doub
spaceq (SPACE characters) (see clause 13.2).
13.9 [Reserved words

The identifiers listed below are calleds
For repdability of this manual, the rese

gr significance in thé
boldface.

t to one or more

e language.

afhs select
adcess severity
after signal
alias shared
al sla
and sli
architecture sra
arfay Q of srl
adsert on subtype
atfribute open
or then
be others to
bl out transport
bd type
by package
by port unaffected
postponed units
cgse library procedure until
component linkage process use
configuration literal pure
constant loop variable
range
disconnect map record wait
downto mod register when
reject while
else rem with
elsif report
end return xnor
entity rol xor
exit ror

A reserved word must not be used as an explicitly declared identifier.
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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 wardje 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 it is not the reserved

word next.

13.10 Allowable replacements of characters

The following replacements are allowed for the vertical line, number sign, and quotation mark basic

characters:

-+ A vertical line (|) can be replaced by an exclamation mark (!) wh

These
NOTES
1 Itis

to (

bro

2 Th4g rules giv
indifferently; these

Section14: defined language environment

miter.
pfided that the
be replaced by

ins no quotation
ign within the

gign is interpreted

iteral, provided

restricted
line appears as a

tters can be used
set.

This section 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 attribute: value, type, range, function, or signal.

— The prefixes for which the attribute is defined.
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— A description of the parameter or argument, if one exists.

— The result of evaluating the attribute, and the result type (if applicable).

— Any further restrictions or comments that apply.

61691-1 © IEC: 1997 (E)

T'BASE
Kind: Type.
Prefix: Any type or subtype T.
Result type: The base type of T.
Restrictions: This attribute is allowed only as the prefix of the name of
another attribute; for example, T'BASE'LEFT.
T'LEFF
Kind: Value.
Prefix: Any scalar type or subtype T.
Result type: Same type as T.
Result: The left bound of T.
T'RIGHT
Kind:
Prefix:
Result type:
Result:
T'HIGH
Kind:
Prefix:
Result type:
Result:

T'LOW

T'ASC

Result type:

ny scalar type or subtype T.
Same type as T.
The lower bound of T.

Value.
Any scalar type or subtype T.
Type Boolean

Result: TRUE if T is defined with—an asgending range; FALSE

otherwise.
T'IMAGE(X)

Kind: Function.

Prefix: Any scalar type or subtype T.

Parameter: An expression whose type is the base type of T.

Result type: Type String.

Result: The string representation of the parameter value, without

leading or trailing whitespace. If T is an enumeration type or
subtype, and the parameter value is either an extended
identifier or a character literal, the result is expressed with
both a leading and trailing reverse solidus (backslash) (in the
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case of an extended identifier) or apostrophe (in the case of a
character literal); in the case of an extended identifier that has
a backslash, the backslash is doubled in the string
representation. If T is an enumeration type or subtype, and the
parameter value is a basic identifier, then the result is
expressed in lowercase characters. If T is a numeric type or
subtype, the result is expressed as the decimal representation
of the parameter value without underlines or leading or trailing
zeros (except as necessary to form the image of a legal literal
with the proper value); moreover, an exponent may (but is not
required to) be present, and the language does not define under
what conditions it is or is not present. If the exponent is
present, the “e” is expressed as a lowercase character. If Tis a
terms of the

physicai-typeorsubtype, theresuitis/&xp

primary unit of T, unless the base , in which
case the result is expressed i olution limit
entifier, the
Cters. If T is
igits to the
ndard form
Write for
result never
lause 13.10.
Restrictions: long to the
T'VALUE(X)
Kind:
Prefix:
Parameter:
Result Ty
Result: e of T whose string representation (ag defined in

> 13) is given by the parameter. Leading [and trailing
wWoit&space is allowed and ignored. If T is a numgric type or

ubtype, the parameter may be expressed either
literal or as a based literal. If T is a physical type
the parameter may be expressed using a string T
of any of the unit names of T, with or without
abstract literal. The parameter must have whitesp
any abstract literal and the unit name. The

as a decimal
or subtype,
epresentation
a leading
ace between
eplacement

characters of clause 13.10 are allowed in the parameter.

Itis an error if the parameter is not a valid string re
of a literal of type T, or if the result does not be
subtype implied by T.

bresentation
ong to the

T'POS(X)
Kind: Function.
Prefix: Any discrete or physical type or subtype T.
Parameter: An expression whose type is the base type of T.
Result Type: universal_integer
Result: The position number of the value of the parameter.
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T'VAL(X)
Kind: Function.
Prefix: Any discrete or physical type or subtype T.
Parameter: An expression of any integer type.
Result Type: The base type of T.
Result: The value whose position number is thaiversal_integer
value corresponding to X.
Restrictions: It is an error if the result does not belong to the range T'LOW
to THIGH.
T'SUCC(X)

Kind: Function.

Parameter: An expression whos
Result Type: The base type of T.
Result: The value whose position nu
the parameter.
Restrictions: An error occurs if X equa
the range T'LOWo T'H

than that of

belong to

T'PRED(X)

Kind: Function.
Prefix:
Parameter:
Result Type:

Result: h that of the

Restrictions: belong to

T'LEF[TOF(X)
Ki .
y discrete or physical type or subtype T.

An expression whose type is the base type of T.
The base type of T.

The value that is to the left of the parameter in the fange of T.
An error occurs if X equals T'LEFT, or if X does nof belong to
the range T'LOWo T'HIGH.

TRIG
Function.
Any-discrete-orphysicattype-ersubltype
Parameter: An expression whose type is the base type of T.
Result Type: The base type of T.
Result: The value that is to the right of the parameter in the range of T.
Restrictions: An error occurs if X equals T'/RIGHT, or if X does not belong

to the range T'LOWo T'HIGH.
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A'LEFT [(N)]
Kind:
Prefix:

Parameter:

Result Type:

Result:

ARIGHT{(N)]

- 177 -

Function.
Any prefix A that is appropriate for an array object,

or an alias

thereof, or that denotes a constrained array subtype.

A locally static expression of typeiversal_integerth
of which must not exceed the dimensionality of A.

it defaults to 1.

Type of the left bound of the Nth index range of A.

e value
If omitted,

Left bound of the Nth index range of A. (If Ais an alias 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.)

Kind:
Prefix:

Parameter:

Result:

A'HIGH [(N)]
Kind:
Prefix:

Parameter:

A'LOV]

Result Type:

Result Type:

Function.
Any prefix A that is appropriate f object|or an alias
thereof, or that denotes a constfal .
A locally static expression 3 value
of which must not exceed'the . | If omitted,
it defaults to 1.
Type of the Nth indes
Right bound of the N n alias for
of the Nth
b object.)
or an alias
e
e value
If omitted,
bound of the Nth index range of A. (If A is an alias for
parray object, then the result is the upper bound of the Nth
dex range from the declaration of A, not that of the object.)
Function.
Any prefix A that is appropriate for an array object|or an alias
thereof, or that denotes a constrained array subtypg.
A locally static expression of typeiversal_integerthe value
of which must not exceed the dimensionality of A. | If omitted,
it dofarltc +n 1

Type of the Nth index range of A.

Result:

Lower bound of the Nth index range of A. (If A is an alias for
an array object, then the result is the lower bound of the Nth
index range from the declaration of A, not that of the object.)
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A'RANGE [(N)]
Kind:
Prefix:

Parameter:

Result Type:
Result:
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Range.

Any prefix A that is appropriate for an array object, or an alias
thereof, or that denotes a constrained array subtype.

A locally static expression of typeiversal_integerthe value

of which must not exceed the dimensionality of A. If omitted,
it defaults to 1.

The type of the Nth index range of A.

The range A'LEFT(NYo A'RIGHT(N) if the Nth index range

of A is ascending, or the range A'LEFT(NJownto
A'RIGHT(N) if the Nth index range of A is descending. (If A
is an alias for an array object, then the result is determined by
the Nth index range from the declaration of A, not that of the
object.)

A'REMERSE_RANGE [(N)]
Kind:
Prefix:

Parameter:

Result Type:
Result:

A'LENGTH [(N)]
Kind:

=

Range.
Any prefix A that is approgri y ' or an alias
thereof, or that denotes a sonstraingd"q E.

e value
. | If omitted,

A locally static expr
of which must ng

h index

HT (M)

ing. (IFAis
mined by the
hat of the

| or an alias
e

X'locally static expression of typeniversal_integerthe value

of which must not exceed the dimensionality of A. | If omitted,
it defaults to 1.
universal_integer
Number of values in the Nth index range; that is| if the Nth
index range of A is a null range, then the result is 0.
Otherwise, the result is the value of TPOS(A'HIGH(N)) —
T'POS(ALOW(N)) + 1, where T is the subtype ¢f the Nth
index of A.

A'ASCENDING [(N)]
Kind:
Prefix:

Parameter:

Result Type:
Result:

Value.

Any prefix A that is appropriate for an array object, or an alias
thereof, or that denotes a constrained array subtype.

A locally static expression of typmiversal integerthe value

of which must be greater than zero and must not exceed the
dimensionality of A. If omitted, it defaults to 1.

Type Boolean.

TRUE if the Nth index range of A is defined with an ascending
range; FALSE otherwise.
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S'DELAYED [(T)]

Kind: Signal.

Prefix: Any signal denoted by the static signal name S.

Parameter: A static expression of type TIME that evaluates to a non-
negative value. If omitted, it defaults to O ns.

Result Type: The base type of S.

Result: A signal equivalent to signal S delayed T units of time. The

value of S'DELAYED(t) at time [ is always equal to the
value of S at time Jt. Specifically:

Let R be of the same subtype as S, let T >= 0 ns, and let P be a process statement of the form

P: process(S)

S'STA

S'QUI

NE

S'EVEN

BLE [(T)]

=T [(T]

haain
begin

R <=transport Safter T,
end process

Assuming that the initial value of R is the same as the i alye ,0KS, el the attribute
'DELAYED is defined such that SSDELAYED(T) = R fo

Kind:
Prefix:
Parameter: s to a non-
Result Type:
Result: ent has not

llue FALSE

Kind:
Prefix:

ic_expression of type TIME that evaluatgs to a non-
e value. If omitted, it defaults to O ns.

ignal that has the value TRUE when the signal has been quiet
or T units of time, and the value FALSE otherwise ($ee 12.6.2.).

Signal.

Any signal denoted by the static signal name S.
Type Bit.

A signal whose value toggles to the inverse of its pfevious value

in each simulation cycle in which signal S becomes fctive.

A description is erroneous if it depends on the inftial value of

S'Transaction.

Kind: Function.

Prefix: Any signal denoted by the static signal name S.

Result Type: Type Boolean.

Result: A value that indicates whether an event has just occurred on

signal S. Specifically:

For a scalar signal S, S'/EVENT returns the value TRUE if an event has occurred on S during
the current simulation cycle; otherwise, it returns the value FALSE.

For a composite signal S, S'EVENT returns TRUE if an event has occurred on any scalar
subelement of S during the current simulation cycle; otherwise, it returns FALSE.
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S'ACTIVE
Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type Boolean.
Result: A value that indicates whether signal S is active. Specifically:

For a scalar signal S, S'ACTIVE returns the value TRUE if signal S is active during the
current simulation cycle; otherwise, it returns the value FALSE.

For a composite signal S, S'ACTIVE returns TRUE if any scalar subelement of 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

Result Type: Type TIME.

Result: The amount of time that ,? last event

For a signal S, S'LAST_EVENT returns the sn E such that
S'EVENT = True during any simulation c) 9 alue exists;

S'LAS|T_ACTIVE

Kind:

Prefix: ed by the static signal name S.

Result Type:

Result: e that has elapsed since thellast time at

as active. Specifically:

retarns the smallest value T of type TIME such that
blation cycle at time NOW — T, if such Jalue exists;

S'LAS|T_

Function.

Any signal denoted by the static signal name S.
The base type of S.

The previous value of S, immediately before the last|change of S.

S'DRIVING
Kind: Function.
Prefix: Any signal denoted by the static signal name S.
Result Type: Type Boolean.
Result: If the prefix denotes a scalar signal, the result is FALSE if the

current value of the driver for S in the current process is
determined by the null transaction; TRUE otherwise. If the
prefix denotes a composite signal, the result is TRUE if and
only if R'DRIVING is TRUE for every scalar subelement R of
S; FALSE otherwise. If the prefix denotes a null slice of a
signal, the result is TRUE.

Restrictions: This attribute is available only from within a process, a
concurrent statement with an equivalent process, or a
subprogram. If the prefix denotes a port, it is an error if the
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S'DRIVING_VALUE

-181 -

port does not have a modeinbut, out, or buffer. It is also

an error if the attribute name appears in a subprogram body
that is not a declarative item contained within a process
statement and the prefix is not a formal parameter of the given
subprogram or of a parent of that subprogram. Finally, it is an
error if the prefix denotes a subprogram formal parameter
whose mode is nahout or out.

Kind: Function.

Prefix: Any signal denoted by the static signal name S.

Result Type: The base type of S.

Result: If S is a scalar signal S, the result is_the current value of the

E'SIM

E'INST

Restrictions:

PLE_NAME

Kind:
Prefix:

Resdlt\Typ
Rest

ANCE NAME

driver for S in the current process. If S is aicomppsite signal,
the result is the alues  of
R'DRIVING_VALUE for each . is a null

This attribute is availablé process, a

concurrent statement_ wi { ess, or a
subprogram. If the grefi ) error if the
port does not haye i pbuffer. It|is also

an error if the Attribute in a subpfogram body

\ ' a process

efix IS not a formal parameter|of the given

al pt of that subprogram. Finally, it is an

prefix\denotes™a subprogram formal parameter
j or gut, or if S'DRIVING is FALSE at

imple name, character literal, or operator syymbol of the
amed entity, without leading or trailing whitg¢space or
quotation marks, but with apostrophes (in the|case of a
character literal), and both a leading and traillng reverse
solidus (backslash) (in the case of an extended identifier). In
the case of a simple name or operator symbol, the characters
are converted to their lowercase equivalents. In the case of an
extended identifier, the case of the identifier is prgserved, and
any reverse solidus characters appearing as [part of the
identifier are represented with two consecutive reverse solidus
characters.

Kind:
Prefix:

Result Type:

Result:

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,
including the names of instantiated design entities.

Specifically:
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The result string has the following syntax:
instance_name ::= package_based path | full_instance_based_path
package based_path ::=

leaderlibrary_logical_name leadgrackage simple_name leader
[ local_item_name ]

£ 1997 (E)

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_instantiatiotabel @ ]
entity simple_name &rchitecture simple
| block label
| generate_label

| process_label

| loop_label

| subprogramsimple_name
generate_label ::geReratalald teral

Slabe

N

ems declared within packages. Full-instan

ary logical name may not be unique.

ngtance element for each component instantiation, bl
process statement, or subprogram body in the design hi

componght instantiation label (and the commercial at following it) are require
entity simple name and the architecture simple name together denote the root ¢

Ce-based paths

aMibrary; see clause 11.2. Since multiple logidal names may

pck statement,
brarchy between

an architecture
rthermore, the
d, unless the

esign entity.

The literal in a generate label is required if the label denotes a generate state

ment with a for

generation scheme; the literal must denote one of the values of the generate parameter.

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 lowercase
equivalents. Both a leading and trailing reverse solidus surround an extended identifier
appearing in the result; any reverse solidus characters appearing as part of the identifier are

represented with two consecutive reverse solidus characters.
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E'PATH_NAME

Kind: Value.

Prefix: Any named entity other than the local ports and generics of a
component declaration.

Result Type: Type String.

Result: A string describing the hierarchical path starting at the root of

the design hierarchy and descending to the named entity,
entities.

excluding the of

Specifically:

name instantiated design

The result string has the following syntax:

path_name ::= package based path | instance_based_path

instance_based_path ::=
leader path_to_instance [ local_item_name ]

path_to_instance ::=
path_instance_element ::=

| entity_simple_name
| block label

| generate_label
| process_label

the root d
Examples: Q
ibrary Lib:

packageP

procedure Proc (F:inout INTEGER)is

{ path_instance_element le

component_instantiatioabel

n-packages. Instance-basqd paths identify

pck statement,
iprarchy between

-- All design units are in this library:
-- P'PATH_NAME = "lib:p:"

-- P'INSTANCE_NAME = "lib:p:"
-- Proc'’PATH_NAME = ":lib:p:proc"

-- Proc'INSTANCE_NAME = ":lib:p:proc”
-- C'PATH_NAME = ":lib:p:c"
-- C'INSTANCE_NAME = "lib:p:c"

variable x: INTEGER;
begin

end;
end;

-- X'PATH_NAME = ":lib:p:proc:x"
-- X'INSTANCE_NAME = ":lib:p:proc:x"
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library Lib;
useLib.Pall;
entity Eis

generic(G: INTEGER);

port (P:in INTEGER);
end entity E;

architecture A of Eis
signal S: BIT_VECTOR (lto G);

61691-1 © IEC: 1997 (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"

-- SPATH_NAME = "e:s"
-- SINSTANCE_NAME = "e(a):s"

procedure Procl §ignal spl: NATURAL; C:out INTEGER)is

variable max: DELAY_LENGTH,;

begin
max = spl * ns;
wait on sp1for max;
c :=spl;

end procedureProcl;

begin
p1l:process
variable T: INTEGER := 12
begin

entity-Bottomi
generic (GBottom : INTEGER):;

-- Proc1'PATH_NA
-- Proc1'INSTAN

‘procl:”

cl:.c"
max"

'PATH_NAME = "e:plit"
-~ TINSTANCE_NAME = ":e(a):p[L:t"

- T'PATH_NAME = "e:ut"
- T'INSTANCE_NAME = "e(a)::t|

port (PBottom : INTEGER);
end entity Bottom;
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architecture BottomArchof Bottomis
signal SBottom : INTEGER;

begin
ProcessBottomprocess
variable V : INTEGER,;
begin
if GBottom = 4then
assertV'Simple_Name ="v"
and V'Path_Name = ":top:b1:b2:91(4):b3:11:processbottom:v"
and V'Instance_Name =
":top(top):b1:b2:g1(4):b3:I1@bottom(bottomarch):processbottom:v";
assertGBottom'Simple_Name = "bottom"
and GBottom'Path_Name = ":top:b1:b2:g1(4):b3:11:gbottom"
and GBottom'Instance_Name =
"fop(top):b1:bZ:gl(4):b3TI@bottom(bottomarch).gboftom
elsif GBottom = -1then
assertV'Simple_Name ="v"
and V'Path_Name = ":top:I2:processbottom:v
and V'Instance_Name =
":top(top):12@bottom(bottomarch):proges
assertGBottom'Simple_Name = "gbottom"
and GBottom'Path_Name = "top:12:d
and GBottom'Instance_Name =
":top(top):12@bottom(bottoma
endif;
wait;

end processProcessBottom;
end architecture BottomArch;

entity Topis end Top;

sighal S | INTEGER,;
begin

G1 :for I In 1to 10generate
B3 : block
signal S : INTEGER,;
for L1 : BCompuseentity Work.Bottom(BottomArch)
genericmap (GBottom => GComp)
port map (PBottom => PComp);
begin

L1 : BCompgenericmap (I) port map (S);
P1 :process
variable V : INTEGER;
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V"

begin
if | =7then
assertV'Simple_Name ="v"
and V'Path_Name = ":top:b1:b2:91(7):b3:pl:v"
and V'Instance_Name = ";top(top):b1:b2:91(7):b3:p1:
assertP1'Simple_Name = "p1"
and P1'Path_Name = ":top:b1:b2:91(7):b3:p1:"
and P1'Instance_Name = ":top(top):b1:b2:91(7):b3:p1:";
assertS'Simple_Name ="s"
and S'Path_Name = ":top:b1:b2:91(7):b3:s"
and S'Instance_Name = ":top(top):b1:b2:91(7):b3:s";
assertB1.S'Simple_Name ="s"
and B1.S'Path_Name = ":top:b1:s"
and B1.S'Instance_Name = ":top(top):b1:s";
endilr,
wait;
end processP1;
endblock B3;
end generate
endblock B2;

endblock B1;
L2 : BCompgenericmap (-1) port map (S);
end architecture Top;

configuration TopConfof Topis
for Top
for L2 : BCompuse
entity Work.Bottom(Bg
genericmap
port
endfor;
endfor;
end configuratio

EFT, RIGHT, LOW, and HIGH attributes is expressed
X

Ascending Descending
range range
T'LOW T'HIGH
T'HIGH T'LOW

in the following

VALUE are

cé\the attributes S'EVENT, S'ACTIVE, S'LAST_EVENT, S'LAST_ACTIVE, and S'LAST |

functions, 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 expressions involving those attributes, be used in concurrent contexts such as guard expressions

or concurrent signal assignments.

contexts.

S'DELAYED(O ns) is not equal to S during any simulation cycle where S'EVENT is true.

Similarly, function STANDARD.NOW should not be used in concurrent

S'STABLE(O ns) = (S'DELAYED(O ns) = S), and S'STABLE(O ns) is FALSE only during a simulation cycle in

whi

ch S has had a transaction.

For a given simulation cycle, S'QUIET(0 ns) is TRUE if and only if S is quiet for that simulation cycle.

IfS

'STABLE(T) is FALSE, then, by definition, for some t where GnsT, S'DELAYED(t) /= S.
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7 If Tgis the smallest value such that S'STABLE)({$ FALSE, then for all t where 0 8st < Tg, S'DELAYED(t) = S.

8 S'EVENT should not be used within a postponed process (or a concurrent statement that has an equivalent postponed
process) to determine if the prefix signal S caused the process to resume. However, S'LAST_EVENT = 0 ns can be
used for this purpose.

9 The values of EEPATH_NAME and E'INSTANCE_NAME are not unique. Specifically, named entities in two
different, unlabelled processes may have the same path names or instance names. Overloaded subprograms, and
named entities within them, may also have the same path names or instance names.

10 If the prefix to the attributes 'SIMPLE_NAME, 'PATH_NAME, or 'INSTANCE_NAME denotes an alias, the result
is respectively the simple name, path name or instance name of the alias. See clause 6.6.

11 For all values V of any scalar type T except a real type, the following relation holds:

V = T'Value(T'Image(V))

14.2 Package STANDARD

Packa
namin
not bel modified by the user.

An implicit| context clause
pPackage STANDARD may

The operators that are predefined for the types deClared A STANDARD are givén in comments
since [they are implicitly declared. -nayies of anonymous [types (such as
univergal_integéer, formal parameters, ahqd ung i gdmagementation_defingdl

packageSTANDARD is

- Predefined enu

sanhonymousBOOLEAN) return BOOLEAN;
sanonymousBOOLEAN) return BOOLEAN,;

ohymousanonymousBOOLEAN) return BOOLEAN;
(ahonymousanonymousBOOLEAN) return BOOLEAN,;
(anonymousanonymousBOOLEAN) return BOOLEAN,;

anonymousBOOLEAN) return BOOLEAN,;

funectingy "
o tcton

[ananumaticanamuum e s eDOYOY EAN ratiirn DOV AN
(O y T OO STi o T y Ot oD O O/ v Te o DO o7y

-- function "/=" (anonymousanonymousBOOLEAN) return BOOLEAN,;
-- function "<" (anonymousanonymousBOOLEAN) return BOOLEAN,;
-- function "<=" (anonymousanonymousBOOLEAN) return BOOLEAN,;
-- function ">" (anonymousanonymousBOOLEAN) return BOOLEAN;

-- function ">=" (anonymousanonymousBOOLEAN) return BOOLEAN;
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type BIT is (0", '17);

The predefined operators for this type are as follows:

-- function "and" (@nonymousanonymousBIT) return BIT;
-- function "or" (anonymousanonymousBIT) return BIT;
-- function "nand" @nonymousanonymousBIT) return BIT;
-- function "nor" (anonymousanonymousBIT) return BIT;
-- function "xor" (anonymousanonymousBIT) return BIT;
-- function "xnor" (anonymousanonymousBIT) return BIT;

function "not" (anonymousBIT) return BIT,;

=—functionm =" (anonymuousanonymousBi T returm BOOLEAN;
- function "/=" (anonymousanonymousBIT) return BOOLEAN;
- function "<" (anonymousanonymousBIT) return BOOLEAN
- function "<=" (anonymousanonymousBIT) return BOOLE
- function ">" (anonymousanonymousBIT) return BOQ
- function ">="

ype CHARACTER:Is (
NUL, SOH,
BS, HT,
DLE, DC1,
CAN, EM,

C131, C132, C133, C134, C135,
C139, C140, C141, C142, C143,
C144 C145. C146 ci47 C148 C149 C150 Ci151
C152, C153, C154, C155, C156, C157, C158, C159,

©h T', ¢, ‘£, o', ¥, v '8,
- ©, <, S,mwe, T
w208 W,
A A, A R, A A E, G
e, BB BT T, T, T,
-p, N, O, O, o, 0, 0 5
@, U, 0, 0, Uy, PL B,

1) The nonbreaking space character.
2 The soft hyphen character.
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A, 'q, ‘A, ‘A, ‘&', &, ‘', ‘¢,
‘e, 'é', ‘e, ‘e, T, T, T T,
0, ', '0', ‘o', ‘0", '9', ‘0", '+,
O N 4
-- The predefined operators for this type are as follows:
-- function "=" (anonymousanonymousCHARACTER)return BOOLEAN;
-- function "/=" (anonymousanonymousCHARACTER)return BOOLEAN;
-- function "<" (anonymousanonymousCHARACTER)return BOOLEAN;
-- function "<=" (anonymousanonymousCHARACTER)return BOOLEAN;
-- function ">" (anonymousanonymousCHARACTER)return BOOLEAN;
-- function ">=" (anonymousanonymousCHARACTER)return BOOLEAN,;

fype SEVERITY_LEVELIis (NOTE, WARNING, ERROR, FAILURE);

- The predefined operators for this type are as follows:
- function "="
- function "/="
- function "<"
- function "<="
- function ">"
- function ">="

t- function "=
- function "/="

- functio
L- function\!s=

safionymousuniversal_integerreturn BOOLEAN;
jsanonymousuniversal_integérreturn BOOLEAN,;

onymousuniversal_integérreturn universal_integer
(amdnymousuniversal_integérreturn universal_integer
@nonymousuniversal_integérreturn universal_integer

(anonymousanonymousuniversal_integer
return universal_integer

- function "-" (anonymousanonymousuniversal_integer
-- return universal_integer
-- function "*" (anonymousanonymousuniversal_integer
-- return universal_integer
-- function "/ (anonymousanonymousuniversal_integer
-- return universal_integer
-- function "mod" (anonymousanonymousuniversal_integer
-- return universal_integer
-- function "rem" (@anonymousanonymousuniversal_integer

-- return universal_integer

-- type universal_realisrange implementation_defined
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-- The predefined operators for this type are as follows:

-- function "=" (anonymousanonymousuniversal_redl return BOOLEAN;
-- function "/=" (anonymousanonymousuniversal_real return BOOLEAN;
-- function "<" (anonymousanonymousuniversal_readl return BOOLEAN;
-- function "<=" (anonymousanonymousuniversal_real return BOOLEAN,;
-- function ">" (anonymousanonymousuniversal_redl return BOOLEAN;
-- function ">=" (anonymousanonymousuniversal_redl return BOOLEAN;
-- function "+" (anonymousuniversal_redl return universal_rea]
-- function "-" (anonymousuniversal_read) return universal_real
-- function "abs" @nonymousuniversal_redl return universal_real

function
t- function ™"
L- function "/"
- function "*"

- function "*"

- function "/"

- function "**"

- function '

ponymousanonymousINTEGER) return BOOLEAN,;
(anonymousanonymousINTEGER) return BOOLEAN,;
(anonymousanonymousiINTEGER) return BOOLEAN;
(anonymousanonymousINTEGER) return BOOLEAN,;

- function "+" (anonymousINTEGER) return INTEGER:

-- function "-" (anonymousINTEGER) return INTEGER,;

-- function "abs" @nonymousINTEGER) return INTEGER,;

-- function "+" (anonymousanonymousINTEGER) return INTEGER,;
-- function "-" (anonymousanonymousINTEGER) return INTEGER,;
-- function "*" (anonymousanonymousINTEGER) return INTEGER;
-- function "/ (anonymousanonymousINTEGER) return INTEGER;
-- function "mod" (anonymousanonymousiINTEGER) return INTEGER,;
-- function "rem" (@anonymousanonymousiINTEGER) return INTEGER,;
-- function "**" (‘anonymousINTEGER;anonymousINTEGER)

- return INTEGER,;
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type REAL is rangeimplementationdefined

-- The predefined operators for this type are as follows:

-- function "=" (anonymousanonymousREAL) return BOOLEAN;
-- function "/=" (anonymousanonymousREAL) return BOOLEAN,;
-- function "<" (anonymousanonymousREAL) return BOOLEAN,;
-- function "<=" (anonymousanonymousREAL) return BOOLEAN,;
-- function ">" (anonymousanonymousREAL) return BOOLEAN,;
-- function ">=" (anonymousanonymousREAL) return BOOLEAN,;
-- function "+" (anonymousREAL) return REAL,;

-- function "-" (anonymousREAL) return REAL;

= functionmabs ——@monymousREAL TeturmTREAL;

- function "+" (anonymousanonymousREAL) return REAL;

- function "-" (anonymousanonymousREAL) return REA

- function "*" (anonymousanonymousREAL) return R ;

- function "/" (anonymousanonymousREAL) return R

- function "**" ( anonymousREAL; anonymousl ;

Predefined type TIME:

ype TIME is range implementati6
units

fs;

ps

ns

ponymousanonymousT IME) return BOOLEAN,;
(anonymousanonymousTIME) return BOOLEAN,;
(anonymousanonymousTIME) return BOOLEAN,;
(anonymousanonymousTIME) return BOOLEAN;

funetion "> (anonymousanonymousTIME) return BOOLEAN,;
- flnction ">=" (anonymousanonymousTIME) return BOOLEAN:
-- function "+" (anonymousTIME) return TIME;
-- function "-" (anonymousTIME) return TIME;
-- function "abs" @nonymousTIME) return TIME;
-- function "+" (anonymousanonymousTIME) return TIME;
-- function "-" (anonymousanonymousTIME) return TIME;
-- function "*" (anonymousTIME; anonymousINTEGER) return TIME;
-- function "*" (anonymousTIME; anonymousREAL) return TIME;
-- function "*" (anonymousINTEGER;  anonymousTIME) return TIME;

-- function "*" (anonymousREAL; anonymousTIME) return TIME;
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-- function "/" (anonymousTIME; anonymousINTEGER) return TIME;
-- function "/" (anonymousTIME; anonymousREAL) return TIME;
-- function "/" (anonymousanonymousTIME) return universal_integer

subtype DELAY_LENGTH is TIME range O fsto TIME'HIGH;

-- A function that returns the current simulation timg(Jee 12.6.4):

impure function NOW return DELAY_LENGTH;

- Predefined numeric subtypes:

subtype NATURAL is INTEGER range0 to INTEGER'HIGH,;

Subtype POSITIVE is INTEGER rangd to INTEGER'HIGH,;

- Predefined array types:
fype STRINGis array (POSITIVErange <>) 0f.6
.- The predefined operators for thi

- function "="
- function "/="
- function "<"
- function "<="
- function ">"
- function ">="
- functio anonymousSTRING)
return STRING;
anonymousCHARACTER)
return STRING;
anonymousSTRING)
return STRING;
anonymousCHARACTER)
return STRING;

vPe'BIT VECTORIisarray (NATURAL range <>) of BIT:

-- The predefined operators for this type are as follows:

-- function "and" @nonymousanonymousBIT_VECTOR)return BIT_VECTOR,;
-- function "or" (anonymousanonymousBIT_VECTOR)return BIT_VECTOR;
-- function "nand" @nonymousanonymousBIT_VECTOR)return BIT_VECTOR,;
-- function "nor" (@anonymousanonymousBIT_VECTOR)return BIT_VECTOR,;
-- function "xor" (anonymousanonymousBIT_VECTOR)return BIT_VECTOR;

-- function "xnor" (anonymousanonymousBIT_VECTOR)return BIT_VECTOR,;

-- function "not" (anonymousBIT_VECTOR)return BIT_VECTOR,;
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-- function "slI" (anonymousBIT_VECTOR; anonymoudsNTEGER)
-- return BIT_VECTOR;
-- function "srI" (anonymousBIT_VECTOR; anonymoudNTEGER)
-- return BIT_VECTOR,;
-- function "sla" (@anonymousBIT_VECTOR; anonymoudNTEGER)
-- return BIT_VECTOR;
-- function "sra" @nonymousBIT_VECTOR; anonymoudNTEGER)
-- return BIT_VECTOR;
-- function "rol" (anonymousBIT_VECTOR; anonymoudsNTEGER)
-- return BIT_VECTOR;
-- function "ror" (anonymousBIT_VECTOR; anonymousNTEGER)

- return BIT_VECTOR;

Al TOTTY OUSAllUTTY UUSD _ V UR c LU
- function "/=" (anonymousanonymousBIT_VECTOR)return
- function "<" (anonymousanonymousBIT_VECTOR)retur

- function "<=" (anonymousanonymousBIT_VECTOR)retufn B
- function ">" (anonymousanonymousBIT_VECTOR) \
- function ">=" (anonymousanonymousBIT_VECTO

- function "&" (anonymousBIT_VECTOR,;

- function "&" (anonymousBIT_VECTOR,

BIT:

- function "&" (anonymo

5

- function "&" (anonymousB :
return BIT_VECTOR;

- The predefined types fQif openihg

ype FILE_OPE
REA Iting access mode is read-only.
WRIT Resulting access mode is write-only.

Resulting access mode is write-only; informatior]
is appended to the end of the existing file.

(anonymousanonymousFILE_OPEN_KIND)return BOOLEAN;
(anonymousanonymousFILE_OPEN_KIND)return BOOLEAN;
(anonymousanonymousrFILE_OPEN_KIND)return BOOLEAN;

- funetion " (anonymousanonymousFILE_OPEN_KIND)return BOOLEAN;

- function ">" (anonymousanonymousFIL E_OPEN_KIND)return BOOLEAN:
-- function ">=" (anonymousanonymousFILE_OPEN_KIND)return BOOLEAN;
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.

-- The predefined operators for this type are as follows:

-- function "=" (anonymousanonymousFILE_ OPEN_STATUS)
return BOOLEAN;
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-- function "/=" (anonymousanonymousFILE_OPEN_STATUS)
return BOOLEAN,;

-- function "<" (anonymousanonymousFILE_OPEN_STATUS)
return BOOLEAN,;

-- function "<=" (anonymousanonymousFILE_OPEN_STATUS)
return BOOLEAN;

-- function ">" (anonymousanonymousFILE_ OPEN_STATUS)
return BOOLEAN;

-- function ">=" (anonymousanonymousFILE_OPEN_STATUS)

return BOOLEAN,;

The 'FOREIGN attribute:

attribute FOREIGN: STRING;
end STANDARD;

The 'HOREIGN attribute may be associated only with architecturé
In the [latter case, the attribute specification must appear in the
declargd (see clause 2.1).

NOTE$

1 Thg ASCII mnemonics for file separator (F
are|represented by FSP, GSP, RSP, and
units of type TIME.

2 Thqg declarative parts and statement parfs of desig

the [FOREIGN attribute and subprograms tha likewis
clayses 12.3 and 12.4.

14.3 |Package TEX

Packa
text fil

pac

type TEXT

decorated, are subject to special elab

pes and subprograms that support formatted |

file of STRING; -- A file of variable-length ASCII recor

ith subprograms.

P subprogram is

hit separator (US)
i conflict with the

are decorated with
pration rules. See

O operations on

-- ALINE is a pointer to a STRING value.

ds.

type SIDEis (RIGHT, LEFT); -

subtype WIDTH is NATURAL,; -

-- Standard text files:
file INPUT: TEXT open READ_MODE is "STD_INPUT";

file OUTPUT: TEXT open WRITE_MODE is"STD_OUTPUT";

For justifying output data within fields.

For specifying widths of output fields.
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-- Input routines for standard types:

procedure READLINE (file F: TEXT; L: out LINE);

procedure READ (L: inout LINE; VALUE: out BIT; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out BIT);

procedure READ (L: inout LINE; VALUE: out BIT_VECTOR,; GOOD:out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out BIT_VECTOR);

procedure READ (L: inout LINE; VALUE: out BOOLEAN,; GOOD:out BOOLEAN);
procedure READ (L:inout LINE; VALUE: out BOOLEAN);

procedure READ(CmoutHiNE; VALOEout CHARACTER; GORPout BPOLEAN);

procedure READ (L: inout LINE; VALUE: out CHARACTER);

procedure READ (L:inout LINE;
procedure READ (L:inout LINE;

: out INTEGER; QOLEAN);

procedure READ (L:inout LINE;
procedure READ (L:inout LINE;

DOLEAN);

procedure READ (L: inout LINE;
procedure READ (L:inout LINE;

GOOD:out BDOLEAN);

procedure READ (L:inout LINE
procedure READ (L:inout LINE;

GOOD:out BDOLEAN);

ut LINE; VALUE: in BOOLEAN;
JUSTIFIED:in SIDE:= RIGHT; FIELD:in WIDTH := 0);

sinout LINE; VALUE: in CHARACTER,;
JUSTIFIED:in SIDE:= RIGHT; FIELD:in WIDTH := 0);

procedure WRITE (L: inout LINE; VALUE: in INTEGER;
JUSTIFIED:in SIDE:= RIGHT; FIELD:in WIDTH := 0);

procedure WRITE (L: inout LINE; VALUE: in REAL,;
JUSTIFIED:in SIDE:= RIGHT; FIELD:in WIDTH := 0;
DIGITS: in NATURAL:= 0);

procedure WRITE (L: inout LINE; VALUE: in STRING;
JUSTIFIED:in SIDE:= RIGHT; FIELD:in WIDTH := 0);

procedure WRITE (L: inout LINE; VALUE: in TIME;
JUSTIFIED:in SIDE:= RIGHT; FIELD:in WIDTH := 0;
UNIT: in TIME:= ns);


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

— 196 — 61691-1 © IEC: 1997 (E)

-- File position predicate:
-- function ENDFILE (file F: TEXT) return BOOLEAN;
end TEXTIO;

Procedures READLINE and WRITELINE declared in package TEXTIO read and write entire lines of a file

of type TEXT. Procedure READLINE causes the next line to be read from the file and returns as the value
of parameter L an access value that designates an object representing that line. If parameter L contains a
non-null access value at the start of the call, the object designated by that value is deallocated before the
new object is created. The representation of the line does not contain the representation of the end of the
line. Itis an error if the file specified in a call to READLINE is not open or, if open, the file has an access
mode other than read-only (see 3.4.1). Procedure WRITELINE causes the current line designated by
paranmete obewritterrtothefiteandretu Wi evatue of parameter t7desigratinga null string.  If
paramleter L contains a null access value at the start of the call, then a nullstring is Wjtten| to the file. It is
an errpr if the file specified in a call to WRITELINE is not open or, if opeR, the(file\has<ar] access mode
other than write-only.

possifjle values of types CHARACTER and STRING to
implementation is permitted to use certain values of types C

However, as an
ine delimiters, it

he string value
pf the line on exit.

din by skipping
ihg space, or a
‘e then removed
tter removal and
according to the
to the string
ccept a leading
ral. The READ
| UE'LENGTH
aracters are then
if the sequence of
e or, in the case
aracters.

sign; @dditiona
procedlures for
chara

chara
of typé

Thed

.| No leading or

trailing qudtation characters are present.

— The representation of a BIT_VECTOR value is formed by a sequence of characters, either 1 or
0. No leading or trailing quotation characters are present.

— The representation of a BOOLEAN value is formed by an identifier, either FALSE or TRUE.
— The representation of a CHARACTER value is formed by a single character.

— The representation of both INTEGER and REAL values is that of a decimal literal (see 13.4.1),
with the addition of an optional leading sign. The sign is never written if the value is non-
negative, but it is accepted during a read even if the value is non-negative. No spaces can occur
between the sign and the remainder of the value. The decimal point is absent in the case of an
INTEGER literal and present in the case of a REAL literal. An exponent may optionally be
present; moreover, the language does not define under what conditions it is or is not present.
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However, if the exponent is present, the “e” is written as a lowercase character. Leading and
trailing zeroes are written as necessary to meet the requirements of the FIELD and DIGITS
parameters, and they are accepted during a read.

— The representation of a STRING value is formed by a sequence of characters, one for each
element of the string. No leading or trailing quotation characters are present.

— The representation of a TIME value is formed by an optional decimal literal composed
following the rules for INTEGER and REAL literals described above, one or more blanks, and
an identifier that is a unit of type TIME, as defined in package STANDARD (see clause 14.2).
When read, the identifier can be expressed with characters of either case; when written, the
identifier is expressed in lowercase characters.

Each WR procedure sinTitarty appends datatotheendo estring value gesigRated by parameter L; in
this cgse, however, L continues to designate the entire line after the value i\ appended, \ The format of the
appended data is defined by the string representations defined above for.the READ\procedires.

The READ and WRITE procedures for the types BIT_VECTOR angd RING respectivelyfead and write
the element values in left-to-right order.

For egch predefined data type there are two READ procedure . \mpackage TEXTIO. The first has
three parameters: L, the line to read from; VALUE, thevalue 8 ve; and GOPD, a Boolean
flag tHat indicates whether the read operation succeg¢ded S ple, the operation READ (L,

defined if IntVal is a variable
tion returned via parameter GOOD

IntVal{ OK) would return with OK set to FALSE, L
of type INTEGER and L designates the }in

allowg a process to recover gracefully ftom &d dist igs in input format. The|second form of
read gperation has only the parameters ; Yested type cannot be rgad into VALUE
from line L, then an error occurs. Thus atis RAD (L, IntVal) would cause an efror to occur if
IntVall|i

For egch predefined data pe t i procedure declared in package TEXTIQ. Each of these
has af least two paras e~ M o write; and VALUE, the value to bel written. The
additignal parameters [JUSTIRJE ITS, and UNIT control the formatting of outplit data. Each

write qperation gppends [ witHield that is at least as long as required {o represent

the data value. R cecifies the desired field width. Since the actual field w|dth will always
be at | ngfepresentation of the data value, the default valug 0 for the FIELD
paramn data value to be written out in a field of exactly the fight width (that
is, no . “Parameter JUSTIFIED specifies whether values are to pe right- or left-
justifie € fault is right-justified. If the FIELD parameter describes fa field width
larger|tha rQf chafacters necessary for a given value, blanks are used to f|ll the remaining
chara

Paran gcifies how many digits to the right of the decimal point are to be outppt when writing
a real[number; the default value O indicates that the number should be output in standard{form, consisting
of a normalized mantissa plus exponent (e.q., 1.079236E—23). If DIGITS is nonzero, then the real number
is output as an integer part followed by "' followed by the fractional part, using the specified number of
digits (for example, 3.14159).

Parameter UNIT specifies how values of type TIME are to be formatted. The value of this parameter must
be equal to one of the units declared as part of the declaration of type TIME; the result is that the TIME
value is formatted as an integer or real literal representing the number of multiples of this unit, followed by
the name of the unit itself. The name of the unit is formatted using only lowercase characters. Thus the
procedure call WRITE (Line, 5 ns, UNIT=>us) would result in the string value "0.005 us" being appended
to the string value designated by Line, whereas WRITE (Line, 5 ns) would result in the string value "5 ns"
being appended (since the default UNIT value is ns).
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Function ENDFILE is defined for files of type TEXT by the implicit declaration of that function as part of
the declaration of the file type.

NOTES

1 For avariable L of type Line, attribute L'Length gives the current length of the line, whether that line is being read
or written. For a line L that is being written, the value of L'Length gives the number of characters that have already
been written to the line; this is equivalent to the column number of the last character of the line. For a line L that is
being read, the value of L'Length gives the number of characters on that line remaining to be read. In particular, the
expression L'Length = 0 is true precisely when the end of the current line has been reached.

2 The execution of a read or write operation may modify or even deallocate the string object designated by input
parameter L of type Line for that operation; thus, a dangling reference may result if the value of a variable L of type
Line is assigned to another access variable and then a read or write operation is performed on L.

@%
8
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Annex A
Syntax summary
(informative)

This annex provides a summary of the syntax for VHDL. Productions are ordered alphabetically by left-
hand nonterminal name. The clause or subclause number indicates the clause or subclause where the
production is given.

hbstract _literal ::= decimal_literal | based_literal [13.4]
pccess_type_definition ::accessubtype_indication [3.3]
pctual_designator 1= [4.3.2.2]
expression
| signal nhame
| variable_name
| file_name
| open
actual_parameter_part :;paramete [7.3.3]
pctual_part = [4.3.2.2]
actual_designa
| function_nam
adding_o@o [7.2]
nggregate < [7.3.2]
[4.3.3]
[4.3.3]
hllocator = [7.3.6]
newsubtype_indication
[ewquatified_expression
architecture_body ::= [1.2]
architecture identifier of entity_name is
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 ::= [1.2.2]
{ concurrent_statement }

array_type_definition ::= [3.2.1]
unconstrained_array_definition | constrained_array_definition

assertion ::= [8.2]
assertcondition
[ report expression ]
[ severity expression ]

assertion_statement ::= [ label : ] assertion ; [8.2]
pSSociation_etement = [4.3.2.2]
[ formal_part => ] actual_part
pssociation_list 1= [4.3.2.2]
association_element { , association_element }
pttribute_declaration ::= [4.4]
attribute identifier : type_mark ;
pttribute_designator ::attribute_simple_name [6.6]
pttribute_name ::= [6.6]
prefix [ signature ] ' attribute \
pttribute specification ::= [5.1]
attribute attribute_designatay enti@wc' jca expression ;
base ::= integer [13.4.2]
base_specifier : [13.7]
base _unit™\det [3.1.3]
[13.4.2]
[13.4.2]
> [13.1]
basic_graphic_character | format_effector
basic_graphic_character ::= [13.1]
upper_case_letter | digit | special_character| space_character
basic_identifier ::= letter {[ underline ] letter_or_digit } [13.3.1]
binding_indication ::= [5.2.1]
[ use entity_aspect ]
[ generic_map_aspect ]
[ port_map_aspect ]
bit_string_literal ::= base_specifier " [ bit_value ] " [13.7]

bit_value ::= extended_digit { [ underline ] extended_digit } [13.7]
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block_configuration ::=
for block_specification
{use_clause }
{ configuration_item }
endfor ;

block declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration

Staredvariabte dectaration
| file_declaration

| alias_declaration

| component_declaration

| attribute_declaration

| attribute_specification

| configuration_specification
| disconnection_specification

| use_clause

| group_template_declaration

| group_declaration
block_declarative_part ::=

{ block_declarative_item }
block_header ::=

[ generic_clause

ptock_declarative_part
begin

block_statement_part
end block|[ block_label ] ;

block_statement_part ::=
{ concurrent_statement }

case_statement ::=
[ case label : ]
caseexpressions
case_statement_alternative
{ case_statement_alternative }
end casq case label ];

[1.3.1]

[1.2.1]

[9.1]

[9.1]

[1.3.1]

[9.1]

[9.1]

[8.8]
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case_statement_alternative ::= [8.8]
when choices =>
sequence_of statements
character_literal ::= ' graphic_character ' [13.5]
choice ::= [7.3.2]
simple_expression
| discrete_range
| elementsimple_name
| others
choices ::= choice { | choice } [7.3.2]
component_configuration ::= [1.3.2]
for component_specification
[ binding_indication ; ]
[ block_configuration ]
endfor ;
component_declaration ::= [4.5]
componentidentifier [is ]
[ local_generic_clause ]
[ local_port_clause ]
end component] componentsipmple n
Ccomponent_instantiation_statemen [9.6]
instantiation label :
instantiated_unit
[ ,
[ port
component_spe [5.2]
instaptiation
[3.2]
[9.4]
[9.3]
concurrent_signal_assignment_statement ::= [9.5]

[ label : ] [postponed] conditional_signal_assignment
| [ label : ] [postponed] selected_signal_assignment

concurrent_statement ::=
block_statement
| process_statement
| concurrent_procedure_call_statement
| concurrent_assertion_statement
| concurrent_signal_assignment_statement
| component_instantiation_statement
| generate_statement

9]


https://iecnorm.com/api/?name=ae48eb9e6d864d31dfb657c1b4ede65c

61691-1 © IEC: 1997 (E) —203-—

condition ::= boolean expression
condition_clause ::=until condition

conditional_signal_assignment ::=
target <= options conditional_waveforms ;

conditional_waveforms ::=
{ waveformwhen conditionelse}
waveform [when condition ]

configuration_declaration ::=
configuration identifier of entity name is

configuration dectarative_part
block_configuration
end [ configuration ] [ configuration simple_name ] ;

configuration_declarative_item ::=
use_clause
| attribute_specification
| group_declaration

configuration_declarative_part ::=
{ configuration_declarative_item }
Configuration_item ::=
block_configuration

| component_configuration

context item ::=

library_clause
| use_clause

decimal_literal ::= integer [ . integer ] [ exponent ]

[8.1]
[8.1]

[9.5.1]

[9.5.1]

[1.3]

[1.3]

[1.3]

[1.3.1]

[5.2]

[4.3.1.1]

[3.2.1]

[4.2]

[11.3]

[11.3]

[13.4.1]
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declaration ::= [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 _dectaration
fJelay _mechanism ::= [8.4]
transport
| [ reject time_expression inertial
fdesign_file ::= design_unit { design_unit } [11.1]
fdesign_unit ::= context_clause library _unit [11.1]
fesignator ::= identifier | operator_symbol [2.1]
Hirection ::=to | downto [3.1]
isconnection_specification ::= [5.3]
ypression ;
[3.2.1]
[7.3.2]
[3.2.2]
[3.2.2]
[5.2.1.1]
entity_class ::= [5.1]
entity | architecture | configuration
| procedure | function | package
| type | subtype | constant
| signal | variable | component
| label | literal | units
| group | file
entity _class_entry ::= entity class [ <>] [4.6]
entity _class_entry_list ::= [4.6]

entity_class_entry {, entity_class_entry }
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