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Internatjonal
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The tex{ of this §tan

Full infg
voting indicate

INTERNATIONAL ELECTROTECHNICAL COMMISSION

VHDL REGISTER TRANSFERT LEVEL (RTL) SYNTHESIS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of IEC is to
promote |nternat|ona| co- operatlon on aII questions concernlng standardlzatlon in the electrical and
{ tandards,
Technjical Specmcatlons Technlcal Reports Publlcly Avallable Specmcatlons ( hereafter

The fprmal decisions or agreements of IEC on technical matters\ expres S 3 : sible, an
internptional ini jects_since_\e i ttee has
repregentation from all interested IEC National Committees

IEC Publications have the form of recommendations for intg i : 8 National
Com ¢ ent of IEC
Publigations is accurate, sit i i r for any
misint

In ord blications
transgarently to the maximum extent possi i 8j i g ications. vergence
betwe S i icati e clearly
indicaged in the latter

IEC p| e for any
equip

Attent] subject of
paten

as been processed through IEC technical

the following documents:

\ \E\Eé\Std ) FDIS Report on voting

4 \“@lG\G (2\04) 93/212/FDIS 93/217/RVD

ting for the approval of this standard can be found in the report on
in the above table.

This pubfication has been draited in accordance with the ISO/TET Directives.

The committee has decided that the contents of this publication will remain unchanged
until 2009.

“Attention!

It should be noted that this International Standard IEC 62050 is totally unrelated to
IEC/PAS 62050 despite the identical numbering.”

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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IEC/IEEE Dual Logo International Standards

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

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

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEEdigclaim liability for
any perspnal Injury, property or other damage, of any nature whatsoever, whether sbﬁc‘ra\lj indirect,
r el

consequential, or compensatory, directly or indirectly resulting from the publicatio o] iance upon
this, or anly other IEC or IEEE Standard document.

The IEC gnd IEEE do not warrant or represent the accuracy or content of the watexi ine h(}in, and
expressly|disclaim any express or implied warranty, including any implied wza \ r fitness
for a spdgcific purpose, or that the use of the material contained hereiq is f infringement.

IEC/IEEE|Dual Logo International Standards documents are supplied “AS

The existgnce of an IEC/IEEE Dual Logo International Standard doesNot i W tha ere axe no othdr ways to

produce, [test, measure, purchase, market, or provide other goods—a 2 0 the scope of the
IEC/IEEE| Dual Logo International Standard. Furthermore, the/viewpoi S at the time a sfandard is
approved|and issued is subject to change brought about t ) i e art and
commentg received from users of the standard.

Every IEEE Standard is subjected to revie When a
documentis more than five years old and has contents,

although Ftill of some value, do not wholly refiect the p [ . check to
determing that they have the latest edition of an

In publishing and making this document 4 S rendering
professional or other services for, or on behalf of, any’x \ ity . i i dertaking
to perforrh any duty owed by s . ilizi is, Any other
IEC/IEEE|Dual Logo Internatie , vice of a
competent professional in determjning\ i i

Interpretdtions — Occasionfally\guesti i hey relate
to specifi¢ applications. 3 i i titute will
initiate agtion to ) oncerned
interests, |it is imporant te alance of
interests.|For thls reasq ittees are
not able 1 atter has
previousl

Comment isi £ i i ted party,
regardlesp of Y { fliat A i i uld be in
the form ¢ ) standards
and req 4

Secretar d¢" Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, UBA and/or
General § rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

Authorizalien{ to photo opy portrons of any |nd|vrdual standard for internal or personal use is grant=d by the
Institute &6Elestrical—and—Eloctronics—EnRgiree d ICopyright
Clearance Center. To arrange for payment of I|censrng fee, please contact Copyrlght Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

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

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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Amerigan National Standard Instit
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Abstra tandard for use of very high-speed integrated circyit hard-
ware d ipti anguage(VMNDL) to model synthesizable register-transfer level digital |ogic. A
r VHDL register-transfer level synthesis is defined. The slibset of
is synthesizable, is described, and nonsynthesizable VHDL cofstructs
L e ignored or flagged as errors.

& description language, logic synthesis, register transfer level (RTL), velry high-
ircuit hardware description language (VHDL)

Keywo
speed iptegrated
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IEEE Introduction

This standard describes a standard syntax and semantics for VHDL RTL synthesis. It defines the subset of
|EC/IEEE 61691-1-1:2004 (VHDL) that is suitable for RTL synthesis and defines the semantics of that subset
for the synthesis domain. This standard is based on IEC/IEEE 61691-1-1:2004, IEEE Std 1164™-1993,
and |EEE Std 1076.3™-1997.

The purpose of this standard isto define a syntax and semantics that can be used in common by all compliant
RTL synthesis tools to achieve uniformity of results in a similar manner to which simulation tools use
|EC/IEEE 61691-1-1:2004. This will allow users of synthesis toals to produce well-defined designs whose
functionfl characteristics are independent of a particular synthesis implementation i ir|designs
compliant with this standard.

The starjdard is intended for use by logic designers and electronic engineeys:

Thisdo
Synthes|
of 1EEH
IEEE St
working
develop
draft co
sissub

Theinte synthe-
sizable G ¢ ! -1}1:2004,
new semantics based on a goxithmi athe ; iven, i ibutes that

could bg

Semanti s
A\ttributes:

In additi

4

A major
ularly
distribu

eld reg-
ively to

and share information.
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Bill Anker M ohammad Kakoee Alain Raynaud
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David Bishop ApurvaKalia Fredj Rouatbi
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Develgpment of IEEE Std 1076.6-1999

Initial work on this standard started as a synthesis interoperaylity warking Interna-
tional. The working group was aso chartered by the ] i j [ \dvisory
Board (PTAB) to develop adraft based o Subse i i

— Cadence
— [European Synthesis Working Group
— IBM

Mentor Graphics

After th 3 AR was
obtaineg i ; ‘ aion. Most of the members of the origina group confinued to

Wolfgang Ecker Doug Perry

Bob Flatt Steve Schultz

Christopher Grimm Doug Smith

Rich Hatcher Lance Thompson
[hominique Betio ApurvaKalia Fur-Shing Tsai
[Denni's Brophy M asamichi K awarabayashi Jim Vellenga
Ben Cohen Jim Lewis Eugenio Villar
Colin Dente Sanjiv Narayan Nels Vander Zanden

Many individuals from different organizations contributed to the devel opment of this standard. In particular,
in addition to the Pilot Team, the following individuals contributed to the development of the standard by
being part of the working group:

Bill Anker Robert Blackburn John Hillawi
LaNae Avra Pradip Jha

In addition, 95 individuals on the working group e-mail reflector also contributed to this development.
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Notice to users

Errata

Errata, if any, for this and all other standards can be accessed a the following URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieeelinterp/

index.html. T~

Patents

Attentign is called to the possibility that implementation of this standard may\reqiire.use j atter
covered|by patent rights. By publication of this standard, no position ista [ S exigtence or
validity|of any patent rights in connection therewith. The IEEE shall Rot be Sl ntifying
patents pr patent applications for which a license may be requireg-to plene d or for

conduct|ng inquiries into the legal validity or scope of those paten

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3752023ae9ce4c72bfac0753c135ca0e

IEC 62050:2005(E) —9-
IEEE 1076.6-2004(E)

VHDL REGISTER TRANSFER LEVEL (RTL)

SYNTHESIS
VAN

1. Overview
1.1 Scppe
This standard defines a subset of very high- description language (VHDL)
that ensllires portability of VHDL descriptighs between regig 8 d_synthesis tools. Synthgsistools
may be fompliant and yet have features beyand thoserequiked by\this standard. This standard defipes how
the semantics of VHDL shall be used, for examyg el-sensitive and edge-sensitivelogig. It also
describgs the syntax of the language with ' be supported and what shall notf be sup-
ported for interoperability.
Use of models
beforet
1.2 Co
121 M
A VHD

a) described as supported or ignored in this standard

b) Adheresto antics defined in this standard

1.2.2 Tool compliance

A synthesistool shall be defined as being compliant to this standard if it

a) Acceptsal modelsthat adhere to the model compliance definition defined in 1.2.1

b)  Supports language related pragmas defined by this standard

<)

Produces a circuit model that has the same functionality as the input model based on the verification

process as outlined in Clause 5.

[ Published

by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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1.3 Terminology

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equalsis required to). The word should is used to indicate
that a certain course of action is preferred but not necessarily required; or that (in the negative form) a cer-
tain course of action is deprecated but not prohibited (should equals is recommended that). The word may
indicates a course of action permissible within the limits of the standard (may equals is per mitted).

A synthesis tool is said to accept a VHDL construct if it allows that construct to be legal input; it is said to
interpret the construct (or to provide an interpretation of the construct) by producing something that repre-
sents the construct. A synthesis tool is not required to provide an interpretation for Wonstruct that it

accepts,

The con

NOTE—

that contpi

1.4 Co

This sta|

a)

b)
c)
d)

put onry T1or tnose 1or Wnicn an rnterpretation 1S specitied by s Standard.

Structsin the standard shall be categorized as follows:

Supported: RTL synthesis shall interpret a construct, that is,
hardware representation.

synthesis does not ¢
. RTL synthesis may f
ificaly, RTL synthesisis

i -. ashot suPportedmthlsstandard Howevg

uivalent

Encountering [the con-

s is not

Xpect to
pil upon
alowed

I amodel

such as

€)

f)
0)

xample,

and-—>pairs-are-Hsed-to. rﬂnrmnnf text-H-one-of-several rllffnrnnf hut snecific-forms - Eor
i o

one of the forms of <clock edge> could be“CLOCK'EVENT and CLOCK ="1".
Any paragraph starting with “NOTE—" isinformative and not part of the standard.

The examples that appear in this document under “Example:” are for the sole purpose of

demon-

strating the syntax and semantics of VHDL for synthesis. It is not the intent of this standard to
demonstrate, recommend, or emphasize coding styles that are more (or less) efficient in generating
an equivalent hardware representation. In addition, it is not the intent of this standard to present
examples that represent a compliance test suite, or a performance benchmark, even though these

examples are compliant to this standard (except as noted otherwise).

INotes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.

[ Published

by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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2. References

This standard shall be used in conjunction with the following publications. When the following standards
are superseded by an approved revision, the revision shall apply.

|EEE Std 1076.3™-1997, | EEE Standard Synthesis Packages (NUMERIC_BIT and NUM ERIC_STD).Z' 3

|EEE Std 1164™-1993, |EEE Standard Multivalue Logic System for VHDL Model Interoperability
(STD_LOGIC _1164).

IEC/IEEE 61691-1-1:2004, Behavioural languages - Part 1-1: VHDL language ref%e@ manual*

3. Deflinitions and acronyms

3.1 Definitions

For the purposes of this standard, the following terms and defipitio NeAl kative Dictionary of
|IEEE Sandards Terms, Seventh Edition should be ref defined in thig clause.
Terms pised within this standard but not defined i 2 e FC/IEEE
61691-[1-1:2004, |EEE Std 1164-1993, or | E&E 3

3.1.1 assignment reference: The occurrence
assignmment statement or as the right-hand si

asignal

3.1.2cd ues and
therefor fined by
the new
3.1.3dg GIC).
314ed
a) ted on a
b Dl inputs
) 4 p
315 h subtype
STD L

3.1.6 level-sensitive storage element: Any storage element mapped to by a synthesistool that

a) Propagates the value at the data input whenever an appropriate value is detected on a clock control
input

b) Preservesthe last value propagated at all other times, except when any asynchronous control inputs
become active (for example, alatch)

2The | EEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
3|EEE publications are avail able from the Institute of Electrical and Electronics Engineers, 445 Hoes L ane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

4 EC/IEEE publications are also available from the Institute of Electrical and Electronics Engineers.

5 . .
Information on references can be found in Clause 2.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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3.1.7 logical operation: An operation for which the VHDL operator is and, or, nand, nor, xor, xnor, or
not.

3.1.8 metacomment: A VHDL comment (--) that is used to provide synthesis-specific interpretation by a
synthesis tool.

3.1.9 metalogical value: One of the enumeration literals‘U’, * X*, ‘“W’, or ‘-’ of thetype STD_ULOGIC (or
subtype STD_LOGIC).

3.1.10 pragma: A generic term used to define a construct with no predefined Ianguagg,semgntics that influ-

ences hgw a synthesis tool will synthesize VHDL code Into an equivalent hardware mg
3.1.11 sequential logic: Logic that settles to a state not determined solely bykcur i he>urrent
state of puch logic can be determined only by knowing the current inputsdnd.sorge hj nputsin
their sequential order. Sequential logic always stores information from past i Rl th ay| be used
to implgment storage elements.
3.1.12 synchronous assignment: An assignment that takes updated
as adirgct result of aclock edge expression evaluating as
3.1.13 synthesislibrary: A library of digital blocks,
or other|blocks; instances of these elements g thesized
netlist.
311459 Fce code
as ades
3.115s
3.1.16 | esis tool
processgs.
3.1.17¢
3.1.18w
3.2 Acronyms

LRM The IEEE VHDL language reference manual, that is, IEC/IEEE 61691-1-1:2004.

RTL The register transfer level of modeling circuits in VHDL for use with register transfer level

synthesis. Register transfer level is a level of description of a digital design in which the
clocked behavior of the design is expressly described in terms of data transfers between stor-
age elements in sequential logic, which may be implied, and combinational logic, which may
represent any computing or arithmetic-logic-unit logic. RTL modeling allows design hierarchy
that represents a structural description of other RTL models.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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4. Predefined types

A synthesistool, compliant with this standard, shall support the following predefined types:
a) BIT,BOOLEAN, and BIT_VECTOR asdefined by IEC/IEEE 61691-1-1:2004.
b) CHARACTER and STRING asdefined in IEC/IEEE 61691-1-1:2004.
¢) INTEGER asdefinedin IEC/IEEE 61691-1-1:2004.

d) STD_ULOGIC, STD_ULOGIC_VECTOR, STD_LOGIC, and STD_LOGIC_VECTOR as defined
by the package STD_LOGIC_1164 (IEEE Std 1164-1993)

€) SIGNED and UNSIGNED as defined by the VHDL package NUMEF}%IT as part of

EEESHe-1676:3-1997

f) part of
The syfgthesis interpretation of the values that belong to type STDSULOGIK fined in
IEEE St
No arra bers.
The syn accord-
ing to th
By definition, if atype with ametalogical or high-impe pe shall
have as
5. Ve
Synthes Dgic has
some fQ solely a
functior quential
and conjbinational’pakt
The pro both the
original ed model and then comparing their outputs to ensure that they are egliivalent.
Equiva? s that a synthesis tool shall produce a circuit that is equivalent at the input,
output, ts of the model. As synthesis in genera does not recognize the same delays as
simulatgrs, the 0 not be compared at every simulation time. Rather, they can only be compared at
specific|simulation tirhes when all transient delays have settled and all active timeout clauses have been

exceed € outputs do not matcl comparanle times, the syntnesis 100!

; not be compliant.
There shall be no matching requirement placed on any internal nodes.

Theinput stimulus shall comply with the following criteria:
a) Input data does not contain metalogical or high-impedance values.
b) Input datamay only contain ‘H’ and ‘L’ on inputsthat are convertedto ‘1’ and ‘0’, respectively.

c¢) For combinational verification, input data must change far enough in advance of sensing times to
allow transient delays to have settled.

d) Clock and/or input data must change after enough time of the asynchronous set/reset signals going
from active to inactive to fulfill the setup/hold times of the sequential elements in the design.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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€) For edge-sensitive designs, primary inputs of the design must change far enough in advance for the
edge-sensitive storage element input data to fulfill the setup times with respect to the active clock
edge. Also, the input data must remain stable for long enough to fulfill the hold times with respect to
the active clock edge.

f)  For level-sensitive designs, primary inputs of the design must change far enough in advance for the
level-sensitive storage element input data to fulfill the setup times. Also, the input data must remain
stable for long enough to fulfill the hold times.

NOTE—A synthesis tool may define metalogical or high-impedance va ues appearing on primary outputs in one model

as equivalent to logical values in the other model. For this reason, the input stimulus may need to reset internal storage
elements to specific logical values before the outputs of both models are compared for logical values.

5.1 Copmpimmatiomat verification
To verifly combinational logic, the input stimulus shall be applied first. Sufficig ided for
the desigin to settle, and then the outputs examined. To verify the combinationa e, the
following sequence of events shall be done repeatedly for each input stim
a) Apply input stimulus
b) Wait for datato settle
c) [Check outputs
Each appli 3e delays
have beg
nodes o
Exampl¢:
Al
5.2 Se
The gen
next set age ele-
ments. T
The verfi s
a) shall be
< outputs.

after the edge The ci rcwt then has the rst of the cl ock perlod to compute the new re;ults before
they are stored at the next clock edge. The period of the clock generated by the stimulus shall be suf-
ficient to allow the input and output signals to settle.

b) Level-sensitive models: These designs are generally less predictable than edge-sensitive models due
to the asynchronous nature of the signal interactions. Verification of synthesized results depends on
the application. With level-sensitive storage elements, a general rule is that data inputs should be
stable before enables go inactive (i.e., latch) and comparing of outputsis best done after enables are
inactive (i.e., latched) and combinational delays have settled. A level-sensitive model in whichitis
possible, in the absence of further changes to the inputs of the model, for one or more internal values
or outputs of the model never to reach a steady state (oscillatory behavior) is not in compliance with
this standard.
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6. Modeling hardware elements

This clause specifies styles for modeling hardware elements such as edge-sensitive storage elements, level-

sensitive storage elements, three-state elements, and combinationa elements.

This clause does not limit the optimizations that can be performed on aVVHDL model. The scope of optimi-
zations that may be performed by a synthesis tool depends on the tool itself. The hardware modeling styles
specified in this clause do not take into account any optimizations or transformations. A specific tool may
perform optimizations; this may result in removal of redundant or unused logic from the final netlist. This
shall NOT betaken asaviolation of this standard provided the synthesized netlist has the same functionality

as the input model, as characterized in Clause 5.

L OGIC).
nd clock

/N
6.1 Edge-sensitive sequential logic
6.1.1 Cjock signal type
The allq ., STD_I
Only th¢ values ‘0" and ‘1’ from these types shall be used in ¢ levels g
edges (¥e6.1.2).
Scalar e
Exampl &
slignal BUSS: std_logic_vectr(7to 0
Iocess (BUS8|(Q
gin
if BU then
- x element used as a clock signal.
6.1.2 ¢
The gen ecifying an edge of a clock shall be the following:
RISING EDGE (clk signal name)
| FALLING_EDGE (clk signal name)
| clock level and event expr
| event expr and clock_ level
clock_level ::= clk signal name = '0' | clk signal name = 'L
event_expr ::= clk signal name'EVENT | not clk signal name'STABLE

The RISING_EDGE and FALLING_EDGE functions are as declared by the package STD_LOGIC_1164 of

|EEE Std 1164-1993.
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6.1.2.1 Rising (positive) edge clock

The following expressions shall represent arising edge clock:

d) RISING EDGE(clk signal name)

b) cik signal name = '1' and clk signal name'EVENT

C) clk signal name'EVENT and cl1k signal name = '1°

d) clk signal name = '1' and not clk signal name'STABLE
€) Not clk signal name'STABLE and clk signal name = '1°

6.1.2.2 Falling (negative) edge clock

IEC 62050:2005(E)
IEEE 1076.6-2004(E)

The follpwing expressions shall represent a falling edge clock:
d) [FALLING EDGE (clk signal name)
b) |lk signal name = '0' and clk signal name'EVENT
C) clk signal name'EVENT and clk signal name = 'O'
d) [l1k signal name = '0' and not clk signal namg
€) hot clk signal name'STABLE and clk signa

6.1.3 Modeling edge-sensitive storage elements

An edgg-sensitive storage element may b
edge.
Definitipns:

<sync_gondition>. A <bod|
<clock_[pdge> is TRUE.

<async|conditio

a clock

E when

bdge> in

> in any

al exec
<async|
executig
4
Toillusf
Exampl ¢ of <async assignment>:
SitmprefdgeModet—process—(cHo—reset)
begin
if( rising edge(clk) and reset =
Q <= Dy
elsif( reset = '1l' ) then
Q <= 1'0";
end if;

end process;

In this example, the assignment o <= 'o0' iscontrolled by reset =
represented by rising edge (clk). Notice that when reset is
TRUE or FAL SE; therefore, the assignment in the elsif is asynchronous.
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Example of <async_condition>:

ComplexEdgeModel :
process( clk, en, reset )
begin
if (en = '1l' and rising edge(clk))
or (en = 'l' and reset = 'l') then
if (reset = 'l') then
Q <= '0"; -- async assignment
elsif (en = 'l' and rising edge(clk)) then -- sync condition
Q <= Dy -- sy aSSighQSft
end if;
end if ;
end process ;
In this gxample, the <sync_condition> is the boolean expression “e ising edge|(clk)”,
because]it can be true only when the clock edge also is true. e boolean expres-
sion“ed = '1' and reset = '1'” anded with reset se controlling the execution
flow, the assignment, “0 <= '0'” | i is executed when the
<async [condition> is true, and the assignm ignment> because it is gxecuted
when the <sync_condition> is true.

ore exists

ent>.

psses the

NOTE—An edge-sensitive storage element infefred foravariad eeliminated during optimization if th
another ddge-sensitive storage el grpent with its sa ef i
6.1.3.1 ess with sensitivity list and one clock
Edge-sensitive odeled fora signglor variable assigned inside a process with sensifivity list
when al| of the

a)

b) tion_pathiin which the value update from a <sync_assignment> overrides the value

ignment> unless the <async_assignment> is an assignment to itgelf.

c) 4 ly enumerate all execution paths to the signal or variable assignment.

d) sitivity list includes the clock and any signal controlling an <async_assign

e) [rhe’sclock™edge> is present in the conditions only, and the <clock _edge> always exprg

XATTC bdgb Uf thb XATTC \/:U\/Ir\ Sgn;\l} .

f)  For avariable, the value written by agiven clock edge is read during a subsequent clock edge.

NOTES

1—Except for aclock signal, signals read in a <sync_assignment> or sign
required to be on the process sensitivity list.

al's controlling a <sync_assignment> are not

2—In rule b) above, an <async_assignment> of asignal to itself is an exception because self-assignment retainsthe pre-
vious value, allowing a future, newly clocked <sync_assignment> value to replace a definite previous value. This
specific kind of <async_assignment> thus merely continues the storage state previously established; it has no effect on

any stored value, so overriding it makes no difference.

3—The<clock_edge> may bein asequentia procedure.
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Example 1: Storage may be assigned in multiple statements in a process.
TwoReg : process(clk)

begin

if rising edge (clk) then
Ql <= D1;
Q2 <= D2;

end if;

end process;

Example 2: Multiple statementsin a process, with areset.
TwoRegReset : process(clk, reset)

begin /N
if rising edge (clk) then
Q1 <= D1;
Q2 <= D2;
end if;
if reset = '1l' then
Q1 <= '0';

end if;
end process;

Examplé 3: A signal (or variable) may be
of the cllock.
EnhableEdgeProc : process (clk,

edge> conditions on the sgme edge

begin

if reset = '1!
then Q <= "'
else
case sel
when ! then Q <= DO; end if;

when then Q <= D1; end if;

when o

e2 || Q
| 0
. o - Ll S
- =T \% ES 1 L4
-- lIrise 0 1 * || hold ## <clock edge> OK as per rule b.
-- rise 0 0 1| D12
-- lrise 0 0 1] hold ## <clock edge> OK as per rule b.

multiEnableEdgeProc : process(clk, reset)

begin
if reset = '1l' then
Q <= '0";
elsif el = '1' and rising edge(clk) then
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Q <= D11;

elsif e2 = '1' and rising edge(clk) then
Q <= D12;

end if;

end process;

Example 5: Async and sync assignments controlled by complicated boolean expressions.

RegProc5 : process( clk, reset )

begin
if ( (en = 'l' and rising edge(clk)) or reset = '1"') theq/’\\\
if ( reset = '1l' ) then
Q <= '0'; -- async assignment.
elsif (en = 'l' and rising edge(clk)) then -- syn itio
Q <= D; -- sync assignment
end if;
end if ;

end process ;

Incorregt Example 6: Violates rule a). Is not a <sync _:
<clock_fdge> in al execution paths.

llegalRegProcé : process (

H

blegin

if ( rising edge(clk) or ze

if ( reset = 'l' ) then
Q <= '0";

else
Q <= Dy

end if;
end if ; >
end process
Exampl

storage
ComboR|

is not controll

ed in a process outside the statement defining the edge-

led by a

Bensitive

ﬁmoc esetl, reset2, set, async_preload, A, Q)
std _logic;
RESET :=Yresetl or reset2; -- Outside the edge statement
1if RESET = '1l' then
Q <= '0";
elsif set = 'l' then
Q <= '1"';
elsif async preload = 'l' then
Q <= A;
elsif rising edge(clock) then
Q <= D;
end if;
QBAR <= not Q; -- Outside the edge statement

end process;
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6.1.3.2 Edge-sensitive storage using a single wait statement

Assume the wait statement to be one of the following:
a) Wait statement with explicit clock edge:
1) wait until [ <async_condition> or ] <sync_conditions;

2) wait on <async_signals>, <clock _signal> [, <sync_signals>]

until <async_condition> or <sync_conditions;
3) wait on <clock signal> [, <sync _signals>]

until <sync_conditions;

where /N

<jpsync_condition> is defined in 6.1.3.

<Jsync_condition> is defined in 6.1.3.
<lasync_signals> 1s a sensitivity list with signals pxese
in the <async_conditions.

<clock_signal> 1is a sensitivity list with clogk
in the <clock edges>.

<jsync_signals>

<jclock_edge> is defined in/6\1.2.

be TRUE only when <clock_level> is TRUY.
This includes forms of wait statement from either item a) or
Y.

2
=
2.
Q
=y
—
0
[¢]
Q
o
Q
=

«Q
¢
(%]
>
e
w

J:
=
@,
—
0
@
2

=
Q.
=

<
o
=
3
=3
=)

ihg one of these wait statements must have <clock_edge> in the condition.

Anif startement fol

Edge-sensitive storage shall be modeled for a signal or variable, assigned inside a process with wait state-
ment, when an assumption above isfulfilled; and, in addition:

a) Thewait statement isthefirst or last statement of the process

b) The process with wait statement can be transformed to a process with “wait on <sensitivity list>".
The resulting process with “wait on <sensitivity list>" must adhere to therulesin 6.1.3.1.

The transformation is described as follows:

T1. A wait statement describing an implicit clock edge model [b) above] isrepresented as an explicit
clock edge model (A above). Thiscan be achieved by replacing “c1k signal name = '0'” with
falling edge (clk signal name), Or replacing °
rising edge(clk signal name).

‘clk_signal name = 111" with
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T2. A wait statement of the form, “wait until <conditions”, istransformed to an equivalent
wait statement of the form, “wait on <sensitivity list> until <condition>".
T3. After these alterations, the “wait on <sensitivity list> until <condition>" State-
ment is transformed to an equivalent “wait on <sensitivity list>" asfollows:
process
<process_declarative parts>
begin
wait on <sensitivity list> until <conditions>;
<sequence_ of statementss>;

end process;

transforms to this equivalent processwith “wait on <sensitivity listy’ T~

process
<process_declarative part >
begin

wait on <sensitivity lists;

if <condition> then

<sequence of statementss>;

End if;
nd process;

Example:  Showing the transformation to
process
begin

wait on SET, reset, clock

until SET .= 'l' or

if reset = '1%

Q <= '0";

elsif SET =

Q <= '
elsif i

= D;

sing edge (clock) ;

ribed above, the goal is the following equivalent process with only a
statement:

nsitivity lists> ;
<statement list>

end process ;

Thisis accomplished asfollows:

process
begin
wait on SET, reset, clock ;
if SET = 'l' or reset = 'l' or rising edge(clock) then
if reset = 'l' then
Q <= 1'0";
elsif SET = 'l' then
Q <= '1";

elsif rising edge(clock) then
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Q <= Dy
end if;
end if;
end process;

6.1.3.3 Edge-sensitive storage with one or more clocks
Multiple if statements with different clock edge conditions may be used to update a signal or variable inside
a process. The process may have a sensitivity list, or it may have an equivalent wait on as its first or last

statement.

The clock edge conditions shall be mutually exclusive.

For each clock edge expression, when the remaining clock edge expressions arg SE in all

statements of the process, the transformed process must fulfill the conditions
The signal in the first clock edge expression (textually) shall be taken as§

NOTES

1—It isfecommended to have simulation specific code enclosed wj
the mutupl exclusivity.

OFF/ON pragmag to check

2—The determination of the functional clock ismade on apr ke intended functional clgck hasto

be coded first in each process.

Example¢ 1: Two different clock signals
library IEEE;
use IEEE.Std _Logic 1164.all;

entity multi
port (reset,

£ to controlling signals reset, clkl and clk2
clkl, clk2 )

'1l'" then

elsif riging odgel(clkl) then
Q <= datal ;

elsif rising edge (clk2) then
Q <= dataz2 ;

end if ;

-- RTL_SYNTHESIS OFF

if rising edge(clkl) and rising edge(clk2) then
assert (TRUE) report

"Warning: Scan and functional clock are active together"
severity Warning ;
Q <= 'X"
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end if ;
-- RTL_SYNTHESIS ON

end process;
end RTL;

Example 2: Two different edges of one clock signal
DualEdge Proc: process (Clk, Reset) is
begin
if Reset = '1l' then
Q <= (others => '0');

—elsif risingedgefcHs)—then
Q <= D4Rise;
elsif falling edge(Clk) then
Q <= D4Fall;
end if;
end process DualEdge Proc;

6.1.3.4|Edge-sensitive storage with multiple waits

When modeling edge-sensitive storage elements using multiplé

apply:
a)
NOTE-T

b)

c)
d)

es shall

dentical

s from

Drevious

std logic;
std logic;

done : out std logic;

A, B : in wunsigned (3 downto 0);

Y : out unsigned (7 downto 0)

end Mult;
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Architecture ImplicitFSM of Mult is

signal intY unsigned (7 downto 0) ;

begin
MultProc process
begin
wait until clk = '1';
if start = '1l' then
done <= '0';
intY <= (others => '0');

IEC 62050:2005(E)
IEEE 1076.6-2004(E)

for i in A'range

loop
wait until clk = '1"';
if A(i) = '1l' then

intY <= (intY (6 downto 0) & '0') +

else
intY <= (intY (6 downto 0) &
end if;
end loop;
done <= '1';
end if;
end process;

Y <= intY

Exampl

-- reset/init state

until reset = 'l' or rising edge(clk);
next—RESET T.00P when—(—xreset— 111 \’.
X <= A; -- state one
wait until reset = 'l' or rising edge(clk);
next RESET_LOOP when ( reset = 'l' );
Y <= B; -- state two
wait until reset = 'l' or rising edge (clk);

end loop RESET LOOP;

end process;
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Example 3: Serial transmission modeling.

UartTxFunction : Process
begin
TopLoop : loop
if (nReset = '0') then
SerialDataOut <= '1'

TxRdyReg <= '1"
end if ;
/N
wait until nReset = '0' or

(rising edge (UartTxClk) and DataRdy !
next TopLoop when nReset = '0'
SerialDataOut <= '0';
TxRdyReg <= '0"';

-- Send 8 Data Bits

for i in 0 to 7 loop

wait until nReset g_ewge<i§rtT elk) ;
next TopLoop when
SerialDataOut <=

TxRdyReg <=

7

xor DataReg(2) =xor

aReg(4) xor DataReg(5) =xor

DataReg(6) xor DataReg(7) ;
IOI;

Stop Bit
til nReset = '0' or rising edge (UartTxClk) ;

— NE&Xt ToOpLOOp WHEeIl NResSet = 0
SerialDataOut <= '1'

TxRdyReg <= '1'

end loop ;

end process ;
6.1.3.5 Edge-sensitive storage using concurrent signal assignment statements

A concurrent conditional signal assignment statement may be used to model an edge-sensitive storage ele-
ment provided that the assignment can be mapped to a process that adheresto therulesin 6.1.3.1.
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Example:
COND_SIG ASSGN: Q <= '0' when RESET = '1° else
'1' when SET = '1° else
A when ASYNC LOAD = 'l' else
D when CLOCK'EVENT and CLOCK = '1';

6.1.3.6 Edge-sensitive storage using a guarded block

A signd awgned in a guarded block shall model edgesenstlve storage if the equw ent proce&s in the

@ foIIowmg form:

guard_exp> ::=

<puard_clk_edge> ::=

<guard_sync_conditions>

A

Async_conditions>

1

Exampl
afrchitecture GUARD1
signal Q
begin
guar

'l' or not clk'stable and clk = '1' )

'1' else

'0' when reset = 'l' else

6.1.3.7 Edge-sensitive storage from a concurrent subprogram

Edge-sensitive storage shall be modeled for a signal assigned in a concurrent procedure call that can be
mapped to a process adhering to the rulesin 6.1.3.1.

NOTES

1—A wait in a concurrent subprogram should be used with care: Both the concurrent statement and the wait statement
have sensitivity lists.

2—Recursive subprograms are supported if and only if the subprogram can be statically inlined, as required in 8.2.2.
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Example:
architecture CONCUR _SUB of flipflop is
procedure FF
(signal clk,
reset,

D : in std logic;

signal Q : out std_logic
) is
begin
if reset = '1l' then
Q <= "'0";
elsif rising edge(clk) then
Q <= Dj;
end if;

end FF;

lignal regl, reg2, reg3 : std logic;
blegin
FF( clk, reset, D, regl
FF ( clk, reset, regl, reg2 );:
FF ( clk, reset, reg2, reg3
( reset,

0

ppply:

The signal (orvariable) does not have an execution path with <clock_edge> as a condition.

C) There are executions of the process that do not execute an explicit assignment (via an assignment

statement) to the signal (or variable).

By default, the effect of an identity assignment of the signal (or variable) shall be as though the assignment

was not present.

If the combinational attribute decorates the signal (or variable), combinational logic with feedback shall be

synthesized.

The process sensitivity list shall contain all signas read within the process statement.
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NOTES

1—Variables declared in subprograms never model |evel-sensitive storage e ements because variables declared in sub-
programs are always initialized in every call.

2—When asignal is assigned from within a procedure it shall have the same inference semantics as a signal assignment
from within a process.

3—Recursive procedure calls are allowed if and only if the procedure can be statically inlined, asrequired in 8.2.2.

4—1It is recommended to avoid a modeling style in which the value of a signal or variable is read before its assignment.
This recommendation is meant to avoid the generation of unwanted storage elements.

Example 1:
LEV_SENS_1: process (RESET, ENABLE, D)
begin
if RESET = '1l' then
Q <= "'0";
elsif ENABLE = 'l' then
Q <= D; -- Q is an incomplete async
end if; -- assignment, so it mode
-- storage element.
end process;
Exampl¢ 2:

- If attribute 'combinationa
latch.
-I- In this example, the value ! ¢ /5 of combinational

- identity assignment Q <

-I- logic with feedback:

declaration of combinational

Same as Q <= unaffgcted;

-- & proce modeling both latch and flip-flop is supported.

RegPrustatProc—processtctk,—Teset,—gEmabt=)
variable gLatch : std logic;

begin

if clk = '0' then
gLatch := gEnable;

end if;

if reset = '1l' then
Q <= '0";

elsif gLatch = '1l' and rising edge (clk) then
Q <= Dj

end if;

end process;
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Example 4:

-- Again, if attribute 'combinational' is FALSE on a process,

-- identity assignment 'Q TEMP := Q TEMP;' is replaced by null statement.

use ieee.rtl attributes.all;
attribute combinational of LEV_SENS_4:label is FALSE ;

LEV_SENS 4 : process ( ENABLE , D)
variable Q TEMP : BIT ;

begin
if ENABLE = 'l' then
Q TEMP := D /N
else
Q TEMP := Q TEMP ; -- identity assignment
end if;

Q <= Q TEMP ;
end process;

Example 5: Inferred latch, perhaps as part of ascan chain

-l- Signal Q has an initial value in its d¢éclaratio

LEV_SENS 5 : process (enable, Q)

blegin

if enable = '1l' then
Q <= Q ;

end if;

end process;

Exampl ¢ 6:

-- Ram elemen

aAY

e is supported.

4
6.2.1.2

A level-
ment stgtement that can be mapped to a process that adheresto therulesin 6.2.1.1.

Example 1:
LEV_SENS_7: Q <= '0' when RESET='l' else -- This is identical
D when ENABLE; -- to LEV_SENS 1 in 6.2.1.1,
above.
Example 2:

LEV_SENS_8: With ENABLE select
Q <= D when '1l',

Q when others; --Identical to LEV_SENS 2 in

assign-

6.2.1.1,

-- and models combinational logic.
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Example 3:
LEV_SENS_09: with ENABLE select
Q <= D when '1',
unaffected when others;

6.2.1.3 Level-sensitive storage from concurrent procedure call

A level-sensitive storage element shall be modeled for a signal assigned in a concurrent procedure call that
can be mapped to a process that adheresto the rulesin 6.2.1.1.

Example:

architecture CONCIIR SIIR of level gengitive /_\

is
procedure latch(signal ENABLE, D :in Dbit;
signal Q :out bit ) is
begin
if ENABLE ='1' then Q <= D;

end if;
end;
signal Q : bit;
begin
latch(a,sel,Q); --Concurr D ich models a latch.
k

end CONCUR_SUB;
6.2.1.4|Level-sensitive
A levelisensitive stor » : signal assigned in a guarded block that can be
mapped|to a proce ) he signal must be of kind register and a <clock_edge>

expression must 4

Each co atement within such a guarded block must be equivdlent to a
process Y

Exampl &

dat2 : in Std Logic;
gl, g2 : out Std Logic );

entity latchEntity;

architecture latchArch of latchEntity is
signal ggl, gg2 : Std Logic register;
begin
dlLatch:
block (clkl = '1")
begin
ggl <= guarded datl;
gg2 <= guarded datl and not dat2;
end block
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dlLatch;
gl <= gqgl;
g2 <= ggz;

end latchArch;

6.3 Three-state logic and busses
6.3.1 Three-state logic from ‘Z’ assignment

Three-state logic shall be modeled when an object or an element of the object is explicitly assigned the
|EEE Std 1164-1993 value ‘Z'. The target signa shall be of type Std_L ogic. S~

The assignment to ‘Z’ shall be a conditional assignment.

For asignal that has multiple drivers, if one driver has an assignment to ‘' Z’,
beassighed a‘Z’ under at least one condition.

NOTE—If an object isassigned avalue ‘Z’ in aprocess that is edge-sensifive or Nevel-sersit described in 6.1 and

6.3.2 Three-state logic from guard disconnect

Three-sfate logic may be modeled by ag ) signa of kind bus. When the
guard cpndition is false, the driver is remo dli ich ig equivalent to a high-injpedance
value. Thetarget signa shall be of type Std i

It shall be an error if any target signal of ag ~ ot declared explicitly of kind bu or reg-
ister.\AI egistey; it sha rif the rulesfor sequential logicin 6.1.3.6 dr 6.2.1.4
are not

Exampl &
sii Kind "bus" yields three-state;
- kind "register" yields sequential logjc
(see 6.2.1.4).

a0

6.4 Combinational logic

Any process that does not contain a clock edge or wait statement shall model either combinational logic or
level-sensitive sequentia logic.

If there is always an assignment to a variable or signal in all possible executions of the process and all vari-
ables and signals have well-defined values, then the variable or signal models combinational logic.

a) If thevariable or signa isupdated before it isread in al executions of a process, then it shall model
combinational logic.

b) If avariable or signal isread beforeit is updated, then it may model combinational logic.

For combinational logic, the process sensitivity list shall list al signals read within the process statement.
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6.5 ROM and RAM memories
6.5.1 Read-only memory (ROM)

An asynchronous ROM shall be modeled using one of the following styles:

a) Constant declaration of a memory array. A ROM instance may be generated when the memory
array isread from within a concurrent statement.

b) One-dimensiona array with datain case statement.

The rom_block attribute shall be used to identify the variable that models the ROM. See 7.1.5.1 for this
atribute. If the logic_block attribute is used, then it shall imply that no ROM is to be inferred.

NOTES

1—The $tandard does not define how or in what form the ROM values are to be's 1 >en the
rom_blogk attribute is used.

2—In the absence of a rom block or logic_block attribute, there is r
implemeptation.

6.5.1.1|ROM with constant array

Theva :Ees of the ROM may be defined within a const el 7 arrays, or asan array of inte-
gersor hits.

Exampl
library ieee;
:Ee ieee.std logic

L

: mem_typ :=

others => "0000") ;
attribute rom block: string; --OK not to use ieee.rtl_attributes package,
--but the attribute must be defined
--identically as in the package.
attribute rom block of ROMINIT : comstant is "ROM CELL XYZ01";
-- For ROM design with combinational logic use:

-- attribute logic_block of ROMINIT : constant is TRUE;
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begin
Z <= ROMINIT (TO_INTEGER (UNSIGNED(A))) ;
end

architecture RTL;

6.5.1.2 ROM with case statement

In this style, the data values of a ROM shall be defined within a case statement. All the values of the ROM
shall be defined within the case statement. The value assigned to each ROM address shall be a static expres-
sion. The object (signal or variable) attributed with the rom_block attribute models the ROM_ The address of

the ROV shall be the same as the case expression. The ROM variable is the data.
contain pther assignments or statements that may or may not affect the ROM vari

ments tg the ROM object shall be done within only one case statement.

Examplé¢ 1: ROM defined by asignal:
library ieee;
:Ee ieee.std logic_1164.all;

e leee.rtl attributes.all; -- For decla
eptity ROM is

port (
Z

"1011";

e case aIer1
. ever,

ent may
assign-

dck attribute.

when "001" => Z <= "0001";
when "100" => Z <= "0011";
when "110" => Z <= "0010";
when "111" => Z <= "1110";

when others => Z <= "0000";
end case;
end process Rom Proc;

end architecture RTL;
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Example 2: ROM defined by avariable:
architecture RTL of ROM is
begin -- architecture RTL
Rom Proc : process (a)
is
variable rom : std logic vector (3 downto 0);

IEC 62050:2005(E)
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attribute rom block : string; -- OK not to use rtl attributes.

attribute rom block of rom : variable is "ROM_CELL_XYZO0l";

-- For ROM design with combinational logic use:
-- attribute logic block of rom : variable is TRUE;

begin -- process Rom Proc

case a is

when "000" => rom := "1011";

when "001" => rom := "0001";

when "100" => rom := "0011";

when "110" => rom := "0010";

when "111" => rom

when others => rom := "0000"
end case;

Z <= rom;
end process Rom Proc;

end architecture RTL;

NOTE—See 7.1 for additional

6.5.2 Random-access

A RAM|shall b idted with
it. Seef.1.5.2forth ,Jor as an
array of[integers or Jj entyay either be modeled as an edge-sensitive storageelememt orasa

level-sg

NOTES

L IS A AN

1, use the

EX I o ool W itato of al +.
amp L7\ v vt T CUgCSCRStrveE v ITtCTO MO T Tt

library ieee;

use ieee.std_logic_1164.all;
use ieee.numeric std.all;
use ieee.rtl attributes.all;

entity ram is

generic (
WIDTH : Natural := 8;
DEPTH : Natural := 16);
port (
g : out std logic vector (WIDTH-1 downto 0); -- Ram
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d : in std logic vector (WIDTH-1 downto 0); -- Ram data input
a : in std logic_vector (DEPTH-1 downto 0); -- Address
we : in std_logic; -- Write enable
clk : in std logic); -- system clock

end entity ram;

architecture RTL of ram is
type ram typ is array (0 to 2**DEPTH-1) of
std logic vector (WIDTH-1 downto 0) ;

signal ram : ram typ; -- ram element
attribute ram block of ram : signal is "RAM CELL XYZ01l";
—For—RAM—destgr—with -G 3 :

with—regigters—togie—uses
-- attribute logic block of z : signal is TRUE;

begin -- architecture RTL
-- purpose: Synchronous Ram definition
-- type : combinational
Ram Proc: process is
begin -- process Ram_ Proc
wait until clk = '1';
if we = '1l' then
ram(to_integer (unsigned(a))) <= d

end if;
end process Ram_ Proc;
g <= ram(to_integer (unsigne
end architecture RTL;

Exampl¢ 2: A RAM with edge

library ieee;

ents

e leee.std_}

e ileee 1 .
tity
generic

-- Ram output
-- Ram data input

-- Address
-- Write enable
std logic; -- Read enable
k,l}\ . ..Lll. Dtd_lugiu/ 7 D_YDtClll k,luk,}\

end entity ram;
architecture RTL of ram is
type ram typ is array (0 to 2**DEPTH-1) of
std logic vector (WIDTH-1 downto 0) ;
constant Zvec : std logic vector (WIDTH-1 downto 0) := (others=>'Z'");

constant Xvec : std logic vector (WIDTH-1 downto 0) (others=>'X") ;

begin -- architecture RTL
-- purpose: Synchronous Ram definition
Ram Proc: process is
variable ram : ram_typ; -- ram element
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variable g _int : std_logic_vector (WIDTH-1 downto 0);
attribute ram block of ram : variable is "RAM CELL XYZO0l";
-- For RAM design with register logic use

-- attribute logic block of ram : variable is TRUE;

begin -- process Ram_ Proc

wait until clk = '1';

g_int <= ram(to_integer (unsigned(a)));

if we = '1l' then
ram(to_integer (unsigned(a))) <= d;
end if; TN

end process Ram_ Proc;
g <= g_int when '1°'
Zvec when '0'

Xvec when others;

end architecture RTL;
Example 3: A RAM with level-sensitive storage elements:
library ieee;
e ieee.std_logic_1164.al
e ieee.numeric std.all;

e ieee.rtl attributes.all;

entity ramlatch ig

generic (

WIDTH-1 downto 0); -- Ram output

Yor (WIDTH-1 downto 0); -- Ram data inpuy
ctor (DEPTH-1 downto 0); -- Address

Write enable

of ramlatch is
is array (0 to 2**DEPTH-1) of

std logic vector (WIDTH-1 downto 0) ;
signal ram : ram typ; -- ram element

attribute ram block of ram : signal is ““; -- tech mapper decides
-- For RAM design with register logic use:
-- attribute logic block of ram : signal is TRUE;

begin -- architecture RTL
-- purpose: Asynchronous Ram definition

Ram_Proc: process (a, d, we) is

begin -- process Ram_Proc
if we = '1l' then
ram(to_integer (unsigned(a))) <= d;
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end if;
end process Ram Proc;
g <= ram(to_integer (unsigned(a))) ;

end architecture RTL;

7. Pragmas

Pragmas commonly are used to aid the synthesis tool in interpreting and implementing the VHDL model of

adesign. Pragmas can take the form of attributes or metacomments.

7.1 Attributes

For the boolean-valued attributes described in this subclause, the effects refer to

olean

FALSE|value of the attribute shall result in behavior identica to the behavio i becifica-

tion has|been omitted entirely.

User-defined attributes shall be ignored, except the synthesis-specii
rations ¢f the synthesis-specific attributes have been collected'i

be loc anywhere the user decides is appropriate; how
identicg| to those in that Annex.

7.1.1 Hjerarchy control attributes

7.1.1.1|Keep attribute

Attribute name: KEEP

Attribute subtype: boolea

ponent instantiation, signal, variable

hesis tool that the decorated item shall be preserved,
N entity, component declaration, or component instantig
not be subject to optimization. This attribute may be used to
previously synthesized and are being reused in the current des

Il decla-
X B may
shall be

and not
fion, the
decorate
gn.

not alter
Stance, a
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7.1.1.2 Hierarchy creation attribute

Attribute name: CREATE_HIERARCHY

Attribute subtype: boolean

Decorated item: entity, block, subprogram, process

The attribute CREATE_HIERARCHY shall be used to indicate that the boundary around the decorated item
shall be maintained. An extra level of hierarchy may be created around the logic synthesized for the deco-

rated item; this level shall not be dissolved into that of the parent item.
VAN

7.1.1.3[Hierarchy dissolution attribute

Attribute name: DISSOLVE_HIERARCHY

Attributg subtype: boolean

Decorated item: entity, component declaration, component instanti
The DI y y corre-
sponding to the item decorated by the attribute should bedelg ed i i gl nt of the

item. This attribute can used to gerote porti ~ ; e design

the next
pnces of
attribute

When this attribute is used to decorate an ¢
higher hierarchical level. When this attrib
that confponent shall be dissphred in thei

isused t plved.
NOTE— i ~ 8 effect if by default a synthesis tool exhibits the ttribute’s
behavior

712R
7.1.2.1
Definiti

4
set logi¢:
reset lo

DiCi the logitthat sets the output of a storage deviceto 0.

7.1.2.1.1 For edge-sensitive storage elements

Attribute name: SYNC_SET _RESET

Attribute subtype: boolean

Decorated item: signal, process, block, entity

This attribute may be used to identify the set/reset logic of an edge-sensitive storage device so that the logic

can be connected directly to the set/reset pin(s) rather than being used as an input gating condition of the
edge-sensitive storage device. If the attribute is used to decorate a signal, then that signal shall be connected
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directly to the set/reset terminal(s) of an edge-sensitive storage device provided that a matching device is
available in the synthesislibrary. If no matching deviceis available in the synthesis library, an error shall be

generated.

Signal constraints: If the attribute is used to decorate a signal, and that signal does not connect to a synchro-
nously reset or set, edge-sensitive storage device, a warning shal be generated. If the attribute is used to
decorate asignal, and that signal connectsto an asynchronously reset, edge-sensitive storage device, an error

shall be generated. If both constraints are violated, both awarning and an error shall be generated.

If the attribute is used to decorate a process, block, or entity, the contained set/reset logic shall be connected
directly to set/reset terminals of edge-sensitive storage device(s), if such devicesare av/ailabl ein the synthe-

sislibrary-
Block cpnstraints: If the attribute is used to decorate a process, block, or entity,

used to |decorate a process, block, or entity, and that item implies an
storage flevice, an error shall be generated. If both constraints are vigla
be genefated.

NOTES

1—This pitribute will not cause a synchronousl
reset edge-senstive storage device.

2—SYN[_SET_RESET does not imply one-hot;
to conneft directly to the functional pins, eith
library m

ismatches may result.

1

Exampl

architlecture @:

attribute SY

 is

attribute : signal is true;

begin

e (Clk) then

ified aso, or the device from the

; -- Or, use ieee.rtl_attributes.ALL.

b present,
synthesis

if reset = 'l' then

else
Q <= din;
end if;
end if;
end process;

end architecture EdgeSensitive;
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7.1.2.1.2 For level-sensitive storage elements
Attribute name: ASYNC_SET RESET
Attribute subtype: boolean
Decorated item: signal, process, block, entity
This attribute may be used to identify the set/reset logic of alevel-sensitive storage device so that the logic

can be connected directly to the asynchronous set/reset pin rather than being used as an input gating condi-
tion of the level-sensitive storage device.

VAN
If the atfribute is used to decorate a signal, then that signa shall be connected direc st/reset termi-
nals of I[I evel-sensitive storage device, provided that a matching device is available i eS$ library.
If no matching deviceis availablein the synthesis library, an error shall be ger stool

Signal gonstraints: If the decorated signal does not connect to a level-sensi ) icey ajwarning
shall belgenerated.

If the atfri i , , ity, i bec ¥eset |ogie’shall be cpnnected
directly i
Block ¢ shall be
generated. the syn-
thesis tqol.
NOTE— 8 reset are
present, i e N muste specified, or the device from the synthegis library
must hav
Exampl &
archit

:E df reset : signal is true;
begin

—elsit enable = "1’ then
dout <= din;

end if;

end process;

end architecture LevelSensitive;

Without the ASYNC_SET_RESET attribute, the synthesistool is free to produce logic as shown in Figure 1.
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din —»D Q@ dout

reset ‘
D—* gate

enable
R

Figure 1—Latch synthesis without ASYNC_SET_RESET

Once synthesized; thisTesott woutd-behard to optimize toardesrabte Tmptermentation

With the ASYNC_SET_RESET attribute, the result is as below in Figure e synthesizerjwas not
allowed|to use reset to gate enable or din. ﬁ

din —»|D Qr— do

enable —gate

reset

Figure 2—Latch synthesis wi SY. S SET = TRUE

jon attributgs %

7.1.2.2|Set/reset prioritiza

Attribute

Attribute

pnly one
one-bit

-- Model with inherent priority between the set and reset:
architecture A of FLOP is
begin

Pl: process(set, reset, clock)
begin
if rising edge (clk) then
if set = '1l' then -- priority over reset
dout <= '1"';
elsif reset = 'l' then
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dout <= '0"';
else
dout <= din;
end if;
end if;
end process;

end architecture;

If this priority does not match the priority of the corresponding library cell part, then the implementation will
beasin Figure 3, with no attribute.

set L~
S

din » D Q—» dout

clk ~clock

Noticet

To remgve the prioritizing 1Qg

Examplé 2: Modd of the Exa

amchiteé;;:g

-- Also in ieee.rtl attributes pkg.
reset: signal is true;

et, clock)

< then
elsif reset = '1l' then
dout <= '0"';
else

dout <= din;
end if;
end if;
end process;
end architecture;

The new implementation is asin Figure 4.

NOTE—This attribute also is useful in models written with asynchronous set and reset.
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set —lv

S
din —»|D D —— dout
clk —>clock

R

r 3

reset

Eigure 4_Flip-flop synthesis with priarity mismatch and ()NF{I—?NZ

Below gre some examples of the ONE_HOT attribute as used to decorate compi

Exampl¢ 3: Conditional signa assignment:

e leee.rtl attributes.ALL;
tity HotEx3 is
port (

A, B, C, D : in std logig
S1l, S2, S3, S4 : in \

signal is true ;

AR C D . in otd logic vector(/ downte 0}
SEL : in std logic vector (3 downto 0) ;
Y : out std logic vector (7 downto 0)
)

end Combo ;

architecture Conditional4 of Combo is
attribute ONE HOT of SEL : signal is true ;

begin
Y <= A when SEL(0) = 'l' else
B when SEL(1) = '1l' else
C when SEL(2) = 'l' else
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D when SEL(3) = '1' ;
end Conditional4 ;

architecture Select5 of Combo is
attribute ONE_HOT of SEL : signal is true ;

begin
with SEL select
Y <= A when "0001",
B when "0010",
c when "0100",
D when "1000", T~

"00000000" when "0000",
"XXXXXXXX" when others ;
end Seflect5 ;

architlecture Select6 of Combo is
attiribute ONE_HOT of SEL : signal is true ;
begin
with SEL select
Y| <= A when "0001",

B when "0010",
c when "0100"
D when "1000",

"XXXXXXXX" when others
end Seflect6 ;

NOTE—
maybe b,

0 ensure,

713 M

Attribut

Attributg

riable or

(usuallylimpl gmented.as amult|plexer) or not (usually implemented usmg randomloglc) The mux-$election
attri bute-whentsed-te-decorate thetabel-of-a-case-statementshal-direst the-syrthesistee-to-Hnrplement the
case statement with a multiplexer, regardless of the number of explicitly enumerated choices for the case
expression.

In the example below, the signal action will be implemented by a multiplexer.

process (STATUS)
attribute INFER MUX : boolean;
attribute INFER MUX of Ll: label is true;
begin
Ll: case STATUS is
when GREEN => action := GO;
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when YELLOW =>
when others =>
end case;

end process;

The following example illustrates the use of

Statement:

— 45—

action := STEP_ON THE GAS;

action := STOP;

architecture A of TRAFFIC_LIGHT is

attribute INFER _MUX :

boolean;

attribute INFER_MUX of
begin

action <= GO

STOP

end architecture;

7.1.4 Sphbprogram implementation attributes

Attribute name: IMPLEMENTATION,

Attribute subtype: string

Decorated item: procedure, fu
ThelM
that the subprogram ista
attributg. The |

entirely land insert

Considdr the foll

and B)

Ll: label is true;

Ll: with STATUS select

when GREEN,

STEP_ON_GAS when YELLOW,

when others;

RE

(A,B,C: in bit; signal O: out bit)

or C);

is

the INFER_MUX attribute with a selected assignment

esis tool
Lie of the
program

AND OR_INVERT(X, Y, Z, Q);

-- procedure call

The logic for the procedure call would typically be implemented with a network of Boolean gates, as shown

in Figure 5.

X —
Y —

—Q

Figure 5—And-Or-Invert synthesis without IMPLEMENTATION specified
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Assuming that there is an entity technology cell, AOI, that implements the same functionality, the user can
direct the synthesistool to use the same by using the IMPLEMENTATION attribute:

procedure AND OR_INVERT (A,B,C: in bit; signal O: out bit) is
begin
O <= mnot ((A and B) or C);
end procedure;

attribute IMPLEMENTATION of
AND OR_INVERT: procedure is "AOI";

AND OR_INVERT(X, Y, Z, Q); -- procedure call

The synthesized design that uses the AOI cell is shown in Figure 6.

The por
ters of the subprogram.

parame-

NOTE—It is the user's r i 3 iondi i i i e named
entity or fechnology cell th 3 i

If afungtionis -- i £ |MF , ION attribute, the function also shall be decorgted with

the RE URN PO AME-attrik e valye of which shall be the name of the output port of the design
that co 3 turn alue corqpdted by the function. In the example below the ffunction
AND_(Q fies that
thevalu

(A,B,C: in bit) return bit is

((A and B) or QC));

attribute IMPLEMENTATION of

AND OR_INVERT: function is "AOI";
attribute RETURN PORT NAME of

AND OR_INVERT: function is "0";

Q <= AND_OR_INVERT(X, Y, Z); -- function call

When the IMPLEMENTATION attribute is used to decorate the label of an assignment statement, it speci-
fies the implementation of the operations in the right-hand side of the assignment statement. The operand
designators shall match by name the ports of the specified cell.
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For unary operations, the single operand shall be associated with the first port of the specified entity or syn-
thesis library cell, whereas the result of the operation shall be associated with the second port of the
specified entity or synthesis library cell.

For binary operations, the left and right operands shall be associated with the first and second ports, respec-
tively, of the specified entity or synthesis library cell, whereas the the result of the operation shall be
associated with the third port of the specified entity or synthesislibrary cell.

For complex expressions comprising multiple operations, the entire expression shall be implemented by the
single instance of the entity or synthesis library cell specified in the attribute value. In such cases, the oper-
ands of the expression are matched to the input ports in aleft to right manner.

Inthe e

implemented by a single three-input technology cell “AND3":

L

Itisan
IMPLE
tool. It
the num

sents the value computed for the expressio

7.1.5M

The attr
nonnull
library.
IEC/IEE
tool sha
found, t
RAM_E

Itisané

attributgs.

7151

jignal O, A, B, C : boolean;
t

ample below, the right-hand side of the assignment L1 comprising two binary d%

tribute IMPLEMENTATION of L1l : label is "AN

1 : O <= A and B and C;

itemn has more than one of RAM_BLOCK, ROM_BLOCK, and LOGIC |

ions are

error if the specified entity or library cell is e of the
MENTATION attribute is the emp ing < }ynthesis
5 an error if specified entity or synthesis it ports as
ber of operands in the right-hand side bt repre-

stringis
ynthesis
ified in
ynthesis
match is
OCK or

BLOCK

ROM

Attribute namee ROM_BLOCK

Attribute subtype: string

Decorated item: constant, variable, signa

The attribute ROM_BLOCK shall indicate that the decorated item is to be implemented as a ROM. When
this attribute is used to decorate a variable or signal, then all the assignments to the variable or signal must
be static expressions. The value of the attribute shall indicate the name of a specific cell or module to be
used to implement the decorated item. See 6.5.1 for examples of the ROM_BLOCK attribute.
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7.1.5.2 RAM
Attribute namee RAM_BLOCK
Attribute subtype: string
Decorated item: variable, signal

The attribute RAM_BLOCK shall indicate that the decorated item is to be implemented as a RAM. A non-
null value of the attribute shall indicate the name of a specific cell or module to be be used to implement the
decorated item. See 6.5.2 for examples of the ROM_BLOCK attribute. L~

7.1.5.3|Logic block
Attribute name: LOGIC_BLOCK
Attributg subtype: boolean

Decorated item: constant, variable, signa

logic (s opposed to a ROM implementation) org al logic (as opposed to [a RAM
implementation).

The attrjbute LOGIC_BL OCK shall indicate that the decara @o e imptemented either ag random
7.1.6 Combinational logic attribute
Attribut

Attribut

Decora
The COMBINATI i bt ies only

combingtional lodic. D i Al be an
iy tements,

feedback

attribute COMBINATIONAL of Pl: process is TRUE;
Pl : process ( ENABLE, D)

begin
if ENABLE = 'l' then
Q <= Dj;
else
Q <= Q ; -- Identity assignment for Q
end if;

end process;
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In the example above, there will be a feedback path from Q to itself through a multiplexer. If the process
above is decorated by a COMBINATIONAL attribute with value FALSE, the synthesis tool shall treat the
identity assignment as a null statement and infer sequentia logic (alatch in this case) from the process. See

6.2.1.1 for an example that uses the COMBINATIONAL attribute.
7.1.7 Gated clock attribute
Attribute name: GATED_CLOCK

Attribute subtype: boolean

Decora Ham:- sianal-brocess. /_\
Al LA LRI B S LI S

The GA[TED_CLOCK attribute shall indicate to the synthesis tool that the clock/and the enable sigqa of the

inferred| edge-sensitive sequential element shall be combined logically to obtain tf
decorat¢ a signal, the attribute shall be propagated to all ports connected t6 that i
process) the attribute only shall apply to the clock signal synthesized wi

resulting gated clock shall be supported both as a clock and as ¢
connectgd.

Example 1: External gating

gelk <= clk a

EEocess<i:i§k

- Implied age of gated clock for FFs with an enable pin:

ich it is

usT feee.rtI_attributesatl— dectaratiomr of GATED _CLOCK

attribute GATED CLOCK of GATOR2 : label is true;

GATOR2: process(clk)
begin
if rising edge(clk) then
if enable = '1l' then
data <= data_in ; -- clk becomes a gated clock
end if ;
end if ;

end process ;

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3752023ae9ce4c72bfac0753c135ca0e

~ 50— IEC 62050:2005(E)
IEEE 1076.6-2004(E)

Example 3: Internal gating of several clocks
use ieee.rtl attributes.all; -- declaration of GATED_CLOCK
attribute GATED_CLOCK of GATOR3 : label is true;
GATOR3: process(clkHi, clkLo, enable)
signal Andclock : bit;

begin
AndClock := clkHi and not clkLo;
if rising edge(clkHi) then -- clkHi becomes gated
if enable = '1l' then
data (14 downto 8) <= data in(14 downto 8);
end if;
end it; VAN

if falling edge(clkLo) then
if enable = 'l' then -- clkLo becomeg
data (7 downto 0) <= data in(7 downto Q
end if;

end if;
if rising edge (Andclock) -- Andcio
then data(15) <= '0';
else data(15) <= '1';

end if;
end process;

Exampl

gclk4
GATOR4 :

7.1.8 ERterationencotingattribute
Attribute name: ENUM_ENCODING
Attribute subtype: string

Decorated item: type, subtype

The value of this attribute shall specify the encoding of the enumeration type literals. The attribute value
shall be made up of tokens separated by one or more spaces. There shall be as many tokens as there are liter-

as in the enumeration type, with the first token corresponding to the first enumeration literal, the second
token corresponding to the second enumeration literal, and so on.
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Each token shall be made up of a sequence of ‘0" and ‘1’ characters. Character ‘0’ shall represent alogic O
value and character ‘1’ shal represent a logic 1 value. Additionally, each token may optionally contain
underscore characters; these shall be used for enhancing readability and shall beignored. All tokens shall be
composed of the same number of characters (ignoring the underscore characters). Given the following enu-
merated type declaration and attribute declaration:

type <enumeration type> is

(<enum_litls>, <enum 1lit2>, ... <enum 1itN>);

attribute ENUM_ENCODING: STRING; -- Attribute declaration

/N

The attr|bute specification defines the encoding for the enumeration literals asfollg

attribute ENUM ENCODING of <enumeration type>: type is
| [<spacer>] <tokenls><spacer><token2><spacers

<tokenN> [<spacer>]"; - -

Token
andsod

m_lit2>,
R, LF, or

NOTE—

Exampl &

Other attributes or sp

7.1.9 Finite state machine attribute
Attribute name: FSM_STATE

Attribute subtype: string

Decorated item: type, subtype, signal, variable

The FSM_STATE attribute shall explicitly identify the state vector for FSM extraction during synthesis.
The value of the attribute shall specify the encoding scheme to be used for encoding the state.
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The value of this attribute for an FSM with N states shall be one of
“BINARY": state encoded as binary value with LOG2(N) bits

— “GRAY": state encoded as a binary value with the restriction that exactly one bit changes during
state transition

— “ONE_HOT": state encoded with N bits where each encoding hasasingle ‘1’
— “ONE_COLD": state encoded with N bits where each encoding has asingle ‘0’
— “AUTO": state encoding selection is left to the synthesis tool

— : state encoding selection is left to the synthesis tool

— A string of the form specified for the ENUM_ENCODING attribute, if the decorated item is of an
enumeration type or subtype /N

Exampl

h

type STATES is (S1, S2, S3, S4);
sfignal STATEl, STATE2, STATE3, STATE4 : STATES;

attribute FSM_STATE of STATEl:

--a valid encoding is: , S4 =| 11
attribute
- "11" ga =|"10"
attribute "ONE_HOT";
"0001", s2 = "0010", 83 = "0100"
= "1000"
: signal is "ONE_COLD";
: 81 = "1110", 82 = "1101", 83 = "1011"
s4 = "o0111"

machines W|th the same set of states but dlfferent transm on sequences to have dlfferent state encodl ngs

Example:

type STATES is (S1, S2, S3, S4);
signal STATE : STATES;

attribute FSM STATE of STATE: signal is "0110 0111 0000 1010";

If the decorated signal or variableis of an enumerated type, then the FSM_STATE attribute shall take prece-
dence over any ENUM_ENCODING attribute specified for the enumerated type.
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NOTE—Simulation mismatches may occur with the use of this attribute when a value other than binary encoding is

used.

7.1.10 Finite state machine completion attribute
Attribute name: FSM_COMPLETE

Attribute subtype: boolean

Attributed object: signd, variable, type, subtype

The FSM_COMPLETE attribute shall decorate an item that represents the state registe@f a finite-state

machi ng:

If the atfribute value is TRUE, those states in the synthesized machine for whi
the VHIDL source shall transition to the state specified by the VHDL default §
state asgignment is the value that would be assigned to the state register i
invaid ¢r unused value of the state type.

NOTES

1—FSM
unused S

2—Typi¢al ways to make a default state assig
statement, or by an initializing va ue unconditio

and thefe is not a unique default state
FSM_CPOMPLETE attribute i
unreachpble states.

NOTE—VHDL R@ Ml ati ons Wit matsh for all values of the state register in the VHDL.

Exampl &

7

attxibu M™OMPLETE of state : signal is TRUE;

nvalid or

e of an if

5 TRUE,
with the
defines

StateProc : process

begin
wait until Clk = '1'
if nReset = 'l' then
state <= SO
else

case state is

when S0 => state <= S1;
when S1 => state <= S2;
when S2 => state <= S83;
when S3 => state <= S4;
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when S4 => state <= S0;
when others => state <= S0;
end case;
end if ;

end process;

In the example above, the VHDL specification contains five state values: SO, S1, S2, S3, and S4.
FSM_STATE specifiesthe encoding to be afour bit array with SO = 0000, S1 = 0011, S2 = 0110, S3 = 1100,
and $4 = 1001. Theimplementation contains 2** 4 states = 16. There are 11 states in the implementation that
are not part of the VHDL specification. AsFSM_COMPLETE istrue, the transition for the 11 unused states
is to the state specified in the others clause.

NOTE—The use of both FSM_COMPLETE TRUE and FSM_STATE ONE_HOT can izicuna signifi ount of
logic to gffect the recovery transitions. For a safe state machine, rather than using ONE iXi mifended to
specify ghumerated values with a hamming distance of two between them (as shown i

7.1.11 Buffering attribute
Attribute name: BUFFERED

Attribute subtype: string

Decorated item: signal

The BUFFERED attribute shall be used to id | iri ecial or high drive buffersi(such as
clock ology cell that shall be used to gIrive the
signal o
— |HIGH_DRIVE":
— |CLOCK_BUF"

— RESET_BfF“:

: signal is "CLKBUFx4";

K wired to the input pin of the buffer cell CLKBUFx4, and @l of the
Kk buffer

the polarity of the signal.

NOTE—After placing the buffer, the synthesis tool is permitted to do any optimization permitted by the synthesis
library.

7.2 Metacomments

Two metacomments shall be provided for conditiona synthesiscontrol. They shall be
a) --RTL_SYNTHESIS OFF (or, abbreviated, -- RTL_SYN OFF)
b) --RTL_SYNTHESISON (or, abbreviated, -- RTL_SYN ON)
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A synthesistool shall ignore any VHDL code after an “RTL_SYNTHESIS OFF" metacomment and before

the first subsequent “RTL_SYNTHESIS ON” metacomment.

Metacomments differing only in the use of corresponding uppercase and lowercase letters shall be consid-
ered the same. Unabbreviated and abbreviated forms of these metacomments shall be considered the same.

Whitespace shall be allowed between the line-comment token “--" and the comment.

The source code as awhole, including ignored constructs, shall conform to |EC/IEEE 61691-1-1:2004. The source
code exclusive of constructs ignored because of the metacomments shall be compliant to the terms of this

standard.

NOTES

1—Care|should be taken when using these metacomments to ensure that synthesis beha

tion behgvior. Use of these metacomments may lead to simulation mismatches.

2—The interpretation of comments other than RTL_SYNTHESIS OFF and
is not compliant with this standard.

8. Syntax

NOTE—Subclause titlesin this clause match those /1

8.1 Defsign entities and, configurat

8.1.1 Eptity declaratiprs

tement part |

|l end [ entity ] [ entify simple name ]

re ,émul&

by & synthesis tool

Supported:
— entity_declaration
— entity_declarative_part

— reserved word entity after reserved word end

Ignored:

— entity_statement_part
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Example:
library IEEE;
use IEEE.std _Logic_1164.all;
entity E is
generic (DEPTH Integer := 8);
port ( CLOCK in std_logic;
RESET in std_logic;
A : in std_logic_vector (7 downto 0); TN
B : inout std logic vector (7 downto 0);
c : out std_logic_vector (7 downto
end E;

8.1.1.1|Entity header

[0)

ntity header ::=
[| formal generic_clause ]

[| formal port_clause ]

generic clause ::= generic(

pprt_clause ::=

Supportgd:

— ¢ntity_he
— Ieneri cc

ort_clause

a)

<

g generic interface list

Support

generic_list.

b) Ports

port list ::= port interface list

Supported:

port_list
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8.1.1.2 Entity declarative part

entity declarative_part ::=
{ entity declarative item }

entity declarative_item
subprogram declaration
subprogram_body
type declaration
subtype declaration

COIlstallt _UucClal clLJl_Ull
signal declaration
. ;  oble decl .

alias_declaration
attribute_declaration

attribute specification

disconnection—specification
use_clause
group—template—declaration
group—deetaration

Supportgd:

— ¢ntity_declarative part

— ¢ntity_declarative ite

|
|
|
i
|
|
| file declaration
|
|
|
|
|
|
|

Ignored

— file_declaration

entity statement part ::=

{ entity statement }

entity statement ::=

concurrent_ assertion statement
| passive concurrent procedure call

| passive process statement

Ignored:
— entity_statement_part
— entity_statement
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NOTE—The entity statement part describes passive behavior for simulation monitoring purposes. It cannot drive signals
in the architecture. It, therefore, has no effect on the behavior of the architecture.

8.1.2 Architecture bodies

architecture body ::=
architecture identifier of entity name is
architecture declarative part

begin
architecture statement part
end [ architecture | [ architecture simple name ] ; VAN
Supportgd:

— @rchitecture_body
— Multiple architectures
— [Reserved word architecture after reserved word end

Not Sugported:
— Global signd interactions between synthesized archi es
8.1.2.1|Architecture declarative part
afrchitecture declarative part
{ block declarative item

disconnection Speciireatcion
use_clause

group—templatedeclaration

|
|
|
| configuration specification
|
|
|
|

group—deelaration
Supported:
— architecture_declarative part

— block_declarative item

Ignored:
— file_declaration
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Not Supported:

shared_variable declaration
disconnection_specification
group_template_declaration
group_declaration

8.1.2.2 Architecture statement part

architecture statement part ::=
{ concurrent statement }

Supportgd:

grchitecture_statement_part, as discussed in 8.9

8.1.3 Cpnfiguration declaration

configuration declaration ::=
configuration identifier of entity name

configuration_declarative_part
block configuration
end [configuration] [config

block configuration ::=
for block specification
{ use _clause }
{ configuration item }

end for ;

block specification ::=
architecture name
| block statement label
| generate statement label [ ( index specification ) ]
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index specification ::=
discrete_range

| static expression

configuration item ::=
block configuration

| component configuration

Supported:

block_configuration

IEC 62050:2005(E)
IEEE 1076.6-2004(E)

— Tlock_speC|T|cat|on
iindex_specification

onfiguration_item
8.1.3.2[Component configuration

clomponent configuration ::=
for component specification
[ binding indication ; ]
[ block configuration ]

end for ;

Supportgd:

omponent_configuratian

8.2 Su

8.21S

function designator [

type mark

NS

( formal parameter list ) ]

( formal parameter list )| ]

designator ::= identifier | operator_symbol

operator_symbol ::= string literal

Supported:
— subprogram_declaration
subprogram_specification

designator

operator_symbol

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3752023ae9ce4c72bfac0753c135ca0e

IEC 62050:2005(E) —61-—
IEEE 1076.6-2004(E)

8.2.1.1 Formal parameters

formal parameter_list ::= parameter interface_list

Supported:
— forma_parameter_list

A subprogram shall not assign to an index or a slice of an unconstrained out parameter unless the associated
actual parameter in each call to the subprogram is a static name. Synthesis shall use the default value as the
“tie” valueif aformal parameter of mode in is left open.

a) Constant and variable parameters RN

Constant and variable parameters shall be supported.
b) [Signal parameters

Signal parameters shall be supported.

c¢) Fileparameters

F-ile parameters shall not be supported.

8.2.2 Spibprogram bodies

subprogram_body ::=

subprogram_ specification

allds _deClardaltloOll

attribute specification
use_clause

group—templatedeclaration

|
l
i
| attribute declaration
|
|
|
|

subprogram_statement part ::=

{ sequential statement }

subprogram_kind ::= procedure | function
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Supported:
— subprogram_body
— subprogram_declarative part
— subprogram_declarative item
— subprogram_statement_part

Ignored:
— file_declaration

Not Supported:
— Oup_temptate_dectaration

— g@roup_declaration

Subprogram recursion shall be supported when the number of recursionsii
8.2.3 Spbprogram overloading
8.2.3.1|Operator overloading

Operator overloading shall be supported.
a) [Signatures

slignature ::= [ [ type mark e [re h type mark] ]

Signatuges shall be supported.

8.2.4 Resolution function

The resplution funetion
shall be ignored.@

8.25P

subtype STD_LOGIC. All other resolution functions

package declarative item ::
subprogram_declaration
type declaration
subtype declaration
constant declaration

; ; Ceble deel .

file declaration

|

|

|

| signal declaration
|

|

| alias declaration
|

component_declaration

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3752023ae9ce4c72bfac0753c135ca0e

IEC 62050:2005(E) ~ 63—

IEEE 1076.6-2004(E)

attribute declaration
attribute specification

1 ron— vy ;
use_clause
group—template—decltaration
group—dectaration

|
|
|
|
|
| -
Supported:

— package_declaration

— package_declarative_part

ackaaa declarativia item
paGrkage—aecrarat-ve—H+ett

— keyword package after keyword end

Ignored
— file_declaration

Not Sugported:
— ared_variable declaration

— glisconnection_specification
— g@roup_template _declaration

— group_declaration

Signal geclarations shall have an initial val ue expression

initial v

8.26P

ppekage body declarative item ::=

A constant declaration shall ing

7

subprogram _declaration
subprogram_body
type_declaration
subtype declaration
constant_declaration

; ; b el .

file declaration

alias_declaration
use_clause

group—templatedeclaration

group—declaration
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Supported:
— package_body
— package body declarative part
— package _body declarative item
— keywords package body after keyword end

Ignored:
— file_declaration

Not Supgported: VAN
— ared_variable declaration
— g@roup_template_declaration
— group_declaration

8.3 Types

8.3.1 Sgalar types
calar type definition ::=
enumeration type defini

n

integer_ type definition

ion simple expression

— range
— direction

Ignored:
— floating_type_definition

Not Supported:
— physical_type definition

Null ranges shall not be supported.
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8.3.1.1 Enumeration types

enumeration_type_definition ::=

( enumeration literal { , enumeration literal } )

enumeration literal ::= identifier | character literal

Supported:
— enumeration_type definition

— enumeration_litera

AN
Elements of the following enumeration types (and their subtypes) shall be mapped te $ingle bits as gpecified
by |EEH Std 1076.3-1997:

a) PBIT and BOOLEAN
b) [PTD_ULOGIC

The synthesis tool may select a default mapping for elements of Nmersti Res. The User may
overridg the default mapping by means of the ENUM_ENCODING.attri

a) Predefined enumeration types

Supportgd:
— CHARACTER

Ignored
— $EVERITY_LEVEL

Not Sugported:
— FILE_OPEN_KI
— FIL E_O@F A

Integer types

::= range_constraint

e indica-
v - ange-conta Hve-vattes: ; have an
unsigned binary representation. If the range contains one or more negative values, the item should have a
twos-complement implementation. The vector should have the smallest width consistent with these
representations.

The synthesis tool shall support integer types and positive, negative, and unconstrained (universal) integers
whose bounds lie within the range —2 147 483 648 to +2 147 483 647 inclusive (the range that successfully
maps 32 bit twos-complement numbers).

Subtypes NATURAL and POSITIVE are supported.

Integer ranges shall be synthesized asiif the zero value is included.
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Example: “INTEGER range 9 to 10" should be synthesized using an equivalent vector length of 4 bits, just
asif it had been defined with a subtype indication of “INTEGER range Oto 15".

8.3.1.3 Physical types

physicat—type—definition ::=
range constraint
units
primary unit_declaration
{ secondary unit declaration }

end units [ physical type simple name ]
pLimafy—ﬁﬁi%:dee&afaﬁieﬂ ::= identifier ;

seecondary—unit—deelaration ::= identifier = physi

physical literal ::= [ abstract literal ] unid

Ignored

— physica_literal of type TIME within an ignored-¢
val ue expression of adeclaration of j

clause or in the initial-

Not Sugported:
— Ihysical_type_definition

Physical objects and liter

Declarations of object
occur ofly withi are

8.3.1.4|Floatin

ME may

oatdng typaldafini¥ion ::= range constraint

£
g \ \>
Ignored

— illoati ng t definition

Floating point type declarations shall be ignored. Reference to objects and literals of a floating point type
may occur only within ignored constructs, for example, after the after clause.

8.3.2 Composite types

composite type definition ::=
array type definition
| record type definition

Supported:
— composite_type definition
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8.3.2.1 Array types
array type definition ::=
unconstrained_array_definition

| constrained array definition

unconstrained_array_definition ::=

array ( index_subtype definition { , index subtype definition } )

of element subtype indication

/N

constrained array definition ::=

array index constraint of element subtype indication

ijndex subtype definition ::= type mark range <>

ijndex constraint ::= ( discrete range { , dist

discrete range ::=

range ::= range attribute npé&

Support

The bol

ger typg.
one-dim

Null rarn

an inte-
ype or a

If a discrete range is specified using a discrete subtype indication, the discrete subtype indication shall

denote a subtype of an integer type.

A range shall comprise integer values.
a) Index constraintsand discrete ranges

These shall be supported.
b) Predefined array types

Predefined array types shall be supported.
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8.3.2.2 Record types

record_type definition ::=
record
element declaration
{ element_declaration }

end record [ record type simple name ]

element_declaration ::=

identifier list : element_subtype definition;
VAN
identifier list ::= identifier { , identifier }
ellement subtype definition ::= subtype_ indication

Supportgd:
— llecord_type_definition

— ¢lement_declaration

— identifier_list

— ¢lement_subtype_definition
8.3.3 Access types

ccess type definition ::= ;cceiz:fif 19 ication
Ignored

Q

8.3.3.1|Incompl

ncomﬁzétg type claxation ::= type identifier ;

-

8.3.3.2|Allocation and deallocation of objects

Allocation and deallocation shall not be supported.
8.3.4 File types

file type definition ::= file of type mark

Ignored:
— file_type_definition

Use of file objects (objects declared as belonging to afile type) shall not be supported.
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8.3.4.1 File operations

Not Supported:
— Fileoperations

8.4 Declarations

declaration ::=
type_declaration
subtype declaration
object declaration

interface declaration
alias declaration
architecture body
attribute declaration
component declaration

|
|
|
|
|
|
|
| group—template—declaration
|
|
|
|
|
|

group—deelaration
entity declaration
configuration declaration
subprogram_ declaration
package declaration
primary unit

Supported:

— (gleclaration
Not Sugported:

— Iroup_template I

roup_de@ﬂ o

type_definition ::=
scalar_type definition
composite type definition
access type definition

|

|

| file type definition

| pretected—type—definitieon

Supported:
— type_declaration
— full_type declaration
— type_definition
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Ignored:
— incomplete_type declaration
— access_type_definition
— file_type_definition

Full type declarations containing access type definitions or file type definitions shall be ignored.

Not Supported:
— protected_type_definition

8.4.2 Subtype declarations /N

n

ubtype declaration ::=
subtype identifier is subtype indication ;

subtype _indication ::=
[ resolution function name ] type mark [ co i

I

ype mark ::=
type_name
| subtype name

onstraint ::=

Q

range_constraint

| index constraint

Supportgd:
— subtype declarat

— subtype_indjcati
— typem

— ¢onstraint

&

8431

object declaration ::=
constant_declaration
| signal declaration
| variable declaration
| file declaration

Supported:
— object_declaration

Ignored:
— file_declaration
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a) Constant declarations

constant_declaration ::=
constant identifier list : subtype indication 4 := expression %;

Supported:
— constant_declaration

Deferred constant declaration shall not be supported. That is, the expression shall be present in the constant
declaration.

b) Signal declarations TN

sfignal_declaration ::=

signal identifier list :
subtype indication [ signal kind ]

sfignal_kind ::= register | bus

Supportgd:
— gignal_declaration
— gigna_kind

Ignored

— ¢xpression
The inigal value expression shall be ignored u is in a package, where the deflaration
shal haye an initial value expfession,

The subtype indication sha assignment to a signal declared in a package shall

not be sfipported.

0 \/ariablr
V]
e Mdentifier list :
subtype indication [:= expression];

Suppor
Ignored

— expression
Not Supported:

— Reserved word shared

The reserved word shared shall not be supported. The initial value expression shall be ignored. The subtype
indication shall be aglobally static type.

The use of access objects shall not be supported.
d) Filedeclarations

file declaration ::=
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file identifier list
subtype_indication [ file_open_information ] ;

file open information ::=

[ open file open kind expression ] is file logical name

file logical name ::= string expression

Ignored:
— file_declaration

The use]of TiTe ObjEcts shall ot e SUpported.
8.4.3.2[Interface declarations

interface declaration ::=
interface_constant_declaration

| interface signal declaration

| interface variable declaration

[constant] identifier 1lis¥

[in]

[signal]
[:=

nterface i
[vari i

[:= st

-

| inout | buffer | Iinkage

intefface declaration

— interface_constant_declaration
— interface_signal_declaration
— interface variable_declaration

Ignored:
— static_expression (interface signal declarations and interface variable declarations).

Not Supported:
— interface file_declaration
— mode linkage
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The static expression shall beignored in port interface lists and formal parameter lists.

Static expressions in interface constant declarations shall be supported.
a) Interfacelists

interface list ::=
interface element {; interface element}

interface_element ::= interface_declaration
Supported:
— interface list RN

— interface_element

b) Association lists

alssociation list ::=

association_element {, association element}

alssociation element ::=
[formal part =>] actual_ part
flormal_part ::=
formal_ designator

|
NWariable name
|
|

open

Supported:
— association_list
— association_element
— formal_part
— formal_designator
— actual_part
— actual_designator
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Not Supported:
— file_name

8.4.3.3 Alias declarations

alias_declaration ::=
alias alias_designator [: subtype indication]

is name [signature];

alias_designator ::= identifier

| L . I b |
T oo er—ree¥roT

Supportgd:
— I:ias_declaration

ias_designator

8.4.4 Altribute declarations

attribute declaration ::=

attribute identifier : type mark

Supportgd:
— gttribute_declaration

Ignored

0Se of the synthesis-specific attributeg in this

Support

+ ol 1 '
h— CUIMTIPUTITII_uUtCul Al atiurt
8.4.6 Group template declarations

group—_template—dectaration ::=

group identifier is ( entity class_entry list ) ;

entity—eltass—entry Tist ::=

entity class _entry {, entity class entry }

entity—elass—entry ::= entity class [<>]
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Not Supported:

— 75—

— group_template declaration

— entity_class entry_list
— entity_class_entry

8.4.7 Group declarations

group—declaration

group identifier

group template name ( group consituent list );

VAN
oup—eonstituent—tist ::= group constituent {, group co itueng\i\\
oup—eonstituent ::= name | character literal

Not Sugported:

— group_declaration
— g@roup_constituent_list
— group_constituent

8.5 Spkcifications

8.5.1 Attribute specification

configuration
package

constant

f
|
|
|
|

entity name list

signal variable component
label | literal units
group | £ite

entity designator {, entity designator}

| others
| all

entity designator

::= entity tag [signature]

entity tag ::= simple name | character literal | operator symbol
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Supported:
— attribute_specification
— entity_specification
— entity_class
— entity_name_list
— entity_designator
— entity_tag

Ignored:

IEC 62050:2005(E)
IEEE 1076.6-2004(E)

— User-defined attribute declarations and their specifications, except those of }he\s;Lnthesisrspecific

pitriputes or Clause /

Not Sugported:
— éntity classgroup and file
— fleading of names of user-defined attributes

8.5.2 Cpnfiguration specification

configuration specification ::=
for component specification bindin

clomponent_specification ::
instantiation list

ipstantiation list
instantiation
| others
| all

Supportgd: Q
onfiguration_Spesi

f\deneric map aspect ]

[ port map aspect ]

Supported:
— binding_indication

a) Entity aspect
entity aspect ::=
entity entity name [(architecture identifier)]
| configuration configuration name

| open
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Supported:
— entity_aspect

b) Generic map and port map aspects

generic map aspect ::=

generic map ( generic association_ list )

port_map_aspect ::=

[POYt Map ( POXL_asSsSOCIation_Iist J

8.5.2.2|Default binding indication

Default pinding shall be supported.

8.5.3 Djsconnection specification

Disconrjection specifications shall not be supported.
8.6 Names
8.6.1 Names

ngme ::=

Supported:
— name

—  prefix
8.6.2 Simple names

simple_name ::= identifier:

Supported:

— simple_name
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8.6.3 Selected names
selected name ::= prefix.suffix

suffix ::=
simple_name
| character literal
| operator symbol
| all

Supported:

-\ ol
Jercerca—amic

—  $uffix
8.6.4 Irldexed names

ihdexed name ::= prefix ( expression {, expresgion

Supportgd:
— indexed_name

Using an indexed name of an unconstrained,out param

8.6.5 S|ice names

(

s|lice_name ::= prefix

Supportgd:
— 4glice_ name

Using al
Null dli

For adi
directly

8.6.6,§

pecified

préfix [signature] 'attribute designator [ ( expression ) ]

attribute_designator ::= attribute simple_name

Supported attribute designators:
— 'BASE
— 'LEFT
— 'RIGHT
— 'HIGH
— 'LOW
— 'RANGE

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3752023ae9ce4c72bfac0753c135ca0e

IEC 62050:2005(E)
IEEE 1076.6-2004(E)

— 'REVERSE_RANGE

— 'LENGTH
— 'EVENT
— 'STABLE

Supported:
— attribute_name
— atribute_designator

—-79—

Attributes'EVENT and 'STABLE shall only be used as specified in 6.1.

8.7 Expressions

8.7.1 Ekpressions

rlelation ::=

shift expressi

\‘abs prinary

ekpression =
relation { and
| relation { or
| relation { =xor
| relation [ nand
| relation [ mnor
| relation { =xnor

relation
relation
relation
relation

relation

| not primary

primary ::=
name
literal
aggregate
function cal

type_convers
atteoeator

( expression

1

ion

|
|
|
| qualified expression
|
|
|

)
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Supported:
— expression
— relation
— shift_expression
— simple_expression
— term
— factor
— primary

Not St |Inlnnrtnrl- /\

— dlocator in aprimary
8.7.2 Operators

logical_operator ::= and

relational operator ::= =

shift operator ::= sll
adding operator ::= +
sign ::= +

multiplying operator ::=

miscellaneous operator ::=

Supportgd:
— llogical_operator
— felational_operator

— ding_operator
— 1 gn
— multi pIyi@

8.7.2.1

No r&sg

8.7.2.2

No restriction

NOTE—Using relational operators for an enumerated type that has an explicit encoding specified via the
ENUM_ENCODING attribute may lead to simulation mismatches (see 7.1.8).

8.7.2.3 Shift operators
No restriction.
8.7.2.4 Adding operators

No restriction.
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8.7.2.5 Sign operators
No restriction.
8.7.2.6 Multiplying operators

Supported:
— * (multiply) operator
— [ (division), mod, and rem operators
— dl multiplying operators defined in IEEE Std 1076.3-1997 yAERN

8.7.2.7|Miscellaneous operators

Supportgd:
— 1* (exponentiation) operator

— @bsoperator

The ** |(exponentiation) operator shall be supported onl static or wher] the left

operand has the static value 2.
8.7.3 Operands

8.7.3.1|Literals

Supported:
— literd

— numeric_literal

Not Supported:
— physical literal, except of type TIME occurring where ignored
— null

Physica literas of type TIME and floating point literals may occur only within ignored constructs, for
example, after clauses.
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8.7.3.2 Aggregates

aggregate ::=
( element association {, element association} )

element association ::=

[ choices => ] expression
choices ::= choice { | choice }
choice ::=
simple expression /N

| discrete range
| element_simple_ name

| others

Supportgd:
— gggregate
— ¢lement_association
— ¢hoices
— ¢hoice
— Useof atype asachoice

i
Q
3
=

subtype Src Typ is Intege
subtype Dest Typais Intege
-I- Constant defi
constant Data

'1', Dest Typ => '0');

a) Record a

No restrjiction.

8.7.3.3|Funtction calls

function call ::=

function name [ ( actual parameter part ) ]
actual parameter part ::= parameter association list
Supported:
— function_call
— actual_parameter_part

Restrictions exist for the actual parameter part. These restrictions are described in 8.4.3.2.
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8.7.3.4 Qualified expressions
qualified_expression ::=
type _mark' ( expression )
| type mark'aggregate

Supported:
— qualified_expression

8.7.3.5 Type conversions

. - Jmt. :
tyh.lc CONIVEIrS IO - .- CYypC NMarr | cXpreostolir 7/

D

Locdly

8.7.4.2

Not Sugported:

— dlocator
8.7.4 Sjatic expressions
8.74.1 3

Globally

8.8 Sejlmm‘inl statements

Supportgd:
— 1lype_conversion
8.7.3.6]Allocators
Htoeater ::=
new subtype indication
| new qualified expression :

ted. Pre-

sequence_of statements ::=
{ sequential statement }

sequential statement ::=
walt statement

assertion statement

report statement

| signal assignment statement
| variable_assignment_statement

procedure call statement
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if_statement
case_statement

loop_statement

exit statement

|

|

|

| next statement
|

| return statement
|

null_statement

Supported:
— sequence of statements /N

— sequentia_statement

8.8.1 Wait statement

s

ait statement ::=
[label:] wait [sensitivity clause]

[condition fclause] NEdmeout ause] ;

— ¢onditien

e !
—  SXIRUVIly UldUusSc

— sensitivity_list

Ignored:

— timeout_clause

Wait statements shall be supported only to define sequential behavior. See 6.1.3.2 and 6.1.3.4 for the model-
ing rules applied to wait statements.

NOTE—The use of atimeout clause may lead to simulation mismatches.
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8.8.2 Assertion statement
assertion statement ::= [ label: ] assertion

assertion ::=
assert condition
[ report expression ]

[ severity expression ]

Ignored:
— assertion_statement

7

— &saton
8.8.3 Report statement

rieport statement ::=

[label:] report expression
[severity expression] ;

Ignored
— fleport_statement

8.8.4 S|gnal assignment statement

slignal_assignment_statement ,:
[ label: ] target <= [ delay fiechadism

delay mechanism

transport

| [ reject
thrget ::j:

name

5

Support
— $ignal_assignment_statement

veform ;

—  target
— waveform
— reserved word unaffected

Ignored:
— delay_mechanism

Not Supported:
— time_expression
— multiple waveform_elements
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An assignment to asignal declared in a package shall not be supported.
8.8.4.1 Updating a projected output waveform

waveform_element ::=
value expression [after time expression]

| mult—fefter—time—expressient

Supported:
— waveform_element

Ignored
— fime expression after reserved word after

Not Sugported:
— mull waveform elements

8.8.5 Vpriable assignment statement

vpriable_ assignment_statement ::=
[ label: ] target := expression ;
Supportgd:
— Yariable _assignment_statement

8.8.6 Pfocedure call staten

plrocedure_calil

moceduﬁf:jg

ed:

]

er part are described in 8.4.3.2, item b).

ilf \statement ::=

[ if label: ]
if condition then
sequence_ of statements
{ elsif condition then
sequence of statements }
[ else
sequence of statements ]
end if [ if label ] ;

Supported:
— if_statement
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NOTE—If asignal or variable is assigned under some values of the conditional expressionsin the if statement, but not
for all values, storage €l ements may result; see 6.1 and 6.2.

8.8.8 Case statement

case_statement ::=
[ case label: ]
case expression is
case statement alternative
{ case statement alternative }

end case [ case label 1 : VAN

clase_statement alternative ::=
when choices =»>

sequence_of statements

Supportgd:
— ase statement
— (ase_statement_alternative

NOTE— Mment, but
not for all values, storage elements may result;

If amet@logical or high-impedance val ue ocgu atement
thatisi hall S Se state-

ment as|though that choice did it i ctatign that is generated shall not be required to
contain fany construct corr ' sociated
with thg choice.

NOTES
1—If the ogical or
high-imp choice to
cover thg
2—A cage choitey i ical or high-impedance value such as “1X1” indicates a branch that nevier can be

Std 1076.3-1997).

[ JI_LCJ_ at J_Ull_bk,llclllc ] 1UUH
sequence of statements
end loop [ Ioop label ] ;

iteration_ scheme ::=
il 1ies

| for loop parameter specification

parameter specification ::=

identifier in discrete_range

discrete range ::= discrete subtype indication | range
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Supported:
— loop_statement
— iteration_scheme
— parameter_specification

— discrete_range

Not Supported:

— while

IEC 62050:2005(E)
IEEE 1076.6-2004(E)

For a dibrete range that appears as part of a parameter specification, the bounds
be speciffied directly or indirectly as static values belonging to an integer type.

8.8.10 Next statement

ja)

ext_statement ::=

[ label: ] next [ loop label ] [ when O

Supportgd:

—  fext_statement

8.8.11 Exit statement

exjit statement ::

[ 1label: 1] n condition ] ;

re¥urn [ expression ] ;

Support

VAN
e di retx\QLge shall

— return_statement

8.8.13 Null statement

null_statement ::=

[ 1label: ] null ;

Supported:

— null_statement

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3752023ae9ce4c72bfac0753c135ca0e

IEC 62050:2005(E) — 89—
IEEE 1076.6-2004(E)

8.9 Concurrent statements

concurrent statement ::=
block statement
process_statement

concurrent procedure call_ statement

concurrent signal assignment statement

| concurrent assertion statement
| component instantiation statement

generate statement /f\\\

Supportgd:

— ¢oncurrent_statement

8.9.1 BJock statement

lock statement ::=
block label:
block [ ( guard expressigqn ) 1
block—header
block_declarative_part
begin
block statement part

o

end block [

bllock statement part ::=

{ concurrent statement }

Supported:
— block_statement
— block_declarative part
— block_statement_part

Not Supported:
— block_header
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8.9.2 Process statement

process_statement ::=
[ process label: ]
[ postponed ] process [ ( sensitivity list ) ] [ is ]
process_declarative part
begin
process_statement part
end [ pestpeomed ] process [process label] ;

process_declarative part ::=

. N N . . )
| PLOUCESS_UcClaratlve_ TICem J

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

pfrocess_state

{ sequential
Supportgd: @

process_stateme

HI deelaratiar
MC—OCCraraconT

— user-defined attribute declarations and their specifications, except those of the synthesis-specific
attributes of Clause 7.

Not Supported:
— reserved word postponed
— group_template declaration
— group_declaration

The sensitivity list shall include those signals or elements of signals that are read by the process except for
signals read only under control of a clock edge, as described in Clause 6.
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Attribute declarations and specifications as described in 7.1 shall be the only ones supported.
Use of file objects or access objects (variables of accesstype) in a process shall not be supported.
8.9.3 Concurrent procedure call statement

concurrent procedure_call statement ::=

[ label: ] [ pestpemed ] procedure call ;

Supported:
bp /N
— ¢oncurrent_procedure call_statement

Not Sugported:

— fleserved word postponed

8.9.4 Cpncurrent assertion statement

cloncurrent assertion statement ::=
[ label: ] [ pestpened ] sertio
Ignored

— ¢oncurrent_assertion_statement

Not Sugported:

tement

_statement ::=

]

] selected signal assignment

conditional_ signal assignment

gtlarded ] [delay mechanism]

Supported:

— concurrent_signal_assignment_statement

— guarded in options

Not Supported:

— reserved word postponed
Any after clause shall beignored.

Multiple waveform elements shall not be supported.
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IE
Example:

architecture A of E is
begin

B(7) <= A(6);

B(3 downto 0) <= A(7 downto 4);

C <= not A;
end A;

8.9.5.1 Conditional signal assignment

IEC 62050:2005(E)
EE 1076.6-2004(E)

conditional signal_ assignment ::=

target <= options conditional waveforms ;

conditional waveforms ::=
{ waveform when condition else }

waveform [ when condition ]

NOTE—Options, guarded, and delay_mechanism are expanded i

Supportgd:
— ¢onditional_signal_assignment
— ¢onditional_waveforms

Ignored
— (lelay_mechanism

A conditional wavefor
supportg

= 'l' else
< = '1l' else
= 'l' and RESET = 'l' else

or more elements of the target signal shgl not be

8.9.5.2 Selected signal assignment

selected signal assignment ::=
with expression select

target <= options selected waveforms ;
select waveforms ::=

{ waveform when choices , }

waveform when choices

NOTE—Options, guarded, and delay_mechanism are expanded in 8.9.5.
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Supported:
— selected signal_assignment
— sdlect_ waveforms

Ignored:

— delay_mechanism

A conditional waveform that contains a reference to one or more elements of the target signal shall not be
supported.

/N

Exampl

W

architlecture A of E is
begipn
withl A select

C k= B when "00000000",
not B when "10101010",
(others => ('1')) when "11110001"

end

8.9.6 C

Q

tiation_statement

— InStanttared_unit
Restrictions exist for the generic map aspect and the port map aspect; these are described in 8.4.3.2.
8.9.6.1 Instantiation of a component
No restriction.
8.9.6.2 Instantiation of a design entity

No restriction.
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8.9.7 Generate statement

generate_statement ::=
generate label:
generation_scheme generate
[ { block_declarative item }
begin ]
{ concurrent statement }
end generate [generate label] ;

generation_scheme ::= S~
[ LOT gelnerate_parameter speciricacion

| if condition

lpbel ::= identifier

Supportgd:
— Eenerate_statement

enerate_scheme
—  label

The genjerate parameter specification sha e form “identifier ip range”’

only.

8.10 Sfope and visibility

8.10.1 Peclarative regi
Declarafive regionish
8.10.2 pcope of

The sco

use_clause ::=
use selected name {, selected name} ;

The use clause shall contain only the selected name of a package.

Supported:
— use clause

8.10.5 The context of overloaded resolution

The context of overloaded resolution shall be supported.
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8.11 Design units and their analysis

8.11.1 Design units
design file ::= design unit { design unit }
design unit ::= context clause library unit
library unit ::=

primary unit

| secondary unit

pjrimary unit ::=
entity declaration
| configuration declaration

| package declaration

n

lecondary unit ::=

architecture_ body

| package body
Supportgd:
— glesign_file
— glesign_unit
— library_unit

— primary_unit

— gecondary_unit

Design @

ogical name_ list ;
logical name {, logical name}

identifier

J— ibrar clause

— logical_name list
— logical_name

8.11.3 Context clauses
context clause ::= { context item }
context item ::=

library clause

| use clause
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Supported:
— context_clause
— context_item

8.11.4 Order of analysis

The order of analysis shall be supported.

8.12 Elaboration

Elaboration shall not be constrained. /N

8.13 Lexical elements

Extended identifiers shall not be supported.

8.14 Predefined language environment

8.14.1 Predefined attributes

8.14.1.1 Attributes whose prefix typedsi\a typ %
'BASE
'LEFT

o+

o+

o+

'RIGHT

'"HIGH ::

'LOW

SUEi) % i>
(x)

t]'ROS (x

dqr [as ct

YA S

o+

t 'VAL (x)

t 'SUCC (x)

t 'PRED (x)

t 'LEFTOF (x)

t '"RIGHTOF (x)
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8.14.1.2 Attributes whose prefix is an array object a, or attributes of a constrained array
subtype a

a'LEFT [4a)]

a'RIGHT [4&)]

a'HIGH [4&a)]

a'LOW [+#-]

ar-RANGE- o1
al' REVERSE_RANGE [+a)-]

'LENGTH [+1)-]

Q

A ASCENDING a1+

8.14.1.8 Attributes whose prefix is a signal s
LD ERAYEDHe
'STABLE [&)]
OUEET

10}

0

10}

- TRANSACTION

10}

s|' EVENT

.,

Attributes STABLE and EVENT may only be used as described in Clause 6.

8.14.1.4 Attributes whose prefix is a named object e
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