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INTERNATIONAL ELECTROTECHNICAL COMMISSION

VERILOG® REGISTER TRANSFER LEVEL SYNTHESIS

FOREWORD

2005(E)
2002(E)

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

promdte international co-operation on all questions concerning standardization|{ in the elecfrical and
electrpnic fields. To this end and in addition to other activities, IEC publishe R Ytandards,
Technlical Specifications, Technical Reports, Publicly Available Specifications i hereafter
referr¢d to as “IEC Publication(s)”). Their preparation is entrusted to technical commi any ational
Comnjittee interested in the subject dealt with may participate in thi ational,
goverpmental and non-governmental organizations liaising with the IE bparation.
IEC cpllaborates closely with the International Organization for Stand hnce with
condifjons determined by agreement between the two organization

2) The fprmal decisions or agreements of IEC on technical sible, an
internptional consensus of opinion on the relevant sybjects ttee has
repregentation from all interested IEC National Committees,

3) IEC Ppublications have the form of recommendations f i i a accepted by IEG National
Comniittees in that sense. While all reasona & ¥ at the technical contgnt of IEC
Publidations is accurate, IEC cannot b s y iR_which they are used gr for any
misinterpretation by any end user

4) In order to promote international uniformity undertake to apply IEC Publications
transgarently to the maximum extent poséible in th' a and regional publications. Any djvergence
betwepn any IEC Publication and the onding\hational or regional publication shall Qe clearly
indicafed in the latter.

5) IEC provides no marking \proce¥ indicate ifs—dpprovédl and cannot be rendered responsible for any
equipment declared to EC Publi¢gation

6) Attentjon is drawn to the e of\the elements of this IEC Publication may be the pubject of
paten{ rights. I@al e forjdentifying any or all such patent rights

Internatjonal 42 has been processed through IEC technical

committee 93:

The text of this s based on the following documents

N
< FDIS Report on voting
N X
1364.1 (2002) 93/213/FDIS 93/218/RVD

Full informatioWe voting for the approval of this standard can be found in the régport on

voting imdicatedinr-theabove-table-

Verilog® is a registered trademark of Cadence Design Systems, Inc.

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

The committee has decided that the contents of this publication will remain unchanged
until 2007.

[ Published

by IEC under licence from IEEE. © 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 rerRaton errererre—s— yrotetary—Ha C-ara setatm-tability for
any per nal injury, property or other damage of any nature whatsoever, he indirect,
consequential, or compensatory, directly or indirectly resulting from the publicati dnce upon
this, or anly other IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of ;in, and
expressly|disclaim any express or implied warranty, including any implied w or fitness

for a spqcific purpose, or that the use of the material contained herei infrlngement.

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

The existgnce of an IEC/IEEE Dual Logo International Standard doe 5¢_i b th r ways to
produce, [test, measure, purchase, market, or provide other geods and se pe of the
IEC/IEEE| Dual Logo International Standard. Furthermore, th¢ viewpoi andard is
approved|and issued is subject to change brought about through d i e art and

commentg received from users of the standard.

Every IEEE Standard is subjected to reviey v When a
documeniis more than five years old and has\got bs contents,

although Ftill of some value, do not wholly reflec check to
determing that they have the latest edition of any TEEE d

rendering

In publishing and making this document qvailaplex t b i
professiopal or other services fo Nof, a erson™qr ewntity. Neither the IEC nor IEEE is urldertaking
to perforrh any duty owed by anyNothér persor\ or en to anwpther. Any person utilizing this, and pny other

IEC/IEEE EEE Standards document, should rely upon the advice of a
competen of\teasopable care in any given circumstances
Interpretdtions — O i sti iSe regarding the meaning of portions of standards as they relate
to specifi¢ applica ¢ ons is brought to the attention of IEEE, the Ingtitute will
initiate agtion to pre 5. Since IEEE Standards represent a consensus of goncerned
ppretation has also received the concurrence of a Halance of

interests,|it is importa
interests.|For this reaso
not able f{

rs of its societies and Standards Coordinating Committees are
aspohse to iterpretation requests except in those cases where the npatter has

previousl|
Comment iste E Dwal Logo International Standards are welcome from any interested party,
regardles ith the IEC or IEEE. Suggestions for changes in documents should be in

the forme@f a™p OROS8E chang of text, together with approprlate supporting comments. Comments on ptandards

Secretaryj A’ Standards Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, UBA and/or

Authorizalion*to_photocopy portions of any individual standard for internal or personal use is grantgd by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright 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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IEEE[Standard for Verilog® Register
Trangfer Level Synthesis
Sponsdr
Design Automation Standards Co
of the
IEEE Gomputer Society
Approved 10 December 20
IEEE-§
Abstragt: Stan \ ics for Verilog® HDL-based RTL synthesis are desdribed in
this sta
Keywo ¥ language, HDL, RTL, synthesis, Verilog®

<

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

This standard describes a standard syntax and semantics for Verilog® HDL-based RTL synthesis. It defines
the subset of IEEE Std 1364-2001 (Verilog HDL) that is suitable for RTL synthesis and defines the seman-
tics of that subset for the synthesis domain.

The purpose of this standard is to 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 and analysis
tools use IEEE Std 1364-2001. This will allow users of synthesis tools to produce well-defined designs
whose functional-characteristics—are-independent-of aparticular synthesis-implementstionb

2 = ing their
designs fompliant with this standard.

The starldard is intended for use by logic designers and electronic engineers

Initial work on this standard started as a RTL synthesis subset wo Interna-
tional (QVI). After OVI approved of the draft 1.0 with an oyerv t gsponse, gn IEEE
Project Authorization Request (PAR) was obtained in July 1£ ardt\way fog IEEE standardlization.
Most of the members of the original group continued to be pa e Pi der P1364.1 to|lead the

technical work. The active members at the timn

Yictor Berman Doug Smith
Ipavid Bishop Yatin Trivedi
Vassilios Gerousis Rohit Vora
An appr as 1€ S ranKs very much to the efforts of the followjing task
leaders:
[ Doug Smith (Pragmas)
K Yatin Trivedi (Ed{tor)
When th one the
process<
a)
b)
9)

It wasn’t until early 2001 that Verilog IEEE Std 1364-2001 was finalized. The working group restarted their
work by first looking at the synthesizability aspects of the new features in the language. Thereafter, RAM/
ROM modeling features and new attributes syntax were introduced into the draft standard.

Many individuals from many different organizations participated directly or indirectly in the standardization
process. A majority of the working group meetings were held via teleconferences with continued discussions
on the working group reflector.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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VERILOG® REGISTER TRANSFER
LEVEL SYNTHESIS

1. Overview

1.1 Scppe

This stahdard defines a set of modeling rules for writing V¢ s for synthesis|. Adher-
ence to [these rules guarantees the interoperability of Verilog HIP ions between registerttransfer
level sypthesis tools that comply to this s e semantics of Verilpg HDL
are used|, for example, to describe level- and*e also degcribes the syntax of the language
with ref¢rence to what shall be supported and what sha d for interoperability

Use of this standard will enhapce the portalhty Verilop: based designs across synthesis tdols con-
forming 6] UNIMiZe t sntial for functional mismatch that myy occur

between

A Verilq d compliant to this standard if the model
a) ctS described as supported or ignored in this standard, and
b) 4
1.2.2T¢g
A synthcsTstoot stratt-beconsidered comptiamnt to this Stardard if 1t
a)  accepts all models that adhere to the model compliance definition in 1.2.1.
b)  supports all pragmas defined in Clause 6.
c) produces a netlist model that has the same functionality as the input model based on the conform-

ance rules of Clause 4.

NOTE—A compliant synthesis tool may have more features than those required by this standard. A synthesis tool may
introduce additional guidelines for writing Verilog HDL models that may produce more efficient logic, or other mecha-
nisms for controlling how a particular description is best mapped to a particular library.

[ 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 equals is 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 certain
course of action is deprecated but not prohibited (should equals is recommended that). The word may indi-
cates a course of action permissible within the limits of the standard (may equals is permitted).

A synthesis tool is said to accept a Verilog construct if it allows that construct to be legal input. The construct
is said to interpret the construct (or to provide an interpretation of the construct) by producing logic that rep-
resents the construct. A synthesis tool shall not be required to provide an interpretation for every construct
that it accepts. but only for those for which an interpretation is specified by this standard. ~

The Verjlog HDL constructs in this standard are categorized as:

— Supported: RTL synthesis shall interpret and map the construct to
— Ignored: RTL synthesis shall ignore the construct and shall nd hrdware.
FEncountering the construct shall not cause synthesis to fail/but n functional npismatch
! y synthe-
bis notifies the user of such constructs is not defined. struct to
be part of an ignored construct.
— INot supported: RTL synthesis shall not suppor / XTL synthesis tool shall fail upon

bncountering the construct, and the failure m

1.4 Conventions
This stapdard uses the following conventiony;

a) [lhe body of the text of this g¢’font to denote Verilog reserved words [(such as
f).

b) [The text ofthe Veri MK rgoments is represented in a fixed-width font.
c) Pyntax t@ i sek—throush refors toSyntax that is not supported.

d) Pyntax text i arlined

e) in one of several different, but specific forms.
f) —” is informative and not part of the standard.

g) rsiQht OF this\standard, colors are used in Clause 7 and Annex A. Supported feserved
ont. Blue strack-through are unsupported constructs, and blue underlined

¢<“ and “>

A synopsis of the clauses and annexes is presented as a quick reference. There are seven clauses and two
annexes. All the clauses are the normative parts of this standard, while all the annexes are the informative
part of the standard.

a) Clause 1—Overview: This clause discusses the conventions used in this standard and its contents.

b) Clause 2—References: This clause contains bibliographic entries pertaining to this standard.

¢) Clause 3—Definitions: This clause defines various terms used in this standard.

d) Clause 4— Verification methodology: This clause describes the guidelines for ensuring functional-
ity matches before and after synthesis.

e) Clause 5—Modeling hardware elements: This clause defines the styles for inferring special hard-
ware elements.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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f)  Clause 6—Pragmas: This clause defines the pragmas that are part of this RTL synthesis subset.

g) Clause 7—Syntax: This clause describes the syntax of Verilog HDL supported for RTL synthesis.

h) Annex A—Syntax summary: This informative annex provides a summary of the syntax supported
for synthesis.

i)  Annex B—Functional mismatches: This informative annex describes some cases where a potential
exists for functional mismatch to occur between the RTL model and the synthesized netlist.

1.6 Examples

All examples that appear in this document under “Example:” are for the sole purpose of demonstrating the
syntax and semantics of Verilog HDL for synthesis. It is not the intent of this clause to demonstrate, recom-
mend, of EMpiTasize coding styte At arc MOIT (OI 1TSS © e T CeNerating Symthe
addition|
perform|

2. Ref

This stapdard shall be used in conjunction with the following publicati i ards are
superseded by an approved revision, the revision shall apply

IEEE St 1364 "-2001, IEEE Standard Verilog

3. Defjnitions

This clajise defines various ternas used i fined in

this clause, are assumed to Be from IEEE S

3.1 asyrjchronous: Dat

32 combinatior@ ic

sensitivg.

r level-

3.3 don
value.

n’t care

ive to a

3.5 event list: Even of an always statement.

3.6 high-impedance value: The value z represents a high-impedance value.

3.7 level-sensitive storage device: Any device mapped to by a synthesis tool that is level-sensitive to a
clock; for example, a latch.

3.8 LRM: The IEEE Standard Verilog Language Reference Manual, IEEE Std 1364-2001.

'IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

2The IEEE standards referred to in Clause 2 are trademarks belonging to the Institute of Electrical and Electronics Engineers, Inc.
3Information on references can be found in Clause 2 of this standard.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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3.9 meta-comment: A Verilog comment (/) or (/* */) that is used to provide synthesis directives to a
synthesis tool.

3.10 metalogical: A metalogical value is either an x or a z.

3.11 pragma: A generic term used to define a construct with no predefined language semantics that influ-
ences how a synthesis tool shall synthesize Verilog code into a circuit.

3.12 RHS: Right-hand side.

3.13 RTL: The register transfer level of modeling circuits in Verilog HDL.
VAN

el-sens\l\'vg r edge-
i }ion.

3.14 sequential logic: Logic that includes any kind of storage device, either
sensitivg.

3.15 statically computable expression: An expression whose value can bg~e
3.16 syrjchronous: Data that changes only on a clock edge.

3.17 symthesis tool: Any system, process, or program that in
source dode as a description of an electronic circuit and deri

evel Verilpg HDL

3.18 tinjeout clause: Delays specified in an 4 hent.

3.19 trapnsient delay: Propagation delay. Dela
tion delgy.

propaga-

3.21 veq

4. Ver

Synthes pgic has
some fo n output
expressij with no
internal

The pro bdel and
synthesi andythen comparing their outputs to ensure that they are equivalent. Equivalent in this

context medns that a~Synthesis tool shall provide an unambiguous definition of equivalence for vhlues on
input, output, and bidirectional ports. TNis also implies that the port st of the synthesized result must be the
same as the original model —ports cannot be added or deleted during synthesis. Since synthesis in general
does not recognize all the same delays as simulators, the outputs cannot be compared at every simulation
time step. Rather, they can only be compared at specific points, when all transient delays have settled and all
active timeout clauses have been exceeded. If the outputs match at the compared ports, the synthesis tool
shall be compliant. There is no matching requirement placed on any internal nodes unless the keep attribute
(see 6.1.4) is specified for such a node, in which case matching shall be ensured for that node.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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Input stimulus shall comply to the following criteria:

a) Input data does not contain “unknowns” or other metalogical values.
b)  For sequential verification, input data must change far enough in advance of sensing times for tran-
sient delays to have settled.
¢) Clock and/or input data transitions must be delayed until after asynchronous set/reset signals have
been released. The delay must be long enough to avoid a clock and/or data setup/hold time violation.
d) For edge-sensitive based designs, primary inputs of the design must change far enough in advance
for the edge-sensitive storage device input data to respect the setup times with respect to the active
clock edge. Also, the input data must remain stable for long enough to respect the hold times with
respect to the active clock edge.
e) For level-sensitive based designs, primary inputs of the design must change faf eénqugh in advance
for the level-sensitive storage device input data to respect the setup times. Addo, the input.dhta must
Femain stable for long enough to respect the hold times.
NOTE —A synthesis tool may define metalogical values appearing on primary outputs in\Q >t0 log-
ical valug¢s in the other model. For this reason, the input stimulus may need to r¢ Q specific
logical vglues before the outputs of both models are compared for logical valyes.
4.1 Combinational logic verification
To verify a combinational logic design or part of a desi ufficient
time shgll be provided for the design to sejtle X one in a
loop, so|the outputs may be examined just\before tk i <’is applied, is, outputs
have setfled. Each iteration of the loop shall faclude en 2 i timeout
clause dplays have been exceeded. A model 4 ' for com-
binationpl outputs to never reach a steady st
Examplg 1:
alyays @* a =
// | Examp is
//|exhibi
4.2 Se
The gen| xt set of
inputs i of edge-
sensitivg
The Ver1
a) Edge-sensitive models: The same sequence of tasks shall be performed during verification: change

the inputs, compute the results, check the outputs. However, for sequential verification these tasks
shall be synchronized with a clock. The checking portion of the verification shall be performed just
before the active clock edge. The input values may be changed after the clock edge and after suffi-
cient time has elapsed to ensure that no hold time violations will occur. The circuit then has the
entire rest of the clock period to compute the new results before they are latched at the next clock
edge. The period of the clock generated by the stimulus shall be sufficient enough to allow the input
and output signals to settle. When asynchronous data is assigned, the asynchronous data shall not
change during the period in which the asynchronous control (the condition under which the data is
assigned) is active.

[ Published

by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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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 sta-
ble before enables go inactive (i.e. latch) and checking of outputs is best done after enables are inac-
tive (i.e. latched) and combinational delays have settled. A level-sensitive model in which it is
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.

5. Modeling hardware elements

This clapse describes styles for modeling various hardware elements such as edge-
level-sepsitive storage devices and three-state drivers.

devices,

The harflware inferences specified in this clause do not take into account an imyzati gorma-
tions. This standard does not specify or limit optimization. A specific too S izapior] and not
generatq the suggested hardware inferences or may generate a différe \ i es. This
shall nof be taken as a violation of this standard provided the synthesi (ld fionality

as the input model.

5.1 Mgdeling combinational logic

Combinptional logic shall be modeled using
always dtatement.

When uping an always state

event ligt does not affect th
the varigbles read in the a

A varialjle assigngdNa a
nonblocking assi

nt or an

ant, the event Jist st contaip/an edge event (posedge or negedge). The
iesi tlist, However, it pray be necessary to include in the event list all
3 i es between simulation and synthesized[logic.

be assigned using both a blocking assignment (=) and a

The eveft list for g hi ogic model shall not contain the reserved words posedge or negeflge. Not
all variaples that appeady; innghe\right handSide of an assignment are required to appear in the event|list. For

examplg e does\potave tqQ appear in the event list of an always statement if it is assigned a value

with a b aent before Being used in subsequent expressions within the same always statement.
N

The eveptl X implicit event expression list (@(*), @¥*).

Exampl

always @ (inl or in2)

out = inl + in2;

// always statement models combinational logic.

Example 3:

always @ (posedge a or b)
// Not supported; does not model combinational logic.

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



https://iecnorm.com/api/?name=f4eb5c8e5ac80f035475c473eec52b66

14— IEC 62142:2005(E)
IEEE 1364.1-2002(E)

Example 4.

always @ (in)
if (ena)
out = in;
else
out = 1'bl;
// Supported, but simulation mismatch might occur.
// To assure the simulation will match the synthesized logic, add ena
// to the event list so the event list reads: always @ (in or ena)

Example 5: RN

alyays @ (inl or in2 or sel)

begin
out = inl; // Blocking assignment
if (sel)
out <= in2; // Nonblocking assignmen
end

//|Not supported, cannot mix blocking a
//|an always statement.

in

Examplg 6.

al
beI'

dg combinational l¢gic

5.2 Mg

Sequent i { usi n always statement that has one or more edge events in the event
list.

5.21 E

The resq ge or negedge shall be used to specify edge events in the event list of th¢ always
statemer

5.2.1.1 |Positive edge

The following represents a positive edge expression in an always statement:

always @ (posedge <clock name>)
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5.2.1.2 Negative edge

The following represents a negative edge expression in an always statement.

always @ (negedge <clock name>)

5.2.2 Modeling edge-sensitive storage devices

An edge-sensitive storage device shall be modeled for a variable that is assigned a value in an always state-
ment that has exactly one edge event in the event list. The edge event specified shall represent the clock edge

condition under which the storage device stores the value. RN

Nonblogking procedural assignments should be used for variables that model edgg
Nonblogking assignments are recommended to avoid Verilog simulation race conditrons.

Blocking procedural assignments may be used for variables that are tempg
always dtatement.

Multiplg event lists in an always statement shall not be supported
Examplg 7:

reg out;
alyays @ (posedge clock)
out <= in;

//|out is a posi

ve edge-triggered
age devices.

sensitive storage devig¢

devices.

ithin an

out—<=1"b07
else

out <= in;
// out models a positive edge-sensitive storage
// device with optionally a synchronous reset.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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Example 10:

always @ (posedge clock)

//
//

if (set)
out <= 1'bl;
else
out <= in;
out models a positive edge-sensitive storage
device with optionally a synchronous set.

Example 11:

be

end

//
//

NOTE—
may opti
infer a dg

5.2.2.1

An edgg
always
variable
model.

Furtherr]
optional]
specifie
not liste

<
al

aliays @ (posedge clock)

in

out <= 0;

@ (posedge clock);
out <= 1;

@ (posedge clock);
out <= 1;

always statement.

hesis tool
e used to

No specific style is required to infer eflge-sen ¢
bnally choose to or not to infer such a stdrage device. SeeNthe\syrix
vice with synchronous set/reset.

Edge-sensitive storage devic ithrasyhchronous set-reset
and/or asynchronous reset is modeled pising an

epresenting the clock and asynchronouq control
d in the event list of an edge-sensitive storagp device

ain an if statement to model the first asynchronous coijtrol and
additional asynchronous controls. A final else statement, which
xi¢ portion of the always block, shall be controlled by the edge control|variable

ge’<condA> or negedge <condB> or negedge <condC> of ...

ence of edge events can be in event list.

ifv (<condA>) // Positive polarity since posedge <condA>.

// ... <asynchronous logic>

else if (~ <condB>) // Negative polarity since negedge <condB>.
// ... <asynchronous logic>

else if (~ <condC>)

// ... <asynchronous logic>

else // Implicit posedge <Clock>.

// ... <synchronous logic>

For every asynchronous control, there is an if statement that precedes the clock branch. The asynchronous
set and or reset logic will therefore have higher priority than the clock edge.
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The “final else” statement is determined as follows. If there are N edge events in the event list, the “else” fol-
lowing (N-1) if’s, at the same level as the top-level if statement, determines the “final else.” The final else
statement specifies the synchronous logic part of the design.

Example 12:

always @ (posedge clock or posedge set)
if (set)
out <= 1'bl;
else
out <= din;
// out is an edge-sensitive storage device with an asynchxonous set.

Examplg 13:

alyays @ (posedge clock or posedge reset)
out <= in;
//|Not legal because the if statement is missin

Examplg 14:

alyays @ (posedge clock or negedge
if (clear) // This term
// the polé
out <= 0;
else

out <= in;
Not legal; if

alyays @<z;} 3 < gédge clear)

// Synchronous logic starts with thisg if.

// s logic starts after first else.

5.3 Modeling level-sensitive storage devices
A level-sensitive storage device may be modeled for a variable when all the following apply:
a) The variable is assigned a value in an always statement without edge events in its event list (combi-
national logic modeling style).

b) There are executions of the always statement in which there is no explicit assignment to the variable.

The event list of the always statement should list all variables read within the always statement.
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Nonblocking procedural assignments should be used for variables that model level-sensitive storage devices.
This is to prevent Verilog simulation race conditions.

Blocking assignments may be used for intermediate variables that are temporarily assigned and used only in
the same always statement.

Example 16:

always @ (enable or d)
if (enable)
q <= d;
// A level-sensitive storage device is inferred for g.,/ >_
//|If enable is deasserted, g will hold its value.

Examplg 17.

alyays @ (enable or d)
if (enable)

q <= d;
else
g <= 'b0;

//|A latch is not inferred te,
//|i.e., g is assigned on<eve t.
5.4 Madeling three-state drivers
Three-state logic shall be be con-

ditional for unconditional, If a e 12 ing e drivers
shall coptain such an ass|

Z assignments sh@
which ofcur with modu

propagatefacross.vartableasgsignments (including implicit assignments, such|as those

estl, test3, ena);

test3;

assign test2 = (ena == 2'b01) ? testl : 8'bz;

assign test2 = (ena == 2'bl0) ? test3 : 8'bz;

// test2 is three-state when ena is 2'b00 or 2'bll.
endmodule
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Example 19:

module ztest;
wire testl, test2, test3;
input test2;
output test3;
assign testl = 1'bz;

assign test3 = testl & test2; // test3 will never receive

// a z assignment.
endmodule

Example 20:

alyays @ (in)

begin
tmp = ’‘bz;
out = tmp; // out shall not be driven by
// because the value ’'bz does
// variable assignment.
end
Examplg 21.

alyays @ (g or enb)
if (!enb)

out <= ‘bz;
else

out <= q;
//|out is a three

Examplg 22:

// Threegg;;

alyays @(po
q <= din

Qn-registered enable:

// TILLCC_DLGLC dLJ‘.VCL WJ‘.LIL LC\JJ‘.DLCLCL}. cuablc.
always @ (posedge clock)
if (!enb)
out <= 1’'bz;
else
out <= din;

s the

// Generates two edge-sensitive storage devices, one for din, and
// one for enb, with a three-state driver on the output of the first

// storage device, controlled by the output of the second
// storage device.
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5.5 Support for values x and z

The value x may be used as a primary on the RHS of an assignment to indicate a don’t care value for
synthesis.

The value x may be used in case item expressions (may be mixed with other expressions, such as 4’b01x0)
in a casex statement to imply a don’t care value for synthesis.

The value x shall not be used with any operators or mixed with other expressions.

The value z may be used as a primary on the RHS of an assignment to infer a three-state driver as described

in54. AN

er eXpr bons\, such as

The valpe z (or ?) may be used in case item expressions (may be mixed wit
4’bz1z0) for casex and casez statements to imply a don’t care value for synthes

The valye z shall not be used with any operators or mixed with other exp

5.6 Mgdeling read-only memories (ROM)
An asynchronous ROM shall be modeled as combinational lpgic(using ond oflowing styles:
a)  Pne-dimensional array with data i
b) [[wo-dimensional array with data in tnitia

c¢) [[wo-dimensional array with data in tg

The romp_block attribute shall.be used to igent at models the ROM. If the logfc_block
attribute] is used, then it shal imply tiat no-ROM i inferred, and combinational logic be used jnstead.

NOTES

1 —1In thd absence b1 as ran-
dom logif or as a ROM.

2—The ivhen the
rom_blod

3—In ea S\ th does not

In this spyley'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 (a static expression is one that can be evaluated at compile time).

The variable attributed with the rom_block attribute models the ROM. The address of the ROM shall be the
same as the case expression. The ROM variable is the data. The case statement may contain other assign-
ments or statements that may or may not affect the ROM variable. However all assignments to the ROM
variable shall be done within only one case statement. In addition, the ROM variable must be assigned for all
possible values of the case expression (ROM address).
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Example 24:

module rom case(

(* synthesis, rom block = "ROM CELLXYZ01l" ¥*)
output reg [3:0] z,
input wire [2:0] a); // Address - 8 deep memory.

always @* // @(a)
case (a)
3'b000: z = 4'b1011;
3'b001: z = 4'b0001;
3'bl00: z = 4'b0011; VAN
3'bl10: z = 4'b0010;
3'blll: z = 4'b1110;
default: z = 4'b0000;
endcase
endmodule // rom case
//|z is the ROM, and its address size is d
5.6.2 Tywo-dimensional array with data in initial statem
A Verilpg memory (two-dimensional reg array) attributed _blb rated with the pttribute
rom_bldck, shall be used to model a ROM. The 3 3 @ 8, ROM shall be as spdcified in
the decljration of the memory.
In additjon, the values of the ROM shall be initial Statement. Uninitialized valfies shall
have an ¢ shal not be restricted to contain only assign-
ment st such as for loop statements, if and case
statemeits, with the only restrictien ROM, which include data and addrgss, shall
be statigally computable
Such a nemory shall on sl T i sdural blocks. It is an error to write to such a jmemory
from any other precedtirakblock 0 : e init
The init n either of the attributes logic_block or rom_block is us¢d.
Exampl
magul
[3:0] z,
ire [2:0] a); // address- 8 deep memory
// memory rom of 8 4-bit registers. The indices are 0O|to 7:
(* synthesis, rom block = "ROM CETLI, XVZ01" *) reqg [3:0] rom[0:7];

// (* synthesis, logic_block *) reg [3:0] rom [0:7];

initial begin
rom[0] = 4'b1011;
rom[1l] = 4'b0001;

rom[2] = 4'b0011;
rom[3] = 4'b0010;
rom[4] = 4'b1110;
rom[5] = 4'b0111;
rom[6] = 4'b0101;

rom[7] = 4'b0100;
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end

assign Z = rom[a];
endmodule

NOTE—If combinational logic is desired instead of a ROM, specify the attribute logic_block instead of the attribute
rom_block.

5.6.3 Using two-dimensional array with data in text file

The modeling of the ROM shall be identical to that in 5.6.2 except that the ROM is initialized from a text file
using the system tasks $readmemb and $readmemh. T~

NOTE —(The name and format of the file are identified by the system tasks $readmemb or $readime
Examplg 26.

modlule rom 2dimarray initial readmem (
output wire [3:0] z,
input wire [2:0] a);
// Declare a memory rom of 8 4-b
// The indices are 0 to 7:

(* synthesis, rom block = "ROM‘

reg [3:0] rom[0:7];
initial $readmemb("rom.®&

assign z
endlmodule

//

NOTE—

5.7 Modeling random access memories (RAM)

A RAM shall be modeled using a Verilog memory (a two-dimensional reg array) that has the attribute
ram_block associated with it. A RAM element may either be modeled as an edge-sensitive storage element
or as a level-sensitive storage element. A RAM data value may be read synchronously or asynchronously.
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Example 27:

// A RAM element is an edge-sensitive storage element:
module ram test(
output wire [7:0] g,
input wire [7:0] d,
input wire [6:0] a,
input wire clk, we);
(* synthesis, ram block *) reg [7:0] mem [127:0];

always @(posedge clk) if (we) mem[a] <= d;

lassign qg = mem[a];
endmodule

Examplg 28:

//|A RAM element is a level-sensitive storagdge
modlule ramlatch (
output wire [7:0] g,
input wire [7:0] d,
input wire [6:0]
input wire
// Memory 128 deep, 8 %
(* synthesis, ram block

always @* if (we) mem[a

assign g = men
endimodule

NOTES

1 —If lat¢h or register lag

im_block.

2—1In thg h \ égic_block attribute, a synthesis tool may implement memory af random

logic or 4

6. Pra

A prag

m used to define a construct with no predefined language semantics that i
how a synthesis tool should synthesize Verilog HDL code into a circuit. The only standard pragma

3ﬂuences
tyle that

shall appear with the Verilog HDL code is a Verilog attribute instance.

6.1 Synthesis attributes

NOTES

1—An attribute instance, as defined by the Verilog standard, is a set of one or more comma separated attributes, with or

without assignment to the attribute, enclosed within the reserved (* and *) Verilog tokens.

2 —Per the Verilog standard, “An attribute instance can appear in the Verilog description as a prefix attached to a declara-
tion, a module item, a statement, or a port connection. It can appear as a suffix to an operator or a Verilog function name

in an expression.”
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If a synthesis tool supports pragmas to control the structure of the synthesized netlist or to give direction to
the synthesis tool, attributes shall be used to convey the required information. The first attribute within the
attribute instance shall be synthesis followed by a comma separated list of synthesis-related attributes. Here
is the template for specifying such an attribute.

(* synthesis, <attribute=value or optional value>
{ , <attribute=value or optional value> } *)

The attribute synthesis shall be listed as the first attribute in an attribute instance.

NOTE —By placing the synthesis attribute first, a synthesis tool can more easily parse the attribute instance to determine
if the rest of the attributes in the attribute instance are intended for the synthesis tool or for a different tool.

If the atfribute has an <optional_value>, such an attribute may be disabled (turned
of 0. If jan attribute has a non-zero value (including a string value), it shall b
attributel. Additional semantics for a non-zero value are not defined by this stagdarg. i vided,
then theattribute is enabled (as if the value is non-zero). The <optional_vg if provi a con-
stant exjpression.

by prowding a value

If the at{ribute has a <value>, then a value shall be required for this<%

The follpwing is the list of synthesis attributes that shall be spported a § pir func-
tionality is described in the remainder of this clause. Additipnal (vendor-sp 8 bute val-
ues may| exist.

(*|synthesis, async_set res
(*|synthesis, black box
(*|synthesis, combinational
(*|synthesis, fsm_ state
(*|synthesis,
(*|synthesis,
(*|synthesis,
(*|synthegis,
(* synth‘,
(*|synthesYsy
(* d
( *

"1 %)

<optional value> ] *)
"<value>" *)

[ =<optional value> ] *)
= "name" *)

= <optional value>
<optional value>
<optional value>
= <optional value>

*)
*)
*)
*)

(* [ = <optional value> ] ¥*)
(* [="signal namel, signal name2, ..}"] *)
(2 [ = <optional value> ] ¥*)

Multiplg nthesis attributes may be added to the same attribute instance without rppeating

the keyV

Example 29:

(* synthesis, full case, parallel case *)
case (state)

endcase
NOTES
1—The use of the full_case and parallel_case attributes is generally not recommended.

2—The LRM also allows multiple attribute instances to be placed before legal, attribute-prefixed statements.
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Example 30:

(* synthesis, full case *)
(* synthesis, parallel case *)
case (state)

endcase

Only synthesis attributes shall be placed in an (single) attribute instance with other synthesis attributes. Non-
synthesis attribute instances may be placed along with synthesis attribute instances before legal attribute pre-
fixed statements and no predetermined placement-order of mixed synthesis and non-synthesis attribute
instances shall be imposed by this standard. RN

NOTES

1—1It is pcommended that if a synthesis tool supports attributes other than those ligted & }en the
syntax fgr specifying such an attribute be identical with the format described in this clause

2—1It is fecommended that a synthesis tool not use the synthesis attributen a gani r than its
intended fuse as described in this standard.

6.1.1 Cpse decoding attributes

The follpwing attributes shall be supported fordecod;

6.1.1.1|Full case attribute

Its syntgx is:
(*|synthesis,

This attfibute shall infor d within

the case|stateme

NOTES

1—This tool and
can causg

2—Thig b Or more
outputs a s, a latch

will be i1

3—Addipg aldefault statément to a case statement nullifies the effect of the full_case attribute.

4—The use of the full_case synthesis attribute is generally discouraged.

6.1.1.2 Parallel case attribute
Its syntax is:
(* synthesis, parallel case [ = <optional value> ] *)

This attribute shall inform the synthesis tool that all case items are to be tested, even if more than one case
item could potentially match the case expression.
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1 —This synthesis attribute provides different information to the synthesis tool than is known by the simulation tool and
can cause a pre-synthesis simulation to differ with a post-synthesis simulation.

2— Verilog case statements can have overlapping case items (a case expression could match more than one case item),
and the first case item that matches the case expression will cause the statement for that case item to be executed and an
implied break insures that no other case item will be tested against the case expression for the current pass through the
case statement. The Verilog statement for the matched case item is the only Verilog code that will be executed during the

current p

ass of the case statement.

3—The parallel_case attribute directs the synthesis tool to test each and every case item in the case statement every time

the case statement is executed This attrlbute causes the synthes1s tool to remove any prlorlty that mlght be assigned to

the case |
ior differ
4—The fi
RTL cas
match be
5—Addi
6—The yse of the parallel_case synthesis attribute is generally disg6uraged
tion of a pne-hot Verilog state machine design.
6.1.1.3|Using both attributes
The synfax is:

(*|synthesis, full case,
The full| case and parallel
The ord¢r in which they
NOTE —trictly speakiy
informatfon which
‘fullness] of the case, and

alyays @ (sel

N

is synthepissequivalent to the much safer:

always @(sel) begin

out = 'bx;
case (sel)
2'b01: out = opl;

2'b1l0: out = op2;
2'bll: out = op3;
endcase
end
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6.1.2R

6.1.2.1

AM/ROM inference attributes

RAM attribute

The attribute described shall be supported to assist in the selection of the style of an inferred RAM device.

The syn

( *
6.1.2.2
The attr

The syn

(* sypthesis, rom block [ = <optional value> ] *

6.1.2.3

The attrjbute described shall be supported to assist in inferping discreéte dOg a particular RTIl

style as

The syn

(* sypthesis, logic block [ =

NOTE —Examples of these attributes appear in 5\6 an

6.1.3 FSM attributes

These aftributes apply tofinite/state h extraction. FSM extraction is the process of ext
state trafisition taBle from 2 lelwi ardware advances from state to state at a clock
such a cpse, it may\be€ n nthesis tool in identifying the state register explicit}
provide p mechanism Q aultericoding if necessary.

If a synthesis sxtraction, then the following attribute shall also be supported.

( *
The attr

The enc

<

tax is:
synthesis, ram block [ = <optional value> ] ¥*)

ROM attribute

yAERN
bute described shall be supported to assist in the selection of the style of an iriferred R(%(

ax is:

Logic block attribute

bpposed to a ROM or a RAM.

ax is:

<dptis

evice.

L coding

facting a
edge. In
y and to

reg.

dinlg:_schente-is optional. If no encoding is specified, the default encoding as specified in th

e model

is used. The vatue of encoding —scheme s ot defined by this Stamdard:
NOTE—Use of encoding scheme may cause simulation mismatches.
Example 31:
(* synthesis, fsm state *) reg [4:0] next state;
// Default encoding is used and next state is the state vector.
(* synthesis, fsm state = "onehot" *) reg [7:0] rst state;
// "onehot" encoding is used and rst state is the state vector.
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6.1.4 Miscellaneous attributes
6.1.4.1 Asynchronous set reset attribute
The syntax is:
(* synthesis, async_set reset [ = "signal namel, signal name2, ..." ] *)

This attribute shall apply to an always block that infers level-sensitive storage devices. If no level-sensitive
storage devices are inferred for the block, a warning shall be issued.

This attribute shall also apply to a module in which case, it shall apply to all always blocksin that module. If
no levelisensitive storage devices are inferred for the block, a warning shall be issu
?als of

t sets the

The pregence of the attribute shall cause the set/reset logic to be applied directd
a level-gensitive storage device if such a device is available in the technolog

NOTE —efinitions: Set logic—the logic that sets the output of storage device
output off storage device to 0.

When n applied
directly
When sijgnal names are specified, only the gpecified gigna S als (oth-

ers are donnected through the data input of the
Examplg 32:
(*|synthesis, as

alyays @ (*)
if (reset)

logic connect through the data input.

(*Lsyhthesis, black box [ = <optional value>] *)

This attribute shall apply to a module instance or to a module in which case the attribute shall apply to all its
module instances.

Only the module’s interface shall be defined for synthesis. The module itself may be empty or may contain
non-synthesizable statements. It may also refer to an external implementation, for example, in an EDIF file.
Such a black box shall not be optimized during synthesis.
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Example 33:

(*

synthesis, black box *)

module add2 (dataa, datab, cin, result,

input [7:0] dataa;
input [7:0] datab;
input cin;

output [7:0] result;
output cout;

output overflow;

endmodule

cout, overflow);

Exampl:

(*

*)

34
synthesis, black box *)

LPM WIDTH = 8,

LPM DIRECTION = "ADD",
ONE_INPUT IS CONSTANT = "NO",
LPM HINT = "SPEED",

LPM TYPE = "LPM ADD SUB"

modlule add2 (

The attr
error if 1

input [7:0] dataa,
input [7:0] datab,
input cin,

output [7:0] result,
output cout,

output overf

t iSfet so.

(* // Following are non-standard synthesis

hll be an

Example 35:

(*

synthesis, combinational *)

always @(*)

if (reset)
q = 0;
else
q = d;
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6.1.4.4 Implementation attribute
The syntax is:
(* synthesis, implementation = "<value>" *)
This attribute shall apply only to an operator.
The “value” is not defined by the standard. Examples of “value” are “cla” for +, “wallace” for *.
Example 36:

/N

asiign x = a + (* synthesis, implementation = "rippler|*) b;

NOTE —[T'he implementation is only a recommendation to the synthesis tool.

6.1.4.5 |Keep attribute

The synfax is:

(*

With thd ved, and
not dele instance
or the m
Similarl
Ifareg attribute
does no storage

device.

Examplq

(*
(<

wire [2:0] opcode;

*) add2 al (.dataa(da), .datab(db), .cin(carty),
cout(), .overflow(nextstage));
(*|synt i keep *) reg [3:0] count_state;

(* i keep *) wire [7:0] outa; // default keep is keep F 1.

(* synthesis, keep *) reg [7:0] b;

(* synthesis, keep = 1 *) my design my designl (outl, inl, clkin);
// Preserve the instance and its subelements from optimization.

(* synthesis, keep = 0 *) my design my design2 (out, in, clkin);
// This instance may be optimized away.
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Example 38:

(* synthesis, keep *)
module count (reset, clk, counter, flag);
always @ (posedge clk)
if (reset) begin
counter <= 0;
flag <= FALSE;

end
else
counter <= counter + 1; AN
flag <= counter > 10 ? TRUE : FALSE;
end
end
endlmodule

//|All instances of module count is preserved:

NOTE —Pbjects connected to a keep net do not need to be kept unless the Objects hayg akeepattribite on them| A warn-

ing may pe issued by a synthesis tool for a keep net that has no object

6.1.4.6 |Label attribute

The synfax is:
(*|synthesis, label =

This attijibute shall apply to a

This att]
attribute

By doing so, other attributes or toolfspecific

Exampl:

ementorl" *) counter = counter + 1;

(*

a s = "multl" *) c
= "mult2" *) d;
NOTE— ibate is not defined by the standard. The attribute provides a standard way to label a sen-
tence or
6.1.4.7 [Operator sharing attribute

The syntax is:
(* synthesis, op sharing [=<optional value>] *)
This attribute shall apply to a module.

The presence of the attribute enables operator sharing to be performed in that module (and all its instances).
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NOTES

1 —Operator sharing technique allows the use of one arithmetic logic unit to perform same or different operations that
are mutually exclusive.

2—The presence of the attribute does not guarantee that operator sharing will take place; it is only enabled. Sharing
occurs based on design cost specifications.

3 —Sharing may be done across always blocks.

4—1In the absence of the attribute, a synthesis tool may still perform sharing.

Example 40: TN

(*|synthesis, op sharing = 1 ¥*)
modlule ALU (

input [3:0] a, b,

input [1:0] op code,

output [3:0] alu out);
always Q(*)

case (op_code)
ADD: alu out = a + b
SUB: alu out =
GT : alu out =
default : alu out
endcase

endlmodule
6.1.4.8[Synchronous set

The syn

(* 'signal namel, signal name2, ..{"] *)
This atty at infers edge-sensitive storage devices. If no edge-fensitive
storage flevice is i ~ arning shall be issued.

This attfibute’shal.also a yodule in which case, it shall apply to all always blocks in that mpdule. If
no edge i are inferred for the block, a warning shall be issued.

N
The pre hall cause the set/reset logic to be applied directly to the set/reset terminals of

an edge i device if such a device is available in the technology library.

It ]s an aErEer 1 the attribute 1 annlied to an acunchraonaous set or reset sianal
rr J t=]

NOTE —Definitions: Set logic—the logic that sets the output of storage device to 1; reset logic—the logic that sets the
output of storage device to 0.

When no signal names are present, both set and reset logic signals shall be applied directly to the set/reset
terminals of an edge-sensitive storage device.

When signal names are present, only the specified signals shall be connected to the set/reset terminals (oth-
ers are connected through the data input of the edge-sensitive storage device).
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Example 41:

(*

synthesis, sync set reset *)

always @ (posedge clk)

6.1.4.9 Probe port attribute

if (rst)

q <= 0;
else if (set)
q <= 1;

else
q <= d;

The syn

(*

The pre
port (a
anew pi

If an obj
the objef

optimizgti

newly ¢
of the pj

Exampl:

(*

ax is:

synthesis, probe port [ = <optional value>

eg [3:0] current_state;

1 *) wire g0, gl, g2;

rst);
1;
=1; // 1 => ON, 0 => OFF

L

I array.

n output
module,

result of

pol). All
he order

UuLyuL LW1ilULII= J. UJ \d, 77 Uu.ll_b)u.ll_
input [WIDTH-1:0] d; // data input
input clk; // clock

input rst; // reset, active hi

reg [WIDTH-1:0] gq; // FF output

(* synthesis, keep, // Do not remove in optimization.

probe port = PROBE PORT *) // Bring to a test port.

wire [WIDTH-1:0] gbar; // Test point.
assign gbar = ~q; // Equation for test point.

always @(posedge clk or posedge rst)
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if (rst) q <= {WIDTH{1'bO0}};
else g <= d;
endmodule //ff

module top (g, d, clk, rst);
parameter WIDTH = 2;
parameter WIDTH ONE = 1;
parameter PROBE_ PORT ON = 1;
parameter PROBE_PORT OFF = 0;

output [WIDTH-1:0] q; // output

input [WIDTH-1:0] d; // data input /TN
input clk; // clock
input rst; // reset, active hi

// £f #(.WIDTH (1),
// .PROBE_PORT (1))
ff #(WIDTH ONE, PROBE PORT ON) // Bring
ff 1 (
// Outputs
-9 (q[01]),
// Inputs
.d (d[0]),
.clk (clk),
.rst (rst));

// f£f #(.WIDTH (1),
// .PROBE_PORP
Do NOT bring probe port ott.

is needed for the verification of gate-level model designs at the “grey-box” level where internpl signals
sgepifig of events in a verifier (example, the occurrence of a simulation push/pop of a fif¢). It may

2—Since this attribute creates additional ports in the synthesized logic, testbench reuse and verification (see Clause 4)
may be an issue.

6.2 Compiler directives and implicit-synthesis defined macros
A synthesis tool shall define a Verilog macro definition for the macro named SYNTHESIS before reading any
Verilog synthesis source files. This is equivalent to adding the following macro definition to the front of a

Verilog input stream:

“define SYNTHESIS
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NOTE —This macro definition makes it possible for Verilog users to add conditionally compiled code to their design that
will be read and interpreted by synthesis tools but that by default will be ignored by simulators (unless the Verilog simu-
lation input stream also defines the SYNTHESIS text macro).

Example 44:

module ram (g, d, a, clk, we);
output [7:0] qg;
input [7:0] d;
input [6:0] a;
input clk, we;

" ifndef SYNTHESIS /N
// RTL model of a ram device for pre-synthesis 'mulaﬁo\n
reg [7:0] mem [127:0];
always @(posedge clk) if (we) mem[a] <= d;

assign q = mem[a];

“else
// Instantiation of an actual ram blos S
xram raml (.dout(q), .din(d), » .we(we));
“endif
endilmodule
NOTE —[T'he use of the above conditional comRilation_caf emovgs tthe 6 use the deprecated rranfslate_off!

translate| on synthesis pragmas.

6.3 Deprecated features

Current late_on
pragmas

6.3.1 Meta-cor®

Prior to s ynthesis
pragmas 1 ihg prag-
mas int tially or
fully pa pragma
for the §

The Ver ents and
to replag nforma-

tion.

The practice of putting pragmas into comments is highly discouraged and deprecated for this standard.
6.3.2 “translate_off/translate_on” pragmas deprecated

Prior to this standard, it was common practice to include translate_offitranslate_on pragmas to instruct the
synthesis tool to ignore a block of Verilog code enclosed by these pragmas.

The practice of a synthesis tool ignoring Verilog source code by enclosing the code within translate_off/
translate_on pragmas is highly discouraged and deprecated for this standard. Users are encouraged to take
advantage of SYNTHESIS macro definition and ‘“ifdef SYNTHESIS and “ifndef SYNTHESIS compiler direc-
tives (see 6.2) to exclude blocks of Verilog code from being read and compiled by synthesis tools.
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7. Syntax

NOTE —The subclauses within this clause are described using the same section hierarchy as described in the IEEE Std
1364-2001 LRM. This enables cross-referencing between the two standards to be much easier.

7.1 Lexical conventions
7.1.1 Lexical tokens

Supported.

7.1.2 White-spaee £

Supported.
7.1.3 Comments

Supported.

7.1.4 Operators
Supported.
7.1.5 Numbers

number ;=
ddcimal_number
| ogtal_number
| bipary_number
| hgx_number
—replrumber

binary_number ::= [ size | binary_base binary value
octal_number ::= [ size | octal_base octal_value
hex_number ::= [ size | hex_base hex_value

sign =+ -

size ::= non_zero_unsigned_number

non_zero_unsigned_number ::= non_zero_decimal_digit { _ | decimal_digit }
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unsigned_number ::= decimal_digit { _ | decimal_digit }
binary value ::= binary_digit { _ | binary_digit }
octal_value ::= octal_digit { _ | octal_digit }

hex_value ::= hex_digit { _ | hex_digit }

decimal_base ::=’[s|S]d | ’[s|S]D

binary_base ::="[s|S]b | ’[s|S]B

octal_base ::= "[s|S]o | ’[s|S]O

hex_basg ::= ’[s|STh | ’[s|S]H
non_zerp_decimal_digit::=12]3|4|5|6]|7|8]|9
decimal[ digit::= 0]1]2|3|4|5]|6]|7|8]9

binary_dligit ::= x_digit | z_digit| 0| 1

octal_dipit ::= x_digit | z_digit|0|1]2|3|4|5]|6]|7 m

hex_digjt ::= x_digit | z_digit |01 |2|3|4|5|6]7]| athb
|[c|d|e|f|A|B|C |D|E|F

x_digit =x | X

z digitf=z|Z|?

7.1.5.1|Integer constants

Supported. See 5.5 on usageor d

7.1.5.2|Real co

Not supported.

Supported
7.1.6.1 String variable declaration
Supported.

7.1.6.2 String manipulation

Supported.
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7.1.6.3 Special characters in strings
Supported.
7.1.7 Identifiers, keywords, and system names
Simple identifiers are supported.
7.1.7.1 Escaped identifiers

Supported.

7.1.7.2|Generated identifiers

Not supported.

7.1.7.3 |Keywords

Supported.

7.1.7.4|System tasks and functions

system fask enable ::=

1

system

System 1§
71.7.5

Support

7.1.8%

attributg i

attr_speg <&
a.t I_I 1anic — LUl IDtGI It_CI\'JI CDO;UI 1

| attr_name

attr_name ::= identifier

module_declaration ::=
{ attribute instance } module_keyword module_identifier [ module_parameter_port_list ]
[ list_of ports]; { module_item }
endmodule
| { attribute instance } module_keyword module_identifier [ module_parameter_port_list ]
[ list_of port_declarations ] ; { non_port_module_item }
endmodule
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port_declaration ::=
{ attribute instance } inout_declaration
| { attribute instance } input_declaration
| { attribute instance } output_declaration

module_item ::=
module_or_generate_item
| port_declaration ;
| { attribute_instance } generated_instantiation
| { attribute_instance } local_parameter_declaration
| { attribute_instance } parameter_declaration ;
| { attribute instance } specify block

ttrihiita 1nctanca L cnacnaram daclaratinn
preHBHtHE—HStaRce—-SPeepatari—aeetatation

VAN

module [or_generate_item ::=

pttribute instance } module_or_generate_item_declaration

pttribute instance } parameter_override

fpttribute instance } continuous_assign

fpttribute instance } gate_instantiation

httribute instance} wep—instantiation

httribute instance } module_instantiation

httribute instance } initial_construct

fttribute instance } always_construct
non_poft_module_item ::=

pttribute instance } generated_instantiati

fpttribute instance } local_parameter laratio

A P P e A ey

fpttribute instance } module_or_gengrate_item

{
[{
[{
| { pttribute instance } parameter_declarati
| { httribute_instance } gfedify m %
[ { m_declaxati

pttribute_instance } specpard]

function_port_list :;=

{ httribute Mnce 3 tf_in

attribute instance } tf_input_declaration }

instance(} tKoutput declaration ;
hQut’ declaration ;

istar } tf_output_declaration
htteibUte instance } tf_inout_declaration

block_item_declaration ::=
{ attribute _instance } block_reg_declaration
| { attribute instance } integer_declaration
| { attribute instance } local_parameter_declaration
| { attribute instance } parameter_declaration ;
bt irre— .
EE ot _|bute__|| stanee 3 |_ealt_| € Ieleela_ ation

ordered_port_connection ::= { attribute instance } [ expression ]
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named_port_connection ::= { attribute instance } . port_identifier ( [ expression])

udp—declaration 1=

{ attribute_instance } primitive udp_identifier (udp_port_list) ;
udp_port_declaration { udp_port_declaration }
udp_body

endprimitive

| { attribute_instance } primitive udp_identifier (udp_declaration_port_list) ;

udp_body

endprimitive

udp—output—declaration 1=
{ attribute instance } output port identifier AN
| { pttribute_instance } output reg port_identifier [ = constant_expression ]

wep—inppt—dectaration :={ attribute_instance } input list_of port_identifiers
uelp—reg-deelaration .= { attribute_instance } reg variable_identifier

function_statement_or_null ::=
function_statement
| { attribute instance } ;

statement ::=
pttribute instance } blocking_assigy

httribute j
httribute

function i
{ pttribute instafice } function_blocking_assignment ;
| { attributeimstarce § functon_Tase_Staterment

| { attribute instance } function_conditional_statement
| { attribute instance } function_loop_statement

| { attribute instance } function_seq_block

| { attribute _instance } disable_statement

| { attribute instance } system task enable

constant_function_call ::= function_identifier { attribute instance }
( constant_expression { , constant_expression } )

function_call ::= hierarchical_function_identifier { attribute instance }
( expression { , expression })
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genvar_function_call ::= genvar_function_identifier { attribute instance }
( constant_expression { , constant_expression })

conditional_expression ::= expressionl ? { attribute instance }expression2 : expression3

constant_expression ::=
constant_primary
| unary_operator { attribute instance } constant_primary
| constant_expression binary_operator { attribute instance } constant_expression
| constant_expression ? { attribute instance } constant_expression : constant_expression
| string

expression ::= yAERN
prlimary
| unary_operator { attribute instance } primary
| eXpression binary_operator { attribute instance } expression
| cgnditional _expression
| stfing

module [path_conditional _expression ::=
mpdule_path_expression ? { attribute instance }
module_path_expression : module_path_expressio

module [path_expression ::=
mpdule_path_primary
| unary_module_path_operator { attrib
| mpdule_path_expression binary_modulg

mary

| mpdule_path_conditional_expression

The set ¢f predefined attrib

7.2 DaIa types
7.2.1 Value set@
bd. See 5.

Support and z.

7.2.2 NE

ngt_type signed] [ delay3 ] list_of_net_identifiers ;
| ndt_type [ drive strength ][ signed ][ delav3]
list_of net_decl_assignments ;
| net_type [ vectored | scalared ] [ signed ] range [ delay3 ]
list_of net_identifiers ;
| net_type [ drive_strength ] [ vectored | scalared ] [ signed ] range
[ delay3 ] list_of net _decl_assignments ;
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net_type ::=
supply0 | supplyl
| tri | triand | trior | €0 | trit
| wire | wand | wor

drive_strength ::=

(

strengthO , strengthl )

| (strengthl, strengthO )

| (
| (

strengthO , highz1 )
strengthl , highz0 )

| ( highz1 , strengthO )
| ( highz0 , strengthl)

IEC 62142:2005(E)
|EEE 1364.1-2002(E)

strengthp ::= supplyO0 | strong0 | pull0 | weak0

strengthll ::= supply1 | strong1 | pulll | weakl

charge $trength ::= ('small ) | ( medium ) | (large )

delay3 :}=# delay_value | # ( delay_value [ , delay value [, delay_xalue
delay?2 :}=# delay_value | # ( delay_value [, delay value ])
delay value ::=

unsigned_number

| pdrameter_identifier

| sjecparam_identifier

| mintypmax_expression
list_of met_decl_assignments x

list_of met_identifiers ::

{

net_dec

dimensi

range ¥

7.2.2.2

real—ded

<

integer |

net_identifier [ d

realtime—deelaration ;= realtime list_of real_identifiers ;

reg_dec

laration ::= reg [ signed ] [range] list_of variable_identifiers ;

time—deelaration ;= time list_of variable_identifiers ;

Cre
| re

al_identifier [ = constant_expression ]
al_identifier dimension { dimension }
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variable_type ::=
variable_identifier [ = constant expression ]
| variable_identifier dimension { dimension }

Hist—of—realidentifiers ;1= real_type {, real_type }
list_of variable_identifiers ::= variable_type {, variable_type }
dimension ::= [ dimension_constant_expression : dimension_constant_expression |

range ::= [ msb_constant_expression : Isb_constant_expression |

7.2.3 Vectors

Supported.
7.2.4 Sirengths
7.2.4.1|Charge strength

Ignored

7.2.4.2|Drive strength
Ignored

7.2.5 Implicit declarations
Supported.

7.2.6 Npt initializatio

Not supported. Q

7.2.7 Npt types

7.2.7.1 Wire and\ri
Support

N
7.27.2W

Supported,

7.2.7.3 Trireg net

Not supported.

7.2.7.4Tri0 and tri1 nets
Not supported.

7.2.7.5 Supply nets

Supported.
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7.2.7.6 regs

Supported. See Clause 5 on how edge-sensitive and level-sensitive storage devices are inferred.
7.2.8 Integers, reals, times and realtimes

integer_declaration ::= integer list_of _variable_identifiers ;

real—deelaration ::= real list_of real _identifiers ;

reattime—declaration ;= realtime list_of real_identifiers ;

tima doclaration «-— ¢i00 lict Af variahlg idantifiare - /\
tHRC—GCpratatoi——te-HSt—t—YaHastetaeRtHers

realtype =
repl_identifier [ = constant_expression ]
| repl_identifier dimension { dimension }
variable| type ::=
variable_identifier [ = constant expression ]
| vgriable_identifier dimension { dimension }
Hist—eftealtdentifiers ;1= real_type {, real_type }

list_of_Yariable_identifiers ::= variable_type

dimensipn ::= [ dimension_constant_expressio

7.2.8.1 |Operators and real numbers

Not supported.
7.2.8.2|Conversion
Not supported. Q

729 A

Support

7.2.9.1

Supportd.

7.2.9.2 regand variabte arrays

Supported.
7.2.9.3 Memories

Supported.

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



https://iecnorm.com/api/?name=f4eb5c8e5ac80f035475c473eec52b66

IEC 62142:2005(E) — 45—
IEEE 1364.1-2002(E)

7.2.10 Parameters
7.2.10.1 Module parameters

local_parameter_declaration ::=
localparam [ signed ] [ range ] list_of param_assignments ;
| localparam integer list_of param_assignments ;

parameter_declaration ::=
p a LT ' CU alge { —OT_pardarm_d . C
| pgrameter integer list_of_param_assignments

list_of jparam_assignments ::= param_assignment { , param_assign
param_4gssignment ::= parameter_identifier = constant_expressto

range ::¥ [ msb_constant_expression : Isb_constant_express

7.2.10.2 Local parameters —localparé
Supported.

7.2.10.3 Specify parameters

specparam_declaration :; pCparam_assignments ;

list of §pecparam 4ssi
spdcparam_&ssi

Specpar
sq
| py

reject limit value ::= limit_value

limit_value ::= constant_mintypmax_expression

range ::= [ msh_constant_expression : Ish_constant_expression |
7.2.11 Name spaces

Supported.

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



https://iecnorm.com/api/?name=f4eb5c8e5ac80f035475c473eec52b66

—46 - IEC 62142:2005(E)
IEEE 1364.1-2002(E)
7.3 Expressions
7.3.1 Operators
Supported. See also subclauses that follow.
7.3.1.1 Operators with real operands
Not supported.

7.3.1.2 Binary operator precedence

Supported.
7.3.1.3|Using integer numbers in expressions
Supported.

7.3.1.4|[Expression evaluation order

Supported.
7.3.1.5]Arithmetic operators

The power operator (**) shall be supported on hen s_are/constants or if the first oferand is
2.

7.3.1.6
Support
7.3.1.7
Support
7.3.1.8
The cas ===xdnd !== shall not be supported.

7.3.1.9

Supportpd.

7.3.1.10 Bit-wise operators
Supported.

7.3.1.11 Reduction operators
Supported.

7.3.1.12 Shift operators

Supported.

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



https://iecnorm.com/api/?name=f4eb5c8e5ac80f035475c473eec52b66

IEC 62142:2005(E) —47 -
IEEE 1364.1-2002(E)

7.3.1.13 Conditional operator

Supported.

7.3.1.14 Concatenations

Supported.

7.3.1.15 Event or

Supported.

7.3.2 Operands

7.3.2.1 Vector bit-select and part-select addressing
Supported.

7.3.2.2|Array and memory addressing

Supported.

7.3.2.3|Strings

Supported.

inimum, typical, and maximu deI@

(ribupe instance } constant_expression
‘}Constant_expression : constant_expression

7.3.3

| urjary, operator { attribute instance } primary
i _operator { attribute instance } expression

| comditiomat_expression
| string

mintypmax_expression ::=
expression
| expression : expression : expression

constant_primary ::=
constant_concatenation
| constant_function_call
| ( constant_mintypmax_expression )
| constant_multiple_concatenation
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| genvar_identifier

| number

| parameter_identifier
| specparam_identifier

primary ::=
number
| hierarchical_identifier
| hierarchical_identifier [ expression | { [ expression | }
| hierarchical_identifier [ expression | { [ expression | }
[ range_expression |
| hierarchical_identifier [ range_expression |

| C neatanatian
ReateaHohR

IEC 62142:2005(E)
|EEE 1364.1-2002(E)

| mpltiple_concatenation

| function_call

| system_function_call

| cgnstant_function_call

| ( mintypmax_expression )

7.3.4 Expression bit lengths

Supportd.

7.3.5 S|gned expressions @
Supported. See 5.5 for handling of x and z vals
7.4 Assignments

7.4.1 Cpntinuous assi

net_declaration ::>
ndt_type [@1 i
| ndt_type [ driVeStheny

list_of ng
| ngt_type [ ve
list 6
| ndt_type :
4 dely
“"li mﬂ’ S g
+erfres

list_of net_decl_assignments ::= net_decl_assignment { , net_decl_assignment }
net_decl_assignment ::= net_identifier = expression

continuous_assign ::= assign [drive_strength] [delay3] list_of _net_assignments ;
list_of net_assignments ::= net_assignment { , net_assignment }

net_assignment ::= net_lvalue = expression
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7.4.1.1 The net declaration assignment

Supported.

7.4.1.2 The continuous assignment statement
Supported.

7.4.1.3 Delays

Ignored.

7.4.1.4|Strengths
Ignored
7.4.2 Procedural assignments
Supported.

7.4.2.1 Variable declaration assignment

Ignored

7.4.2.2 Variable declaration syntax
integer |

real—deq

reatmg-desleatien

reg_dec

| re

variable|®
vari

X [ =_constant expression ]
| vdriable~Adentifi

dimension { dimension }

Hist—of—real—tdentifiers 1= real_type {, real type }

list_of variable_identifiers ::= variable_type {, variable_type }

7.5 Gate and switch level modeling
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7.5.1 Gate and switch declaration syntax

gate_instantiation ::=
— — — 9 - — 9
| enable_gatetype [drive_strength] [delay3] enable_gate_instance
{, enable_gate_instance} ;

| n_input_gatetype [drive_strength] [delay2] n_input_gate_instance
{, n_input_gate_instance } ;

| n_output_gatetype [drive_strength] [delay2] n_output_gate_instance
{, n_output_gate_instance } ;

P .. I A — — /_\
1 [) rJMJJ_\oIIMMID_\JVVIL\JII_III\JLMII\.l\o J E)
i . h . " .
BCSS_SWIEGI Eype p&SS_SWIEE i— stanee [ 5 9355_5"“56 —H StaRee l 9
o dasaa-n dewvwn anathl n aata1n nea a aata 10 nea
pHH oW PHHEOW s Sie s a Sis s a

emos—syiteh—instanee 1= [name_of gate_instance] ( output_terminal ,
input_terminal , ncontrol_terminal , pcontrol_terminal )

ate_instance ::= [name_of _gate_instance] ( output_te

— ::= [name_of gate_ins
input_terminal , enable_terminal )

trahatlhn
StucTigutoy

puHup—strength 1=
( strengthO , strengthl)
| (strengthl , strengthO )
| (strengthl)
enable_terminal ::= expression
inout_terminal ::= net_lvalue

input_terminal ::= expression
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neenrtrel—terminal ;= expression

output_terminal ::= net_lvalue

peontrel—terminal 1= expression
emoes—switehtype ;= cmos | rcmos
enable_gatetype ::= bufif0 | bufifl | notif0 | notifl
mes—switehtype ::= nmos | pmos | rnmos | rpmos
n_input_gatetype ::= and | nand | or | nor | xor | xnor T~

n_output_gatetype ::= buf | not

pass—enf-switehtype ;:= tranif( | tranifl | rtranifl | rtranifQ
pass—swiitehtype := tran | rtran

7.5.1.1 [The gate type specification
The pull gates, MOS switches, and the bidirectional switche
7.5.1.2[The drive strength specificati
Ignored
7.5.1.3[The delay specification

Ignored

7.5.1.4The primitive
Supported.

7.5.1.5

Support

7.5.2 and, ; TTOT,"OT,"XOT,

Supported.

7.5.3 buf and not gates

Supported.

7.5.4 buif1, bufif0, notif1, and notif0 gates

Supported.
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7.5.5 MOS switches
Not supported.
7.5.6 Bidirectional pass switches
Not supported.
7.5.7 CMOS switches

Not supported.

7.5.8 pullup and pulldown sources
Not supported.

7.5.9 Lopgic strength modeling

Ignored

7.5.10 $trengths and values of combined signals
Ignored

7.5.11 $trength reduction by nonresis QVie
Ignored

7.5.12 $trength reduction

Ignored

7.5.13 .Strengt@ .

Ignored

:max delays

Ignored.
7.5.14.2 trireg net charge decay

Ignored.

7.6 User-defined primitives (UDPs)

Not supported.
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7.7 Behavioral modeling

7.7.1 Behavioral model overview

Supported.

7.7.2 Procedural assignments

Supported.

7.7.2.1 Blocking procedural assignments

blocking_assignment ::=
varjable_lvalue = [ delay or event control ] expression

delay control ::=
# |delay_value
| # [( mintypmax_expression )

delay_of_event_control ::=

dglay control
| eMent_control

2 (-G BRSSO R -V eRI—Ge RS,
event_control ::=
event_identifier
| @] (event_expression )
| *
| @ (*)

3

SINIOIA

event_expression ::=
efpressien
| hiprarchical Adentifier
| pgsedge eo
| nggedge expréss
| ev '
| ev

variable| |
hi

iprarchical_variable_identifier [ range_expression |
| vartabte_comncatemnation

A variable shall not be assigned using a blocking assignment and a non-blocking assignment in the same
module.

Only those event expressions used in modeling hardware elements as shown in Clause 5 shall be supported.
7.7.2.2 The non blocking procedural assignment

nonblocking assignment ::=
variable_lvalue <= [ delay or _event control ] expression
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delay control ::=
# delay value

| # ( mintypmax_expression )

delay_or_event_control ::=
delay control
| event_control
event_control ::=

(@ event_identifier
@ (event_expression )

IEC 62142:2005(E)
|EEE 1364.1-2002(E)

IS

| @=

| @ (*)

event_expression ::=
etpressien

| hiprarchical_identifier

| pgsedge expression

| nggedge expression

| eMent_expression or event_expression

| eMent_expression , event_expression

variable| Ivalue ::=

hierarchical_variable_identifier
| hip
| hip

| hig
| vgriable_concatenatiop

A variable shall not be

module.
se event e;e LQ7h

Only thd
7.73P

net_assi

| d¢assign wariable\ Ivalue ;
| fi z[ce variable 3|gnment

ca nnf ooclnnmnnf
9

e same

bported.

| release varlable Ivalue ;
| release net_lvalue ;

variable_assignment := variable_lvalue = expression

net_lvalue ::=
hierarchical_net_identifier
| hierarchical_net_identifier [ constant_expression | { [ constant_expression | }
| hierarchical_net_identifier [ constant_expression | { [ constant_expression | }
[ constant_range_expression |
| hierarchical_net_identifier [ constant_range_expression |
| net_concatenation
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variable_lvalue ::=
hierarchical_variable_identifier
| hierarchical variable_identifier [ expression | { [ expression | }
| hierarchical_variable_identifier [ expression | { [ expression | }
[ range_expression |
| hierarchical_variable_identifier [ range_expression |
| variable_concatenation

7.7.3.1 The assign and deassign procedural statements

Not supported.

7.7.3.2[Theforce and release procedural statements

Not supported.
7.7.4 Cpnditional statement

conditiopal_statement ::=
if[( expression ) statement_or_null [ else statement_or_n
| if|else_if statement

function_conditional_statement ::=

if[( expression ) function_statement_of “rull
[ else function_statement_or_null ]
| function_if_else_if_statement
7.7.4.1 [If-else-if construct
if_else |f statement ::=
if]( expression ) statemen
5 ¢ 0 )

=]

r—

function ent
if| ’ atement pr_null
_gtatement_or_null }
r_null]

7.7.5 Q|

case_stg
case_item { case_item } endcase
| cdsex (expression ) case item { case item } endcase

| casex (expression ) case_item { case_item } endcase

case_item ::=
expression { , expression } : statement_or_null
| default [ : ] statement_or_null

function_case_statement ::=
case ( expression ) function_case_item { function_case_item } endcase
| casez ( expression ) function_case_item { function_case_item } endcase
| casex (‘expression ) function_case_item { function_case_item } endcase
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function_case_item ::=
expression { , expression } : function_statement_or_null
| default [ : ] function_statement_or_null
7.7.5.1 Case statement with don’t-cares
Case expression in a casex statement shall not have an x or a z (or ?) value.

Case expression in a casez statement shall not have a ? or z.

7.7.5.2 Constant expression in case statement

Supported.
7.7.6 Lpoping statements

function loop_statement ::=
— e teReter—Siatemient

Trepeat-texpression)-function—staterment
Jwhile-(expression)-function—statement

| for (variable_assignment ; expression ; variable_assig
function_statement

loop_stdtement ::=

| for ( variable_assignment ; expression ; Ne:{assi ) statement

7.7.7 Procedural timi

delay control ::=
# |delay_valug

( mintypR

delay_of
ddJa

| edent
—|—Fe pEa:

event_cpntrok=
(a) event identifier

| @ (‘event_expression )
| @ *

|@ (%)

The event control, including the implicit form, shall only be supported at the topmost statement in an always
construct.
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event_expression ::=

| hierarchical_identifier

| posedge expression

| negedge expression

| event_expression or event_expression
| event_expression , event_expression

Only those event expressions used in modeling hardware elements as shown in Clause 5 shall be supported.

7.7.7.1 Delay control

Delay c atement
with thelalways keyword)) but shall be ignored. Delay control shall not be alloweddn itement.
7.7.7.2[Event control

Only thqse event expressions used in modeling hardware elements as showq i pported.
Furtherfnore, event control shall appear only in the top-level statedient ke A ays key-

word) af described in Clause 5. Event control shall not be alloy

7.7.7.3[Named events

event—dpelaration = event list_of_event §

Hist—otgventidentifiers ;1= event_identifier [ ti
{, pvent_identifier [ dimension { dimefision } ] }

dimensi

event—

\L

7.7.7.4
Support
7.7.7.5
Supporé

Level-sensitive event control

TINEY to-e
TCTTTCTIC ..

~ wait ( expression ) statement_or_null
7.7.7.7 Intra-assignment timing controls

blocking_assignment ::=
variable_lvalue = [ delay or event control ] expression

nonblocking_assignment ::=
variable_lvalue <= [ delay or_event control ] expression
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delay control ::=
# delay value

| # ( mintypmax_expression )

delay_or_event_control ::=
delay control
| event_control
—Jrepeat-(expression-event—controt
event_control ::=
(@ event_identifier
| @ (event_expression )

| @=

IEC 62142:

IEEE 1364.1

2005(E)

-2002(E)

| @ (*)

()

The evept control, including the implicit form, shall only be supported at the t
construdt.

event_expression ::=
o :
| hiprarchical_identifier
| p¢sedge expression
| n¢gedge expression
| eMent_expression or event_expressio
| eMent_expression , event_expressio

Only thdse event expressions used in modelipg
7.7.8 Block statements

7.7.8.1[Sequential blg

function seq_blogk =
{ plock_ite

seq_blo¢
{

block_it

ce .nteger declaratlon
1ttr|but } local_parameter_declaration
hithibute_instarice } parameter declaration ;

ats as shown in Clause 5 shall be suj

s/ ways

bported.

e
I{]
I{]
I{]
T

#&fﬂﬂtﬁ:ﬁ&tﬁbﬁj—w&fﬁdﬂﬁﬂ-
E . _. } i — \ .
E . _. } . _ | .

7.7.8.2 Parallel blocks

par—bleek .= fork [ : block_identifier

{ block_item_declaration } ] { statement } join
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block_item_declaration ::=
{ attribute instance } block reg_declaration
| { attribute instance } integer_declaration
| { attribute instance } local_parameter_declaration
| { attribute instance } parameter_declaration ;
attribute_tRstance _ :
Fatis _|bute__|| stance-}-real _elee_la ation-
EE ot _|Ieute__n stance }} |_ealt_| X Ieleela_ ation

7.7.8.3 Block names

Supportga:
7.7.8.4|Start and finish times
Ignored

7.7.9 Sjructured procedures

contexts.
7.7.9.2|Always construct

always_fconstruct ::= al
Clause § describeghow
be supported in ‘@, g

7.8.1 Djstirictio ks and functions

Suppo;é

7.8.2 Tasks(and.task enabling

7.7.9.1 [Initial construct

initial_gpnstruct ::= initial statement

The initlal statement shall be supported on RQM xing d bed in 5.6.2. It shall be ig
all other

be used to model logic elements. Event control s

hored in

pall only

7.8.2.1 Taskdectarations

task_declaration ::=

task [ automatic ] task_identifier ;
{ task_item_declaration }
statement

endtask

| task [ automatic ] task_identifier ( task_port_list) ;

{ block_item_declaration }
statement

endtask
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task_item_declaration ::=
block_item_declaration
| { attribute instance } tf_input_declaration ;
| { attribute instance } tf_output_declaration ;
| { attribute instance } tf_inout_declaration ;

task_port_list ::= task_port_item {, task_port_item }

task_port_item ::=
{ attribute instance } tf _input_declaration
| { attribute instance } tf_output_declaration
| { attribute instance } tf_inout_declaration

IEC 62142:2005(E)
|EEE 1364.1-2002(E)

tf_input| declaration ::=
input [ reg | [ signed ] [ range ] list_of_port_identifiers
| i:ﬁut [ task_port_type ] list_of port_identifiers

tf_outpyt_declaration ::=
OItput [ reg ][ signed ][ range ] list_of port_identifiers
| oytput [ task_port_type ] list_of port_identifiers

tf_inout| declaration ::=
i:J(D)ut [ reg ][ signed ][ range ] list_of port_identifie|
| input [ task_port_type ] list_of port_identifiers
task_poft_type ::=
tifne | real | realtime | integer

block_item_declaration ::=
pttribute instance } block reg_decla

pttribute instancg.} integer “declaration

et ettt o
/

block re¢g_deefaration :\xrég

g [ sizped ][ range ]
ligt_of\block~ iale_l i

hers ;

list_of Yplock ™ ia exidentifiers ;=
block~ariable typey, block_variable_type }

block_vhriable” typéex:

variable—identifier

| variable:identifier dimension { dimension }

Use of variables (both reading the value of and writing a value to) that are defined outside a task declara-

tion but within the enclosing module declaration shall be supported.

The keyword automatic is not optional.
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7.8.2.2 Task enabling and argument passing

task_enable ::=
hierarchical_task_identifier [ ( expression {, expression }) ] ;

Recursion with a static bound shall be supported.
7.8.2.3 Task memory usage and concurrent activation
Supported.

7.8.3 Functions and function calling

7.8.3.1 [Function declarations

function declaration ::=
fynction [ automatic ] [ signed ] [range_or_type] function_identif;
function_item_declaration { function_item_declaration }
function_statement
erjdfunction
| fJnction [ automatic ] [ signed ] [ range_or_type ] fupiction_iden
(function_port_list) ;
block_item_declaration { block_ite
function_statement
erfjdfunction

declaratf

function item_declaration ::=
block_item_declaration
| tflinput_declaration ;

function_port_list ::=

| { pttribute ce } intege_r_declaration
| { pttribute instarice } local_parameter_declaration
I{

gtiriute TStarce F parameter _dectaration s
T _ :
€ bt 3 irre— .
EE bt J] ime—doctarat
block_reg_declaration ::= reg [ signed ] [ range ]
list_of block variable_identifiers ;

list_of block variable_identifiers ::=
block variable_type {, block variable_type }
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block_variable_type ::=
variable_identifier
| variable_identifier dimension { dimension }
Number of parameters shall match number of arguments in call.

The keyword automatic is not optional.

Use of variables (both reading the value of and writing a value to) that are defined outside a function decla-
ration but within the enclosing module declaration shall be supported.

7.8.3.2 Returning a value from a function TN

Supported.

7.8.3.3|Calling a function

function_call ::= hierarchical_function_identifier { attribute instanc
( g¢xpression { , expression })

Recursign with a static bound shall be supported.
7.8.3.4 [Function rules
Supported.

7.8.3.5[Use of constant functions

Supported.
7.9 Digabling of na
disable_|statement

| dif
The blod

4
710H

pported.

7.10.1 Tllodules

module_declaration ::=
{ attribute instance } module_keyword module_identifier [ module_parameter_port_list ]
[ list_of ports]; { module_item }
endmodule
| { attribute instance } module_keyword module_identifier [ module_parameter_port_list |
[ list_of port_declarations ] ; { non_port_module_item }
endmodule

module_keyword ::= module | maeremeodule

module_parameter_port_list ::= # ( parameter_declaration { , parameter_declaration } )
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list_of ports ::=( port{, port})

list_of port_declarations ::=
( port_declaration {, port_declaration })

X0

port ::=
[ port_expression ]
| . port_identifier ([ port_expression])

port_expression ::=
port_reference
| { port_reference { . port_reference} } yAERN

port_refgrence ::= port_identifier
part_identifier [ constant_expression |
| part_identifier [ range_expression |

port_de¢laration ::=
{ pttribute instance } inout_declaration

| { attribute instance } input_declaration
| { attribute instance } output_declaration
module |item ::=
mpdule_or_generate_item
qrt_declaration ;
httribute_instance } generated_instantiati

httribute_instance } local_parameter/|

httribute instance } specify block
httribute_instance }(specbarg‘(m declaration

module [or_generate _ite
pttribute

| integer_dectaration
—eal—declaration-
—-Hre—deslartien-
—realtime—deslaration-
——eyepi—deslamtien-
| genvar_declaration
| task_declaration
| function_declaration
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non_port_module_item ::=
{ attribute instance } generated_instantiation
| { attribute instance } local_parameter_declaration
| { attribute instance } module_or_generate_item
| { attribute instance } parameter_declaration ;
| { attribute instance } specify block
| { attribute _instance } specparam _declaration

parameter—override ;1= defparam list_of_param_assignments ;

7.10.1.1 Top-level modules

L

IEC 62142:2005(E)
|EEE 1364.1-2002(E)

Supportetk
7.10.1.2 Module instantiation

module [instantiation ::=
mpdule_identifier [ parameter_value_assignment ] module_instanc
module_instance } ;

parameter_value_assignment ::=# ( list_of parameter_assig

list_of parameter_assignments ::=
ondered_parameter_assignment { , orde
| ngmed_parameter_assignment { , nafped x

ordered | parameter_assignment ::= expressiopn
named_parameter_assignment ::
module |instance ::= name_o

name_of _instance ::=

list_of_port_con

module |itef::=

module_or_generate_item
| port_declaration ;
| { attribute_instance } generated_instantiation
| { attribute_instance } local_parameter_declaration
| { attribute_instance } parameter_declaration ;
| { attribute instance } specify block
| { attribute instance } specparam declaration
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module_or_generate_item ::=
{ attribute instance } module_or_generate_item_declaration
| { attribute instance } parameter_override
| { attribute instance } continuous_assign
| { attribute _instance } gate_instantiation
| { attribute instance} udp—instantiation
| { attribute instance } module_instantiation
| { attribute instance } initial_construct
| { attribute instance } always_construct

module_or_generate_item_declaration ::=

net_declaration
| reg declaration

| infeger_declaration
+repl-declaration

+event-declaration

| ggnvar_declaration

| tapk_declaration

| function_declaration

generatqd_instantiation ::= generate { generate_item } endg

generatq_item_or_null ::= generate_item | 4
generatq_item ::=
ggnerate_conditional_statement
| ggnerate_case_statement
| ggnerate_loop_stateme
| ggnerate_block
| mpdule_or_generats, iterm

generatq_conditig sta :
if|( constan

[ else generaté

generatq .
ol:

genvar { i .= constant_e ressmn{ constant _expression } ;
g

generatq
f r(genvar a 'gnment constant_expression ; genvar_assignment )

genvar_assignment ::= genvar_identifier = constant_expression
generate_block ::= begin [ : generate_block_identifier ] { generate_item } end
genvar_assignment ::= genvar_identifier = constant_expression

generate_block ::=
begin [ : generate_block_identifier ] { generate_item } end

genvar_declaration ::= genvar list_of genvar_identifiers ;

list_of genvar_identifiers ::= genvar_identifier { , genvar_identifier }
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7.10.2 Overriding module parameter values
7.10.2.1 defparam statement
Not supported.
7.10.2.2 Module instance parameter value assignment
Supported.

7.10.2.3 Parameter dependence

Supported.
7.10.3 Ports

7.10.3.1 Port definition

list_of ports ::=( port{, port})

list_of port_declarations ::=
ort_declaration { , port_declaration } )
|
port ::=
port_expression ]
| . gort_identifier ([ port_expression ]

=]

—

port_expression ::=
port_reference
| { port_reference

port_refgrence ::>poxt_id
port_identi C
| part_identifier |

port_de¢laration :3
{ httribyte~i

I{]
| { iyt
Input pd

If an oulputvidentifier is also declared as a reg, the range and indices shall be identical in both the feclara-
tions.

7.10.3.2 List of ports
Supported.
7.10.3.3 Port declarations

inout_declaration ::=
inout [ net_type ] [ signed ] [ range ] list_of port_identifiers
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input_declaration ::=
input [ net_type ] [ signed ] [range] list_of port_identifiers

output_declaration ::=
output [ net_type ] [ signed ] [range] list_of port_identifiers
| output [ reg ] [ signed ] [ range ] list_of port_identifiers
| output reg [ signed ] [ range ] list_of variable_port_identifiers
| output [ output_variable_type ] list_of port_identifiers
| output output_variable_type list_of variable_port_identifiers

list_of port_identifiers ::= port_identifier { , port_identifier }

Aport Ofﬂn 1ntpgoV ﬁpo chall be treated-as a 32 bit v1gnpr] h)rnﬂ

VAN
7.10.3.4 List of ports declarations
Supported.
7.10.3.%5 Connecting module instance ports by ordered lis
Supported.
7.10.3.6 Connecting module instance ports by

Supported.

7.10.3.7 Real numbers in port conne

Not supported.
7.10.3.8 Connecting

Support

Support

7.10.3,
<

Ignored.

et types-resulting'from dissimilar port connections

7.10.3.11.Connecting signed values via ports

Supported.
7.10.4 Hierarchical names
escaped_hierarchical_identifier ::=

escaped_hierarchical_branch {=simple—hierarchical-braneht

escaped_identifier ::=\ {Any_ASCII_character_except_white_space} white_space
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hierarch

ical_identifier ::=

simple_hierarchical_identifier

| es

caped_hierarchical_identifier

simple_hierarchical_identifier ::=

simple_hierarchical_branch{—eseaped—identifier
simple_identifier ::= [ a-zA-Z_ ] {[ a-zA-Z0-9_$ ] }

simple_hierarchical_branch ::=
simple_identifier{{-unsigred—rumber4-
[ E . i _- i E E -g — ] ] } ]

escaped
eq

white_s
7.10.5

Hpware

item_na
fun
| bl
| ne
| pa
| poy
| tas
| va

7.10.6

— 68 —
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| hierarchical_branch ::=

pace ::= space | tab | newline | eof

Upwards name referencing

me ::=
Ction_identifier
bck_identifier
_identifier
ameter_identifier
t_identifier
k_identifier
iable_identifier

Bcope rules

caped_identifier{f-unsigred—number}}-

Harme—referenee-::= module_identifier.item_name

@@

a design

Supported.

7.11.1.2 Basic configuration elements

Supported.

7.11.2 Libraries

Supported.
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7.11.2.1 Specifying libraries—the library map file

library_text := { library_descriptions }

library_descriptions ::=
library_declaration
| include_statement
| config_declaration

library_declaration ::=
library library_identifier file_path_spec [ {, file_path_spec } |
[ -incdir file_path _spec [ {, file_path spec }];

file_patllu_spec ::= file_path

include [statement ::= include < file_path_spec > ;
7.11.2.2 Using multiple library mapping files
include [statement ::= include < file_path_spec > ;
7.11.2.3 Mapping source files to libraries
Supported.

7.11.3 Configurations

Supported.

7.11.3.] Basic configuré
config_declaration ::=
c(nfig config\d
design_statepr
{ config_rule

enidconfig

design_

| cett—ctauseuse—ctause
default_clause ::= default
inst_clause ::= instance inst_name
inst_name ::= topmodule_identifier{.instance_identifier}
cell_clause ::= cell [ library_identifier.]cell_identifier
liblist_clause ::= liblist [ { library_identifier } ]

use_clause ::= use [ library_identifier .] cell_identifier [:config]
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7.11.3.2 Hierarchical configurations
Supported.
7.11.4 Using libraries and configs
Supported.
7.11.5 Configuration examples

Supported.

7.11.6 DPisplaying library binding information
Ignored
7.11.7 Library mapping examples

Supported.

7.12 Specify blocks
Ignored &

7.13 Timing checks

Ignored

714 B USHNEg andard deldy format

Ignored.

7158
All syste

The sy§ and Sunsigned shall be supported. All other system functions|are not

supported.

e

All VCD system tasks are ignored.

7.17 Compiler directives
7.17.1 ‘celldefine and ‘endcelldefine

Ignored.
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7.17.2 ‘default_nettype

Supported.

7.17.3 ‘define and ‘undef

Supported. For the define directive, parameterized, multiline and nested directives shall also be supported.
7.17.4 ‘ifdef, ‘else, ‘elsif, ‘endif, ‘ifndef

Supported.

7.17.5 fnclude
Supported.

7.17.6 ‘yesetall
Ignored
7.17.7 fine

Ignored

7.17.8 timescale
Ignored
7.17.9 ‘unconnected_dr

Ignored

7.18 P
PLI tash

PLI fungti
N
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Annex A

(informative)

Syntax summary

This annex summarizes, using Backus-Naur Form (BNF), the syntax that is supported for RTL synthesis.

NOTE—The BNF presented here is the complete Verilog BNF that identifies the supported, ignored, and unsupported
constructs for synthesis.

/N

A.1 Source text

A.1.1 Library source text

library_fext := { library_descriptions }

library_flescriptions ::=

lilprary_declaration
| inplude_statement
| cgnfig_declaration

library_fleclaration ::=
library library_identifier file_path_spec [ {, file\p

[ -incdir file_path_spec [ {, fiIe_pth_s@ ;
file_path spec ::= file_path

include [statement ::= in

A.1.2 Config \

config_dleclaratio

design_ ; ign { [ library_identifier . ] cell_identifier } ;

config_rule “statement ::=
default_clause liblist_clause
| inst_clause liblist_clause
| inst_clause use_clause
| cell_clause liblist_clause
| cell_clause use_clause

default_clause ::= default
inst_clause ::= instance inst_name

inst_name ::= topmodule_identifier{.instance_identifier}
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cell_clause ::= cell [ library_identifier.]Jcell_identifier
liblist_clause ::= liblist [ { library_identifier } ]

use_clause ::= use [ library_identifier .] cell_identifier [:config]

A.1.3 Module and primitive source text

source_text ::= {description}

description ::=
module_declaration

—ade—decaiion

module |declaration ::=

{ pttribute instance } module_keyword module_identifier [ module_para

[ list_of ports]; { module_item }
efjldmodule

| { pttribute instance } module_keyword module_identifier [ n6d

[ list_of port_declarations ] ; { non_port_module_item

erfdmodule

module [keyword ::= module | maeremeodule

A.1.4 Nodule parameters and por

module [parameter_port_list ::= # ( paramet aneter_declaration })

list_of_ports ::= ( port {, pe

list_of_port_declarationg

ort_declara:\tion

pgrtvidentifier ['constant_expression |

| port_identifier [ range_expression |

port_declaration ::=
{ attribute instance } inout_declaration
| { attribute instance } input_declaration
| { attribute instance } output_declaration
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A.1.5 Module items

module_item ::=
module_or_generate_item
| port_declaration ;
| { attribute_instance } generated_instantiation
| { attribute_instance } local_parameter_declaration
| { attribute_instance } parameter_declaration ;
| { attribute instance } specify block
| { attribute instance } specparam _declaration

module_or_generate_item ::=

IEC 62142:2005(E)
|EEE 1364.1-2002(E)

pttribtte—instanceFmodtte—or—generate—tem—dectaration
fttribute instance } parameter_override

fttribute instance } continuous_assign

fpttribute instance } gate_instantiation

{
[{
IE
| { pttribute instance} wep—instantiation
[{
[{
[{

pttribute instance } module_instantiation
fttribute instance } initial_construct
fpttribute instance } always_construct

module [or_generate_item_declaration ::=

| ggnvar_declaration
| tapk_declaration

non_pont_modul o
pttribute instap€s

ram list_of param_assignments ;

A.2 Declarations

ngt_declaration
| rep_declaration
| infeger_declaration
-repl—deslaration
J-ire—deslarticn
+event—deelaration

A.2.1 Declaration types

A.2.1.1 Module parameter declarations

local_parameter_declaration ::=
localparam [ signed ] [ range ] list_of param_assignments ;
| localparam integer list_of param_assignments ;
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parameter_declaration ::=
parameter [ signed ] [ range ] list_of param_assignments
| parameter integer list_of param_assignments

specparam_declaration ::= specparam [ range ] list_of_specparam_assignments ;

A.2.1.2 Port declarations

inout_declaration ::

genvar _|
integer_declaration ::= intege

net_declaration ::=
ngt_type [ signed
| ngqt_type [ ttive
list_of_nef e

real—deelaration ;= real list_of real_identifiers ;

reattime—declaration 1= realtime list_of_real_identifiers ;

reg_declaration ::= reg [ signed ] [range] list_of variable_identifiers ;

time—deelaration ;= time list_of variable_identifiers ;
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A.2.2 Declaration data types

A.2.2.1 Net and variable types

net_type ::=

supply0 | supplyl
| tri | triand | trior | &0 | teit
| wire | wand | wor

output_variable_type ::= integer | time
real—type 1=

real—identifier [ =constant nvprnccinh ] /_\
| repl_identifier dimension { dimension }

variable| type ::=
vdriable_identifier [ = constant expression ]
| vgriable_identifier dimension { dimension }

A.2.2.2|Strengths

drive stfength ::=
trengthO , strengthl)

(
| (§trengthl, strengthO )
| (4trengthO , highzl1 )
| (4trengthl, highz0 )
| ( Iighzl , Strength0 )
| (highz0 , strengthl )

, delay_value [, delay value]])

alue [, delay value])

| MITtYpTTTaX_EXPression

A.2.3 Declaration lists

hist—ef—event—identifiers ::= event_identifier [ dimension { dimension } |
{, event_identifier [ dimension { dimension } ] }

list_of genvar_identifiers ::= genvar_identifier {, genvar_identifier }

list_of net_decl_assignments ::= net_decl_assignment { , net_decl_assignment }
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list_of net_identifiers ::= net_identifier [ dimension { dimension } ]
{, net_identifier [ dimension { dimension } ] }

list_of param_assignments ::= param_assignment { , param_assignment }
list_of port_identifiers ::= port_identifier { , port_identifier }
Hist—of—real—tdentifiers ;= real_type {, real_type }

list of specparam assignments ::=
specparam_assignment { , specparam_assignment }

list_of variable_identifiers ::= variable_type {, variable_type } TN

list_of yariable_port_identifiers ::= port_identifier
[ =|constant_expression ] { , port_identifier [ = constant_expression | }

A.2.4 Declaration assignments
net_dec| _assignment ::= net_identifier = expression

param_4gssignment ::= parameter_identifier = constant_exprgssiop

specpargm_assignment ::=
sfecparam_identifier = constant_mif
| pylse_control_specparam

pulse control specparam ::=
PATHPULSES = ( reject_limit_value

| PATHPULSESSspeci e

= (‘reject_limit_value

error_lirnit_value ::= limit_
reject IiEit valu'

limit vd

[,€ TRlINYE
SCKiptor$spesi

el);

5
fy_output_terminal_descriptor

A.2.6 Function declarations

function_declaration ::=

function [ automatic ] [ signed ] [range_or_type] function_identifier ;
function_item_declaration { function_item_declaration }
function_statement

endfunction

| function [ automatic ] [ signed ] [ range_or_type ] function_identifier

(function_port_list) ;
block_item_declaration { block_item_declaration }
function_statement

endfunction
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function_item_declaration ::=
block_item_declaration
| tf_input_declaration ;

function_port_list ::=
{ attribute instance } tf_input_declaration {, { attribute instance } tf_input_declaration }

range_or_type ::= range | integer | real | realtime | time

A.2.7 Task declarations

task_declaration ::= /TN
tafsk [ automatic ] task_identifier ;

{ task_item_declaration }

statement

endtask

| ta:[sk [ automatic ] task_identifier ( task_port_list) ;

{ block_item_declaration }

statement

erfjdtask

task_ite'ln_declaration =
block_item_declaration
| { pttribute instance } tf_input_declagatiog ;
| { pttribute instance } tf_output_declaxati
| { pttribute instance } tf_inout_declaratiog ;

task_port_list ::= task_port_item { , task_part_it
task_port_item ::=

i

pttribute instancg
I{

I{
tf_input

inp
inh

tf_outpyt_

ut [ reg

|0

tf_inout| |

task_port_type ::=
time | real | realtime | integer
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A.2.8 Block item declarations

block_item_declaration ::=
{ attribute _instance } block reg_declaration

[ { attribute_instance } intege_r_declaration
| { attribute instance } local_parameter_declaration
| { attribute instance } parameter_declaration ;

b|OCk_mg_dcu=al atron—= TTgZ [ sigmed ] [ range ]
ligt_of block variable_identifiers ;

list_of Ilock variable_identifiers ::=
block_variable_type {, block variable_type }

block_vpriable_type ::=
vgriable_identifier

| vdriable_identifier dimension { dimension }
A.3 Primitive instances
A.3.1 Primitive instantiation and insta

gate_ingtantiation ::=

e ALL . nA ..‘ﬁ; mof
—eo A He-fdeldy g

- S g "llv -
| erfable_gatetype [dive treh] dellnstance

{, enable gate M ;

[ n] input_g o
{, n_input+ga
| n Joutput_gatg
{,n_outg

—swviehthstafree /.= [name_of_gate_instance] ( output_terminal ,

inbut—terminal—ncontrolterminal—peontrolterminal
tH—teH R HeoRte—te R peoRter—teH e

enable_gate_instance ::= [name_of gate_instance] ( output_terminal ,
input_terminal , enable_terminal )

mes—switeh—astanee ;= [name_of gate_instance] ( output_terminal ,

input_terminal , enable_terminal )

n_input_gate_instance ::= [name_of gate_instance] ( output_terminal ,
input_terminal {, input_terminal })

n_output_gate_instance ::= [name_of gate_instance] ( output_terminal {,
output_terminal }, input_terminal )
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pass—switeh—instanee 1= [name_of_gate_instance] ( inout_terminal ,
inout_terminal )

pass—enable—switeh—instanee 1= [name_of _gate_instance] ( inout_terminal ,

inout_terminal , enable_terminal )

puH—gate—instanee ;= [name_of gate_instance] ( output_terminal )

name_of gate instance ::= gate_instance_identifier [ range ]

A.3.2 Primitive strengths

petdevfi—stengh =

( $trengthO , strengthl)
( gtrengthl , strengthO )
( 4trength0 )

putup—gtrength 1=
( $trengthO , strengthl )
| (4trengthl, strengthO)
| (gtrengthl)

A.3.3 Primitive terminals
enable_ferminal ::= expression
inout_tefminal ::= net_Ivalue

input_tefminal ::= expressi

neontrelterminal 1= expressio

output_terminal @t_

terminal =&

n_input_gatetype ::= and | nand | or | nor | xor | xnor
n_output_gatetype ::= buf | not

pass—en—switehtype ::= tranif0 | tranifl | rtranif1 | rtranif0
pass—switehtype ::= tran | rtran
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A.4 Module and generated instantiation

A.4.1 Module instantiation

module_instantiation ::=
module_identifier [ parameter_value_assignment ] module_instance { ,
module_instance } ;

parameter_value_assignment ::= # ( list_of parameter_assignments )
list_of parameter_assignments ::=

ordered parameter assignment £, ordered parameter assignment } VAN
| ngmed_parameter_assignment { , named_parameter_assignment }

ordered | parameter_assignment ::= expression
named_parameter_assignment ::=. parameter_identifier ( [ expression ]
module [instance ::= name_of instance ([ list_of port_connection
name_of instance ::= module_instance_identifier [ range ]

list_of

0
| ng

ort_connections ::=

ordered |

named_|

A.4.2 (

generatg
generatsg

generate

generatq ‘eonditional “Statement ::=
if (constant_expression ) generate_item_or_null
[ else generate_item_or_null ]

generate_case_statement ::= case ( constant_expression )
genvar_case_item { genvar_case_item } endcase

genvar_case_item ::= constant_expression { , constant_expression } ;
generate_item_or_null | default [ : ] generate_item_or_null

generate_loop_statement ::=
for ( genvar_assignment ; constant_expression ; genvar_assignment )
begin : generate_block_identifier { generate_item } end
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genvar_assignment ::= genvar_identifier = constant_expression

generate_block ::= begin [ : generate_block_identifier ] { generate_item } end

A.5 UDP declaration and instantiation

A.5.1 UDP declaration

dep—deshmten 1=
{ attribute_instance } primitive udp_identifier (udp_port_list) ;
wep—pori—declaration{—udp—por—dectaration /N

oA Wi L LRI L |
udp_body
engdprimitive
| { pttribute_instance } primitive udp_identifier ( udp_declaration_port_|
udp_body

endprimitive

A.5.2 UDP ports

- 0:[t_r)ut_port_identifier , input_por

ep—dedlemtien—per—tist 1=

udp_output_declaration , udp_input_decka

onal_body | sequential_body

combinatienal—bedy ;= table combinational_entry { combinational_entry } endtable
eombinatienal—entry ;:= level _input_list : output_symbol ;

seguential—bedy = [ udp_initial_statement ] table sequential_entry
{ sequential_entry } endtable

uelp—nritial—statement ;1= initial output_port_identifier = init_val ;
#it=val :=1b0 | 1b1 |1bx |[1bX |1BO|1B1|1Bx |[1BX|1]0

seguential—entry = seq_input_list : current_state : next_state ;
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seg—ipuhst ;:= level_input_list | edge_input_list

fevelinputdist ;= level_symbol { level_symbol }

edge—inputthst 1= { level_symbol } edge_indicator { level_symbol }
edge—tndicator ;:= (level_symbol level symbol) | edge_symbol
eurrent—state ;1= level_symbol

next—state ::= output_symbol | -

oeutput—symbel =0 | 1 | x | X
fevelsymbel =0 |1 | x| X |?2 | b | B

VAN
edge—syfabot i=r [ R| f | F|p | P[n|N|* %
A.5.4 UDP instantiation
wdp—instantiation ;1= udp_identifier [ drive_strength ] [ delay2

udp_instance {, udp_instance } ;

wep—instanee ;1= [ name_of _udp_instance ] (Joutput_te
{| input_terminal })

A.6 B

A.6.1 (

continu@us_assig
list_of et assig

net_assi

A.6.2

initial_cpnstruct™s< initpal statement

3 . 1 taot +
alWﬁyS_ oSttt =—arways Stateent

blocking_assignment ::=
variable_lvalue = [ delay or event control ] expression

nonblocking_assignment ::=
variable_lvalue <= [ delay or event control ] expression
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prosedtia—sertirHott—RssigRrReRis 1T
assign variable_assignment ;
| deassign variable_Ivalue ;
| force variable_assignment ;
| force net_assignment ;
| release variable_Ivalue ;
| release net_Ivalue ;

function_blocking_assignment ::= variable_lvalue = expression
function_statement_or_null ::=

function_statement
| {_at'rrihuh:\ instance } :

IEC 62142:2005(E)
|EEE 1364.1-2002(E)

A.6.3 Parallel and sequential blocks

function_seq_block ::= begin [ : block_identifier
{ plock_item_declaration } ] { function_statement } end

variable| assignment := variable_lvalue = expression

par—blegk .= fork [ : block_identifier
{ plock_item_declaration } ] { statement } join
(

seq_blogk ::= begin [ : block_identifier
{ plock_item_declaration } ] { stateme

A.6.4 $tatements

statement ::=

:Ff-h'-hf-ﬂm-h-.

-t neo

bites Aot naxhbladl
eTrT I.\;_III AL T T "Pul UTOUWIN
i e ot N Nroedlral contiaons_ accianment.
99 A% \4_I EUTIOC |uu\,uulu|_vul||.l||uuuq_uaa|3||ll|\.||l.a 9
;Ltm in e } pxocedural_timing_control_statement
httrivutenstance J.seq_block

httriblteNinstande } system task_enable
hitfitite inStarfce } task_enable
pelie TTSIAILe g task

il L H 'S +

AR A Am A o s A

4
G TOCTC IOt TOC - VOt JTtAtCTTICTTIC

statement_or_null ::=
statement
| { attribute instance } ;
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function_statement ::=
{ attribute instance } function_blocking_assignment ;
| { attribute instance } function_case_statement
| { attribute _instance } function_conditional _statement
| { attribute instance } function_loop_statement
| { attribute instance } function_seq_block
| { attribute instance } disable_statement
| { attribute instance } system task enable

A.6.5 Timing control statements

dela}l cantrol =
# |delay_value

| # |( mintypmax_expression )

delay_of_event_control ::=

ddlay control
| eMent_control

—d e e ep eSS e R - e Ri—eerte )

disable_[statement ::=
| disable hierarchical:blocE_identifier ;
event_cgntrol ::=
(@) event_identifier

(@] (event_expression )
%
(*)

aeRi=gger =
- hierarchical_e

event_e pressio

exfpresston
| hiprarchical

| p{

| ng

| eMent L_expression

|e2 , evant_expression
procedufal NStatement ::=

dglay, Or)ewent_cpntrol statement_or_null

" 4
CCTTTCTIC .. —

wait ( expression ) statement_or_null

A.6.6 Conditional statements

conditional_statement ::=
if ( expression ) statement_or_null [ else statement_or_null ]
| if_else_if statement
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if_else_if statement ::=
if ('expression ) statement_or_null
{ else if ( expression ) statement_or_null }
[ else statement_or_null ]

function_conditional_statement ::=
if (‘expression ) function_statement_or_null
[ else function_statement_or_null ]
| function_if_else_if_statement

function_if else_if statement ::=
if (‘expression ) function_statement_or_null
{ else if ( m(lnrp':cinn ) function :Tafpmpn'r_nr_nnll } /N

[ else function_statement_or_nalI ]

A.6.7 Case statements

case_stgtement ::=
cgse (expression ) case_item { case_item } endcase
| cqsez (‘expression ) case_item { case_item } endcase
| cqsex (‘expression ) case_item { case_item } endcase

case_item ::=
expression { , expression } : statemen
| d¢fault [ : ] statement_or_null

function_case_statement ::=

cgse (expression ) functlon _case_| |te n { fu f (59 >} endcase
| cgsez ( expreSS|on ) fup N em } endcase
| e g item } endcase

function_case_item ::=
expression
| d¢fault [ :

A.6.8 lLooping

function

loop_statement ::=
—forever-staterment-

—repeat-(-expression)-staterment
- ;
| for ( variable_assignment ; expression ; variable_assignment ) statement

A.6.9 Task enable statements

system task enable ::=
system_task_identifier [ ( expression {, expression} )];
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task_enable ::=
hierarchical_task_identifier [ ( expression {, expression }) ] ;

A.7 Specify section

A.7.1 Specify block declaration

specify block ::= specify { specify_item } endspecify
specify item ::=
claration /N

spechara dacla
ceparar—ttcTaratton

| pylsestyle_declaration

| sHowcancelled_declaration
| pdth_declaration
| syistem_timing_check
pulsestyfle declaration ::=
ptilsestyle_onevent list_of path_output ;
| pulsestyle_ondetect list_of path_outputs ;
showcarjcelled declaration ::=

sHowcancelled list_of path_outputs ;

| ngshowcancelled list_of path_outpy
A.7.2 $pecify path declarations
path _deglaration ::=
Si ;
| edge_ | aration j

| st

simple
pa
| fu

parallel

(
N

full pat

list of pati—inputs—=
specify_input_terminal_descriptor { , specify_input_terminal_descriptor }

list of path outputs ::=
specify_output_terminal_descriptor { , specify_output_terminal_descriptor }

A.7.3 Specify block terminals

specify input terminal descriptor ::=
input_identifier
| input_identifier [ constant_expression |
| input_identifier [ range_expression |
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