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Abstract: The Verilog hardware description language (HDL) is defined in this standard. Verilog
HDL is a formal notation intended for use in all phases of the creation of electronic systems. Be-
cause it is both machine-readable and human-readable, it supports the development, verification,
synthesis, and testing of hardware designs; the communication of hardware design data; and the
maintenance, modification, and procurement of hardware. The primary audiences for this standard
are the implementors of tools supporting the language and advanced users of the language.
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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 IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or
other damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or
indirectly resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a spe-
cific purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards
documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure,
purchase, market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the
viewpoint expressed at the time a standard is approved and issued is subject to change brought about through
developments in the state of the art and comments received from users of the standard. Every IEEE Standard is
subjected to review at least every five years for revision or reaffirmation. When a document is more than five
years old and has not been reaffirmed, it is reasonable to conclude that its contents, although still of some value,
do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely
upon the advice of a competent professional in determining the exercise of reasonable care in any given
circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this
reason, IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an
instant response to interpretation requests except in those cases where the matter has previously received formal
consideration. At lectures, symposia, seminars, or educational courses, an individual presenting information on
IEEE standards shall make it clear that his or her views should be considered the personal views of that individual
rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affil-
iation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text,
together with appropriate supporting comments. Comments on standards and requests for interpretations should
be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA

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.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Insti-
tute 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 indi-
vidual standard for educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction
This introduction is not a part of IEEE Std 1364-2005, IEEE Standard for Veri10g® Hardware Description Language.

The Verilog hardware description language (HDL) became an IEEE standard in 1995 as IEEE Std 1364-
1995. It was designed to be simple, intuitive, and effective at multiple levels of abstraction in a standard
textual format for a variety of design tools, including verification simulation, timing analysis, test analysis,
and synthesis. It is because of these rich features that Verilog has been accepted to be the language of choice
by an overwhelming number of integrated circuit (IC) designers.

Verilog contains a rich set of built-in primitives, including logic gates, user-definable primitives, switches,
and wired logic. It also has device pin-to-pin delays and timing checks. The mixing of abstract levels is
essentially provided by the semantics of two data types: nets and variables. Continuous assignments, in
which expressions of both variables and nets can continuously drive values onto nets, provide the basic
structural construct. Procedural assignments, in which the results of calculations involving variable and net
values can be stored into variables, provide the basic behavioral construct. A design consists of a set of mod-
ules, each of which has an input/output (I/O) interface, and a description of its function, which can be struc-
tural, behavioral, or a mix. These modules are formed into a hierarchy and are interconnected with nets.

The Verilog language is extensible via the programming language interface (PLI) and the Verilog proce-
dural interface (VPI) routines. The PLI/VPI is a collection of routines that allows foreign functions to access
information contained in a Verilog HDL description of the design and facilitates dynamic interaction with
simulation. Applications of PLI/VPI include connecting to a Verilog HDL simulator with other simulation
and computer-assisted design (CAD) systems, customized debugging tasks, delay calculators, and
annotators.

The language that influenced Verilog HDL the most was HILO-2, which was developed at Brunel Univer-
sity in England under a contract to produce a test generation system for the British Ministry of Defense.
HILO-2 successfully combined the gate and register transfer levels of abstraction and supported verification
simulation, timing analysis, fault simulation, and test generation.

In 1990, Cadence Design Systems placed the Verilog HDL into the public domain and the independent
Open Verilog International (OVI) was formed to manage and promote Verilog HDL. In 1992, the Board of
Directors of OVI began an effort to establish Verilog HDL as an IEEE standard. In 1993, the first IEEE
working group was formed; and after 18 months of focused efforts, Verilog became an IEEE standard as
IEEE Std 1364-1995.

After the standardization process was complete, the IEEE P1364 Working Group started looking for feed-
back from IEEE 1364 users worldwide so the standard could be enhanced and modified accordingly. This
led to a five-year effort to get a much better Verilog standard in IEEE Std 1364-2001.

With the completion of IEEE Std 1364-2001, work continued in the larger Verilog community to identify
outstanding issues with the language as well as ideas for possible enhancements. As Accellera began work-
ing on standardizing SystemVerilog in 2001, additional issues were identified that could possibly have led to
incompatibilities between Verilog 1364 and SystemVerilog. The IEEE P1364 Working Group was estab-
lished as a subcomittee of the SystemVerilog P1800 Working Group to help ensure consistent resolution of
such issues. The result of this collaborative work is this standard, IEEE Std 1364-2005.
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Notice to users

Errata

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

Interpretations

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

Patents

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 or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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Stuart Sutherland, Sutherland HDL, Inc., Editor
Shalom Bresticker, Intel Corporation, Editor through February 2005
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IEEE Standard for Verilog®
Hardware Description Language

1. Overview

1.1 Scope

Verilog is a hardware description language (HDL) that was standardized as IEEE Std 1364™-1995 and first
revised as IEEE Std 1364-2001. This revision corrects and clarifies features ambiguously described in the
1995 and 2001 editions. It also resolves incompatibilities and inconsistencies of IEEE 1364-2001 with IEEE
Std 1800™-2005.

The intent of this standard is to serve as a complete specification of the Verilog HDL. This standard contains
the following:

— The formal syntax and semantics of all Verilog HDL constructs

—  The formal syntax and semantics of standard delay format (SDF) constructs

— Simulation system tasks and functions, such as text output display commands

—  Compiler directives, such as text substitution macros and simulation time scaling
—  The programming language interface (PLI) binding mechanism

—  The formal syntax and semantics of the Verilog procedural interface (VPI)

— Informative usage examples

— Informative delay model for SDF

—  The VPI header file

1.2 Conventions used in this standard

This standard is organized into clauses, each of which focuses on a specific area of the language. There are
subclauses within each clause to discuss individual constructs and concepts. The discussion begins with an
introduction and an optional rationale for the construct or the concept, followed by syntax and semantic
descriptions, followed by some examples and notes.

The term shall is used throughout this standard to indicate mandatory requirements, whereas the term may is
used to indicate optional features. These terms denote different meanings to different readers of this
standard:
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a) To the developers of tools that process the Verilog HDL, the term shall denotes a requirement that
the standard imposes. The resulting implementation is required to enforce the requirements and to
issue an error if the requirement is not met by the input.

b) To the Verilog HDL model developer, the term shall denotes that the characteristics of the Verilog
HDL are natural consequences of the language definition. The model developer is required to adhere
to the constraint implied by the characteristic. The term may denotes optional features that the model
developer can exercise at discretion. If such features are used, however, the model developer is
required to follow the requirements set forth by the language definition.

¢) To the Verilog HDL model user, the term shall denotes that the characteristics of the models are nat-
ural consequences of the language definition. The model user can depend on the characteristics of
the model implied by its Verilog HDL source text.

1.3 Syntactic description

The formal syntax of the Verilog HDL is described using Backus-Naur Form (BNF). The following
conventions are used:

— Lowercase words, some containing embedded underscores, are used to denote syntactic categories.
For example:

module declaration

— Boldface words are used to denote reserved keywords, operators, and punctuation marks as a
required part of the syntax. For example:

module => ;

— A vertical bar separates alternative items unless it appears in boldface, in which case it stands for
itself. For example:

unary_operator ::=
-~ &) ~&] [ A2~ A

—  Square brackets enclose optional items. For example:

input_declaration ::= input [range] list_of variables ;

— Braces ({}) enclose a repeated item unless it appears in boldface, in which case it stands for itself.
The item may appear zero or more times; the repetitions occur from left to right as with an
equivalent left-recursive rule. Thus, the following two rules are equivalent:

list of param assignments ::= param_assignment {, param_assignment }
list of param_assignments ::=
param_assignment
| list of param assignment, param_assignment

— If the name of any category starts with an italicized part, it is equivalent to the category name
without the italicized part. The italicized part is intended to convey some semantic information. For
example, “msb_index” and “/sh_index” are equivalent to “index.”

The main text uses italicized font when a term is being defined and uses constant-width font for
examples, file names, and constants, especially 0, 1, x, and z values.

Documents

2 Copyright © 2006 IE:=E Al 'qht%%sglrjv%dént Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 14:43:50 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1364-2005


http://www.avadocuments.com/doc/ieee-1364-2005
http://www.avadocuments.com/doc/ieee-1364-2005

IEEE
HARDWARE DESCRIPTION LANGUAGE Std 1364-2005

1.4 Use of color in this standard

This standard uses a minimal amount of color to enhance readability. The coloring is not essential and does
not affect the accuracy of this standard when viewed in pure black and white. Color is used to show cross
references that are hyperlinked to other portions of this standard. These hyperlinked cross references are
shown in underlined-blue text (hyperlinking works when this standard is viewed interactively as a PDF file).

1.5 Contents of this standard

A synopsis of the clauses and annexes is presented as a quick reference. There are 28 clauses and 9 annexes.
All clauses, as well as Annex A, Annex B, and Annex G, are normative parts of this standard. Annex C,
Annex D, Annex H, and Annex I are included for informative purposes only.

IEEE Std 1364-2005 has deprecated the task/function (TF) and access (ACC) routines, which were specified
previously in Clause 21 through Clause 25, Annex E, and Annex F of IEEE Std 1364-2001 I Clause 20 has
been modified to reflect this change. The text of deprecated clauses and annexes has been removed from this
version of the standard, but the clause headings have been retained. See the corresponding clauses in IEEE
Std 1364-2001 for the deprecated text.

Clause 1 discusses the conventions used in this standard and its contents.
Clause 2 lists references to other publications that are required in order to implement this standard.

Clause 3 describes the lexical tokens used in Verilog HDL source text and their conventions. It describes
how to specify and interpret the lexical tokens.

Clause 4 describes net and variable data types. This clause also discusses the parameter data type for
constant values and describes drive and charge strength of the values on nets.

Clause 5 describes the operators and operands that can be used in expressions.

Clause 6 compares the two main types of assignment statements in the Verilog HDL—continuous
assignments and procedural assignments. It describes the continuous assignment statement that drives values
onto nets.

Clause 7 describes the gate- and switch-level primitives and logic strength modeling.

Clause 8 describes how a primitive can be defined in the Verilog HDL and how these primitives are
included in Verilog HDL models.

Clause 9 describes procedural assignments, procedural continuous assignments, and behavioral language
statements.

Clause 10 describes tasks and functions—procedures that can be called from more than one place in a
behavioral model. It describes how tasks can be used like subroutines and how functions can be used to
define new operators. The clause describes how to disable the execution of a task and a named block of
statements.

Clause 11 describes the scheduling semantics of the Verilog HDL.

IFor information on references, see Clause 2.
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Clause 12 describes how hierarchies are created in the Verilog HDL and how parameter values declared in a
module can be overridden. It describes how generated constructs can be used to do conditional or multiple
instantiations in a design.

Clause 13 describes how to configure the contents of a design.

Clause 14 describes how to specify timing relationships between input and output ports of a module.

Clause 15 describes how timing checks are used in specify blocks to determine whether signals obey the
timing constraints.

Clause 16 describes syntax and semantics of SDF constructs.
Clause 17 describes the system tasks and functions.

Clause 18 describes the system tasks associated with value change dump (VCD) file and the format of the
file.

Clause 19 describes the compiler directives.

Clause 20 previews the C language procedural interface standard (i.e., PLI) and interface mechanisms that
are part of the Verilog HDL.

Clause 21 has been deprecated. See IEEE Std 1364-2001 for the contents of this clause.
Clause 22 has been deprecated. See IEEE Std 1364-2001 for the contents of this clause.
Clause 23 has been deprecated. See IEEE Std 1364-2001 for the contents of this clause.
Clause 24 has been deprecated. See IEEE Std 1364-2001 for the contents of this clause.
Clause 25 has been deprecated. See IEEE Std 1364-2001 for the contents of this clause.
Clause 26 provides an overview of the types of operations that are done with the VPI routines.
Clause 27 describes the VPI routines.

Clause 28 describes encryption and decryption of source text regions.

Annex A (normative) describes, using BNF, the syntax of the Verilog HDL.

Annex B (normative) lists the Verilog HDL keywords.

Annex C (informative) describes system tasks and functions that are frequently used, but that are not part of
this standard.

Annex D (informative) describes compiler directives that are frequently used, but that are not part of this
standard.

Annex E has been deprecated. See I[EEE Std 1364-2001 for the contents of this annex.
Annex F has been deprecated. See IEEE Std 1364-2001 for the contents of this annex.

Annex G (normative) provides a listing of the contents of the vpi_user.h file.
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Annex H (informative) describes the various scenarios that can be used for intellectual property (IP)
protection, and it also shows how the relevant pragmas will be used to achieve the desired effect of securely
protecting, distributing, and decrypting the model.

Annex [ (informative) contains bibliographic entries pertaining to this standard.

1.6 Deprecated clauses

IEEE Std 1364-2005 deprecates the Verilog PLI TF and ACC routines that were contained in previous
versions of this standard. These routines were described in Clause 21 through Clause 25, Annex E, and
Annex F. The text of these clauses and annexes have been removed from this version of the standard. The
text of these deprecated clauses and annexes can be found in IEEE Std 1364-2001.

1.7 Header file listings

The header file listings included in Annex G for vpi_user.h are a normative part of this standard. All
compliant software tools should use the same function declarations, constant definitions, and structure
definitions contained in these header file listings.

1.8 Examples
Several small examples in the Verilog HDL and the C programming language are shown throughout this

standard. These examples are informative. They are intended to illustrate the usage of Verilog HDL
constructs and PLI functions in a simple context and do not define the full syntax.

1.9 Prerequisites

Clause 20, Clause 26, Clause 27, and Annex G presuppose a working knowledge of the C programming
language.
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2. Normative references

The following referenced documents are indispensable for the application of this standard. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments or corrigenda) applies.

Anderson, R., Biham, E., and Knudsen, L. “Serpent: A Proposal for the Advanced Encryption Standard,”
NIST AES Proposal, 1998, http://www.cl.cam.ac.uk/ftp/users/rjal4/serpent.tar.gz.

ANSI Std X9.52-1998, American National Standard for Financial Services—Triple Data Encryption Algo-
rithm Modes of Operation.2

ElGamal, T., “A Public-Key Cryptosystem and a Signature Scheme Based on Discrete Logarithms,” I[EEE
Transactions on Information Theory, vol. IT-31, no. 4, pp. 469472, July 1985.

FIPS 46-3 (October 1999), Data Encryption Standard (DES).3

FIPS 180-2 (August 2002), Secure Hash Standard (SHS).

FIPS 197 (November 2001), Advanced Encryption Standard (AES).

IEEE Std 754™.-1985, IEEE Standard for Binary Floating-Point Arithmetic.* >

IEEE Std 1003.1™, [EEE Standard for Information Technology—Portable Operating System Interface
(POSIX®).

IEEE Std 1364™-2001, IEEE Standard for Verilog® Hardware Description Language.
IETF RFC 1319 (April 1992), The MD2 Message-Digest Algorithm.6
IETF RFC 1321 (April 1992), The MD5 Message-Digest Algorithm.

IETF RFC 2045 (November 1996), Multipurpose Internet Mail Extensions (MIME), Part One: Format of
Internet Message Bodies.

IETF RFC 2144 (May 1997), The CAST-128 Encryption Algorithm.
IETF RFC 2437 (October 1998), PKCS #1: RSA Cryptography Specifications, Version 2.0.

IETF RFC 2440 (November 1998), OpenPGP Message Format.

2ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

3FIPS publications are available from the National Technical Information Service (NTIS), U. S. Dept. of Commerce, 5285 Port Royal
Rd., Springfield, VA 22161 (http://www.ntis.org/).

“IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
SIETF requests for comments (RFCs) are available from the Internet Engineering Task Force (http:/www.ieft.org).
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ISO/IEC 10118-3:2004, Information technology—Security techniques—Hash-functions—Part 3: Dedicated
hash-functions.’

Schneier, B., “Description of a New Variable-Length Key, 64-Bit Block Cipher (Blowfish),” Fast Software

Encryption, Cambridge Security Workshop Proceedings (December 1993), Springer-Verlag, 1994, pp. 191—
204.

Schneier, B., et al, The Twofish Encryption Algorithm: A 128-Bit Block Cipher, 1st ed., Wiley, 1999.

"ISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genéve 20, Swit-
zerland/Suisse (http://www.iso.ch/). ISO/IEC publications are also available in the United States from Global Engineering Documents,
15 Inverness Way East, Englewood, Colorado 80112, USA (http://global.ihs.com/). Electronic copies are available in the United States
from the American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).
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3. Lexical conventions

This clause describes the lexical tokens used in Verilog HDL source text and their conventions.

3.1 Lexical tokens

Verilog HDL source text files shall be a stream of lexical tokens. A lexical token shall consist of one or more
characters. The layout of tokens in a source file shall be free format; that is, spaces and newlines shall not be
syntactically significant other than being token separators, except for escaped identifiers (see 3.7.1).

The types of lexical tokens in the language are as follows:

—  White space
— Comment
—  Operator

—  Number

—  String

— Identifier

—  Keyword

3.2 White space

White space shall contain the characters for spaces, tabs, newlines, and formfeeds. These characters shall be
ignored except when they serve to separate other lexical tokens. However, blanks and tabs shall be
considered significant characters in strings (see 3.6).

3.3 Comments

The Verilog HDL has two forms to introduce comments. A one-line comment shall start with the two
characters // and end with a newline. A block comment shall start with /* and end with */. Block
comments shall not be nested. The one-line comment token // shall not have any special meaning in a block
comment.

3.4 Operators

Operators are single-, double-, or triple-character sequences and are used in expressions. Clause 5 discusses
the use of operators in expressions.

Unary operators shall appear to the left of their operand. Binary operators shall appear between their
operands. A conditional operator shall have two operator characters that separate three operands.
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3.5 Numbers

Constant numbers can be specified as integer constants (defined in 3.5.1) or real constants.

number ::= (From A.8.7)
decimal number
| octal number
| binary number
| hex number
| real number
real_number?® ::=
unsigned number . unsigned number
| unsigned number [ . unsigned number ] exp [ sign ] unsigned number
exp::=e|E
decimal number ::=
unsigned _number
| [ size ] decimal base unsigned number
| [ size ] decimal base x_digit { _}
| [ size ] decimal base z_digit { _}
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}
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_base? ::="[s|STh | '[s|S]TH
non_zero decimal digit::=1]2[3(4|5|6|7|8]|9
decimal digit::=0]1|2|3|4|5|/6|7|8]9
binary digit ::=x_digit | z_digit| 0|1
octal digit ::=x_digit|z digit|0|1|2|3|4|5|6|7
hex_digit ::=
x_digit |z digit|0]1]2]3|4|5/6]7|8]9
la|blc|d[e[f[A[B[C|D|E[F
x_digit :==x|X
z digit::=z|Z|?

2Embedded spaces are illegal.

Syntax 3-1—Syntax for integer and real numbers
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3.5.1 Integer constants
Integer constants can be specified in decimal, hexadecimal, octal, or binary format.

There are two forms to express integer constants. The first form is a simple decimal number, which shall be
specified as a sequence of digits 0 through 9, optionally starting with a plus or minus unary operator. The
second form specifies a based constant, which shall be composed of up to three tokens—an optional size
constant, an apostrophe character (', ASCII 0x27) followed by a base format character, and the digits
representing the value of the number. It shall be legal to macro-substitute these three tokens.

The first token, a size constant, shall specify the size of the constant in terms of its exact number of bits. It
shall be specified as a nonzero unsigned decimal number. For example, the size specification for two
hexadecimal digits is 8 because one hexadecimal digit requires 4 bits.

The second token, a base format, shall consist of a case-insensitive letter specifying the base for the
number, optionally preceded by the single character s (or S) to indicate a signed quantity, preceded by the
apostrophe character. Legal base specifications are d, D, h, H, o, O, b, or B for the bases decimal,
hexadecimal, octal, and binary, respectively.

The apostrophe character and the base format character shall not be separated by any white space.

The third token, an unsigned number, shall consist of digits that are legal for the specified base format. The
unsigned number token shall immediately follow the base format, optionally preceded by white space. The
hexadecimal digits a to £ shall be case insensitive.

Simple decimal numbers without the size and the base format shall be treated as signed integers, whereas the
numbers specified with the base format shall be treated as signed integers if the s designator is included or
as unsigned integers if the base format only is used. The s designator does not affect the bit pattern
specified, only its interpretation.

A plus or minus operator preceding the size constant is a unary plus or minus operator. A plus or minus
operator between the base format and the number is an illegal syntax.

Negative numbers shall be represented in twos-complement form.

An x represents the unknown value in hexadecimal, octal, and binary constants. A z represents the high-
impedance value. See 4.1 for a discussion of the Verilog HDL value set. An x shall set 4 bits to unknown in
the hexadecimal base, 3 bits in the octal base, and 1 bit in the binary base. Similarly, a z shall set 4 bits,
3 bits, and 1 bit, respectively, to the high-impedance value.

If the size of the unsigned number is smaller than the size specified for the constant, the unsigned number
shall be padded to the left with zeros. If the leftmost bit in the unsigned number is an x or a z, then an x or a
z shall be used to pad to the left, respectively. If the size of the unsigned number is larger than the size
specified for the constant, the unsigned number shall be truncated from the left.

The number of bits that make up an unsized number (which is a simple decimal number or a number without
the size specification) shall be at least 32. Unsized unsigned constants where the high-order bit is unknown
(X or x) or three-state (z or z) shall be extended to the size of the expression containing the constant.

NOTE—In IEEE Std 1364-1995, in unsized constants where the high-order bit is unknown or three-state, the x or z was
only extended to 32 bits.

The use of x and z in defining the value of a number is case insensitive.
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When used in a number, the question-mark (?) character is a Verilog HDL alternative for the z character. It
sets 4 bits to the high-impedance value in hexadecimal numbers, 3 bits in octal, and 1 bit in binary. The
question mark can be used to enhance readability in cases where the high-impedance value is a do-not-care
condition. See the discussion of casez and casex in 9.5.1. The question-mark character is also used in user-
defined primitive (UDP) state tables. See Table 8-1 in 8.1.6.

In a decimal constant, the unsigned number token shall not contain any x, z, or ? digits, unless there is

exactly one digit in the token, indicating that every bit in the decimal constant is x or z.

The underscore character () shall be legal anywhere in a number except as the first character. The
underscore character is ignored. This feature can be used to break up long numbers for readability purposes.

For example:

Example 1—Unsized constant numbers

659 //
'h 837FF //
'07460 //
4af //

is a decimal number

is a hexadecimal number

is an octal number

is illegal (hexadecimal format requires 'h)

Example 2—Sized constant numbers

4'bl001 //

5 'D 3 //
3'b01x //

//
12'hx //
16'hz //

is a 4-bit binary number

is a 5-bit decimal number

is a 3-bit number with the least
significant bit unknown

is a 12-bit unknown number

is a 16-bit high-impedance number

Example 3—Using sign with constant numbers

8 'd -6 // this is illegal syntax

-8 'd 6 // this defines the two's complement of 6,
// held in 8 bits—equivalent to -(8'd 6)

4 'shf // this denotes the 4-bit number '1111', to

// be interpreted as a 2's complement number,
// or '-1'. This is equivalent to -4'h 1
-4 'sdls // this is equivalent to -(-4'd 1), or '0001'
16'sd? // the same as 16'sbz

Example 4—Automatic left padding

reg [11:0] a, b, ¢, d;
initial begin
a = "'h x; // yields xxx
b = 'h 3x; // yields 03x
c = 'h z3; // yields zz3
d = 'h 0z3; // yields 0z3
end
reg [84:0] e, £, g;
e = 'h5; // yields {82{1'b0},3'b101}
f = 'hx; // yields {85{1'hx}}
g = 'hz; // yields {85{1'hz}}

Copyright © 2006 IEEE. All rights reserved.
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Example 5—Using underscore character in numbers

27_195 000
16'b0011_0101_0001_1111
32 'h 12ab_f001

Sized negative constant numbers and sized signed constant numbers are sign-extended when assigned to a
reg data type, regardless of whether the reg itself is signed.

The default length of x and z is the same as the default length of an integer.
3.5.2 Real constants

The real constant numbers shall be represented as described by IEEE Std 754-1985, an IEEE standard for
double-precision floating-point numbers.

Real numbers can be specified in either decimal notation (for example, 14.72) or in scientific notation (for
example, 39¢8, which indicates 39 multiplied by 10 to the eighth power). Real numbers expressed with a
decimal point shall have at least one digit on each side of the decimal point.

For example:

1.2

0.1

2394 .26331

1.2E12 (the exponent symbol can be e or E)
1.30e-2

0.1le-0

23E10

29E-2

236.123_763_e-12 (underscores are ignored)

The following are invalid forms of real numbers because they do not have at least one digit on each side of
the decimal point:

.12
9.
4 .E3
.2e-"7

3.5.3 Conversion

Real numbers shall be converted to integers by rounding the real number to the nearest integer, rather than
by truncating it. Implicit conversion shall take place when a real number is assigned to an integer. The ties
shall be rounded away from zero. For example:

—  The real numbers 35.7 and 35.5 both become 36 when converted to an integer and 35.2 becomes 35.

— Converting —1.5 to integer yields —2, converting 1.5 to integer yields 2.

3.6 Strings

A string is a sequence of characters enclosed by double quotes ("'") and contained on a single line. Strings
used as operands in expressions and assignments shall be treated as unsigned integer constants represented
by a sequence of 8-bit ASCII values, with one 8-bit ASCII value representing one character.
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3.6.1 String variable declaration

String variables are variables of reg type (see 4.2) with width equal to the number of characters in the string
multiplied by 8.

For example:
To store the 12-character string "Hello world!" requires a reg 8 * 12, or 96 bits wide.
reg [8*12:1] stringvar;
initial begin
stringvar = "Hello world!";
end

3.6.2 String manipulation

Strings can be manipulated using the Verilog HDL operators. The value being manipulated by the operator
is the sequence of 8-bit ASCII values.

For example:
module string test;

reg [8*14:1] stringvar;
initial begin

stringvar = "Hello world";
$display ("%s is stored as %h", stringvar,stringvar) ;
stringvar = {stringvar,"!!!"};
$Sdisplay ("%s is stored as %h", stringvar,stringvar) ;
end
endmodule

The output is as follows:

Hello world is stored as 00000048656c6c6f£20776£726c64
Hello world!!! is stored as 48656c6c6f20776£726c64212121

When a variable is larger than required to hold a string value being assigned, the value is right-justified, and
the leftmost bits are .padded with zeros, as is done with nonstring values. If a string is larger than the
destination string variable, the string is right-justified, and the leftmost characters are truncated.

3.6.3 Special characters in strings

Certain characters can only be used in strings when preceded by an introductory character called an escape
character. Table 3-1 lists these characters in the right-hand column, with the escape sequence that represents
the character in the left-hand column.
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Table 3-1—Specifying special characters in string

Escape string Character produced by escape string

\n Newline character

\t Tab character

\ \ character

\" " character

\ddd A character specified in 1-3 octal digits (0 <d < 7).
If less than three characters are used, the following character shall not be an octal digit.
Implementations may issue an error if the character represented is greater than \377.

3.7 Identifiers, keywords, and system names

An identifier is used to give an object a unique name so it can be referenced. An identifier is either a simple
identifier or an escaped identifier (see 3.7.1). A simple identifier shall be any sequence of letters, digits,
dollar signs (%), and underscore characters ().

The first character of a simple identifier shall not be a digit or $; it can be a letter or an underscore.
Identifiers shall be case sensitive.

For example:

shiftreg a
busa_index
error condition
merge ab

_bus3

n$e657

Implementations may set a limit on the maximum length of identifiers, but the limit shall be at least
1024 characters. If an identifier exceeds the implementation-specified length limit, an error shall be
reported.

3.7.1 Escaped identifiers

Escaped identifiers shall start with the backslash character (\) and end with white space (space, tab,
newline). They provide a means of including any of the printable ASCII characters in an identifier (the

decimal values 33 through 126, or 21 through 7E in hexadecimal).

Neither the leading backslash character nor the terminating white space is considered to be part of the
identifier. Therefore, an escaped identifier \cpu3 is treated the same as a nonescaped identifier cpu3s.

For example:

\busa+index
\-clock
\***error-condition**x*
\netl/\net2
\{a,b}
\a* (b+c)
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3.7.2 Keywords

Keywords are predefined nonescaped identifiers that are used to define the language constructs. A Verilog
HDL keyword preceded by an escape character is not interpreted as a keyword.

All keywords are defined in lowercase only. Annex B gives a list of all defined keywords.

3.7.3 System tasks and functions

The dollar sign (8$) introduces a language construct that enables development of user-defined system tasks
and functions. System constructs are not design semantics, but refer to simulator functionality. A name

following the $ is interpreted as a system task or a system function.

The syntax for a system task/function is given in Syntax 3-2.

system_task enable ::= (From A.6.9)

system_task identifier [ ([ expression ] {, [ expression]})];
system_function_call ::= (From A.8.2)

system_function_identifier [ ( expression { , expression } ) ]
system_function_identifier® ::= (From A.9.3)

$[ a-zA-Z0-9_S$ ]{ [ a-zA-Z0-9_$ ] }
system_task identifier? ::=

$[ a-zA-Z0-9_$ 1{ [ a-zA-Z0-9_$ ] }

%The dollar sign ($) in a system_function_identifier or system_task_identifier shall not be followed by white
space. A system_function_identifier or system_task identifier shall not be escaped.

Syntax 3-2—Syntax for system tasks and functions

The S$identifier system task/function can be defined in three places:

— A standard set of $identifier system tasks and functions, as defined in Clause 17 and Clause 18.

— Additional $identifier system tasks and functions defined using the PLI, as described in Clause 20.
— Additional $identifier system tasks and functions defined by software implementations.

Any valid identifier, including keywords already in use in contexts other than this construct, can be used as a
system task/function name. The system tasks and functions described in Clause 17 and Clause 18 are part of
this standard. Additional system tasks and functions with the $identifier construct are not part of this
standard.

For example:

$display ("display a message");
$finish ;

3.7.4 Compiler directives

The ~ character (the ASCII value 0x60, called grave accent) introduces a language construct used to
implement compiler directives. The compiler behavior dictated by a compiler directive shall take effect as
soon as the compiler reads the directive. The directive shall remain in effect for the rest of the compilation
unless a different compiler directive specifies otherwise. A compiler directive in one description file can,
therefore, control compilation behavior in multiple description files.
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The “identifier compiler directive construct can be defined in two places:

— A standard set of “identifier compiler directives defined in Clause 19.

— Additional ‘identifier compiler directives defined by software implementations.
Any valid identifier, including keywords already in use in contexts other than this construct, can be used as a
compiler directive name. The compiler directives described in Clause 19 are part of this standard. Additional
compiler directives with the ‘identifier construct are not part of this standard.

For example:

“define wordsize 8

3.8 Attributes

With the proliferation of tools other than simulators that use Verilog HDL as their source, a mechanism is
included for specifying properties about objects, statements, and groups of statements in the HDL source
that can be used by various tools, including simulators, to control the operation or behavior of the tool.
These properties shall be referred to as attributes. This subclause specifies the syntactic mechanism that
shall be used for specifying attributes, without standardizing on any particular attributes.

The syntax for specifying an attribute is shown in Syntax 3-3.

attribute instance ::= (From A.9.1
(* attr_spec {, attr_spec } *)
attr_spec ::=
attr name [ = constant_expression |
attr_name ::=
identifier

Syntax 3-3—Syntax for attributes

An attribute instance can appear in the Verilog description as a prefix attached to a declaration, 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.

If a value is not specifically assigned to the attribute, then its value shall be 1. If the same attribute name is
defined more than once for the same language element, the last attribute value shall be used; and a tool can

give a warning that a duplicate attribute specification has occurred.

Nesting of attribute instances is disallowed. It shall be illegal to specify the value of an attribute with a
constant expression that contains an attribute instance.

3.8.1 Examples
Example I—The following example shows how to attach attributes to a case statement:

(* full case, parallel case *)
case (foo)
<rest of case statements>

or
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(* full case=1 *)
(* parallel case=1 *) // Multiple attribute instances also OK
case (foo)
<rest of case statements>
or
(* full_case, // no value assigned
parallel_case=1 *)
case (foo)
<rest_of case_statement>
Example 2—To attach the full case attribute, but not the parallel case attribute:
(* full case *) // parallel_case not specified
case (foo)
<rest_of case statement>
or
(* full case=1, parallel case = 0 *)
case (foo)
<rest_of case_statement>

Example 3—To attach an attribute to a module definition:

(* optimize power *)
module modl (<port lists);

or
(* optimize power=1 *)
module modl (<port lists);
Example 4—To attach an attribute to a module instantiation:
(* optimize power=0 *)
modl synthl (<port lists);
Example 5—To attach an attribute to a reg declaration:
(* fsm state *) reg [7:0] statel;
(* fsm _state=1 *) reg [3:0] state2, state3;
reg [3:0] regl; // this reg does NOT have fsm state set
(* fsm_state=0 *) reg [3:0] reg2; // nor does this one
Example 6—To attach an attribute to an operator:

a =b + (¥ mde = "cla" *) c;

This sets the value for the attribute mode to be the string cla.

Copyright © 2006 IEEE. All rights reserved.
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Example 7—To attach an attribute to a Verilog function call:

a = add (* mode = "cla" *) (b, c);

Example 8—To attach an attribute to a conditional operator:

a =b ? (¥ no glitch *) ¢ : d;

3.8.2 Syntax
The syntax for legal statements with attributes is shown in Syntax 3-4 through Syntax 3-9.

The syntax for module declaration attributes is given in Syntax 3-4.

module declaration ::= (From A.1.2)
{ 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

Syntax 3-4—Syntax for module declaration attributes

The syntax for port declaration attributes is given in Syntax 3-5.

port_declaration ::= (From A.1.3)
{attribute_instance} inout declaration
| {attribute instance} input_declaration
| {attribute instance} output declaration

Syntax 3-6—Syntax for port declaration attributes
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The syntax for module item attributes is given in Syntax 3-6.

module item ::= (From A.1.4)
port_declaration ;
| non_port module item
module or generate item ::=
{ attribute instance } module or generate item declaration
| { attribute instance } local parameter 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
| { attribute_instance } loop generate construct
| { attribute instance } conditional generate construct
non_port_module item ::=
module or generate item
| generate region
| specify_block
| { attribute instance } parameter declaration ;
| { attribute_instance } specparam_declaration

Syntax 3-6—Syntax for module item attributes

The syntax for function port, task, and block attributes is given in Syntax 3-7.

function_port_list ::= (From A.2.6)
{attribute_instance} input declaration {, {attribute instance } input declaration}
task item_declaration ::= (From A.2.7)
block item declaration
| { attribute_instance } input_declaration ;
| { attribute_instance } output declaration ;
| { attribute instance } inout_declaration ;
task port item ::=
{ attribute_instance } input_declaration
| { attribute_instance } output declaration
| { attribute_instance } inout_declaration
block item_declaration ::= (From A.2.8)
{ attribute_instance } reg [ signed ][ range ] list_of block variable identifiers ;
| { attribute instance } integer list of block variable identifiers ;
| { attribute_instance } time list_of block variable identifiers ;
| { attribute_instance } real list_of block real identifiers ;
| { attribute_instance } realtime list of block real identifiers ;
| { attribute_instance } event declaration
| { attribute_instance } local parameter declaration ;
| { attribute instance } parameter declaration ;

Syntax 3-7—Syntax for function port, task, and block attributes
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The syntax for port connection attributes is given in Syntax 3-8.

ordered port connection ::= (From A.4.1)
{ attribute_instance } [ expression ]

named_port connection ::=
{ attribute_instance } . port_identifier ( [ expression ])

Syntax 3-8—Syntax for port connection attributes

The syntax for udp attributes is given in Syntax 3-9.

udp_declaration ::= (From A.5.1)
{ 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 ::= (From A.5.2)
{ attribute_instance } output port_identifier
| { attribute_instance } output reg port_identifier [ = constant_expression ]
udp_input_declaration ::=
{ attribute_instance } input list_of port identifiers
udp_reg declaration ::=
{ attribute_instance } reg variable_identifier

Syntax 3-9—Syntax for udp attributes
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