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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BEHAVIOURAL LANGUAGES -

Part 4: Verilog® hardware description language

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of IEC is to
promote international co-operation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, IEC publishes International Standards,
Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National
Committee interested in the subject dealt with may participate in this preparatory work. International,
governmental and non-governmental organizations liaising with the IEC also participate in this preparation.
IEC collaborates closely with the International Organization for Standardization (ISO) in accordance with
conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has
representation from all interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly
indicated in the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

6) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC/IEEE 61691-4 has been processed through IEC technical
committee 93: Design automation.

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

IEEE Std FDIS Report on voting
1364 (2001) 93/192/FDIS 93/197/RVD

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

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

The committee has decided that the contents of this publication will remain unchanged until
2006.
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IEC 61691 consists of the following parts, under the general title Behavioural languages:

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

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

IEC 61691-3-1, Part 3-1: Analog description in VHDL (under consideration)
IEC 61691-3-2, Part 3-2: Mathematical operation in VHDL

IEC 61691-3-3, Part 3-3: Synthesis in VHDL

IEC 61691-3-4, Part 3-4: Timing expressions in VHDL (under consideration)
IEC 61691-3-5, Part 3-5: Library utilities in VHDL (under consideration)
IEC/IEEE 61691-4, Part 4: Verilog® hardware description language

IEC/IEEE 61691-5, Part 5: VITAL ASIC (application specific integrated circuit) modeling
specification
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IEC/IEEE Dual Logo International Standards

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

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

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any 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 IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of the material contained herein, and
expressly disclaim any express or implied warranty, including any implied warranty of merchantability or fitness
for a specific purpose, or that the use of the material contained herein is free from patent infringement.
IEC/IEEE Dual Logo International Standards documents are supplied “AS IS”.

The existence of an IEC/IEEE Dual Logo International 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
IEC/IEEE Dual Logo International 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 IEC and IEEE are not suggesting or rendering
professional or other services for, or on behalf of, any person or entity. Neither the IEC nor IEEE is undertaking
to perform any duty owed by any other person or entity to another. Any person utilizing this, and any other
IEC/IEEE Dual Logo International Standards or 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.

Comments for revision of IEC/IEEE Dual Logo International Standards are welcome from any interested party,
regardless of membership affiliation with the IEC or 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, P.O. Box 1331, Piscataway, NJ 08855-1331, USA and/or
General Secretary, IEC, 3, rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

Authorization to photocopy portions of any individual standard for internal or personal use is granted 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.
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|IEEE Standard Verilog ® Hardware

Description Langu age

Sponsor

Design Automation Standards Committee
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IEEE Computer Society

Approved 17 March 2001
IEEE-SA Standards Board

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.
Keywords: computer, computer languages, digital systems, electronic systems, hardware, hard-
ware description languages, hardware design, HDL, PLI, programming language interface, Verilog
HDL, Verilog PLI, Verilog®
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I[EEE Introduction

The Verilog®* Hardware Description Language (Verilog 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 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 I/O interface, and a description of its function, which can be structural, behav-
ioral, 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 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 Direc-
tors 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 1364 Working Group started looking for feedback from
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.

Objective of the IEEE Std 1364-2001 effort

The starting point for the IEEE 1364 Working Group for this standard was the feedback received from the
IEEE Std 1364-1995 users worldwide. It was clear from the feedback that users wanted improvements in all
aspects of the language. Users at the higher levels wanted to expand and improve the language at the RTL
and behavioral levels, while users at the lower levels wanted improved capability for ASIC designs and
signoff. It was for this reason that the 1364 Working Group was organized into three task forces: Behavioral,
ASIC, and PLIL

* Verilog® is a registered trademark of Cadence Design Systems, Inc.
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The clear directive from the users for these three task forces was to start by solving some of the following
problems:

Consolidate existing IEEE Std 1364-1995
Verilog Generate statement
Multi-dimensional arrays

Enhanced Verilog file I/O

Re-entrant tasks

Standardize Verilog configurations
Enhance timing representation

Enhance the VPI routines

Achievements

Over a period of four years the 1364 Verilog Standards Group (VSG) has produced five drafts of the LRM.
The three task forces went through the IEEE Std 1364-1995 LRM very thoroughly and in the process of con-
solidating the existing LRM have been able to provide nearly three hundred clarifications and errata for the
Behavioral, ASIC, and PLI sections. In addition, the VSG has also been able to agree on all the enhance-
ments that were requested (including the ones stated above).

Three new sections have been added. Clause 13, Configuring the contents of a design, deals with configu-
ration management and has been added to facilitate both the sharing of Verilog designs between designers
and/or design groups and the repeatability of the exact contents of a given simulation session. Clause 15,
Timing checks, has been broken out of Clause 17, System tasks and functions, and details more fully
how timing checks are used in specify blocks. Clause 16, Backannotation using the Standard Delay Format
(SDF), addresses using back annotation (IEEE Std 1497-1999) within IEEE Std 1364-2001.

Extreme care has been taken to enhance the VPI routines to handle all the enhancements in the Behavioral
and other areas of the LRM. Minimum work has been done on the PLI routines and most of the work has
been concentrated on the VPI routines. Some of the enhancements in the VPI are the save and restart, simu-
lation control, work area access, error handling, assign/deassign and support for array of instances, generate,
and file I/O.

Work on this standard would not have been possible without funding from the CAS society of the IEEE and
Open Verilog International.

The IEEE Std 1364-2001 Verilog Standards Group organization

Many individuals from many different organizations participated directly or indirectly in the standardization
process. The main body of the IEEE Std 1364-2001 working group is located in the United States, with a
subgroup in Japan (EIAJ/1364HDL).

The members of the IEEE Std 1364-2001 working group had voting privileges and all motions had to be
approved by this group to be implemented. The three task forces focused on their specific areas and their
recommendations were eventually voted on by the IEEE Std 1364-2001 working group.
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BEHAVIOURAL LANGUAGES —

Part 4: Verilog® hardware
description language

1. Overview

1.1 Objectives of this standard

The intent of this standard is to serve as a complete specification of the Verilog® Hardware Description Lan-
guage (HDL). This document contains

— 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 access routines, task/function routines, and Verilog procedural
interface routines

— Informative usage examples

— Informative delay model for SDF

— Listings of header files for PLI

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 through out this standard to indicate mandatory requirements, whereas the term can is
used to indicate optional features. These terms denote different meanings to different readers of this
standard:

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 can denotes optional features that the model
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developer can exercise at discretion. If 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 conven-
tions are used:

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

module_declaration

b) Boldface words are used to denote reserved keywords, operators, and punctuation marks as a
required part of the syntax. These words appear in a larger font for distinction. For example:

module => H

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

unary_operator ::=
-~ & ~&] A [N
d) Square brackets enclose optional items. For example:
input_declaration ::= input [range] list_of_variables ;

e) 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

f)  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_constant_expression and  /sb_constant_expression are equivalent to
constant_expression.

The main text uses italicized font when a term is being defined, and constant-width font for examples,
file names, and while referring to constants, especially O, 1, X, and z values.

1.4 Contents of this standard
A synopsis of the clauses and annexes is presented as a quick reference. There are 27 clauses and 8 annexes.
All clauses, as well as Annex A, Annex B, Annex E, Annex F, and Annex G, are normative parts of this stan-

dard. Annex C, Annex D, and Annex H are included for informative purposes only.

Clause 1—Overview: This clause discusses the conventions used in this standard and its contents.
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Clause 2—This clause describes the lexical tokens used in Verilog HDL source text and their conven-
tions.: This clause describes how to specify and interpret the lexical tokens.

Clause 3—Data types: This clause 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 4 —Expressions: This clause describes the operators and operands that can be used in expressions.
Clause 5—Scheduling semantics: This clause describes the scheduling semantics of the Verilog HDL.
Clause 6— Assignments: This clause compares the two main types of assignment statements in the Verilog
HDL —continuous assignments and procedural assignments. It describes the continuous assignment state-

ment that drives values onto nets.

Clause 7—Gate and switch level modeling: This clause describes the gate and switch level primitives and
logic strength modeling.

Clause 8 —User-defined primitives (UDPs): This clause describes how a primitive can be defined in the
Verilog HDL and how these primitives are included in Verilog HDL models.

Clause 9—Behavioral modeling: This clause describes procedural assignments, procedural continuous
assignments, and behavioral language statements.

Clause 10— Tasks and functions: This clause 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.

Clause 11 —Disabling of named blocks and tasks: This clause describes how to disable the execution of a
task and a block of statements that has a specified name.

Clause 12— Hierarchical structures: This clause describes how hierarchies are created in the Verilog HDL
and how parameter values declared in a module can be overridden. It describes how generated instantiations

can be used to do conditional or multiple instantiations in a design.

Clause 13— Configuring the contents of a design: This clause describes how to configure the contents of a
design.

Clause 14— Specify blocks: This clause describes how to specify timing relationships between input and
output ports of a module.

Clause 15— Timing checks: This clause describes how timing checks are used in specify blocks to deter-
mine if signals obey the timing constraints.

Clause 16 —Backannotation using the Standard Delay Format (SDF): This clause describes syntax and
semantics of Standard Delay Format (SDF) constructs.

Clause 17—System tasks and functions: This clause describes the system tasks and functions.

Clause 18— Value change dump (VCD) files: This clause describes the system tasks associated with Value
Change Dump (VCD) file, and the format of the file.

Clause 19— Compiler directives: This clause describes the compiler directives.
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Clause 20—PLI overview: This clause previews the C language procedural interface standard (Program-
ming Language Interface or PLI) and interface mechanisms that are part of the Verilog HDL.

Clause 21 —PLI TF and ACC interface mechanism

This clause describes the interface mechanism that provides a means for users to link PLI task/function (TF)

routine and access (ACC) routine applications to Verilog software tools.

Clause 22— Using ACC routines: This clause describes the ACC routines in general, including how and
why to use them.

Clause 23—ACC routine definitions: This clause describes the specific ACC routines, explaining their
function, syntax, and usage.

Clause 24— Using TF routines: This clause provides an overview of the types of operations that are done
with the TF routines.

Clause 25—TF routine definitions: This clause describes the specific TF routines, explaining their func-
tion, syntax, and usage.

Clause 26 —Using VPI routines: This clause provides an overview of the types of operations that are done
with the Verilog Programming Interface (VPI) routines.

Clause 27— VPI routine definitions: This clause describes the VPI routines.

Annex A—Formal syntax definition: This normative annex describes, using BNF, the syntax of the Ver-
ilog HDL.

Annex B—List of keywords: This normative annex lists the Verilog HDL keywords.

Annex C—System tasks and functions: This informative annex describes system tasks and functions that
are frequently used, but that are not part of the standard.

Annex D—Compiler directives: This informative annex describes compiler directives that are frequently
used, but that are not part of the standard.

Annex E—acc_user.h: This normative annex provides a listing of the contents of the acc_user.h file.
Annex F—veriuser.h: This normative annex provides a listing of the contents of the vpi_user.h file.
Annex G—vpi_user.h: This normative annex provides a listing of the contents of the veriuser.h file.

Annex H—Bibliography: This informative annex contains bibliographic entries pertaining to this standard.

1.5 Header file listings

The header file listings included in the annexes E, F, and G for acc_user.h, veriuser.h , and
vpi_user.h  are a normative part of this standard. All compliant software tools should use the same func-
tion declarations, constant definitions, and structure definitions contained in these header file listings.
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1.6 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 con-
structs and PLI functions in a simple context and do not define the full syntax.

1.7 Prerequisites

Clauses 20 through 27 and Annexes E through G presuppose a working knowledge of the C programming
language.
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2. Lexical conventions

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

2.1 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 2.7.1).

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

—  White space
— Comment
—  Operator

—  Number

— String

— Identifier

— Keyword

2.2 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 consid-
ered significant characters in strings (see 2.6).

2.3 Comments
The Verilog HDL has two forms to introduce comments. A one-line comment shall start with the two charac-

ters // and end with a new line. 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.

2.4 Operators

Operators are single-, double-, or triple-character sequences and are used in expressions. Clause 4 discusses
the use of operators in expressions.

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

2.5 Numbers

Constant numbers can be specified as integer constants (defined in 2.5.1) or real constants.
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number ::= (From Annex A - 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

|a[bfc|d|e|[f[A|B|C[D|E|F
x_digit :==x | X
z_digit:=z|Z|?

*Embedded spaces are illegal.

Syntax 2-1— Syntax for integer and real numbers

2.5.1 Integer constants

Integer constants can be specified in decimal, hexadecimal, octal, or binary format.
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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 O through 9, optionally starting with a plus or minus unary operator. The
second form specifies a size constant, which shall be composed of up to three tokens—an optional size con-
stant, a single quote followed by a base format character, and the digits representing the value of the number.

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 non-zero unsigned decimal number. For example, the size specification for two hexa-
decimal digits is 8, because one hexadecimal digit requires 4 bits. Unsized unsigned constants where the
high order bit is unknown (X or X) or three-state (Z or z) are extended to the size of the expression contain-
ing the constant.

NOTE —In IEEE Std 1364-1995, unsized constants where the high order bit is unknown or three-state, the X or z was
only extended to 32 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
single quote character (' ). Legal base specifications are d, D, h, H, 0, O b, or B, for the bases decimal, hexa-
decimal, octal, and binary respectively.

The use of X and z in defining the value of a number is case insensitive.
The single quote 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 f 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 speci-
fied, only its interpretation.

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

Negative numbers shall be represented in 2 s complement form.

An X represents the unknown value in hexadecimal, octal, and binary constants. A z represents the high-
impedance value. See 3.1 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.

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 don t-care
condition. See the discussion of casez and casex in 9.5.1. The question-mark character is also used in user-
defined primitive state table. See 8.1.6, Table 8-1.

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

Example 1—Unsized constant numbers

659 /l'is a decimal number

'h 837FF // is a hexadecimal number

‘07460 // is an octal number

4af /I is illegal (hexadecimal format requires 'h)

Example 2—Sized constant numbers

4’'b1001 //'is a 4-bit binary number
5D3 /l'is a 5-bit decimal number
3'b01x /l'is a 3-bit number with the least
/I significant bit unknown
12’hx /[ is a 12-bit unknown number
16’hz /l'is a 16-bit high-impedance number

Example 3—Using sign with constant numbers

8'd-6 [/ thisis illegal syntax

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

4 'shf /I this denotes the 4-bit number ‘1111’, to
/l be interpreted as a 2’'s complement number,
/I or *-1'. This is equivalent to -4’h 1

-4°’sd15 // this is equivalent to -(-4'd 1), or ‘0001’".

Example 4— Automatic left padding

reg [11:0] a, b, ¢, d;
initial begin

a="hx; /I yields xxx
b ="h 3x; /I yields 03x
¢ ="hz3; [l yields zz3

d ='h 0z3; /l yields 0z3
end
reg [84:0] e, f, g;

e ='h5; /! yields {82{1'b0},3'b101}
f="hx; Il yields {85{1'hx}}
g ='hz; / yields {85{1'hz}}

Example 5—Using underscore character in numbers

27_195_000
16'b0011_0101_0001_1111
32’h 12ab_f001
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NOTES:

1) 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 or not.

2) Each of the three tokens for specifying a number may be macro substituted.

3) 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.

2.5.2 Real constants

The real constant numbers shall be represented as described by IEEE Std 754-1985 [B1],! 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, 39e8, 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.

Examples:

1.2

0.1

2394.26331

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

0.1e-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:

A2
9.
4.E3
.2e-7

2.5.3 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.

2.6 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.

IThe numbers in brackets correspond to those of the bibliography in Annex H.
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2.6.1 String variable declaration

String variables are variables of reg type (see 3.2) with width equal to the number of characters in the string
multiplied by 8.

Example:

To store the twelve-character string "Hello world!" requires a reg 8 * 12, or 96 bits wide

reg [8*12:1] stringvar;
initial begin

stringvar = "Hello world!";
end

2.6.2 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.

Example:

module string_test;
reg [8*14:1] stringvar;
initial begin
stringvar = "Hello world";
$display("%s is stored as %h", stringvar,stringvar);
stringvar = {stringvar,"!!!"};
$display("%s is stored as %h", stringvar,stringvar);
end
endmodule

The output is:

Hello world is stored as 00000048656¢c6¢6f20776f726c64
Hello world!!! is stored as 48656c6¢c6f20776f726c64212121

NOTE — When a variable is larger than required to hold a value being assigned, the contents on the left are padded with
zeros after the assignment. This is consistent with the padding that occurs during assignment of nonstring values. If a
string is larger than the destination string variable, the string is truncated to the left, and the leftmost characters will be
lost.

2.6.3 Special characters in strings

Certain characters can only be used in strings when preceded by an introductory character called an escape
character. Table 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 1—Specifying special characters in string

Escape Character produced by
string escape string

\n New line character

\t Tab character

\ \ character

\" " character

\ddd A character specified in 1—3 octal digits

(0=<d=<?)

2.7 ldentifiers, 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 2.7.1). A simple identifier shall be any sequence of letters, digits, dol-
lar 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. Identifi-
ers shall be case sensitive.

Example:

shiftreg_a
busa_index
error_condition
merge_ab
_bus3

n$657

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

2.7.1 Escaped identifiers

Escaped identifiers shall start with the backslash character (\ ) and end with white space (space, tab, new-
line). 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 iden-
tifier. Therefore, an escaped identifier \cpu3 is treated the same as a nonescaped identifier cpu3 .

Example:

\busa+index

\-clock
\***error-condition***
\netlA\net2

\{a,b}

\a*(b+c)
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2.7.2 Generated identifiers

Generated identifiers are created by generate loops (see 12.1.3.2); and are a special case of identifiers in that
they can be used in hierarchical names (see 12.4). A generated identifier is the named generate block identi-
fier terminated with a ([digit(s)]) string. This identifier is used as a node name in hierarchical names (see
12.4).

2.7.3 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.

2.7.4 System tasks and functions

The $ character introduces a language construct that enables development of user-defined tasks and func-
tions. 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 or function is given in Syntax 2-2.

system_task_enable ::= (From Annex A - A.6.9)
system_task_identifier [ ( expression { , expression } )] ;
system_function_call ::= (From Annex A - A.8.2)
system_function_identifier [ ( expression { , expression } ) ]
system_function_identiﬁer* 2= (From Annex A - A.9.3)
$[ a-zA-Z0-9_$ 1{ [ a-zA-Z0-9_$ ] }
system_task_identiﬁer* =
$[ a-zA-Z0-9_$ 1{ [ a-zA-Z0-9_$ ] }

*The $ character 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 2-2— Syntax for system tasks and functions

The $identifier system task or function can be defined in three places

— A standard set of $identifier system tasks and functions, as defined in Clauses 17 and 19.
— 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 or function name. The system tasks and functions described in Clause 17 are part of this stan-
dard. Additional system tasks and functions with the $identifier construct are not part of this standard.

Example:

$display ("display a message");
$finish;
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2.7.5 Compiler directives

The ¢ character (the ASCII value 60, called open quote or accent grave) 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.

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.

Example:

‘define wordsize 8

2.8 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
may 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 2-3.

attribute_instance ::= (From Annex A - A.9.1)

(* attr_spec { , attr_spec } *)
attr_spec ::=

attr_name = constant_expression

| attr_name
attr_name ::=

identifier

Syntax 2-3— 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.
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2.8.1 Examples
Example 1—The following example shows how to attach attributes to a case statement:
(* full_case, parallel_case *)

case (foo)
<rest_of _case_statement>

or
(* full_case=1, parallel_case=1 *)
case (foo)
<rest_of case_statement>

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 mod1 (<port_list>);

or

(* optimize_power=1 *)
module mod1 (<port_list>);

Example 4—To attach an attribute to a module instantiation:

(* optimize_power=0 *)
mod1 synthl (<port_list>);

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
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Example 6—To attach an attribute to an operator:
a=b + (* mode ="cla" *) c;
This sets the value for the attribute mode to be the string cla .
Example 7—To attach an attribute to a Verilog function call:
a = add (* mode ="cla" *) (b, c);
Example §—To attach an attribute to a conditional operator:
a=b?(*no_glitch*) c:d;
2.8.2 Syntax
The syntax for legal statements with attributes is shown in Syntax 2-4— Syntax 2-11.

The syntax for module declaration attributes is given in Syntax 2-4.

module_declaration ::= (From Annex A - A.1.3)
{ attribute_instance } module_keyword module_identifier
[ module_parameter_port_list ] [ list_of_ports ] 5
{ module_item }
endmodule

| { attribute_instance } module_keyword module_identifier
[ module_parameter_port_list ] [ list_of_port_declarations ] ;
{ non_port_module_item }
endmodule

Syntax 2-4— Syntax for module declaration attributes

The syntax for port declaration attributes is given in Syntax 2-5.

port_declaration ::= (From Annex A - A.1.4)
{attribute_instance} inout_declaration
| {attribute_instance} input_declaration
| {attribute_instance} output_declaration

Syntax 2-5— Syntax for port declaration attributes
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The syntax for module item attributes is given in Syntax 2-6.

module_item ::= (From Annex A - A.1.5)

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 ::=
{ 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

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

Syntax 2-6— Syntax for module item attributes

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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The syntax for function port, task, and block attributes is given in Syntax 2-7.

function_port_list ::= (From Annex A - A.2.6)
{attribute_instance} input_declaration { , {attribute_instance } input_declaration}
task_item_declaration ::= (From Annex A - 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 Annex A - A.2.8)
{ attribute_instance } block_reg_declaration
| { attribute_instance } event_declaration
| { attribute_instance } integer_declaration
| { attribute_instance } local_parameter_declaration
| { attribute_instance } parameter_declaration
| { attribute_instance } real_declaration
| { attribute_instance } realtime_declaration
| { attribute_instance } time_declaration

Syntax 2-7— Syntax for function port, task, and block afttributes

The syntax for port connection attributes is given in Syntax 2-8.

ordered_port_connection ::= (From Annex A - A.4.1)

{ attribute_instance } [ expression ]
named_port_connection ::=

{ attribute_instance } .port_identifier ( [ expression ])

Syntax 2-8— Syntax for port connection attributes
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The syntax for udp attributes is given in Syntax 2-9.

udp_declaration ::= (From Annex A - 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 Annex A - 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 2-9— Syntax for udp attributes
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3. Data types

The set of Verilog HDL data types is designed to represent the data storage and transmission elements found
in digital hardware.

3.1 Value set

The Verilog HDL value set consists of four basic values:

0 - represents a logic zero, or a false condition
1 - represents a logic one, or a true condition
X - represents an unknown logic value

Z - represents a high-impedance state

The values O and 1 are logical complements of one another.

When the z value is present at the input of a gate, or when it is encountered in an expression, the effect is
usually the same as an X value. Notable exceptions are the metal-oxide semiconductor (MOS) primitives,
which can pass the z value.

Almost all of the data types in the Verilog HDL store all four basic values. The exception is the event type
(see 9.7.3), which has no storage. All bits of vectors can be independently set to one of the four basic values.

The language includes strength information in addition to the basic value information for net variables. This
is described in detail in 7..

3.2 Nets and variables

There are two main groups of data types: the variable data types and the net data types. These two groups
differ in the way that they are assigned and hold values. They also represent different hardware structures.

3.2.1 Net declarations

The net data types shall represent physical connections between structural entities, such as gates. A net shall
not store a value (except for the trireg net). Instead, its value shall be determined by the values of its drivers,
such as a continuous assignment or a gate. See Section 6 and 7. for definitions of these constructs. If no
driver is connected to a net, its value shall be high-impedance (z) unless the net is a trireg, in which case it
shall hold the previously driven value. It is illegal to redeclare a name already declared by a net, parameter,
or variable declaration (see 3.12).
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The syntax for net declarations is given in Syntax 3-1.

net_declaration ::= (From Annex A - A.2.1.3)
net_type [ signed ]
[ delay3 ] list_of_net_identifiers ;
| net_type [ drive_strength ] [ signed ]
[ delay3 ] 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 ;
| trireg [ charge_strength ] [ signed ]
[ delay3 ] list_of_net_identifiers
| trireg [ drive_strength ] [ signed ]
[ delay3 ] list_of_net_decl_assignments ;
| trireg [ charge_strength ] [ vectored | scalared ] [ signed ]
range [ delay3 ] list_of net_identifiers ;
| trireg [ drive_strength ] [ vectored | scalared ] [ signed ]
range [ delay3 ] list_of_net_decl_assignments ;
net_type ::= (From Annex A - A.2.2.1)
supply0 | supplyl
tri | triand | trior | tri0 | tril
wire | wand | wor
drive_strength ::= (From Annex A - A.2.2.2)
( strengthO , strengthl )
( strengthl , strengthO )
( strengthO , highz1 )
| ( strengthl , highz0 )
( highz0 , strength1 )
( highz1 , strength0 )
strength0 ::= supply0 | strong0 | pull0 | weak0
strengthl ::= supplyl | strongl | pulll | weakl
charge_strength ::= ( small ) | (medium ) | (large )
delay3 ::= (From Annex A - A.2.2.3)
# delay_value | # ( delay_value [ , delay_value [ , delay_value ]])
delay2 ::=
# delay_value | # ( delay_value [ , delay_value ])
delay_value ::=
unsigned_number
| parameter_identifier
| specparam_identifier
| mintypmax_expression
list_of_net_decl_assignments ::= (From Annex A - A.2.3)
net_decl_assignment { , net_decl_assignment }
list_of net_identifiers ::=
net_identifier [ dimension { dimension }]
{ , net_identifier [ dimension { dimension }] }
net_decl_assignment ::= (From Annex A - A.2.4)
net_identifier = expression

dimension ::= (From Annex A -A.2.5)
[ dimension_constant_expression : dimension_constant_expression |

range ::=
[ msb_constant_expression : Isb_constant_expression |

Syntax 3-1 Syntax for net declaration
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The first two forms of net declaration are described in this section. The third form, called net assignment, is
described in Section 6.

3.2.2 Variable declarations

A variable is an abstraction of a data storage element. A variable shall store a value from one assignment to
the next. An assignment statement in a procedure acts as a trigger that changes the value in the data storage
element. The initialization value for reg, time, and integer data types shall be the unknown value, X. The
default initialization value for real and realtime variable datatypes shall be 0.0 . If a variable declaration
assignment is used (see 6.2.1), the variable shall take this value as if the assignment occurred in a blocking
assignment in an initial construct. It is illegal to redeclare a name already declared by a net, parameter, or
variable declaration.

NOTE In previous versions of the Verilog standard, the term register was used to encompass both the reg, integer,
time, real and realtime types; but that the term is no longer used as a Verilog data type.

The syntax for variable declarations is given in Syntax 3-2.

integer_declaration ::= (From Annex A - A.2.1.3)

integer list_of variable_identifiers ;
real_declaration ::=

real list_of _real_identifiers ;
realtime_declaration ::=

realtime list_of_real_identifiers ;
reg_declaration ::=

reg [ signed | [ range ] list_of_variable_identifiers ;
time_declaration ::=

time list_of_variable_identifiers ;
real_type ::= (From Annex A - A.2.2.1)

real_identifier [ = constant_expression ]

| real_identifier dimension { dimension }

variable_type ::=
variable_identifier [ = constant_expression |

| variable_identifier dimension { dimension }
list_of _real_identifiers ::= (From Annex A - A.2.3)

real_type { , real_type }
list_of variable_identifiers ::=

variable_type { , variable_type }
dimension ::= (From Annex A - A.2.5)

[ dimension_constant_expression : dimension_constant_expression |
range ::=

[ msb_constant_expression : Isb_constant_expression |

Syntax 3-2 Syntax for variable declaration

If a set of nets or variables share the same characteristics, they can be declared in the same declaration
statement.
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CAUTION

Variables can be assigned negative values, but only signed regs,
integer, real, and realtime variables shall retain the significance of the
sign. The unsigned reg and time variables shall treat the value
assigned to them as an unsigned value. Refer to 4.1.6 for a description
of how signed and unsigned variables are treated by certain Verilog
operators.

3.3 Vectors

A net or reg declaration without a range specification shall be considered 1 bit wide and is known as a
scalar. Multiple bit net and reg data types shall be declared by specifying a range, which is known as a
vector.

3.3.1 Specifying vectors

The range specification gives addresses to the individual bits in a multibit net or reg. The most significant bit
specified by the msb constant expression is the left-hand value in the range and the least significant bit spec-
ified by the Isb constant expression is the righthand value in the range.

Both msb constant expression and Isb constant expression shall be constant expressions. The msb and Isb
constant expressions can be any value—positive, negative, or zero. The Isb constant expression can be a
greater, equal, or lesser value than msb constant expression.

Vector nets and regs shall obey laws of arithmetic modulo 2 to the power n (2'%), where n is the number of
bits in the vector. Vector nets and regs shall be treated as unsigned quantities, unless the net or reg is declared
to be signed or is connected to a port that is declared to be signed (see 12.2.3).

Examples:
wand w; // a scalar net of type wand
tri [15:0] busa; // a three-state 16-bit bus
trireg (small) storeit; // a charge storage node of strength small
reg a; / a scalar reg
reg[3:0] v; // a 4-bit vector reg made up of (from most to

// least significant) v[3], v[2], v[1], and v[0]
reg signed [3:0] signed_reg; // a 4-bit vector in range -8 to 7

reg [-1:4] b; // a 6-bit vector reg
wire wl, w2; // declares two wires
reg [4:0] x, y, z; // declares three 5-bit regs

NOTES:
1) Implementations may set a limit on the maximum length of a vector, but they will at least be 65536 (219 bits.

2) Implementations do not have to detect overflow of integer operations.
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3.3.2 Vector net accessibility

Vectored and scalared shall be optional advisory keywords to be used in vector net or reg declaration. If
these keywords are implemented, certain operations on vectors may be restricted. If the keyword vectored is
used, bit and part selects and strength specifications may not be permitted, and the PLI may consider the
object unexpanded. 1f the keyword scalared is used, bit and part selects of the object shall be permitted, and
the PLI shall consider the object expanded.

Examples:

tril scalared [63:0] bus64; //a bus that will be expanded
tri vectored [31:0] data; //a bus that may or may not be expanded

3.4 Strengths

There are two types of strengths that can be specified in a net declaration. They are as follows:

charge strength shall only be used when declaring a net of type trireg

drive strength  shall only be used when placing a continuous assignment on a net in the same statement
that declares the net

Gate declarations can also specify a drive strength. See 7. for more information on gates and for information
on strengths.

3.4.1 Charge strength

The charge strength specification shall be used only with trireg nets. A trireg net shall be used to model
charge storage; charge strength shall specify the relative size of the capacitance indicated by one of the fol-
lowing keywords:

— small
—  medium
— large

The default charge strength of a trireg net shall be medium.

A trireg net can model a charge storage node whose charge decays over time. The simulation time of a
charge decay shall be specified in the delay specification for the trireg net (see 7.14.2).

Examples:

trireg a; // a trireg net of charge strength medium
trireg ( large) #(0,0,50) capl ; // a trireg net of charge strength large

/Iwith charge decay time 50 time units
trireg ( small) signed [3:0] cap2 ; // a signed 4-bit trireg vector of

/I charge strength small

3.4.2 Drive strength

The drive strength specification allows a continuous assignment to be placed on a net in the same statement
that declares that net. See Section 6 for more details. Net strength properties are described in detail in Clause
7.
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