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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 Internationgl 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; 3
interested in the subject dealt with may participate in this preparatory work. ati governmental and
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Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting |IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The |IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the |EEE 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
any personal injury, property or other damage, of any nature whatsoever,
consequential, or compensatory, directly or indirectly resulting from the publication
or any other IEC or IEEE Standard document.

£ disclaim liability for
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for a specific purpose, or that the use of the material contained hegéin s fre infringement.
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approved and issued is subject to change brought about ents ip the state of the art and
comments received from users of the standard.

to specific applica 'ns When the
initiate action ta
interests, it is impoptapt

interests. For this reat

Dual Logo International Standards are welcome from any interested party,
with the IEC_or IEEE. S_uggestions for changes in documents should be in

Authorization to photetopy 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.

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

|Published by IEC under license from IEEE. © 2009 IEEE. All rights reserved.|



https://webstore.iec.ch/publication/7162&preview

- XXXiii - IEC 62530:2011(E)
IEEE Std 1800-2009

IEEE Standard for SystemVerilog —
Unified Hardware Design,
Specification, and Verificati
Language

Sponsor
Design Automation Standards Cofmmittee
of the

IEEE Computer Society

and the %
IEEE Standards Associatiox ate A ory @Group

Approved 11 November20Q9
IEEE-SA Sta ds Board

|Published by IEC under license from IEEE. © 2009 IEEE. All rights reserved.|



https://webstore.iec.ch/publication/7162&preview

This is a preview - click here to buy the full publication
IEC 62530:2011(E) - XXXV -
IEEE Std 1800-2009

Abstract: This standard represents a merger of two previous standards: IEEE Std 1364 ™-2005
Verilog hardware description language (HDL) and IEEE Std 1800-2005 SystemVerilog unified
hardware design, specification, and verification language. The 2005 SystemVerilog standard
defines extensions to the 2005 Verilog standard. These two standards were designed to be used
as one language. Merging the base Verilog language and the SystemVerilog extensions into a

single standard provides users with all information regarding syntax and semantics in a single
document.

Keywords: assertions, design automation, design verification, hardware description language,
HDL, HDVL, PLI, programming language interface, SystemVerilog, Verilog, VPI
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IEEE introduction

The purpose of this standard is to provide the electronic design automation (EDA), semiconductor, and
system design communities with a well-defined and official IEEE unified hardware design, specification,
and verification standard language. The language is designed to coexist and enhance the hardware
description and verification languages (HDVLs) presently used by designers while providing the capabilities
lacking in those languages.

SystemVerilog is a unified hardware design, specification, and verification language based on the Accellera
SystemVerilog 3.1a extensions to the Verilog HDL [B3]?, published in 2004. Accellera is a consortium of
EDA semlconductor and system compames IEEE Std 1800 enables a product1v1ty boost in design and

specification of assertions, coverage, and testbench verification basé
methodologies. SystemVerilog offers application programming intgrface
assertions, a vendor-independent API to access proprietary waveform

arca.

uses. These hclude hoth use, by reference, in laws and regulations, and use in private self-regulation,
standardization, ahd”the promotion of engineering practices and methods. By making this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

#The numbers in brackets correspond to the numbers in the bibliography in Annex R.
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Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association website at http://
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA website at http://standards.ieee.org.

Errata
Errata, if any, for this and all other standards can be accessed at/th¢

standards.icee.org/reading/iece/updates/errata/index.html. Users are encouraged, to S JRL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following U
index.html.

e.org/reading/ieee/interp/

Patents

or scope of Patents Claims grds iki rylicensing terms or conditions provided in connection
P i or in any licensing agreements are reasonable or non-

with submissio

discriminatory@ 3 are ¢

patent rights, an isk infringetaeng/of such rights, is entirely their own responsibility. Further
information may/be & Standards Association.

determining~approphate safety, security, environmental, and health practices or regulatory requirements.

This IEEE docunierit is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can also be obtained on request from IEEE or viewed at hittp:/standards.ieee.org/IPR/
disclaimers.html.
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Part One:
Design and Verification Constructs
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SystemVerilog —

Unified Hardware Design,
Specification, and Verificatio
Language

1. Overview

1.1 Scope

This SystemV
Verification language:

g-Language Reference Manual (LRM) and SystemVerilog 1800 LRM
h Verilog-AMS, and ensures interoperability with other languages such as

The purpose of this project is to provide the EDA, Semiconductor, and System Design communities with a
solid and well-defined IEEE Unified Hardware Design, Specification and Verification standard language,
while resolving errata and developing enhancements to the current IEEE 1800 SystemVerilog standard. The
language is designed to co-exist, be interoperable, possibly merge, and enhance those hardware description
languages presently used by designers.
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1.3 Merger of IEEE Std 1364-2005 and IEEE Std 1800-2005

This standard represents a merger of two previous standards: the IEEE Std 1364-2005" Verilog Hardware
Description Language (HDL) and the IEEE Std 1800-2005 SystemVerilog Unified Hardware Design,
Specification, and Verification Language. In these previous standards, Verilog was the base language and
defined a completely self-contained standard. SystemVerilog defined a number of significant extensions to
Verilog, but IEEE Std 1800-2005 was not a self-contained standard; IEEE Std 1800-2005 referred to, and
relied on, IEEE Std 1364-2005. These two standards were designed to be used as one language. Merging the
base Verilog language and the SystemVerilog extensions into a single standard enables users to have all
information regarding syntax and semantics in a single document.

This standard serves as a complete specification of the SystemVerilog language. This standard contains the
following:

—  The formal syntax and semantics of all SystemVerilog constructs

— Simulation system tasks and system functions, such as text output displg
—  Compiler directives, such as text substitution macros and simulatio
—  The Programming Language Interface (PLI) mechanism

— VPI, API, and DPI header files
—  Concurrent assertion formal semantics
—  The formal syntax and semantic

— Informative usage examples

1.4 Special terms

NOTE—In the TEEE St§ 1800-2005 version of the standard, SystemVerilog referred to just the extensions to the IEEE
Std 1364-2005 Veriteglanguage, and did not include the Verilog base language.3

1.5 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

nformation on references can be found in Clause 2.
2The numbers in brackets correspond to those of the bibliography in Annex R.

3Notes in text, tables, and fi gures are given for information only and do not contain requirements needed to implement the standard.
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introduction and an optional rationale for the construct or the concept, followed by syntax and semantic
descriptions, followed by examples and notes.

The terminology conventions used throughout this standard are as follows:

1.6 Syntactic description

The main text uses the following conventions:

The word shall is used to indicate mandatory requirements strictly to be followed in order to
conform to the standard and from which no deviation is permitted (shall equals is required to).

The word should is used to indicate that among several possibilities one is recommended as
particularly suitable, without mentioning or excluding others; or that a certain course of action is
preferred but not necessarily required; or that (in the negative form) a certain course of action is
deprecated but not prohibited (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard
(may equals is permitted to).

The word can is used for statements of possibility and capability, wheth
causal (can equals is able to).

erial, physical, or

Italicized font when a term is being defined

Constant-width font for examples, file names, a
z values

Boldface constant-width font for System
keyword

Boldface~xed &
part o Q

functiendeclaration ::= function [ lifetime | function body declaration

Braces ( { } ) that are not in boldface-red enclose a repeated item. 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_ assignments , param_assignment

[Published by IEC under license from IEEE. © 2009 IEEE. All rights reserved.|



https://webstore.iec.ch/publication/7162&preview

-5- IEC 62530:2011(E)
IEEE Std 1800-2009

A qualified term in the syntax is a term such as array_identifier for which the “array” portion represents
some semantic intent and the “identifier” term indicates that the qualified term reduces to the “identifier”
term in the syntax. The syntax does not completely define the semantics of such qualified terms; for example
while an identifier which would qualify semantically as an array_identifier is created by a declaration, such
declaration forms are not explicitly described using array_identifier in the syntax.

1.7 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. The places where color is used
are the following:

Cross references that are hyperlinked to other portions of this standard are shown in underlined-blue
text (hyperlinking works when this standard is viewed interactively as a PDE

— Syntactic keywords and tokens in the formal language definitions are s boldface-red

text.

Some figures use a minimal amount of color to enhance readability.

1.8 Contents of this standard

environment: modules
discusses primitives,

Clause 4 descr

syntax and \ysage ru : ha ge strength of the values on nets. This clause also dlscusses strings and
string_me d types, user-defined types, constants, data scope and lifetime, and type
compatibility.

Clause 7 describeés\SystemVerilog compound data types: structures, unions, arrays, including packed and
unpacked arrays, dynamic arrays, associative arrays, and queues. This clause also describes various array
methods.

Clause 8 describes the object-oriented programming capabilities in SystemVerilog. Topics include defining
classes, dynamically constructing objects, inheritance and subclasses, data hiding and encapsulation,
polymorphism, and parameterized classes.

Clause 9 describes the SystemVerilog procedural blocks: initial, always, always_comb, always_£f,
always_latch, and £inal. Sequential and parallel statement grouping, block names, statement labels, and
process control are also described.
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Clause 10 describes continuous assignments, blocking and nonblocking procedural assignments, and
procedural continuous assignments.

Clause 11 describes the operators and operands that can be used in expressions. This clause also discusses
operations on arrays, operator methods, and operator overloading.

Clause 12 describes SystemVerilog procedural programming statements, such as decision statements and
looping constructs.

Clause 13 describes tasks and functions, which are subroutines that can be called from more than one place
in a behavioral model.

Clause 14 defines clocking blocks, input and output skews, cycle delays, and default clocking.

changing constraints, seeding random
execution.

wehies are created in SystemVerilog using module instances and interface
tion rules. This clause also discusses the $root top-level instances, nested
identifier search rules, how parameter values can be overridden, and binding
auxiliary codeto scopgs or instances.

Clause 24 describes the testbench program construct, the elimination of testbench race conditions, and
program control tasks.

Clause 25 describes interface syntax, interface ports, modports, interface subroutines, parameterized
interfaces, virtual interfaces, and accessing objects within interfaces.

Clause 26 describes user-defined packages and the std built-in package.

Clause 27 describes the generate construct and how generated constructs can be used to do conditional or
multiple instantiations of procedural code or hierarchy.
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Clause 28 describes the gate- and switch-level primitives and logic strength modeling.

Clause 29 describes how a User Defined Primitive (UDP) can be defined and how these primitives are
included in SystemVerilog models.

Clause 30 describes how to specify timing relationships between input and output ports of a module.

Clause 31 describes how timing checks are used in specify blocks to determine whether signals obey the
timing constraints.

Clause 32 describes the syntax and semantics of SDF constructs.

Clause 33 describes how to configure the contents of a design.

Clause 34 describes encryption and decryption of source text regions.
Part Three: Application Programming Interfaces (APIs)
Clause 35 describes SystemVerilog’s direct programming interface (DP ire age to foreign
languages and the syntax for importing functions from a foreign langus S ing sdbroutines to a
foreign language.

Clause 36 provides an overview of the Programming Lang

Clause 37 presents the VPI data model diagrams,
methods.

Clause 38 describes the VPI routines.

Annex D (informativ€) describes system tasks and system functions that are frequently used, but that are not
required in this standard.

Annex E (informative) describes compiler directives that are frequently used, but that are not required in this
standard.

Annex F (normative) describes a formal semantics for SystemVerilog concurrent assertions.

Annex G (normative) describes the SystemVerilog standard package, containing type definitions for
mailbox, semaphore, randomize, and process.
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Annex H (normative) defines the C-language layer for the SystemVerilog DPI.

Annex [ (normative) defines the standard svdpi.h include file for use with SystemVerilog DPI
applications.

Annex J (normative) describes common guidelines for the inclusion of foreign language code into a
SystemVerilog application.

Annex K (normative) provides a listing of the contents of the vpi user.h file.

Annex L (normative) provides a listing of the contents of the vpi compatibility.h file, which extends
the vpi_user.h include file.

Annex M (normative) provides a listing of the contents of the sv_vpi user.h
vpi_user.h include file.

distributing, and decrypting the model.

Annex P (informative) defines terms that are used in this

1.11 Prerequisites

Some clauses of this standard 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 (i.e., they must be
understood and used, so each referenced document is cited in the text and its relationship to this document is
explained). 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/~rjal4/Papers/serpent.tar.gz.

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

ElGamal, T., “A Public-Key Cryptosystem and a Signature Scheme Based on Discr
Transactions on Information Theory, vol. IT-31, no. 4, pp. 469—472, July 1985.

Logarithms,” [EEE

FIPS 46-3 (October 1999), Data Encryption Standard (DES).5
FIPS 180-2 (August 2002), Secure Hash Standard (SHS).

FIPS 197 (November 2001), Advanced Encryption Standard (AE
IEC 62530:2007, Standard for SystemVerilog—Unified Hagrdware De
Language. |

IEEE Std 1800™-2005, IEEE Standard for SystemVeri
Verification Language.

ecification, and Verification

ardware/Design, Specification, and

IEEE Std 1003.1™, IEE
(POSIX®).

Description Lam<§g .
IEEE Std 1364™x20)

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

IETF RFC 2144 (May 1997), The CAST-128 Encryption Algorithm.

4ANSI 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/).

SFIPS 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/).

SIEEE 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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IETF RFC 2437 (October 1998), PKCS #1: RSA Cryptography Specifications, Version 2.0.
IETF RFC 2440 (November 1998), OpenPGP Message Format.

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.

@%
S

9SO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 chemin de la Voie-Creuse, CH-1211 Genéve
20, Switzerland/Suisse (http://www.iso.ch/) and from the IEC Central Office, Case Postale 131, 3 rue de Varembé, CH-1211 Genéve
20, Switzerland/Suisse (http://www.iec.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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