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23.94 aCC_SEt_PUISETE()..ceruveerrrerreeniierieenieenieenienieeseniie e e eeeesDngeesnreesNesseeenseesnnessueesvessseenane
23.95 acc_set_scope()

23.96 acc_set_value().....cccveeeeureeennnns,

23.97 acc_vel_add()....oeeeereeiecnen S Do
23.98 acc_vcl_delete()
23.99 acC_version()......ccceeevrereeeieeni firmmnree s e
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24.9 Saving information from one system TF call to the neXt........c..c.cceceverenenieneneceneneeenennenn 606
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25.5 tf_asynchoff(), tf_1asSynchoff()........ceoirieriiii e 612
25.6 tf_asynchon(), tf_1aSYNCROMN() ...cecueruieiiieiieiieiee ettt 613
25.7 tf_clearalldelays(), tf_iclearalldelays() ......c.cccoeuerreinierrieenie ittt 614
25.8 tf_COMPATE_TONZ().eeruvientierieiiieiieeite ettt ettt ettt et e st et e e st e s bt e satesabeesateenbeesaneenseenane 615
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B B 6 (01 o o PSSP
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25.19 tf_getlongtime(), tf_igetlongtime()
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25.23 tf_getrealp(), tf_igetrealp() ......ceceveevereeneniererienee e N oo e N e e e eneeemeenaes
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25.26 tf_gettimeprecision(), tf_igettimeprecision
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25.29 tf_long_to_real() ....cccceeveereeeee Ngeree Nt
25.30 tf_longtime_toStr() .....eecveereenee i N
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25.35 tf_nodeinfo
25.36 tf_n ‘@Q
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25.50 tf_SIZEP(), tE_ISIZEP() +.veuvenrereeneenieieteiiettei ettt ettt sttt 663
25.51 tf_spname(), tfISPNAME() ....coveeuerrerriinieieniietentet ettt ettt ettt st bbb 664
25.52 tf_strdelputp(), tf_iStrdelPutP() «..eoveeeerieeniiiieieeeeierteeeeee et 665
25.53 tf_strgetp(), t_ISTIZEEP()eeureeurereetertieieetterte ettt ettt ettt ettt b et ae et sttt e nae e 667
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Documents

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |

Document Sharing Hub

Full document details: IEC 61691-4 2004


http://www.avadocuments.com/doc/iec-61691-4-2004
http://www.avadocuments.com/doc/iec-61691-4-2004

IEC 61691-4:2004(E) 15
IEEE 1364-2001(E)

25.59 tf_testpve_.ag(), th_iteSIPVC_.2Z( )eeerverreerierieieeierie ettt ettt st 676
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27.7 vpi_get_cb_info()
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27.10 vpi_get_str()
27.11 vpi_get, sys
27.12 vpi_get_ti

27.13 vpi_getv

27.21 vpi_iterate
27.22 VPI_INCA_CLOSE() .vteurietieeiieiie ettt sttt ettt ettt et e st e e beesat e e bt e sabesabeesaseebeesabeensnesane
27.23 VPI_MCA_TTUSH() ettt st
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2728 VPI_PTINE() cveeentieiieeiieeiie ettt sttt et sttt e st e bt e sab e e beesab e e baesabeenbaesabeenbeesabeenseenane
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27.33.2 Simulation-time-related callbacks ..........c...cccoueeeeiiiiiiieeeieeen,
27.33.3 Simulator action and feature related callbacks ...............cc.........
27.34 VPI_teiSter_SYSHI() c.veerrrieiieniiiiiieite ettt
27.34.1 System task and function callbacks ..........ccecceevierviieniiineennnnnne

27.34.2 Initializing VPI system task/function callbacks

27.34.3 Registering multiple system tasks and functions
27.35 VPI_IEMOVE_CD() .euvrentieiieiieiieetieieeieete ettt ettt ettt ettt sttt eee
27.36 VPI_SCAN() e euvereereenieteetenteetesteete et eeeseeesaesntessesseessesneesseensenseensesaeenseens
2737 VPI_VPTINEE() ceeteeiieeiieeiteeeete ettt

Annex A (normative) Formal syntax definition..........ccecceevviiniencieniiienieeneenieeeeee.

ALl SOUICE tEXL ..eniiiiiiiiiiicierieeteteteeeeeee et
A. 1.1 Library SOUrce teXt ......ccceevuerueeruenrienieneenieneenieeeeneeeeeneeenee o
A.1.2 Configuration SOUICE teXt.......ccerureruerrrenienienieeeeneeeene AN

A.1.3 Module and primitive source text

A.1.4 Module parameters and pOrtS.........c.eeevveeveerueeree o Neeee
AL1.S5 ModUle TEMS....c.ueeuiiriiiiieieieeienieeiencee e ge e Ngeeresee o
A2 Declarations ........ccccceeevereeneneeneneeneneeneneenieee Kerenre e X e e e -
A.2.1 Declaration tyPes........ccoeeeeruerueenienerens pemminge eeeee e Neee -
A.2.2 Declaration data tyPes.......ccceeeereeeeflereniiieneeereoDugeeneesend
A.2.3 Declaration lists.........ccoeovveeeveneancche N SN N

A.2.4 Declaration assignmeasts ........ .
A.2.5 Declaration ranges<......\...§
A.2.6 Function declarations\.......\\...
A.2.7 Task declarations..... £ e

A.6.1 Continuous assignment StateMents ..........ceceervveereeerveerueennne.
A.6.2 Procedural blocks and assignments...........cc.ccoceeveruenennennen.
A.6.3 Parallel and sequential blOCKS ..........ccceverieniniiencnnienceene.
AL6.4 SEALCIMGNLS ..ottt ettt et
A.6.5 Timing control StatemMents..........ceceeeeerererrererenenrenseneennenne
A.6.6 Conditional Statements...........ccccevevrereenieneeniiereeneeeeeneeeenes
AL6.7 Case StAtCMENLS ...c..coverrerrenieeienieetenieetenieeeesieenaesieeniesanennens
A.6.8 LoOPING SLAtETNENLS ....c..eeuveneeenieieeienieeienieeienieeniesieeniesieeniens
A.6.9 Task enable Statements..........ccceeueeruerienierienieeienieeee e
AT SPECITY SECHION ....eeueieieieeiieieeeeeeetee et
A.7.1 Specify block declaration...........cccceceeerereeenerenenenennennenn
A.7.2 Specify path declarations .........c..cceceevvieeveenienneenienneeneeene
A.7.3 Specify block terminals...........cccceeeueerieriiiinienieieenieeeeen.
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A.7.4 Specify path delays ......cc.coevveieirieiniienieeeee et 795
A.7.5 System timMing ChECKS.....ccuiiiiiiiiiiieriteieeie ettt sre e s s 801
A8 EXPIESSIONS ..outeutiiiiieiieiieitrttet et ste sttt et ettt ettt et eat et e b sbe bt s b see st e be st e s ettt eneeanene 803
AL8.1 CONCALENALIONS .....eevieniiieiieiieieiiet ettt sttt et et sae e 803
A 8.2 FUNCHION CALIS ...ttt st 803
A 8.3 EXPIESSIONS ..ouveuiiiiiniiniieieetieie ettt ettt et st e sttt e st st e bt este bt et e sb e et e ebee bt st enbeenees 804
A B4 PIIMATIES ..o 805
A.8.5 Expression left-side ValUes.........ccecuiruieiiirieniieieieesee et 805
ALBO OPLIALOLS ..cueentiiteiieiteeteete ettt ettt ettt et st e e b et ebt et ebte bt estesaeentesbeenbesbeeaesbnens
ALB.T INUIMIDETS ...ttt ettt ettt s it et e sttt e st et e st e sbeeeaeeenbs
ALBL8 SIIINES .ttt ettt ettt st a ettt st b et

ALD GENETAL...ciiiiii ettt et e st e e e tb e e eenbaeeebaee o T T rgr e e s raeeentreeenanes
AL T ALIIDULES ...t et e e e e e nree e eaeeean
AL9.2 COMMENLS ...oceeriieeiiieeiieeecrie et e cireeeeereeeereeesvneeeereeee s eeees fors NG ee e e e e rreeenes
A9.3TAentifiers ......oooevveiieeieeeee e
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A.9.5 WHhite SPACE.....c.eevuviriiiiiiiieieeieeeeeeec el

Annex B (normative) List of keywords

Annex D G

D5

D.6
Annex E (NOrmative) ACC_USET.N......cccoiiiiiiiiiiiiieciee ettt ettt e e e e et e e e ave e e e tae e eaabeeearaeennsseeennns 821
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Annex G (NOTMAtiVe) VPI_USET.N.....iiiiiiiiiiiiiieiieee ettt sttt sbe e st esbeesbeesbee e 838
Annex H (informative) Bibliography......c..cccoevieiiiiriiiininininenereteeeecteeeeee st 852
Annex I (informative) List Of PartiCIPants.........c.covueiviiiiiinienieeiieeieete ettt ettt 853
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BEHAVIOURAL LANGUAGES -

Part 4: Verilog® hardware description language
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representation from all interested IEC Natio

3) IEC Publications have the form of recom
Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote internatiéhal uni

indicated in the latter.

5) IEC provides no marki
equipment declafed tg

6) Attention is drawn to 005 Sl e’ of the elements of this IEC Publication may be the subject of
patent rights. IEC . ible for identifying any or all such patent rights.

approval and cannot be rendered responsible for any
Publication.

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 integrat uit) modeling
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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, yse~qf, or reliance upon
this, or any other IEC or IEEE Standard document.

professional or other services for, or on behalf of, any pe A
to perform any duty owed by any other persgn o it 2

IEC/IEEE Dual Logo Internatio IEE tandards document should rely upon the advice of a
competent professional in detefqini ise of reasoRable care in any given circumstances.

initiate action to pra propriate respohses\ Singe IEEE Standards represent a consensus of concerned

interests, it is impo
interests. For this reasen E a
not able to provide an j Naterpretation requests except in those cases where the matter has
previously received fQ i

Comments for revisi 0go International Standards are welcome from any interested party,
regardless of m S i¥h the IEC or IEEE. Suggestions for changes in documents should be in

Authorization to photocepy 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 Language

Sponsor

Design Automation Standards Committee
of the

IEEE Computer Society

Approved 17 March 2001

IEEE-SA Standards Boar

anguage (HDL) is defined in this standard. Verilog
all phases of the creation of electronic systems. Be-

Abstract: The V® ‘

HDL, Verilog PDhVerilgg®
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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 metsyprovide the basic
structural construct. Procedural assignments, in which the results of calculations jn

ules, each of which has an I/O interface, and a description of its function,
ioral, or a mix. These modules are formed into a hierarchy and are intercg

In 1990, Cadence ign
Verilog Internation
tors of OVI began an ¢
Group was formed
1364-1995.

ess was complete the 1364 Working Group started looking for feedback from
1364 users warldwide 'so the standard could be enhanced and modified accordingly. This led to a five year

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

The three task forces went through the IEEE Std 1364-1995
solidating the existing LRM have been able to provide e

Timing checks, has bee

how timing checks age used in
(SDF), addresses

and other areas of the LRM i work has been done on the PLI routines and most of the work has
been concentrated onthe 3 s. Some of the enhancements in the VPI are the save and restart, simu-
lation cont areaaccass, etvor handling, assign/deassign and support for array of instances, generate
and file I

Work on this standardwyguld 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 formal syntax and semantics of §tandard Delay F v
— Simulation system tasks a Actl ext outplt display commands
¢ it acrds/and simulation time scaling
— The Programming|Dq o a j
— The formal synta : outines, task/function routines, and Verilog procedural
interface r
— Informative usagee

This standard is~Qrganized info clauses, each of which focuses on a specific area of the language. There are
subclauses within €a ause 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.

c¢) 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, operato
module => H
itself. For example:

unary_operator ::=
-] &) ~&|

d)
e)
itions occur from left to right as with an equivalent
yles are equivalent:
aram_assignment { , param_assignment }
f) starts with an italicized part, it is equivalent to the category name

and [sb_constant_expression are equivalent to

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 apd s uitives and

logic strength modeling.

ng—procedures that can be called
g can be used like subroutines and

Clause 15— Timing ehe€ks: 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
with the TF routines.

qperations, that are done
Clause 25—TF routine definitions: This clause describes the specific
tion, syntax, and usage.

Clause 26 —Using VPI routines: This clause provides an oveprview
with the Verilog Programming Interface (VPI) routines.

Clause 27— VPI routine definitions: This ¢

Annex C—System tasks |2
are frequently used,

ormative annex provides a listing of the contents of the vpi_user . h file.
Annex G—vpi_u 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

feeds. These characters shall be
ér, blanks and tabs shall be consid-

White space shall contain the characters fo
ignored except when they serve to separate othe
ered significant characters in strings (see 2.6,

2.3 Comments
The Verilog HDL has two

ters // and end wi
shall not be nested.

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

S
real_number ::=
unsigned_number . 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_n
non_zero_unsigned_number* X
unsigned_number* ::=deci
binary_value* 7

it£1(2]3]4|5/6|7|8]9
2(3|4/5/6/|7/8|9
b digit | z_digit |0 | 1

%_digit | z_digit | 0[1]2[3|4|5|6|7

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

| unsigned_number [ . unsigned_number ] exp [ sign ] unsigned_number

*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.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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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.

preced
single quote character (”). Legal base specifications are d, D, h, H, 0, O, bsar By fonthe\bases dexsir

unsigned number token shall immediately follow't ionally preceded by white space. The
hexadecimal digits a to T shall be case insensjtive.

¢ in hexadecimal, octal, and binary constants. A z represents the high-
impedancevalues\3 ) discussion of the Verilog HDL value set. An X shall set 4 bits to unknown in
the hexadecimz its$\n the octal base, and 1 bit in the binary base. Similarly, a z shall set 4 bits, 3
bits, and 1 bit, respestively, 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.

Documents

Document Sharing Hub

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |

Full document details: IEC 61691-4 2004


http://www.avadocuments.com/doc/iec-61691-4-2004
http://www.avadocuments.com/doc/iec-61691-4-2004

IEC 61691-4:2004(E) 33
IEEE 1364-2001(E)

Examples:

Example 1—Unsized constant numbers

659 // is a decimal number

*h 837FF // is a hexadecimal number

07460 // an octal number

4af // is illegal (hexadecimal format requires ’h)

-
un

Example 2—Sized constant numbers

4°b1001 // is a 4-bit binary number

57°D 3 // is a 5-bit decimal number

37b01x // is a 3-bit number with the least
// significant bit unknown

127 hx // is a 12-bit unknown number

16°hz // 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 ?
// held in 8 sits—eq\

4 ’shf // this denctes\t i 71111°, to

// ; $ ement number,
// -4°h 1
-4 ”sdi15 // is i i p -4”d 1), or “0001~.

Example 4— Automatic lef

reg [11:0]
initial begin

// yields {82{1"b0},3"b101}
/7 yields {85{1"hx}}
"hz; /7 yields {85{1"hz}}

Example 5—Using underscore character in numbers

27_195_000
167b0011_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.

example, 39e8, which indicates 39 multiplied by 10 to the eighth power).
decimal point shall have at least one digit on each side of the decimal po#

Examples:

1.2

0.1

2394 .26331
1.2E12 (the exponent symbol ca
1.30e-2
0.1e-0
23E10
29E-2

The following are invalid

the decimal point: Q

Real numbers sha onverted to integers by rounding the real number to the nearest integer, rather than
by truncating it. Implisit’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.

!The 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 ""Hel lo 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 b
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 %ht
stringvar = {stringvar,
$display(*"%s s
end
endmodule

The output is: Q

r,stringvar);

,stringvar);

string is large
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=<7)

2.7 ldentifiers, keywords, and system names

ers shall be case sensitive.

Example:

shiftreg_a
busa_index
error_condition
merge_ab
_bus3
n$657

NOTE —Implementat
ters. If an identifier exceed

Neither the leading b lash 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***
\netl/\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 keywo

2.7.4 System tasks and functions
The $ character introduces a language construct that enables development oRusex-ds and func-
tions. System constructs are not design semantics, but refer to simulatorfuncti ity. AmameNollowing 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_function_identiﬁer* (:
$[ a-zA-Z0-9_$ ]
system_task_identifiey” ::

S[ a—KA-
*The $ character ina SYST i tifier orsystem_task identifier shall
not be  folowed y A system_function_identifier or
system_task_ not'ke escaped.

The Sidentifier 6n can be defined in three places
— A standard didentifier system tasks and functions, as defined in Clauses 17 and 19.
— Additionz er system tasks and functions defined using the PLI, as described in Clause 20.

— Additional $1degtifier 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 ;

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |

Full document details: IEC 61691-4 2004

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/iec-61691-4-2004
http://www.avadocuments.com/doc/iec-61691-4-2004

38 IEC 61691-4:2004(E)
IEEE 1364-2001(E)

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.

an be used as a

Any valid identifier, including keywords already in use in contexts other than this co
] d. Additional

compiler directive name. The compiler directives described in Clause 19 are part
compiler directives with the ‘identifier construct are not part of this standard.

Example:

‘define wordsize 8

2.8 Attributes

The syntax for specifying pa attribute'is

< (FromyAnnex A - A.9.1)
, attespec } *)

onstant_expression

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 4—To attach an attribute to a module instantiation:

(* optimize_power=0 *)
modl 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, ©);
Example §—To attach an attribute to a conditional operator:
a=>b? (* noglitch *) c : d;

2.8.2 Syntax

The syntax for legal statements with attributes is shown in Syntax 2-4—

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

{ module_item }
endmodule

The syntax for part

N?ration = (From Annex A - A.1.4)
ttribute_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_instanti
| { attribute_instance } local_parametey” declaration
| { attribute_instance } module_or_generate_ftem
| { attribute_instance }
| { attribute_instance
| { attribute_instance }

Syntax 2-6— nta@ Eu@m attributes

S
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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_
{ attribute_instance } parameter_declafation
{ attribute_instance } real_declaratio

{ attribute_instance } realtime_d¢claration
{ attribute_instance X{i}a{_d axati

| ta

, and block attributes

Syrf¥ax 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_ sion ]
udp_input_declaration ::=
{ attribute_instance } input list_of port_identifiers

udp_reg_declaration ::=
{ attribute_instance } reg variable_identifier

N\

Syntax 2-9— Syntax for udp attrib

@%
S

Documents

Document Sharing Hub

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |

Full document details: IEC 61691-4 2004


http://www.avadocuments.com/doc/iec-61691-4-2004
http://www.avadocuments.com/doc/iec-61691-4-2004

44 IEC 61691-4:2004(E)
IEEE 1364-2001(E)

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:

- represents a logic zero, or a false condition
represents a logic one, or a true condition

- represents an unknown logic value
- represents a high-impedance state

N X — O
|

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

is described in detail in 7..

3.2 Nets and variables

atypes and the net data types. These two groups
ey also represent different hardware structures.
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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 ] [ signe
range [ delay3 ] list_of net_identifiers ;
| trireg [ drive_strength ] [ vectored | scalared ] [ s
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 Anngx A - A.2.
( strengthO , strengt
( strengthl , strength()
( strengthO , highz1 )
( strengthl , highz0 )
( highz0 , strengthl )
( highz1 , strength0

| mihtypmax_expression
list_of Met_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 regisfer was used to encompfass bo
time, real and realtime types; but that the term is no longer used as a Verilog data type.

the reg, integer,

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 4
reg_declaration ::=
reg [ signed ] [ range ] list_
time_declaration ::=

wSb_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 b 3 s\known as a
scalar. Multiple bit net and reg data types shall be declared by specifying a’rang i ROWN as a
vector.

3.3.1 Specifying vectors

The range specification gives addresses to the individual bits ip-a eg. The most significant bit

specified by the msb constant expression is the left-hand valge i AL east significant bit spec-
ified by the Isb constant expression is the righthand value-in\the yrange,

Both msb constant expression and Isb conStant exp Qns t expressions. The msb and 1sb
constant expressions can be any value—positive, ¢ Isb constant expression can be a

bits in the vector. Vector nets a \IB signed quantities, unless the net or reg is declared
to be signed or is connected\{o a port thaf is\declared signed (see 12.2.3).

Examples:
wand w; sataf net of type wand
tri [15:0] bus ee-state 16-bit bus
trireg it a charge storage node of strength small

reg a; / a scalar reg

reg{3:0]\; // 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 (216) 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

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

drive strength  shall only be used when placing a continuous as
that declares the net

Gate declarations can also specify a drive strength. See
on strengths.

3.4.1 Charge strength

charge storage; charge streng
lowing keywords:

— small
—  medium
— large

Examples:

trireg a; // a trireg net of charge strength medium
trireg (large) #(0,0,50) capl ; // a trireg net of charge strength large
//with charge decay time 50 time units
trireg (small)signed [3:0] cap2 ; // a signed 4-bit trireg vector of
// 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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