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Abstract: The definition of the language syntax and semantics for SystemVerilog, which is a unified
hardware design, specification, and verification language, is provided. This standard includes
support for modeling hardware at the behavioral, register transfer level (RTL), and gate-level
abstraction levels, and for writing testbenches using coverage, assertions, object-oriented
programming, and constrained random verification. The standard also provides application
programming interfaces (APIs) to foreign programming languages.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http:/standards.ieee.org/IPR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without compensation from IEEE. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
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 comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, 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.

Updating of IEEE Standards documents

Users of IEEE Standards documents 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.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, 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 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-SA Website at http://
ieeexplore.ieee.org or contact IEEE at the address listed previously. For more information about the IEEE
SA or IEEE’s standards development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1800-2017, IEEE Standard for SystemVerilog—Unified Hardware Design,
Specification, and Verification Language.

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 hardware description language (HDL) [B4], published in
2004. Accellera is a consortium of EDA, semiconductor, and system companies. [EEE Std 1800 enables a
productivity boost in design and validation and covers design, simulation, validation, and formal
assertion-based verification flows.

SystemVerilog enables the use of a unified language for abstract and detailed specification of the design,
specification of assertions, coverage, and testbench verification based on manual or automatic
methodologies. SystemVerilog offers application programming interfaces (APIs) for coverage and
assertions, and a direct programming interface (DPI) to access proprietary functionality. SystemVerilog
offers methods that allow designers to continue to use present design languages when necessary to leverage
existing designs and intellectual property (IP). This standardization project will provide the VLSI design
engineers with a well-defined IEEE standard, which meets their requirements in design and validation, and
which enables a step function increase in their productivity. This standardization project will also provide
the EDA industry with a standard to which they can adhere and that they can support in order to deliver their
solutions in this area.

Documents

Document Sharing Hub

8
Authorized licensed use limited to: Tsinghua Uni{%%(}/rigﬂy@wg i@gepwﬂrmgﬁtg%%g}gg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Contents

Part One: Design and Verification Constructs

1. OVEIVIEW ....eeuvieeieiieeteeteettetesetesteestessesseesesseessaeseessaessasseassessesseessesssesseessesseessessesssansanssensenseensensaensennes 38
1.1 S COPIC ettt ettt et h e et e h et e bt h e et e s it e e be e nbaeeabeenee s 38
1.2 PUIPOSE. .. ettt ettt et e st e et b e e be e bt e st e e bt e sabe e bt e naeeenbeenaeenanes 38
1.3 CONLENE SUMIMATY ....eeeeutieiiteeieesite ettt ettt ettt e sbt e et e sb et et ebte s bt esbeesateesbeesabeenseesabeenseenaees 38
1.4 SPECIAL TETIMNIS ...evvieiieeiieeiie ettt ettt e ettt e et e et eeebeebeestbeesbeensseesseesseessseesssessseessseanseeseens 39
1.5 Conventions used in this Standard ..............ccooiiieiieiieieee e 39
1.6 SYNLACLIC AESCTIPLION ....eeieiietieeiieeiieeieete et e ete et eteeete et e steeteessbeeseessaessseesseessseessseenseenseens 40
1.7 Use of color in this Standard .............cceeeieiieiininieeciec et 40
1.8 Contents Of this Standard...........ccceecieiieeciiiieeece ettt 41
1.9 Deprecated ClAUSES. ......ccueruieiieieieiieiesteetesttete et et e eteeteeteessesseesseesaessesesensesssenseessenseessenseenes 44
L10  EXAMPIES ..ottt ettt ettt et b et bt et b et bt e a e bt et eh et ene e e eee 44
LIT  PrOICQUISIEES ..eeuvivieutietieteetieie et eteeteeteste et e teestesbeeseesseeseesseessesseessesseessassaessanssenseeseensenseensenss 44
2. INOTMALIVE TEITEIICES ...eeuvieivvieiieitieiieeieesteeie et estteeteesteesebeesseeesseessaeasseesseesssessseessseenseesseesnseenseenses 45
3. Design and verification building blOCKS .........ccocivierieiiiiiiiieieeete e 47
3.1 (€S TS | PR SRUUSUS 47
3.2 DESIZN CLEMENLS ....ueeiieiieieieiitieiesieeteettete st et e stessaestesaesteesaeseensesseessesseensesseensesseensesseensensens 47
33 A (oY 101 T USRS 47
34 PTOGTAINS ..vvtieiiieeiie ettt st ettt et e st e et et e s et e et e e s abe e bt e ssaeenseesnbesnseenseesnbeenseenanes 48
3.5 TEETTACES ...ttt ettt ettt e e e et e e be e be e rb e e b e e abeebeenteeesbeereennnas 49
3.6 CRECKETS. ... ittt ettt ettt e e e b sb et e s s e eseesseeseessesseessesssessesssessasssensenseesenns 50
3.7 PLIMITIVES 1.ttt ettt et e e st e e e st et e e st eseeneensesneenseeneesseenaenseeneasen 50
3.8 SUDTOULITIES ..veeivieeiieeieeiie ettt e ste et e et e et estteebeestbeesseentaesnseeseessseenseessseesaesnsesseens 50
3.0 PACKAZES. c..etitetetee et ettt ettt e nae s 50
3,10 CONTIGUIATIONS ..eeeutiiieieiiieteet ettt ettt ettt ettt se e te et e teeu e e bt ese e et eseesaeeaeeseeemeesaeeneesbeeneannens 51
311 OVerview Of hICTArChY .....cvoviiiieiicice et ees 51
3.12  Compilation and elaboration............ccceeeeriirieriiiiiee ettt s 52
3013 INAITIC SPACES .eeuvreurieniieiiteeieestreeteessteeteesttessseesssesaseeseessseenseessseesseenssesssesnseesssessseenssessseessesnns 54
3.14  Simulation time units and PrECISION. ........cveruiriertieiereeeeierie et eteest et e teenee e ee e eee e eneeenes 55
4, SChedUIING SEIMANTICS ... .ecvvevieiieiietieie et ete ettt ettt et e et esreeseesaeeseesreessesseessesseessaessesseeseensesseeneas 59
4.1 (€131 1< ) OO OORPTO P PSRPTRSTE 59
4.2 Execution of a hardware model and its verification environment .............c.cceeeveervreveeneeennen. 59
4.3 EVeNnt SIMUIATION ....ocveiiiieiiiieiieicetieie ettt ettt et esbe e e e sessaesaeesaesseessesseessensanns 59
4.4 Stratified event SChEAUICT.........c.cccuiiiiieie et ae e s 60
4.5 SystemVerilog simulation reference algorithm ..........cccceecvieriieniiiiiieniecie e 65
4.6 DEtOIIMINISINL . ..teeuiieiii et ettt et et e et e bt e e teeeabeesaaeeabeesbaeesseeseessseenseesaseerssensseenseanssennnas 65
4.7 INONAELETININISIN . ¢...veeetieeieeiieeite et eiee et e et e st erite ettt esteeesbeesteessbeesseessseenseenseesnseenseesnseesssannsenne 66
4.8 RACE CONAIIONS .....eeviiiieiiieiieieeieeie ettt ettt ettt e et e sbeesaessessaessesssesseesaessesssenseessensenns 66
Documents

Document Sharing Hub

9
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

4.9 Scheduling implication Of aSSIZNMENTS .......cc.eouieieririeriieiere et 66

4.10  PLI callback CONIOl POINTS .....cc.eeuieiiriieieeiieiesieett ettt enes 68
5. LeXiCal CONVEINTIONS ....ccuviiiiiiiiieieectie et et et ete et et e e vt esteeesbeesaeeesbeasssessseesssessseesseesnseesseesssesnseessenns 69
5.1 GONETAL....eeuiieiie ettt ettt ettt e et e e et e e eteeeabeesabeeabeesbseesbeeseessseenseessseenssessseenseensnanneas 69
5.2 LeXICAl LOKEIMS ..ueuiiiiitiiiiititetetetet ettt s 69
53 WHILE SPACE ... .cviieieiietietietete ettt et ete ettt e et e b e e ta e b e eteesbeeseesseestessesssesseessessesssesseessansenns 69
54 COMUIMEIIES ...ttt ettt ettt ettt b et bt et sb et bt et e s bt et e ebeeab et e et e sbeentesbee e suee 69
55 OPETALOTS -ttt ettt ettt et et e ettt e e e bt e e et e em b e es e em b e eseen b e esee bt eaeenbesseenaeemeenbeeneenbeeneantene 69
5.6  Identifiers, keywords, and SYStEM NAMES .........ceoveruerierieniieieieeienie ettt s 70
5.7 INUITIDEIS ...ttt ettt e et e et e e tb e e teeesbeesbeesebeesseessseessaeseesnseassessseesssansseanns 71
5.8 TIME TLETALS ....eveiiieieieee ettt ettt eb bbb 76
5.9 SHANG TIECTALS ...ttt ettt ettt ettt et e st e saeesa e beesaesseesbeseessenseensesseenseseas 76
5.10  SHUCTUIE LIEEIALS ..ccuviiiiieiiiitet ettt ettt e 78
SAT  ATTAY HEETALS 1eouviiieiieiie ettt ettt ettt te et e et e e aaessae e bbessseenseesssaenseensseesaenssennns 79
502 ABITDULES ..oeieeiiiiie ettt ettt ettt ettt ettt et e et e s te b e s enseneensenseneeneeneeseeseeseetesesanean 79
5.13  Built-in MEtROAS ....eeiieieiieieiee ettt st et re e ene e et 81
6. DIALA EYPES .ttt s h e et a e et b e st e s bt e eabe et e sabeeaeens 83
6.1 (€S TS ¢ | PR U OURRUS 83
6.2 Data types and datd ODJECES. ......ccceriririririinieicceieriert ettt e 83
6.3 VAIUE SEL ...ttt bbbttt et eb ettt ae e enee 83
6.4 Singular and aZEIEGAE LYPES ..cuvevveereriieieriieiertieeete et eeesteeaesteessesseessesseessesseessesseessesseensesses 84
6.5 Nets and Variables .......cccuiiiiiiiiiiie e 85
6.0 INEELYPES cuveerieeieeieeiieesteeetieeteesteeeteesteeastessseessseasseesseassseesseessseanseensseansaeseessseesseansseenseenssennns 86
6.7 INEE AECIATALIONS ...vvieiiieiie ettt ettt ette et e et e e sveeeteesbe e beessaeeabeessbeesseessseanseesseesnseensaessseans 97
6.8 Variable declarations ............coeoueieieirininieeete sttt e 100
6.9 Vector deClarations .........ccueveeueeuiririiriirieietetete ettt ettt 102
6.10  IMPLiCit ECLATATIONS ....ccvieviiiieiieieciieie ettt et ste et este e e teesbesteesaeereessesseessesseessessnessens 103
6.11  INTEEET AALA LYPES .eovvierieiietieieieeiesteete it et et et ebe et e steesaesseesaesbeessassaesseeseessesseessesseessesssensens 104
6.12  Real, shortreal, and realtime data tyPes .........eoeeeereriiiiiiieeeeee e e 105
LT O A Ta a1 7 18 o< TSRS 105
6.14  Chandle data fYPe......ccceceeereririnirenieieieeet ettt ettt st st 105
6.15  CLaSS ututeteteietee ettt h bt bbb ettt e et enea 106
6.10  StrNG AATA LYPC .eovreiieeieiieierieeeertesttete ettt et e e et esteesaesseesaesseessesaesseeseessesseensesseensessaensens 106
6.17  EVENE dALA [YPC..ueeeeiieiieiiieeie et st et ertee sttt e ste et essteesbaesaeesbeessseesseenssesnseensaesnseensnesnseenseas 112
6.18  USET-AEfINEA LYPES ..eevrieiieriieeiieitieeie et ste ettt e steesteesteesteessaeesbaessbeenseessseenseesssesnsaensneenses 112
6.19  ENUIMEIALIONS .....eiuititiieteiet ettt ettt sttt et et e ittt eaeeb e ebeebesee st e b et et e s et e st estene et ebeebesbeseens 114
0.20  COMSLANES ...c..eeteiieiiitiete ettt ettt et esb e e te s bt e besb e et e et e e bt eae e et eb e e bt eatesaeestenbeeneesbeennenseens 119
6.21  Scope and LFELIME ......eevviieiieiiecie ettt sttt e e be e s aeenbe e seeenseeseesssaenseanssean 126
6.22  Type COMPALIDIIILY ..covreuieiieeieie ettt ettt et e st e e s e ssesneesesneens 128
0.23  TYPE OPCIALOT ...ttt ettt ettt ettt b e et ettt st e bt e sab e e bt e saee s bt e sabeenbeenbaesbeenbeens 131
0.24  CASLINZ c.eeuvieeieieeeeteetete st ettt et e et et e steesaesseessesseenseesaesseesaensesseenseeseeseentesaeensesseenseaseensensaans 132
6.25  Parameterized data tYPES ....eecveerieeiiieriieiie ettt st entteeaeennae s 137
Documents

Document Sharing Hub

10
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

7.1 GEMETAL. ...ttt ettt sttt ettt ettt 139
7.2 STUCTUIES ...ttt ettt ettt ettt et st e te bt et e bt et et et e sbeeateebeemeeseeemeesbeenbesbeentenneans 139
7.3 URIOMIS 1vvvtetie ettt et et e et ett e et e eeteestbeeaeeteessbeessaessseeseeasseensaassaenseesssassseenseesssaenseesssaensanssens 141
7.4  Packed and Unpacked arrays.......c.ccceeveviieieriieieniiiecteie et sre e sre e sre s sre s sre s nraens 145
7.5 DYNAMIC AITAYS ...uveveeutetieieeteeteeeie st eteeteesteste st eseesseeneeeseeeesseeseeseessesseeseaneenseensenseeneenseenes 149
7.6 ACTAY QSSIZNIMCILS....cuveitieieitieieetieteetietesteestesaesetesesseessessaesseaseesseassesseensesseessessessessessensenns 152
7.7  Arrays as arguments t0 SUDTOULINES ........cc.eeriiruieriiiiiieie ettt 153
7.8 ASSOCIALIVE AITAYS ...eeuveeieuiertieiietietensiestesteestesesstessessaessesssessesseessesssessesssessesssessesssessesssensenns 155
7.9  Associative array Methods ..........coooiiiiiiiii e 157
T1O  QUEUES ..eveeeiiiieeiiieeiiee et teeette e st e e ettt eetaeeetaeeasseeesssaeessseaaessseeanssaeaassaeassaeeansseessseeasseennnns 161
711 Array qUErYINg fUNCHIONS ....eeeuvieiieeiieetietie e ettt e e e et e sbeebeeseaeebaessaesnbeeseseenseenssesseesnens 165
7.12  Array manipulation Methods ..........ccooieiiiiieiiieec e 165
8 CLASSES vttt ettt sttt ettt et e b bbbt et a et h bbbt bbbttt et e s e bt bbb b e neen 170
8.1 GENETAL. ...ttt ettt sttt ettt 170
8.2 OVETVIEW ..eutiiiiieieeette et e etteeteestaeebeeteeeebeesseeesseeseaesseeaseessseessaessssassaessesaseassseasseesssessseeseens 170
8.3 N 117 b QOO O PSUR PRSPPIt 171
8.4 ODbjJects (C1asS INSTANCE) .. ..cuvereieiireieie et ettt tete ettt sttt ettt e et e ae b e ntesbeeteeseeneeeneeneeens 172
8.5 Object properties and object parameter data............cceeeveeievieriirierierienieie e 173
8.6 ObDJECE METNOAS ...ttt et e s e st e aeeeabeesteeesseensaeensaenseens 174
8.7 CONSITUCTOTS ....eueienieiteteeteete ettt ettt ettt et e at et e a et saeen e b e ebesbe e s e sbeesnesaeenneeaee 174
8.8 Typed CONSLIUCLOT CALIS ....cuviiitiiiiieeiieeii ettt ettt et e e be e staeesseesaesnbeensnens 176
8.9 StatiC ClASS PIOPEITIES. ... .eeeireieeeitieitiete ettt ettt e sttt ettt e st et et es e et e st e saeeneesseeneesseeneesneas 177
810 Static MELROAS ... couiiiiiieieiee ettt ettt eb e s 177
BLLT  THIS cueeuieeieiieit ettt ettt ettt et et et et e st et e ae et e ete e s e ebe b et et ensensentententeneeneeneeseesennens 177
8.12  Assignment, renaming, aNd COPYINZ.....c.ccveruerreerrerririeerreeeesreneesseeseesseseessesssessessessessessenn 178
8.13  Inheritance and SUDCIASSES ........cc.eeriiriiriiriiiiereri ettt ettt et 180
8.14  OVerridden MEMDETS. .....c..ccueieriiiriiriniirtistertesteeett ettt ettt ettt ettt sttt et sbenaens 180
LT BT 11515 OO TSR PRRPR 181
T T G T oV TSRS 182
8.17  Chaining CONSLIUCLOTS ....cuveivieeierieiestierieteeeestesteetesteessesseessesseessesseessesseessesssessesssessesssessenns 182
8.18  Data hiding and encapSulation ............ccecerieieriiieeiiee et 183
8.19  Constant Class PIOPETLIES .....cceevrveerveriietieeteeteeteesteeteestteeseesseesseesseessseesssessseenseesssesnseens 184
8.20  Virtual MEthOdS. ......oiuiiiiiieeee ettt et s 184
8.21  Abstract classes and pure virtual methods..........cccevieeiirieiienieeeee e 186
8.22  Polymorphism: dynamic method 100KUD ..........ccceviiiiiiiiiiiieicecee e 187
8.23  Class SCOPE reSOIULION OPETALOT ©: .vveerierireeieeeriieiteeieesteeeteesteeeteessreesseesseessseeseessseessesssees 187
8.24  Out-0f-block deClarations ..........ccevuereruiriririnieieieiteeeieeie ettt ettt 189
8.25  ParameteriZed CIASSES ......c.eiuirieiiieieiieiiee ettt sttt bt 191
8.26  INLETTACE ClASSES .euveuviuieiieiieiieiteiereet ettt bbbttt ettt st b e 194
827 TYPCACT CIASS ..ueviiiiiiieiictecteeete ettt ettt et e b e eseesbeestesaeessesseessesseessasaens 203
8.28  ClasSes and SIIUCLUIES ......cc.eecuvieiiieiiieeiietieeteeteesteeeteesteeebeebeesebeesaessseesseessseenseessseeseesssens 203
8.20  MEMOTY MANAZEIMNENL .....eeuveeerietierireeteetreerteeteestreeseesseessseeseessseessessseesseessseesseesssesssesssses 204
Documents

Document Sharing Hub

11
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

9.1 L€ 153 1<) | PSR 205
9.2 SrUCTUIEd PrOCEAUIES ....eevveiieeieeiiete ettt ettt ettt et et et e st et e st eaesseensesseensesseensensnens 205
9.3 BIOCK SEALEIMENTS ..c..eveiiiiieieteteit ettt sttt ettt ettt ettt ettt ettt sbe et 209
9.4  Procedural timing CONLIOIS........cccveriirieriieieiietteiesieete e eeeste e e sreesresreeeesaeessesseessesreensensnens 215
9.5 Process eXecution threads ...........cocueiiiiiriiieniiiiee e 224
9.6 PrOCESS CONIOL ...ttt et e st et e b e eseeenee 225
9.7  Fine-grain process CONIOL ......c.ooiiiiiiiieiiieiieie ettt ettt st ee b eneenaeens 229
10. ASSINMENE SEALETIIETIES ....evititirtiteteteteit ettt ettt et et ebe bbbt st sbesa et s esseseeseebesbesbe st enbe e 232
TO.T GENETAL ...ttt st sttt ettt et b et sae s 232
LO.2  OVEIVIEW .c.utuiriitiientent ettt ettt ettt sttt ettt eb et b et besb et be s b ettt e e eseest et ene et e ebesuesaenen 232
10.3  CoNtiNUOUS ASSIZNIMENLS .....ecvverierrererireresieeteesieeesseeseessessessesssesseessessesssesseessesssessesssessessees 233
10.4  Procedural aSSIZNIMENTS. .......cevveeiieriieeieeiierieeieeeteeseesteeteesaeeseessaeesseesseesnseenseessseenseensses 236
10.5 Variable declaration assignment (variable initialization) ...........cccceeeveeiinienenienineeeeee 241
10.6  Procedural continuous aSSIZNIMENTS .........ccueeuieriirtierieeierteeee e eeeenteeeee st eseesteeeesaeeneeseeeaesneas 241
10.7  Assignment extension and trUNCATION ..........ecueruierierieiereeeeseeeeesteee et eee e eeeseeenseeneas 243
10.8  AsSIgNMENt-IIKE CONEXLS....eouiiririieiiiieieitieieetieeeste et ettt sreeae e e e sseesbensaensesseensessnenseennan 244
10.9  ASSIGNMENT PALICIIIS.....ecvieeiietieieireeteiteetesteeeteseeteesteereeseesaesseessassaessasseessasseessesseessesssessessees 245
10.10 Unpacked array CONCAtENAtION........c.ecveruerreerieerieiesieeeesseetesseeesesseessesseessesseessesseessesseessessees 249
TO.TT INEE AlIASINE c.eeeneeeieiieetiete et ettt ettt ettt et et et st e bt e bt e bt es e bt emtebeentesaeeneesaeentesneas 252
11. OPETAtOrS ANA EXPIESSIONS ..eeuvreereereertreeteerteestesteeseesseeaseesseessseesseesseesssessseessesssseessesssseessessssessses 254
L 0 B € 153 T v | OSSO P SRR PTRRPR 254
L I O 1) 74 ) SRR PTRS 254
L1.3 OPCIALOTS ...eeutieieietieiteetteeite ettt st et et e st et e sht e et e satesab e e sbesabe e baesabeenbeesabeenbeensseenbeenseens 255
11.4  Operator dESCIIPLIONS ....cuvevieeieieeeretestertesteeteteeteestesseesessaessesssenseessesseesseseensesssensesseensessees 259
L1.5  OPCIANAS ..oevieiiiiieeieeiieie ettt ettt e st et et e e e te e b e e teesaeeseessesssessaessassaessanseessasseessesseensesseensenseas 279
11.6  ExXpression bit LeNGthS .....ccooriiiiiriiiieiieeee e 282
11.7  Si@NEA CXPIESSIONS . ..euieutieuiitieierteeiesteeteste et et e eteesteeseessesneesseeseeseenseeseensesseenseeneesesneensesnean 285
11.8  Expression evaluation TULES .........cceceiieiieriieiertiee ettt 286
11.9 Tagged union expressions and MEMDET ACCESS. ... .cuerurerrereerrereeierrereeeeesseeseesseeeesseessessens 287
11.10  String [iteral @XPIESSIONS. ....ccveriireeriertieierieeeetieteestesreeseseessessaesseessesseessesseessesseessesseessesses 288
11.11 Minimum, typical, and maximum delay eXpreSSions .........cceccveerveerieerueereenveeseenreesseenenens 290
T1.12 0 Lt COMSLITUCT .ontiiiiniiiieiietiete ettt ettt et sttt sttt eb et ee et ebt et et esbeemeesaeenaenbeas 291
12. Procedural programming StAtEIMENTS ..........cceeruererriereeiieiieiesie e te et eee sttt e e eeseeenee e e neeeneenes 298
L0 R € 1< 1 T v | U P PSR S 298
12.2 OVEIVIEW ..ttt ettt ettt ettt et ettt eb bbbt bt sb et b s bt e b et et eae e st et ebe et e ebesaesaenen 298
123 SYNAX ettt ettt ettt sttt et b et h bbbt b bbbttt en e st et e ae bbb e nen 298
12.4  Conditional if—else StateMENL. .......ccouirieriiiieiiniircee ettt 299
12,5 CaS@ STALEIMEIL ..c..eeuiiiieniietieie ettt ettt ettt ettt et eat et s ate bt eb e e b es et e eatenbe et e saeeneesbeeaesneas 304
12.6  Pattern matching conditional Statements ...........ccccoeeeieririieninieieeee e 309
127 LOOP SLALEIMEIILS ....eeuiieeiiieiieeeieeiee sttt ettt sttt ettt s bt e st e st e bt e eab e e bt e sabeenbeesbbeebeenaee s 313
12,8 JUMD STALEIMEILS ..uviiiiieiieiiieeieeite sttt ettt et e sttt et esabesabe e baesaseebeesnbeenseessseenseensnens 317
Documents

Document Sharing Hub

12
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

13. Tasks and functions (SUDTOULINES) ........eecveeruierieeiieiienie et esteesteesteesreetaeeseeseeseseeseessseesseesssesnses 319

L B € 157 T v TSRO 319
13,2 OVEIVIEW ..ttt ettt ettt sttt ettt et ettt b bbbt b e bbb e et e e st ebe e st e bt et e ebeseesaenen 319
13,3 TASKS ettt ettt b ettt e bt ettt eb b e e aen 319
1314 FUNCHIOMS.c..eteteieiet ettt b bbb bt bbbt e et et eseese e st ebe et e ebesbeseennan 323
13.5 Subroutine calls and argument PASSING........ccvereerverrieriiieriersieesieseeereeseeereeseesseesseessees 329
13.6  Import and eXport fUNCHONS .......eiuteiiitieieitieiet ettt ettt s ae e 334
13.7  Task and fUNCHON NAMES .......ceeiriiiiiitieieiteeiet ettt ettt eee e aeeneas 334
13.8  Parameterized tasks and fUNCLIONS ...........cceeieiiiriinii i 334
14. CLOCKING DLOCKS ...ttt ettt st ettt et et et et sb et nae e nees 336
T4.T GEINETAL....cuiitiiiiicecc ettt bbbttt ettt ettt s 336
T4.2  OVEIVIEW ..ttt ettt ettt sttt ea bbbt b bt bbbt e b et e st e st ebeebe e bt sbe et e ebesaenaennen 336
14.3  Clocking block deClaration ........c.cecueeueeiiieiiiieiienieeeenee et erte e eteeeaeesteeseveeaeessaeeseeene s 336
14.4  Input and OULPUL SKEWS ......eeiuiiiiiiiiieie ettt ettt ae e 338
14.5  Hierarchical @XPIeSSIONS ........ceoiiiiiieriieieiiet ettt sttt ettt et eae et ee s eneeseeeaeeeeas 339
14.6  Signals in multiple clocking BIOCKS .......cc.cvuirieriirieininininceccecc e 340
14.7  Clocking block scope and fEtime...........cceecveriieienieiieieiieie et 340
14.8  Multiple clocking blocks eXample.........ccecveeieriieiiniiieeieceeeeeeere et 340
14.9 Interfaces and clocking DIOCKS.........cccuivvieiiiiieciiriieie ettt 341
14.10 Clocking BIOCK @VENTS. .....c.eiiuiiieiiiiieieeiieie ettt sttt sttt et sbe e e 342
T4 11 Cycle delay: HH ..ottt ettt sttt ettt ae et eneeteenee it 342
14.12 Default ClOCKING . ......oouiiiieeieie ettt ettt ettt ettt e e eneeneesneene 343
14.13  INPUL SAMPLING ...vieiiiiieieeiieie ettt ettt et e st et e s e eseesteessessaenseeseenseenaesseensenseensensens 344
14.14  GlODAL CLOCKING.....c.uiceiiiieeieieeiieie ettt ettt et sae e te et e s reesbeessesseessesseessesseeseessesssensens 345
14.15 SYNCRIONOUS GVENLS ....eeviiiieieiieiieeiieeieeiteesteeieesteesteesteeseseesaessseessaessseesseesssessesnssessesnseens 349
14.16  SYNCRIONOUS AITVES....vieiiieiiiieiieiieiiiieieesteesteeteesteeeteesteesebeeeaeesseessaessaeesseesssaenseenssesnsesnseens 349
15. Interprocess synchronization and COMMUNICAtION.........eeueitirierieierieee e 354
T B € 153 T SRRSO 354
I5.2  OVCIVICW ...ttt ettt ettt ettt e a et e u e et e et e s et emeesaeeme e s bt em s e st eneeeseenteeneensesneensesneennens 354
LT BN 1< 10 Y o) 1 o ) TSRS 354
154 MAIIDOXES. ..ueuiiieiieiiiterie ettt ettt ettt b et sb e bbbttt eenea 356
I5.5  NAMEA EVEILS ..ottt sttt ettt ettt ettt e st b et s bt ea e eb et e sbeestesaeenaeebeenbesnsenbeas 359
16. F TS 45 10) 4 LSRR 364
LT B € 1< 1 T v | SRR 364
L A @ 1) 74 ) TSRS 364
16.3  ImMMEdiate aSSEITIONS. ...c..eoviieuietiriertirtintetert ettt ettt sttt ettt et et et eae et sbesae e nen 364
16.4  Deferred aSSEILIONS ...cc.erterterieieiieiieieetietert sttt ettt ettt ettt sttt et et ese et et et ebeseesaeaen 367
16.5  Concurrent assertionNS OVEIVIEW .....cc.coueeruerteeiertieientenieentesieentesteesesstesseessenteetesseeeesseessessees 374
16.6  BOOICAN EXPIESSIONS ..veevrirerieiieriieaieesieessteesteesttessteesseesseeeseessseeseesssesssessseesssessseessseessesssees 377
L60.7  SEQUETICES. ..ttt ettt ettt ettt et sttt s b ettt e sae e st e s bt e st e beeeate e bt e sabe e bt enbteebeenee s 378
16.8  DEClaring SEQUEIICES ....cvevemeeueeuieieriirtintententeteetetteteeteeteste sttt ste st este st et eneereeseeaeeteebeseesaenen 382
16.9  SCQUENCE OPCTALIONS ...eevieeievieiierieeieieetesteesteteeseessesseessesssessesssessenssesseessesseessesseensesseessesses 390
Documents

Document Sharing Hub

13
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

16.10 LOCAl VATIADIES .....eeieiiieeeiie ettt ettt e e e ettt e e e e esaaaaeeeessnaeeeeeens 413

16.11 Calling subroutines on match 0f @ SEQUENCE.........ceouieieruiriieieieieieee e 419
16.12 DeClaring PrOPEILIES. ....ccueeueietieieeteeieeteete st eteetteteesteeeeesteseesseesee bt en e steensenseeneesneeneeeneenseenean 420
16.13  MUIICIOCK SUPPOTTL..ceuvieeeiiiiieiieeiteiteeteeteestteeteeteesaeeteessreebeesseessseenseesnseensaenssesnseenssesnsenn 446
16.14  CONCUITENT ASSETTIONS ...c..eeutetieiierteetieterttesteettent bt enteeteen bt saeestessee bt es e steentenbeentesaeeneesaeenaesneas 456
16.15 Disable iff TESOIULION ...o.ieuiiiiieiiiiieiereete ettt 473
16.16  CLOCK TESOIULION ...ttt ettt ettt s e e saeas 475
16.17 EXPECE STALEINENE ....veeuveeeeiieiieiieeteeiteeeieesteeteestteseteesseessseesseessseeseessseesseesseessseenseessseenseensees 481
16.18 Clocking blocks and cONCUITENt ASSETLIONS.......c.ueeveereervieriierieesieerreeteeseeereesseessseenseensnens 482
17. CECKETS ...ttt ettt b et b e bt bbbt et et et et e bt ebeebenbeseenen 484
R T © 13 74 ) TP 484
17.2  ChecKer deClaration ..........ccoccvecieruiesieriieiesiieiet et ste ettt te st eneesseeneeeneeeesneenseenean 484
17.3  ChecKer INSTANTIATION ...ec.eeueieeieieeiieieeieeie st eiet et teeeeeeeseesseseeen e enteseeeneeseensesneensesneesesneas 487
R 00} 1 o). (8 111 3 (<) 11 RS 490
17.5  ChECKET PrOCEAUIES. ... cetieuieteeiierieeiiete ettt ettt ettt ettt et e et et es e et ent et entesaeeneeseeeaeeneas 491
17.6  Covergroups i ChECKEIS. ... ...iiiiiiiiei ettt 493
177 ChecKer Variables. ......ccoouieiiiiiiieie ettt ettt st aesaeas 494
17.8  Functions in ChECKETS. .....ccuiiuiiiiiiiieie e 500
17.9  CompleX CheCKer EXAMPIE.....c.eeviiiiieriieiie ettt ettt eeeesaeeteeseveebeesaeenseensae s 501
18. Constrained random value ZENETatiON ...........c.ccvieeeriiriiiierrieeesieetesteeseesseessesseessesseessesseessesseessessens 503
I8.1  GEIMETAL.. ittt bbbttt ettt 503
I8.2  OVEIVIEW .c.itetiiiietetetet ettt ettt sttt b bbbt b bbb ettt e et ebe bt e bt sbe st ebenaenaenaen 503
18.3  CONCEPLS ANA USAZE....veeuvevierrereeeieitieieetieteettetesseetesseessesseessesseessesssenseessessesssessesssessesssensens 503
18.4  RandOm VATIabIES ........cceeoiiiririirierieniiieetetet ettt st 506
18.5  ConStraint BIOCKS ......cceuiiiiiiiiiiirieiirtccetcc ettt st s 509
18.6  Randomization MEthOdS ..........cceiiiieiiiiieieeeiee et 528
18.7  In-line constraints—randomize() With..........ccocvieeiiiiiiiieeiecie e 530
18.8  Disabling random variables with rand mode() .......cccceeovereriieniiieieeeeee e 532
18.9  Controlling constraints with constraint mode() ........cceervereriereeieniieere e 534
18.10 Dynamic constraint MOAifICAtION. ........couieiirieiiri et 535
18.11 In-line random variable CONMIOL ...........ocieiiriiiiii et 535
18.12 Randomization of scope variables—std::randomize()........c.ccerereerieeienieienieie e 536
18.13 Random number system functions and methods ...........cceevveeciieniieriienie e 538
18.14 RaANAOM StADIIILY ...vveiivieiiieiieiieeie ettt ettt se e te et e ebeentaesateenseeensaeseesnseenseas 540
18.15 Manually seeding randOmiZe ..........c.eeveerieiiienienieerieete et e steeereesaeebeeseeeeseesseeseseesseessseas 542
18.16 Random weighted case——TandCase ..........cceerueruieriiriieienieiere e 543
18.17 Random sequence generation—randSEqUENCE. .........eeuirueeeereeeeerteeieneeeneeneeeeesaeeeesneeneesneas 544
19. FUNCHONAL COVETAZE ....eeviieeiieiieeiieeie ettt et et e st steesbe e staeesaeesbeessseenseessseenseessseenseesssennseenes 553
19,1 GEMETAL. ..ttt ettt b bbbt ettt ettt eb e b b e een 553
19.2  OVEIVIEW ..ttt ettt ettt ettt ettt bbbt b bt s bbb s b et e et et e st e st e st eae et e ebesaeseenen 553
19.3  Defining the coverage model: COVETZIOUP.......cueriirierieriirieriieieieetesteeeeesteere e eeeseeeseseees 554
19.4  USING COVEIZroUP 1N CLASSES ...evvirvieiiieieiesiieieetieiesteeeeessestesseesseseessesseessesseessesseensesssessessees 556
19.5  Defining COVEIAZE POINES ....ecuveiiereeierireierieetestieeesteseesesaessesssessesssesseessesseessesseessesseessessees 558
Documents

Document Sharing Hub

14
Authorized licensed use limited to: Tsinghua Uni@bﬁyﬁ&ﬁy\@%?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

19.6  DefiNiNg CrOSS COVEIAZE. . ..ueruieieruieierteeiesteettesteeteenteeneenseseesseeseeseensesseensenseeseeneensesneensesnean 569

19.7  Specifying COVEIrage OPTIONS ...c..evueerueruieiesteeieetieteesteeeteneeeeesteeseeteentesteensesseeeeeneeeesneenseenean 578
19.8  Predefined coverage Mmethods .........coeoiiiiiiiiiiiieece e 582
19.9 Predefined coverage system tasks and system fUnctions..........c.ccceceveevueereeecieenieenieenieennnnns 585
19.10 Organization of option and type Option MEMDETS ........c.ceeeervueerrierieeireerieeereesieesreesseenenens 585
19.11 CoOVErage COMPULALION .....eevreriieereeriieeteeteesteeetteseteesteessaeeteesssesseessseasseesseesssessseessseessesssses 586
20. Utility system tasks and SysStem fUNCHONS .........cecverieriieiiriieieec ettt sre e 591
20,1 GENETAL ...ttt ettt b et et b e b sae s 591
20.2  Simulation control SYStem taSKS .......ccceceriririirinieiinininr et 592
20.3  Simulation time SyStem fUNCHIONS........ccceeririirierienirinirerees ettt 592
20.4  Timescale SYStEM taSKS ...cc.coveieuieiririirtiniertet ettt ettt 594
20.5  CoNVErSiON fUNCLIONS ......eecuieuieeereieiesieetesteeeteteeteseeete st stesteesaesseensesseensesseensesneensesneensesneen 597
20.6  Data qUETY fUNCHONS ....eovirtiieiiciieiiettetertestert ettt ettt ettt ettt et et ebe b e e nes 598
20.7  ATTAY QUETY FUNCIONS ....eviriiiiiitietiitentetetct ettt ettt sttt ettt et eb e b s see s 600
20.8  Math fUNCHIONS .....eiiieiiiiieee et ettt ettt b et ebe e saeeaesaeas 603
20.9  Bit vector SyStem fUNCLIONS. .......coueeiiiiieieitieieete ettt 604
20.10  SEVEIILY tASKS ...veiueiiieiieie ettt et b ettt et ebe et sbe e naean 605
20.11 Elaboration SYStem taSKS. .......ceoiiiiiiiiiiieiieet et 606
20.12  Assertion control SyStem tasKS. ......ccueiuerieriirieiiiiee e 608
20.13 Sampled value System fUNCHIONS. ......ccueiriiiiiiiiieiee e 614
20.14 Coverage SYSteM FUNCHONS ....coouiruieiiiiieieitieiieieet ettt et see e b eeesaeas 615
20.15 Probabilistic distribution fUNCHIONS ........ccuerveieieiiiiieieeereeee et 615
20.16 Stochastic analysis tasks and fUNCIONS ........c..cceevveriiiieriiiieieceeeeee e 617
20.17 Programmable logic array modeling System tasks ............ccoovveverieienrieiienieiene e 619
20.18 Miscellaneous tasks and fUNCHIONS..........cciruiriirieiririnerierteeeee e 623
21. Input/output system tasks and system fUNCHONS..........cceecveriiriierieiieriee et 624
) 0 B € 153 T ¢ RSP USRRRRN 624
21.2  Display SYSteM tASKS ....ccuiiuiiiiieie et s 624
21.3  File input/output system tasks and system fUnCtions............cceeeevuerierienieseneene e 635
21.4 Loading memory array data from a file ..........ccoeoiiiriiiiiiieeee e 645
21.5 Writing memory array data to @ file.........oooeiiiiiiiiiiie e 649
21.6  Command lNE IPUL........ooiiiiiiieie ettt ettt et s e eeseeeeesaee e 650
21.7  Value change dump (VCD) fI1ES ....c.oeiiiiiiiiiiiiecieeie ettt s 653
22. COMPILET QITECLIVES ...eeuvveeiiieiieieiieieeiie et et te st e st e stte e bt e taeesaeesbaessbeesseesssaenseensseanseenssesnseensnesssennsen 674
22,1 GENETAL. ..ttt b e bbbt ae e eean 674
22.2 OVEIVIEW .eteiieniiitieteette ettt et ettt ettt ettt et e e bt et e eate bt e s te s bt est e b e ee e ebeen s e bt enteebeenaesaeeneesaean 674
223 TTESCLALL .. ettt s ae et s aesaean 674
22,4 TINCIUAR .ttt ettt b b aen 675
22.5 “define, "undef, and "undefineall ............cccviiiiiiiiiiiii e 675
22.6  Cifdef, “else, “elsif, “endif, Idef ..........oooiiii e 681
227 THIMESCALE c..euveeeteeee ettt ettt bbbttt b e bbbttt ettt eb e bt neenen 684
22,8 ACfAUIL NEIEYPE c.vveiieeieiieiieeie ettt ettt ettt s b e et e b eb et e sb e raenseeteenaeenaennennean 685
22.9 ‘unconnected drive and ‘nounconnected drive ...........oceeeiieienieienieiee e 686
Documents

Document Sharing Hub

15
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

22.10 “celldefine and "endCelldefINe.........ccvvviiiiieriiiiiieeeee e 686

2211 TPTAZIMA .ttt ettt ettt et b e st b e st e et e e s et e bt e at e e bt e st e e be e shb e e beesheesbeenatesars 686
2212 THNC 1ottt ettt e et et b bt h e ke ke b et et et et et en e et eneeteebeeaeeaenan 687
2213 ' FILE _ and ' LINE ettt ene e ne e eas 688
22.14 “begin_keywords, 'end KEYWOTAS ........ccceeieiiriieieniieieiicie ettt sae e see s 689

Part Two: Hierarchy Constructs

23. Modules and RICTarCRY .........ccoiiiiiiiieee ettt et ene 696
231 GENETAL...cuuiiiiiciiecieete ettt ettt e e ta e tt e e ba e e b e e be e stbeeteeeaaeebaeaaeeares 696
23.2  MoOdule defINItiONS ......eocuiierieitiicieeie et ettt ettt e etee v etaeeveeeteeereeeteeeareeeraeeareers 696
23.3  Module instances (RIrarchy).........cccooieieiieiiiieiee et 708
234 Nested MOAUIES.......cooiiiiiieiicie ettt ettt et ev e e s e e e be e stbeebeesaaeenbeeaneeanes 719
23.5  EXterN MOAUICS .....oeiiiiiiiiiiiece e ettt et et e e ettt e e e earaaens 720
23.6  Hierarchical NAMES .........cc.ooiiiuiiiiieie e e e e e eaae e et e e ereeens 721
23.7 Member selects and hierarchical NAMES ............c.oeeiieviiiiiiiiiieie e 725
23.8  Upwards Name refeTNCING .....c.vevveeiuieriieiiieiieiiirteeteesieesiteseeeeteessesteestaeeseesseessseensnesnnes 727
23,9 SCOPE TUIES ..ottt ettt ettt ettt ettt et be e s 729
23.10 Overriding MOdUle PATAMETETS .......c.ccververrieieriieierteeeeteetesseeeesseeaesseessesseessesseessesseensesses 731
23.11 Binding auxiliary code to SCOPES OF INSTANCES ......eerurrueeuiriierieeiieieeeienee ettt see e 738
24. PIOGIAINS ..ttt et e bt st e bt st e s bt e s abe e bt e s bt e bt e sate e baesaneenne 742
241 GENETAL.....uiiiuiiiiiiceieeie ettt ettt ettt ettt e e ta e bt et e e be e e taeebe e taeereeaaeeanas 742
242 OVEIVICW ..ueiiiitiieeeeieeeieee et e e et e ettt e e et e eete e e etaeeeeteeeeeaseeeeasaeesateeeenasesensseeestseeesssssessseeensaaans 742
24.3  The Program CONSLIUCE ......cueeieriirierteiterteeteeteet e et eseesteetesseesteeseeseenseeeeneeseensesseeneesseensesnean 742
24.4  Eliminating teStbeNCh TACES ......ccvevieiieieciieietiee ettt sreesaessaensesaeas 746
24.5 Blocking tasks in cycle/event MOde...........oeouiiuiiriiriiieiiiieeeeeee e 746
24.6  Programwide space and anonymous PrOZIAMS..........eeeruerureruerreesseeseenseeseesseseesseeeessesssessens 747
24.7  Program CONIOL tASKS .......ceevviiieriiiiiiicieie ettt ettt beesaesaeesaesaeenseseeas 747
25. TEOTTACES ..ttt ettt ettt e et e st e et e e stbeebe e aaeesbeeeseeesbaessaeenbeeteeenseenseeenseensaeenaeente 748
T R € 1< 1 1<) v | BRI 748
25.2  OVEIVIEW c.uiiiiiiiieetieetee et et et e vt eetaeetve e e teeetseeteeetbeeabeestseebseseeesseeesseeaseestseenseesseesnseessenanas 748
25.3  INTETTACE SYMEAK ...eiiuieiiitietieiiete ettt ettt ettt et s e et et e b et e et ese e bt e st e sbeeseesbeenaenaeas 749
25.4  POrtS N INEEITACES. ... uveeieeeieeeeee e e e et e eeeaee e eeaeeeeeneeean 753
B T TV (T | o103 4 £ PSSP 754
25.6  Interfaces and SPecify DIOCKS ........couieiiiiiiiiiieee e 760
25.7  Tasks and functions in iNEEITACES .........c.ecovvieiiiiiiiiiie ettt et e 761
25.8  Parameterized INtEITACES ......ccouviiiiieiiiie et et 767
25.9  VIrtUAL INEETTACES ... .ecuviiiiiciieiie ettt ettt ettt ettt et e e e eteesebeeteesebeevaesaneeanes 769
25.10 Access t0 INtEITACE ODJECES.....iiiiriiiieieeieiieieteeeeste ettt ste ettt sbeeseesbeeseessesseenseeneas 774
26. PACKAGES. .. euvieitieeieee ettt ettt st e e te e e be e te e et e eatee et e entaeerbe e st enateentaensaeereent 775
B B € 1< 1 1<) v | BTSRRI 775
26.2  Package deClarations............ccuevuiiieriiiiiesieiieieteeeeste e steeaesteeeaesbeebesseesseesaesseeseensesseensesneas 775
Documents

Document Sharing Hub

16
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

26.3 Referencing data in PACKAZES .....c.eeoveiuirieiiieiiieeeee e 776

26.4  Using packages in module headers ...........ccvecvieieriirieiieriieie e 780
26.5  SearCh OTAET TUIES ....eovieiieiieieie ettt ettt sttt b et e st e ens e s e esseeseensesneensesnean 781
26.6  Exporting imported names from packages ..........cccevevviviiieieeiinieieceeieeeee e 783
26.7  The std built-In PACKAZE......cceeriiiieiiiieetee e 784
27. GENEIATE COMSLITICES ...euuiiutitietteteete ettt eet et e eet e et eae et e et e sbeestesbeembesbeemee et e enbe et e enteebee bt eneeneesaeenaesnean 786
g N € 1< 1 v | B OO U TP STRTRRTR 786
27.2  OVEIVIEW ..utiiiiiiiiieeieeeite et eette e vt esteesaaeebeestteesbeesssessbeeaseeasseessessseasssaassaensaesssaenseeseseensaenssesnses 786
27.3  Generate CONSLIUCT SYNEAX ....viirtierririeeriierieetiesteesteesttesteesttesateesbeestesbeesaseeseesaeesseesssesnses 786
274  LOOP ZENETALE CONSIIUCLES ..euvirutieriririeeriieeteeritesieesteesteesiteesteestteesbtesasesabeessaeeseesasesnseenasesases 788
27.5  Conditional EeNnerate CONSIIUCTS......c..ivverririerrierierierteetesteetesreesesseesesseessesseessesseessesssessesses 792
27.6  External names for unnamed generate blocks ..........ccceeoiiiiiiniiiinenieecee e 795
28. Gate-level and switch-level MOdeling ..........ccoouieieiiiiiiiieeee e 797
T I € 1<) 1T v | B TSR UUSTUS 797
28.2  OVEIVIEW ..ueiiuiiiiiieiieeieeeete et e e ite e bt e s teeeeveesteestaeebeesabeanseessseasssessseesssesssesaseesssaensaesssesnsaenssesasas 797
28.3  Gate and switch declaration SYNTAX ...........ceceeierierieiienieiieseeeesteeee e eeesseeae e esaesseenseseeas 797
28.4  and, nand, nor, or, XOr, aNd XNOT GALES.......c.cceerverrerrerrrerrerrerreeaesseesenseessenseessesseessesseessessees 803
28.5 DU ANA NOL GALES .ouvieiiieiiieiie ettt ettt ettt te et e st e ssbeessbeenbeessbeesseessaesnseennnesnses 804
28.6  bufifl, bufif0, notifl, and notif Gates..........ceiirieiiiiei et 805
28.7  MOS SWILCHES ..evieuiiiieii ettt ettt ettt et et st e s e st esteesa e seesseseeneaseensesseensesneensennens 806
28.8  Bidirectional pass SWItCRES .........cvevueiieiierieieeieeceee ettt 807
28.9  CIMOS SWILCHES ...eovviiieniieiieieiiierie st ete et et ettt eteesaesteessesstesbessaensaessesseessanseessesseessesseensenseas 808
28.10 pullup and pulldOWN SOUICES ......c.eeevereiierieeiieiiierie et este et esieeeereeseeebeestaeebeessaesssaensnesanes 809
28.11 Logic strength MOAEIING ......c.ceoveiuiiiieiieiee ettt 809
28.12 Strengths and values of combined SigNals ...........cecevieiiiriiienieieiee e 811
28.13 Strength reduction by NONresistive dEVICES .......eecveriirieiiiriieieniieiesieeeeteeeeeeeeeeseeeeeseeeeeas 823
28.14 Strength reduction by reSiStive AEVICES ......eccviriieieriiriieieiieiesteeeesieeee e ere e ere e eaeseeenens 823
28.15  Strengths Of Nt EYPES...ccueeiiiieieieeteeteeee ettt et sb e e be e nae s 823
28.16 Gate and NEt AIAYS ...c..ecveieieiiriiriiriitiet ettt 824
29. USer-defiNed PIIMITIVES .....co.eeverterieieuiriiriinteetentetetett ettt sttt ettt ere et besre et st e eeneennenes 828
201 GENETAL.....iiiiiiciietieee ettt ettt e e e e be e tb e e be e tbeebe e aaeebaesraeeareenteas 828
20.2  OVCIVICW ..utetieeieetieiienttetesteetesseestesseesseseeseasseassesseaseesseassesseassessesssensanssenseessenssensesseensesssensens 828
29.3  UDP defiNItiON ...c.cecuieeieiieiieieieeiesiteieeieeteteetetestessessaesseesaessesssessaesseeseessesseensesseensesssensens 828
29.4  Combinational UDPS ..........ccceiuiiiiiiieieiieiieti ettt steette st eeesveessereeseeeseessesseessesseessessnessens 832
29.5 Level-sensitive sequential UDPS ........cccoeoiiiiiiiiiiie e 833
29.6  Edge-sensitive sequential UDPS .......c..ccccoviiiiiiiiiiiiniiiiieneseeeeeeeeeeeeeeese e 833
29.7  Sequential UDP initialiZAtION ....cccveeruiiiiieeiieniecsieeieeeteeeeeeveeveesteeveeseeeesreesseeseseessneenseenes 834
20.8  UDP INSTANCES ... ueevietieeiierieesteesteeeeteereestteesseesteessbeesseessseesssessssesssassseaseesssaeseesssessseesssesnses 836
29.9 Mixing level-sensitive and edge-sensitive deSCriptions..........cecverveeverreeiereeeseeseeeeseeneeseeas 837
29.10 Level-sensitive dOMINANCE .........cceevverrieierreetinrieeesteeeesseetesseessesseessesseessesseessesseessesssessessees 838
Documents

Document Sharing Hub

17
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

30. SPECITY DLOCKS ...ttt ettt ettt ettt et et e eeseeeneeeneeaesreennennens 839

30,1 GONETAL..c.uiiiiie e ettt ettt e h et et sae et be et e sbe et enaeene 839
30.2  OVETVIBW ..uenieuitieie ettt ettt et ettt ettt ettt et e st et e st e st es e et e ebeeeesee et et e s et ensensensenseneeneeneeseaaeseens 839
30.3  Specify block declaration.............eeouieuieiirieeie et 839
30.4 Module path declarations.............ceceeieierierierieee ettt 840
30.5 Assigning delays to module paths ..........ccooiiiiiiiiiieee e 849
30.6 Mixing module path delays and distributed delays ............ccceeerieoiiiiiiniieeeeeee 853
30.7 Detailed control of pulse filtering behavior............cceoieiiiiiiiieiee e 854
31. TIMINE CRECKS ...ivveiiieiii ettt ettt e te et e s ebe e steeeabeesbaesnbeenbeesssaenseesssesnseensnennsas 863
3101 GONETAL...iiiieiieieeeee ettt et st sae et b et b e et eae 863
31,2 OVETVIBW ...ttt ettt ettt ettt sttt et et e e e st eb e eae e bt ebe e bt se et et e s emsenseneeneesteneeneebeebeabeseens 863
31.3 Timing checks using a stability WindOW.........ccccevuierieriiiiiierieiie e 866
31.4 Timing checks for clock and control signals ...........ccceeceereiierienciienienieeee e 873
31.5  Edge-control SPECITIETS ....ccueeiieiieeiieitieiie ettt ettt et tae s e e beeseaeenbeessaeenseesnens 882
31.6  Notifiers: user-defined responses to timing Violations ...........cceecveerverierieesieeneenieeieeenen 883
31.7 Enabling timing checks with conditioned eVents ............cccocveveerieiinieceeneeieceeeese s 885
31.8  Vector signals in timing ChECKS ........c.ccvieriiiiiriiiieiicieeeeee et 886
31.9  Negative timing CheCKS. ......oiiiuiiiiiiiee et 887
32. Backannotation using the standard delay format.............ccoccveviirieniiieniiiieeceeee e 892
3201 GONETAL..eiiiiitie ettt bbbt ettt et be e e 892
322 OVETVIBW...euiiiiiieitieteste ettt ettt sttt et et b e bbbt e bt bbbt e e et e e st ebt e bt sbeebesbenaens 892
32.3 The SDF NNOtatOT ....c.cecietiriiitirtirterierteiett ettt ettt sttt et ettt e e et e eneeseene e 892
32.4 Mapping of SDF constructs to SyStemVerilog.........cccevvieviriieieniieienieiesieeiesieeeesieeveniens 892
32.5  Multiple anNOtAIONS .......ccveivieieerieiierieieete et eteeeereseebeeesebesseesseeseesseeseesseessesseessessesssassenns 897
32,6 MUIIPIE SDF fIES ..ooviieieiiiiieiecieieeiteteett ettt ettt ettt teesaesaee b e ssaessessaensansnens 898
32.7  Pulse limit aNNOLALION ....oovirieiiieieiieiit ettt ettt ettt st 898
32.8 SDF to SystemVerilog delay value mapping..........ccoceveeeerieeveerieeeeneeeenieeeesreesesseeseseenns 899
32.9 Loading timing data from an SDF file.........ccccceeiiiiiiiniiiiiiiceeeee e 900
33. Configuring the contents 0f @ deSIZN ......c.cicveriiiiieiiiieieie ettt saeeneas 902
3301 GONCTAL ..ttt ettt ettt ettt b e nae 902
332 OVETVIBW...euiiiiiieetiteste ettt ettt et ettt a bbbt b e bt sttt et et ettt et eb e ebe e bt sbeebenbeneens 902
33.3  LADTATIES -cueeuietiiieieeieet ettt ettt ettt et b bt bbbttt ettt b bt bbb e 903
33,4 CONTIGUIALIONS ....eeviieieieeiieteeiieieete sttt et et etestee e s stensesseenseeseesseeseensesneessesssensesnsessennsensenns 905
33.5  Using libraries and CONTIZS ........ccceviririiriiieiiiiirireerertestete et 911
33.6  Configuration EXaAMPIES ........ccceeeeriririerieriinietetirest ettt ettt et ettt sbesae e b sae e aen 912
33.7 Displaying library binding information ............cccccueereeriiiiieniesiierie e sve e 914
33.8  Library mapping €XamMPIES .......ccceevueerrieriueerienieeieeseesteeeteesseesseessaessseesseesseesseessseessessssees 914
34, Protected CNVEIOPES ...c.eevieeieiieeieie ettt ettt ettt ettt st te b e taebeereenbeeraeaennean 917
34T GONETAL...ceiiiiit ettt bbbttt a et e bbb nren 917
342 OVETVIBW ...uiiiiiieetiet ettt ettt ettt ettt s bt eh e eb e bt s bbb et et e et et e st ebe et ebeebesbenbens 917
Documents

Document Sharing Hub

18
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

34.3  Processing protected enVEIOPES .......ceeeruiruieriirieiee ettt ettt s 917
34.4  Protect Pragma dITCCHIVES.......ccviiieriierieieetietesteeeeesteeeesseesseteeseesseessesseeseesseessesseessessesssessenns 919
34.5  Protect pragma KEYWOIAS. ......cc.eeuieiiieieiieiieie ettt sttt eneene 921

Part Three: Application Programming Interfaces

35. Direct programming iNEETTACE..........cuiruieierieieieetiee ettt sttt et enee e e e e ene 938
35.1  GONETAL. ..ttt ettt ettt st be e e 938
T 0 )< o (< 2 TSP STURRSt 938
353 TWO 1ayers OF DPL......ooouiiiiiiieieieeeeeeet ettt ettt et e saeessessaessesseessansaens 939
35.4  Global name space of imported and exported functions...........cecceeeeeveerereeieneeeneeieene 940
35.5 Imported tasks and fUNCHONS ....cc.eeecuieriieiieeiieiere ettt s e e e ssbeeaeeneee s 941
35.6  Calling imported fUNCLIONS ........coveriiriiiiiiiri ettt 948
35.7  EXPOTTEd fUNCHONS ..c..viitieiieeiieiie ettt ettt sttt e ittt teestaeebeestaessse e saeenseenseesnseenseenssenn 950
35.8  EXPOTEA tASKS....eeoiiiiieiiiieiieiieteeteet ettt ettt sttt ete e aeese e beeseesaeestesseensesreensesaens 951
35.9 Disabling DPI tasks and funcCtions............cceceriiiiiiiierieiee et 951

36. Programming language interface (PLI/VPI) OVEIVIEW .....c..ccovciririninininienciciciceceeencsieseeenne 953
30.1  GONETAL..c..eiiiiiiiieeee ettt et sa et b ettt aeeae 953
36.2  PLI purpose and NISTOTY .......cc.coueerireniniininenietciteitetceteete sttt ettt ettt st 953
36.3  User-defined system task and system function names.............cocceeeeereeieenenienenceneeieenne 954
36.4 User-defined system task and system function arguments .............cccocveevereeceerenceenenceennenns 955
36.5 User-defined system task and system function types ........cccceeeeereeeererienenieneneneeieeenne 955
36.6  User-supplied PLI appliCatiONS........cccvevvieieriiirieieieiieteeeesteeeesseeseesseeeesseessesseessessesssessenns 955
36.7  PLIINCIUAC fIl@S...cueiiiiiiiieiieiiee ettt sae et e s e sneennennens 955
36.8  VPI sizetf, compiletf, and calltf TOULINES ..........ccoveviiieriieieiieieeceee e 955
36.9  PLIMECHANISIN ..c.ueutiiiieieiieiieiteieet sttt ettt ettt ettt ettt st sbe e 956
36.10 VPI access to SystemVerilog objects and simulation objects ..........cccceeererienirrieneniennenne 958
36.11 List of VPI routines by functional Category............cceeueriirieriinieniieiene et 959
36.12 VPI backwards compatibility features and limitations ..........cccceeeevenerreenerienenieneeieeene 961

37. VPI object MOdEl dIaIAMS........cuervieeieiieieieeiieiet ettt ettt ettt e e st essessaessessaenseessenseeneenseenes 966
371 GONETAL..ceitiie ettt ettt e a et et nbe st b et nbeentenaeeae 966
37.2  VPITHANALES ..ottt ettt ettt s 966
37.3  VPI object ClasSifiCatiOns. ......cueiuieieriieiieie ittt ettt et sttt s 967
37.4 Key to data model dia@Irams ...........cceceevvieieriiiieieieceeie ettt e st e sreeeesaeesaesreessesreessenseens 973
375 MOAUIC ..ottt ettt ettt et sae et e bt e te st ennenaeens 976
37.6  INEETTACE  .ooeeoeiiiiieietee ettt b bttt ettt et et s bt sbe b b naene 977
37T MOAPOIT .ottt ettt ettt et e st e te s st e te e st enseestenseeneasseeneasesneesseensesseensessenssansaans 977
37.8 Interface task or function declaration ..............occoociroieiiiiiiiieereeee e 977
37.9  PIOQTAIMN  .ooiiiiiiiiiieciieite ettt ettt ettt e et e sbe e et e e bt e s st e esbtesabeenbaesabeenbeesaseenseensteenseenseens 978
3710 TNSLATICE ..eeeeueeeiiiiiieieeite ettt ettt b e et e bt sab e et esat e e bt esae e e bt e sabe et e esbaeebeebae s 979
3711 INSLANCE AITAYS .veecveervrerrierieesieeiteereerteeteeseeeseesseeaseesseessseasseessseesssesssessseessseesseesssesssesnseens 981
3712 SCOPE ettt ettt ettt et ettt st e bt e s at e b e e st e e bt e s a bt e bt e at e e bt e sht e e b e e shbeeabe e bbeebeebee s 982
3713 TO dECIATAtION ....eoiiiiiiiiiiieiet ettt ettt e b et st sae e bt e sbe et b eanenaeeae 983
3714 POITS oottt ettt sttt sttt st et a et s ae et bt bt st sae bt b e nenhe et et e 984

Documents

Document Sharing Hub

19
Authorized licensed use limited to: Tsinghua Uni@bﬁyﬁ&ﬁy\@%?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

37.15 RELEIENCE ODJECLS ...eouiiiiieieitieiietieiieet ettt ettt ettt sttt et ettt e et e st e s eeeeesaeeneesseesesneensenneens 985

37160 INEES .ttt ettt ettt bbbt bt b bbbttt et et h et she b b e 987
3717 VAATIADIES  .ueiiiiiieiieieese ettt et b et e bttt ettt ehe bbb 991
37.18 Packed array variables .........cccceecieecuieiiiiiiierieiieste ettt e e nae et e e eaeennae s 994
37.19  Variable SCIECE ...eocuiiciiiiiieiiecie ettt ettt ettt e et e s veebe e st e e taessaeestaessseenseessseenseenseens 995
37.20 IMEIMIOTY ..eeniieeitteite ettt ettt ettt ettt ettt e e at e b e e st e et esa b e eabeesateeabtesaeesabeesabeenbeenbaesnbeenbeens 996
37.21 Variable drivers and L0ads ..........ccccooeiriiininieneiee e 996
37.22  ObBJECE RANEZE......ecciieiieiiiieiieeiie et esieeete ettt e ettt e e teeteessbeesbeessbeessaesssessseessseenseenssesnsesnseens 997
37.23  TYPESPEC  weeeeeuteiiuteeieeniteeitee et e sttt et ettt ettt s at e bt e e s e et e e sa bt et e e bt e e bt e s bt e s b e sbt e et ebeeebeebee s 998
37.24 Structures and UNIONS........c.eeeveeirierreeereeereeiteeeteeesseesseeeseessaeesseesseessseessesssseessessssesssessssssnnes 1000
37.25 NAMEA BVENLS ....vevuiriiiiiiieieiietiet ettt ettt ettt ettt b ettt be st e et e st et eaeebeeaeebeebesbesaens 1001
37.26 Parameter, spec param, def param, param assSig ........ccecceeeveerieerieeneeniieeneenreeneenreenns 1002
37.27 VIrtual INTETTACE ......eouieieiieieit ettt ettt et esaeeaeas 1003
37.28 INLETTACE LYPESPEC ..unreviiienieiitintintietente sttt et ettt ettt ettt ettt ettt sae b 1005
37.29  Class defINITION ....cc.evueririirieieieiteieeterte sttt ettt ettt ettt ettt et ettt ettt sbe b b e 1006
37.30  ClasS LYPESPEC .vveeureeurrerureaieerieesteerteerstesseenseesseeasseasseesnseesssesssessseessseesseesssessseesssesnsesssesnses 1007
37.31 Class variables and class ODJECTS .....cc.ecueeiirieiiiriiiee ettt 1009
37.32 Constraint, constraint ordering, distribution ..........c.cccceceeverierininenenieieieeeerceeeeee 1011
37.33  Primitive, PIiMl tEIMN . .ccueecieriiiieteeiesteetieteeeseesaeseeesseseesessaesseeseesseessessesseaseessessesssessesses 1012
37.34 UDP ettt bttt bbbt ettt ettt ae b b 1013
37.35 Intermodule Pathi.....cc.cooiiiiiiiiiiie et et sa et baeeneeeanes 1013
37.36 CONSLIAINE EXPIESSION ..eeeeeeeeieniestieiestietesteeneestesseeseesseesseeseenseeseaseeseenseeneesseeneensesneessesnen 1014
37.37 Module path, path teIm ..........ceciiiiiriicieieeeeee e sreeeees 1015
37.38 TIMING CRECK ...ocvviiiieieiiiieiccieet ettt ettt sttt ettt e b e etaessesseesseessesseesaesseesnas 1016
37.39 Task and function declaration ...........cc..coceririiniiienenieecee e 1017
37.40 Task and funCtion Call ...........c.cocieriiiiiieiiieciectt ettt r e veesae e ebeesbaeesneenns 1018
3741 FTAIMES ..oveiiiiiiiieieeieeteeet ettt sttt et e sttt sttt et st naeeaeen 1020
3742 TRICAAS ..eviveieeietee ettt h bbbttt et et e et ebe b b e 1021
37.43 Delay terMINALS ......cccvieiiiieiiesiieiieeseeete et ettt esaeesbeessaeesbeesteeesseeseessseesseessseensaesseesnses 1021
37.44 Net drivers and 10AdS .......cceeviiiiieiiecie ettt e e sr e e beesre e beenbaessaeenns 1022
37.45 CoNtiNUOUS ASSIZNMENL ... cecviiuierereieeetieiesteetestesetessestessesseesesseasesssessesseesseessessesssessessees 1023
37.46 CLOCKING DLOCK ...vvoviiiiieiiciieieiteie sttt ettt et sa et eesbessa e beesbesseessessaessenseessenseenes 1024
BTAT  ASSCITION ..eueieuiiiieniitiete sttt ettt ettt st e st b et st e b s bt et e bt et e eb e et e eae e et eaeebe st e naeenean 1025
37.48 CONCUITENE ASSEITIONS  ..eovirteteiiieiieieeteetesterte st et eit bt eneeteeteebe sttt se et et et et este st et ebeebesbenee 1026
37.49 Property deCIaration ...........ccccceevieeieriisiieienieie st etesteeeesreeaesteesaesseessesseessesseessesseessesseesnas 1027
37.50 Property SPECIfICAtION  ...cceeviieiiieeieeiieriie e ettt ereeteesaeebee st e ebeesteesbeesaeeenbeesaeenseenens 1028
37.51 Sequence deClaration ............ccooeeoiereriereeieie st sie ettt et e sttt ettt e see et e aeeeeseeeneas 1029
37.52  SCQUENCE CXPIESSION ..euvieueereirirereriteriestietesseetesseassessesaessesssessesssesseesseseasesseensesseensessesnses 1030
37.53 IMMEIate ASSEITIONS .....eovirtirreiiienieieteeteet ettt ettt ettt ettt et bbbttt et e e e b ebe b 1031
37.54 Multiclock SEqUENCE EXPIESSION  ....eevviereveeiieiiieriieeieeieesieeieesreeteesereeseesseeenseensaessseenses 1032
T T I TSRS 1032
37.56  SIMPIE EXPIESSIONS ..evevireierriieieieiiesiesteetesseetesseetesseetesseessesseessessesssesseessesseessesseessessessees 1033
37.57 EXPIESSIONS  eoveeiieeiieiiieeieenteesteesteesteeeteesteessseesseesssesseesssessseesssesnseesssesnseessesensessseessesnses 1034
37.58  AtOMIC StALEIMEGIIL ...eoueiiiiiieiiitieie ettt ettt ce st ee st ettt es e bt et e et e es e te et e seeeneesneeneeseeeneas 1037
37.59 DynamicC PIefiXiNg ......cccoeimiririirieiiieieeienierie sttt ettt ettt sttt 1038
37.60 EVent StAtCMENT ......cocueriiiiriiiiiieriententtetete ettt sttt ettt et sae e e eaeen 1039
BT7.01 PIOCESS .euvivieuiieiieteiteee sttt ettt ettt et ettt et bt bt e bt et e bt eb et et et eat et et sbeenees 1039
37.62  ASSIZIIMEIT ..cueiiuiiiiitieie ettt ettt ettt et e sttt e s bt et e s bt e st e bt e et e et e es e e bt eneeeteeneenneeneeeeeenean 1040
37.63 EVENt CONIIOL ..uiiiiiiiiiiiieiietis ettt ettt ettt e e be e s aeebe e s b e esbeestbeenbeessaeeabeessaassseennes 1040
37.64 WHILE, TEPECAL.....c.eetieieie ettt ettt ettt e sae s esaeeaesbeesaesseessesseessenseassanseensenseensesseanses 1041
Documents

Document Sharing Hub

20
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

37.65 WIS .cuiiiieeiieiiie ettt sttt ettt ettt ettt et 1041

37.66 DEIaY CONLIOL.......ooiiiieieiieieiticiete ettt ettt st e e be et e beeea e teeneesseensenseensesseennes 1041
37.67 REPEAL CONLIOL.....oiiiiiiiiieieitiiieite ettt ettt et st e st et e e e b e essesteeseesseessesseensesseenses 1042
37.08  FOTBVET ..ttt ettt ae st b e e bt b e et e bt eb et eae et e eat e bt et e nbeenees 1042
37.69 T, TTCISC ettt ettt ettt ettt ettt neeneeneee 1042
3770 CaSC, PALLEITL .eouveeiieiiiieiieeteetee ettt ettt e sttt et e et e bt e satesabeesabe et e e bt e sabeesaeesabeenbaesaneenbes 1043
3771 EXPECL ettt ettt ettt ettt sttt sttt et e et esabe e bt e s at e e a b e e be e e beenatesabe e baeenbeennes 1044
3772 FOT ettt et h et a bt h e bbbt bttt ettt ereeneeae e 1044
37.73 DO-While, TOTCACK ....evvviiiiieeieee e e e e e e e e e eaaaeeeeean 1044
37.74  ALNAS StALEIMENL ...c.eeivieiiiieiieitii it et ettt et e ereesteeeaae e beessseesseesaseasseessseenseassseenseessaansseenses 1045
3775 DISADIES....c.euiuiiiiieeteetete et bbbttt et 1045
37.76 REtUIN STALIMEIT ....eouviiiiiiitiiiieieeiterteet ettt ettt ettt st b e et e bt et e st eaee b et e seeenees 1045
37.77 Assign statement, deassign, fOrce, release........oocuuririrreririieniieieeeee e 1046
3778 CAlIDACK ...evieiiiieie ettt ettt ettt b et bttt neeseeneene e 1046
3779 TIME QUEUE ..ecuveeieeretieieeieeteteeetesteestesteesteseestessesssessesseessesssesseassenseassanseassesseessenseensessesnss 1047
37.80  AcCtive timMe fOIMAL .......ceiuiiiiiiiiieee ettt st 1047
3781  ATITDULE ...eoeeeeieiieiieeeeee ettt ettt a ettt e bt ettt et e st et et et et e st et et eneeneeneeee 1048
IR (7<) ¢ 110 PRSI 1049
37.83  GEIETALES ....eouviuieuiiiienieiitetenie ettt ettt ettt et e e sttt et e bttt et esa e eat bt e saeennen 1050
38. VPI 10Utine defINTtIONS. ....cueeuietiitiitiieietee ettt sttt eee s 1052
381 GONETAL....eiiiiitiiet ettt bbbttt et ebe e 1052
38.2 VP ChK @ITOT() teeeutiriienieeieerteit ettt sttt ettt ettt ettt e b e saeenees 1052
38.3  VPL_COMPATE ODJECES().-reuverrerreuieieeiientietienteeute st eneeseeetesteestesteeneesteeneeteeneesseeneesneeneeseeeneas 1053
T S v o o7 V¢ o) [ T TSRS 1055
38.5  VPT HTUSI() e 1056
386 VPT L) -veueeueeneemeeie ettt ettt ettt ettt ettt n e h e a e a bt he btk e bt b et et et e e e st ent et eneeneeneeee 1056
1R A 4 o) (<112 1 USRS 1057
38.8  VPI et CH INTO().ueeuiiuiriiriiriirieneit ettt 1057
T B o) (< A 17 () TR U P RSRRPSR 1058
3810 VPI_Et AIAYS()ereveerreiiieriieniiieieeeteete et e ree ettt e bt e st e e beesaeesbee st e enbeentaeenbeeeaaeenbeensaeenaeennes 1059
L o) (< A1 2 () T TSRS 1061
38.12 vpi_get SYStE INTO().cuirieiirieieie e 1062
38.13  VPI_GEt HIME().vrererieieriieiestiiierteetestesteete e etesteesaessesstesseesaeseesseseessenseassanseensenseensesseenees 1063
38.14  VPI_Et USETAALA() .eevuviereieeiieeiierieeteeieeeteete et e st e eteesteeebeeteessbeesaeseseensaessseenseasssaenseeens 1064
38.15  VPI_ GOt VAIUE() touvevieeieieeiesie ettt ettt et et e s et este et e e et e been b et e eneeeseenneeneenneeneennas 1064
38.16 VPI_get VAIUE AITAY() covevverririeiriiiesieetieie et eee st etesteseesteeaesbeesaesbeessesseeseesseessenseennesseensas 1070
3817 VPI_get VIOZ INTO() cvviirieieieeiiieiieeieeit ettt ettt ete et esae et e s e esteesteeenbeesseeenbeensaeenneennes 1074
38.18  VPI HANALE() -eeuttenientietieie ettt ettt ettt et e eaeeneas 1075
38.19 vpi_handle by INdeX() .....cocereririeriiieiiinireret ettt e 1076
38.20 vpi_handle by multi indeX().....cccocervierierierieniieieieseerteseete sttt e e eeaennes 1076
38.21 vpi_handle By NAmME() ...cooeeriiiriieeiieiieeeee ettt ettt et aeenes 1077
38.22 vpi_handle MUItI()....cccooeriririniiiieiccce et e 1078
T I T o) 1 111 () O T USSP 1078
38.24  VPI_IMNCA _ClOSE().uiiviirieiiiiieiiitiete st ettt ste et e sttt e ste et e be e st e be et ebeessesseeseasseensesseensesseennas 1079
38.25 VPI_MECA FTUSH() cueiniiiieie e e 1080
38.26  VPL_MCA NAME() .eveetieiieieeiieiieiieieeeet ettt et e sttt e ste s eesteeseese e st enteeneeteenee et eneenneeneeseeeneas 1080
38.27  VPL_IMCA OPCN() cveererreieieiieiieieeiieieeteteetesteetestestessestessessaesseessesesssenseaseanseesseseensessesnss 1081
Documents

Document Sharing Hub

21
Authorized licensed use limited to: Tsinghua U“W&%Vri&ﬂl“@"f@?ﬁ ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

38.28  VPL_MCA PIINEE() weneertiiieieeete ettt ettt et se et eeeeneas 1082

38.29  vPI_MECd VPIINLI() c.eotenieiieieeee et 1083
38.30  VPI_ PIINEE) c.ntetienieteet ettt ettt ettt ettt ettt en ettt et e e e ae e e eeeeneas 1083
38.31 VP PUL dATA() cteeueeeietieie ettt ettt ettt et sttt en et et e et et ene e eeeeneas 1084
38.32 VP PUL AEIAYS() -eeveereeeeeiierieeiieie ettt ettt et sttt ettt ee et et ee et eae e eeeeneas 1086
38.33 VP PUL USETAALA() +eeuvieeeieetieie ettt ettt sttt sttt e b e ettt ee et ne et e ene e 1089
38.34  VPI_PUL VAIUE() tneemtietieie ettt ettt ettt ettt ettt a et ettt ettt e eeeeneas 1089
38.35 VPIL_PUt ValUe AITAY() ..eerveriiiiitiiieiiet et ettt et ee et ettt see s 1092
38.36  VPI_TCEISIET CD() .eivierieriiiieiiiiieie ettt ettt et reesa e be e b e beesb e teesaesseessesseeneesseeneas 1096
38.37  VPI_TCEISLET SYStI() eoviriiiiiiiiiiiiti ettt ettt eb e et ereeereeneas 1104
38.38 vpi_release handle()........ccooiiieriiiieiiiiieieeceeese et e sre s 1108
38.39  VPI_TEMOVE CD() .eiriiiiiiiiiieiiiiiieie ettt ettt e ste st et e et e be e s e beess e seeseesseensesseeneesseeneas 1108
38.40  VPI_SCAN().reevrerierierietierieeeestesteetesseesesteestesseestessesseesseaseesseessessaessaseessanseassenseensesseensesseenes 1109
38.41 VP VPIINLI() .eetieiiiieiieie ettt ettt et et et etb e e ese e b e ess e aeenaeereeneas 1110
39. ASSEITION AP ..ottt ettt 1111
39.1  GONCTAL...uiiiiiiiieee ettt bbbttt et 1111
30.2  OVETVIBW...euiiiiiiietieteste sttt ettt ettt ettt b bbbt b e ettt et ettt ebe e b b 1111
39.3  Static INFOIMAtION ....co.eiuiriiriiriiriiteieteceteet ettt ettt sttt be e 1111
39.4  Dynamic iNfOIMATION .......ceevuiiieieiiesteetieie et ete st eeesteete st eete e e testeeeae e eneesseensesseeneesseennas 1112
39.5  CONIOl fUNCLIONS ....oouieiieiieciiiiecie ettt sttt et eee et e et esteeneesseeneesseennes 1116
40. Code coverage control and APT .........oooooiiiiiiee e e 1120
0.1 GENETAL. ..ttt ettt b et bt h e bbbt 1120
40.2  OVEIVIEW .e.uiuiiiitiiteitestetete ettt ettt ettt et e et es b es e es e esees e eb e e st ebeebesbesbebete e eneenteneeneebeebeeneeneas 1120
40.3 SystemVerilog real-time COVEIrage ACCESS ....vurvrrrirruirrierirriereesreeresreesesreessesseessesseessesseenns 1121
40.4  FSM FCCOZNILION ...ovvieieuiietieniietieteeteetesieetesteettesteeseesseessesseeseesseessesseessesseessasssessensesssenseenns 1126
40.5  VPI COVETage EXIENSIONS . ....evieuiirierierteeeesteeteeresteeseesseessesseeseesseessesseessesseessesssesessesssenseenns 1129
41. Data 180 AP ...ttt ettt ettt 1134

Part Four: Annexes

Annex A (normative) FOrmal SYNEAX .........cecueiiiiiriiieie ettt ettt et e e e enes 1136
Annex B (normative) KeYWOTdS ........coueriiieiiiieieeieeee ettt et 1182
Annex C (N0rmative) DEPIECAtION.........ccueviertirierreetieieetiesteetesteeaesteeeesseesaesseessessaessesseessesseessenseessesseenses 1184
Annex D (informative) Optional system tasks and system functions...........c.cceeeeeveeierieenenieceneeee e, 1188
Annex E (informative) Optional cOmpiler dir€CtiVES .......ccverieiiierieniierieeeie e cre et sre e seeesveeneeeeenees 1195
Annex F (normative) Formal semantics of concurrent assertions ............ccceceeereereneneneneneneneeeereeeeneas 1197
Annex G (NOrmative) Std PACKAGE. ......c.evviiieriiiieitieieieetete ettt ettt ae e aesreesbeste e b e steesseeseessesseensas 1220
Documents

Document Sharing Hub

22
Authorized licensed use limited to: Tsinghua U““é’b%?’ri&ﬁt“@of@?g ?@gek')wﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Annex H (normative) DPT C LAY ......coiuiiuiiiieiieeeteee ettt st ese e 1222

Annex I (Normative) SVAPIN ....oo.eiiiiiii et 1255
Annex J (normative) Inclusion of foreign language code..........cccveieiieiiiieiinieeeee e 1264
Annex K (normative) VPI TSI ....oiuiiiiieiie e 1268
Annex L (normative) vpi_compatibility.n........oocoiiiiiiiiiiiee e 1285
Annex M (NOrmative) SV VP USET.H ...oouiiuiiiiieiiieee et 1288
Annex N (normative) Algorithm for probabilistic distribution functions ............ccoceveveerenienenienrenene 1298
Annex O (informative) Encryption/decryption flOW ..........cocovecierienieiiniiiniinincneseneeseeneeeeeeeeieeieee e 1306
Annex P (Informative) GLOSSATY ........cceeriririirieieieiriinteniestetete ettt ettt st sttt s se et et ebesbeeresaens 1310
Annex Q (informative) BiblIOZraphy ........ccccoioveiiiiiiiirinininiietetce st 1313
Documents

Document Sharing Hub

23
Authorized licensed use limited to: Tsinghua Uni(%%vriamh@w?g @ggpwﬁrmgﬁtgoi?e%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

List of figures

Figure 4-1—Event SChedUling T@ZIONS ........coouiiuiiiiiiieiieiiee ettt ettt s sbeesee b s 64
Figure 6-1—Simulation values of a trireg and it AriVeT ........ccoccvvieriicierieiee e 89
Figure 6-2—Simulation results of a capacitive NEtWOTK .........coccooieiiiiiiiiiie e 90
Figure 6-3—Simulation results of charge Sharing..........cccccevvvievieriiiiiiere et ere e e 91
Figure 7-1—VInt type with packed qUAlITIET ........c..ccoriririiiiiiiiiiiin e 144
Figure 7-2—Instr type with packed qUalIfier ............cooiiiiiiiiei e 145
Figure 9-1—Intra-assignment repeat event control utilizing a clock €dge..........coovveveviiienieniiiniienieeeene 224
Figure 14-1—Sample and drive times including skew with respect to the positive edge of the clock ....... 339
Figure 16-1—Sampling a variable in a sSimulation time SteP .........cccereereeririereriereree e 376
Figure 16-2—Concatenation Of SEQUENICES .......eerveeriierieeieeriiesteerteestieeteestesseesseesseesssesseesseessseesssessseenne 381
Figure 16-3—Value Change eXPIESSIONS .......ceiieruiriirieitieieieeiieteeeeeseeeeestesete e seestesseeseeneenseeneeseeneenseenes 396
Figure 16-4—Future value Change ...........ccccooiiiiiiiiiiee et 401
Figure 16-5—ANDINg (and) tWO SEQUEIICES .......cverviireerieiietieieteeeesteetessesaessesssessesssessesssessesssessesseessesses 403
Figure 16-6—ANDing (and) two sequences, including a time range ............cceeceeeerereereeieneeiee e 404
Figure 16-7—ANDing (and) two B00lean eXpreSSions .......c..eeeerereerereeriiienienteniesieesieeee e eeee e eeee e e 404
Figure 16-8—INtersecting tWo SCQUEIICES. .....vieuieruirrereitiereeteestessesseessesseessesssessesssessesssessesssessesssessesseessesses 405
Figure 16-9—ORing (or) two B00lean eXpPreSSIOns .........ceouereeieriiriereeienieeiiere st steeieeie e seeeneeseeeneeseeens 406
Figure 16-10—ORING (OT) tWO SEQUETICES .....ecuviervreererireeereesieesireerseesstesseesssessseesssessseesssesssesssesssseessaesssesnn 407
Figure 16-11—ORing (or) two sequences, including a time range.........cccccevververeerreseesreeeereeeeenseseessennns 407
Figure 16-12—Match with throughout restriction fails...........coceoirieiiiinii e 410
Figure 16-13—Match with throughout restriction SUCCEEAS .........cveerieiriierieeiieiieee et 410
Figure 16-14—Conditional sequence MatChing .............ccuecueriieieriirienie ettt ebe e esee e enseseeenseees 427
Figure 16-15—Conditional SEQUENCES. .........eiuiiieitieieiieitee sttt ettt e st see et et eneesaeeeesbeeneenee 428
Figure 16-16—Results without the CONAItION.......c.eeviiiiiiiiieiie it 428
Figure 16-17—Clocking blocks and concurrent assertion ...........cceocveeeeeeeriereerieseerieseesseseensesseesseseensenns 483
Figure 17-1—Nondeterministic free checker variable ............coocoiiiiiiiiiinieeee e 495
Figure 18-1—EXample Of TANAC ......ccveovieiiiieieiecieic ettt ettt sae e sreessesaeessesseessenns 509
Figure 18-2—GloDal CONSIIAINES ........ecveeieriieieieeieriietesiesieetesteeetes e etesseesaesseeseesseesaesseassesseessessesssensenssenes 518
Figure 18-3—Truth tables for conjunction, disjunction, and negation rules...........ccccceeeeverereenieienennenne. 523
Figure 21-1—Creating the 4-state VCD file........eoiiuiriiiiiieieieieeetet et 653
Figure 21-2—Creating the extended VCD flle........ccccoviiiiiiiiiiiieciecie et 663
Figure 23-1—Hierarchy in @ MOdel...........ccovuiiieriiiiiiiiieieseeeeeee ettt ste e ereens 723
Figure 23-2—Scopes available to upward name referencing ...........ccoeveeverierereeneneee e 730
Figure 28-1—Schematic diagram of interconnections in array of iNStances.........ccceevvrecveereeecreenveesueeneenns 803
Figure 28-2—Scale Of STrENELNS .....ccvieieiieieiicieic ettt sreensenteeseenseens 811
Figure 28-3—Combining unequal Strengths....... ..o 811
Figure 28-4—Combination of signals of equal strength and opposite values...........ccccceevevieriecieneeeennnne. 812
Figure 28-5—Weak X SigNal Stren@th.........cccoiiieriiiiiiiciieiee ettt ene e 812
Figure 28-6—Bufifs with control inputs Of X ......c.cooeiiiiiiiiii e 813
Documents
24 Document Sharing Hub

Authorized licensed use limited to: Tsinghua Uni@@w@fm@meg mEEbm\ﬁrmgﬁtngfseW@caB:SS UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Figure 28-7—Strong H range of VAIUES ........ccooieiiiiiiiiieee e 813

Figure 28-8—Strong L range 0f VAIUES .......ccceiiieiiiiiieiiieieeee sttt sttt eeessaeebeesaaeenseenes 813
Figure 28-9—Combined signals of ambiguous Strength ............ccovcieriicieniiienieeeee e 814
Figure 28-10—Range of strengths for an unknown signal.............cccoroiioiiiiiiiiereeeeee e 814
Figure 28-11—Ambiguous strengths from switch NetWorks..........cceeeueiiiiirciiiiieiiiceeceee e 814
Figure 28-12—Range of two strengths of a defined value..........c.ccoeveninininininiiicce 815
Figure 28-13—Range of three strengths of a defined value............cooiiiiiiiiiii e 815
Figure 28-14—Unknown value with a range of strengths............ccocveviiiiriiiiiniceeeceeeeee e 815
Figure 28-15—Strong X TANZE ....c.cccerirririrtiieteieteiteierteet ettt sttt et eae et be bbb e st et ss et eneeneenes 816
Figure 28-16—Ambiguous strength from gates ...........ccooeiiiiiiiiiiiieeee e 816
Figure 28-17—Ambiguous strength signal from @ Zate .........cccceevvirieriiieniiiiee e 816
Figure 28-18——WEaK () .....cuieieiieietieee ettt sttt ettt et ettt eeaeeneesaeeneesneenseeneensesseennenes 817
Figure 28-19—Ambiguous strength in combined gate Signals ..........cccoeieiiniiiinieiiniee e 817
Figure 28-20—Elimination of strength 1eVELS .........ccccueivieieiiieieiiiiee et 818
Figure 28-21—Result showing a range and the elimination of strength levels of two values .................... 819
Figure 28-22—Result showing a range and the elimination of strength levels of one value...................... 820
Figure 28-23—A 1range 0f DOth VAIUES ........cccviiiieiiiiciicieie sttt et st sbe s 820
Figure 28-24—Wired logic with unambiguous strength Signals...........ccceceiieiinieieiiieeee e 821
Figure 28-25—Wired logic and ambiguous Strengths..........ccceeciiriieiieeiiiiiieiesie et sve e 822
Figure 28-26—Trireg net With CAPACITANCE .......c.ecvieieerieieieseetesieeiesteteeeeebe e e sseeseesaeeseesreessesseessesseessenns 827
Figure 29-1—Module schematic and simulation times of initial value propagation ............ccccecereruenene 836
Figure 30-1—Module path delays ........ccccueeciiiiiiiiieie ettt st te et teeseeesbeesaaeenaeenes 841
Figure 30-2—Difference between parallel and full connection paths...........cccoeeveeiecieneecieneecieneeeceeene, 847
Figure 30-3—Module path delays longer than distributed delays..........cccceeeevinieiiniiineeee e 853
Figure 30-4—Module path delays shorter than distributed delays..........ccoceevieverieriiriecieieieeeee e 854
Figure 30-5—Example of pulse filtering........coccveriiiriiiiiieie ettt 854
Figure 30-6—On-detect VEISUS ON-CVENL.......cceeieriirtieeererteeeesteeetesteeeesseentesseeeesseeaeseeesesseensesseensesseensenes 857
Figure 30-7—Current event cancellation problem and COITeCtion ............occvevvieieniieienieierie e e, 859
Figure 30-8—NAND gate with nearly simultaneous input switching where

one event is scheduled prior to another that has not matured............ccccoecveririenenciinicieecee e 860
Figure 30-9—NAND gate with nearly simultaneous input switching with

output event scheduled at SAME HIME ......c.ecverieiierieiieietieeeie ettt et et eseesseesaesbeesaesseessesseessenseenes 861
Figure 31-1—Sample SHMESKEW .....ccoiuiiiiieieiieieii ettt ettt eneesesseeseenan 875
Figure 31-2—Sample $timeskew with remain_active flag set.........cccoceririiiiiineieeeeeee e 876
Figure 31-3—Sample STULISKEW .....ocuiiiieiieiiiieect ettt e sr e s teeseenseenis 878
Figure 31-4—Data constraint interval, positive setup/hold............cocoiiiiiiiiiiiiiee e 887
Figure 31-5—Data constraint interval, negative setup/hold...........ccceecueiviiiriiiiiieiiiieeeeceee e 888
Figure 31-6—Timing check violation WINAOWS.........cceiiriierieieriieieie ettt esee s ens 891
Figure 37-1—Example of object relationships dia@rami............ccoouerieiiiiiniiieneeeee e 968
Figure 37-2—Accessing a class of 0bJeCts USING tAZS .....eeviiuieeieriiiieiieieeieeeeste ettt e ere e 969
Figure 38-1—s_vpi_error_info structure definition ............cceceevvirieriercieniieieecieie e 1053

Documents

Document Sharing Hub

25
Authorized licensed use limited to: Tsinghua Uni@éﬂvﬁgﬂy\@%@% ﬂglfepwﬁrngﬁtgo[%%gwg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Figure 38-2—s_cb_data Structure definition ..........cooueiuieieiiieiee ettt e 1058

Figure 38-3—s_vpi_delay structure definition...........coeeieiiiiieniiiee e e 1059
Figure 38-4—s vpi_time Structure definition ..........c.ocveueriieieniiiiee e 1059
Figure 38-5—s_vpi_systf data structure definition .............oceviiieiiiiieii i 1062
Figure 38-6—s_vpi_time Structure defiNition .........cccverieeiiieiiie ittt e aeeseee e eaaeeerees 1063
Figure 38-7—s_vpi_value structure definition...........coceuerieieieirinininierceesese ettt 1065
Figure 38-8—s_vpi_vecval structure definition ............cocueiiiieriiiei e e 1065
Figure 38-9—s_vpi_strengthval structure definition............ccceeeeuieriiriieniienie e 1065
Figure 38-10—s_vpi_vlog info structure definition ..........cceeeiereirierieierie e 1074
Figure 38-11—s_vpi_delay structure definition............ccceiiiieniiieii e 1087
Figure 38-12—s_vpi_time Structure definition ...........ceeveriieieniiiieniieeecte ettt eve e ere s 1087
Figure 38-13—s_vpi_value structure definition............ceceiieieririeni e 1091
Figure 38-14—s_vpi_time structure definition ..........ccoeieriiieniiiee et 1091
Figure 38-15—s_vpi_vecval structure definition ...........cceeieieriiiiieniiienie et 1092
Figure 38-16—s_vpi_strengthval structure definition...........oceverierieienieeseee e 1092
Figure 38-17—s_cb_data structure definition ...........cooeeieiiiiiniiiei e 1096
Figure 38-18—s_vpi_systf data structure definition ..........c.ecevvieieriicierieiere e 1105
Figure 39-1—Assertions with global clocking future sampled value functions ............ccccoeoeeiineenrncnee. 1116
Figure 40-1—Hierarchical inStance eXamPle ..........cccierieriieriiienieeieeeeereesiee sttt eeeeeeesreeaeesebeenaeeenees 1124
Figure 40-2—FSM specified With Pragmas...........cccceiieriiiieienieiene ettt essesae e sseennas 1129
Documents
26 Document Sharing Hub

Authorized licensed use limited to: Tsinghua Uni@@w@m\@@@wg mEEbm\ﬁrMQﬁtngfseW@diB:SS UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

List of tables

Table 3-1—TIMe UNIE STIMES ...cueeutirtieierieeierieee sttt ettt et st e st e eb et e e et e st e esee bt eaeesbeeneesbeeneesbeeseenbens 55
Table 6-2—Truth table for Wire and tri NELS ........ccceiiiiriiieieiiir ettt s 87
Table 6-3—Truth table for wand and triand NS ..........cccooevieiiiirinininreeee e 88
Table 6-4—Truth table for Wor and triOT NES .........cc.evveriirieieieiree sttt s 88
Table 6-5—Truth table fOr tri0 NMET ........cccooiiiieie ettt ettt sreeeesreeneeenenn 92
Table 6-6—Truth table fOr tri] NMET .....cc.iiiiii ettt e sae s 92
Table 6-7—Default variable initial VaIUES..........ccccoiiiiiiiiiieiieeet e 102
Table 6-8—INtEEET AALA LYPES.....eervirrieiierieiietieie st et et et et e ste et ebeesaesseeseeeseessesseesaesseessesseessesseessanseessesseeses 104
Table 6-10—Enumeration element TANZES ........cceccververreriierieriieieriieeeseete st eae e eaesreesaesseessesseessenseensenseenes 116
Table 6-11—Differences between specparams and Parameters ...........cveevereeerereerierieeieesieeeenreeresseeeesseenns 125
Table 9-2—Detecting posedge and NEGEAZE .......ccveeieriirieiire ettt see s 217
Table 9-3—Intra-assignment timing cONtrol @qUIVAIENCE ...........couereerieriirieie et 223
Table 11-2—Operator precedence and asSOCIALIVITY ........ceverueeiertirienieie ettt enee e ene 257
Table 11-3—Arithmetic 0perators defined ............ocieciiiiieiiriieiiieeeee et ere e 260
Table 11-4—POWET OPCTAtOLr TULES......cveeuieiieiieieriteiesteettete et et e et et e st esseeseessesseesessaessesseessesssensesseensenseenes 261
Table 11-5—Unary operators defiNed ..........ccoeceriiiieriiiieiei ettt st eebe e esaeeseens 261
Table 11-6—Examples of modulus and pOWET OPEIatOrsS .........cevveeeerieierieieee ettt eee e 261
Table 11-7—Data type interpretation by arithmetic Operators..........ccoceeeereriererienirereee e 262
Table 11-8—Definitions of relational OPErators ...........cceeceiieieririere et 263
Table 11-9—Definitions of €qUAlity OPETALOTS ....cc.ceeviiriierieiieiieerteeeieeriteeteettesreeaeesereebeeseeesbeessaeeseenes 264
Table 11-10—Wildcard equality and wildcard inequality Operators.............oceverceerierverieeienieeieieeeenee e 264
Table 11-11—Bitwise binary AND OPEIAtOL.......cc.cccververrircierieeieteeeesieetessestessessesseessesseessessesssensesssesseeses 266
Table 11-12—Bitwise binary OR OPETaOT........ccccoirvirierierieieiieiriertesiene sttt ettt ere e s see e 266
Table 11-13—Bitwise binary exclusive OR OPETator..........ccecueiririirerininienienieieieeeeeeeie et 267
Table 11-14—Bitwise binary exclusive NOR OPETator........cceecieiiirieneiieriiiiere ettt 267
Table 11-15—Bitwise Unary Negation OPETALOT........ceecveerreereerreerieerieerieeseeeseesseesseesseessseesseessseessesssese 267
Table 11-16—Reduction Unary AND OPETAOT ......cecueiiierierieiieerieenieeieesteettesreesaeessreesseesssesseesssessseene 268
Table 11-17—Reduction Unary OR OPEIAtOr...........ccvevviiierierieeiieieetesieetestestesseseessessaeseesaesseessessesseessenses 268
Table 11-18—Reduction unary exclusive OR OPEIator .........cocceveirierireieniiiienie sttt 268
Table 11-19—Results of unary reduction OPEIratiONnS .........c.eceeeereireerueerierierieseetesseseesseeeesseeseenseeneesseenes 268
Table 11-20—Ambiguous condition results for conditional OPErator ............ccoceeveererveniriieneeieneeeeneeee 270
Table 11-21—Bit lengths resulting from self-determined eXpresSions .........coceveeveriereneereeeeceeneseneneenes 283
Table 16-2—Global clocking future sampled value functions............ccceeeeieieneerieiieciesiee e 401
Table 16-3—Sequence and property operator precedence and assOCIAtIVILY .........coervereerierrereecneneneniennes 423
Table 18-2—Ordered constraint ¢ legal value probability ...........cccocerieeiriiierieeeeeee e 519
Table 18-3—rand mMOde ArUMENL ........cc.eeiiiiiiieiet ettt ettt e ee st eseesbeeneesaeeneesteeneeneeens 533
Documents

Document Sharing Hub

27
Authorized licensed use limited to: Tsinghua Uni@&%%i&ﬂw@%’fg mge@wﬁrmgﬁtg%%gwlg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Table 18-4—constraint MOde argUIMENL .........cccueiieieriireieiee ettt ettt te et st eseesbeeneeseeeneesseeneeneeenes 534

Table 19-2—Coverage options per SYNtactic 1eVel........cooueiiiiiiiiiiiiiiieee e 580
Table 19-3—Coverage group type (StatiC) OPLIONS.....c.evuirieriiriertiriienit ettt sttt et nee e 581
Table 19-4—CoOVErage tyPE OPLIONS ......ccvieveerererererieetesseeeesseeseeseeseesseasaessesssessesssessesssessesssessesssessesssessesses 582
Table 19-5—Predefined coverage Methods...........coocveviiiieiieriieieieee e 583
Table 20-2—S$timeformat unitS NUMDET ATGUIMIENTS. ........cveveieierierieieieereetesiestessessesesseseesseseeseeseesesseeseess 595
Table 20-3—S$timeformat default value for argumMENts ...........cccceieieiririniseseeee s 596
Table 20-4—SystemVerilog to C real math function cross-listing ..........ccocceeererrerenienineneeee e 603
Table 20-5—Values for control_type for assertion control tasks..........ccccoverieriiiiniiiiniieseeceee 609
Table 20-6—Values for assertion_type for assertion control tasks...........ccceevereeveeriecienienieneeiese e 609
Table 20-7—Values for directive_type for assertion control tasks .........ccccvevvervevieriiecienieieseeiese e 610
Table 20-8—VPI callbacks for assertion CONtrol taSKS .........ccccecereririreninineneneeneeeeeeeeee e 613
Table 20-9—Types of queues 0f $G tyPe VAIUES ...oc.ecveieieieieieieieee et 617
Table 20-10—Argument values for $q_exam sysStem task...........coeeveereineiineincinencce e 618
Table 20-11—Status COAE VALUES ......ccuiiuiiiiiiiiieit ettt st sttt b et eb e e e enes 619
Table 20-12—PLA modeling SyStem tasks .........ccccceeriiiieiiiiieieiieiesie ettt eea et aesre e sreeseeereens 620
Table 21-2—Escape sequences for format specifiCations ............ccvecverieeveririiereeiieseeiese e 626
Table 21-3—Format specifications for real NUMDETS .........c.ccveieriirieriiieeeiee et 628
Table 21-4—Logic value component of strength format ..........c.coccocevvninininenenineee e 631
Table 21-5—Mnemonics for strength I6VElS ..........cooiiiiiiieiie e 631
Table 21-6—Explanation of strength formats .............coiiiiiiiiiiiii e 632
Table 21-7—Types fOr f11e AeSCIIPLOTS . ....viiciieiiieieerie et eeteste et este et e seesbee st e ebeesteesbeesseesnseessnesnseenne 636
Table 21-8—S$fscanf input field Characters............cocvivvivieieieieiiiceeee et eve e 641
Table 21-9—Rules for left-extending VECtOr VAIUES..........ccervirieriirieriieientesieie et e sse e 659
Table 21-10—How the VCD can ShOIten VAIUES ..........ccccoverieiriririinineniiieteseeetetee e 659
Table 21-11—KeyWord COMMANAS ..........cccverieriiriiieeietieieie ettt see st sae st teseesesseenbeeseeseeseensesneenseenes 660
Table 21-12—VCD £YPE MAPPING . ....eeueeteeueeteenierteeeeteeitetteste e teteeseesseeneesaeeneesseeeesaeeneesseensesseensenseeneenseenes 672
Table 22-2—IEEE 1364-2001 additional reserved KEYWOTrdS .......cccccceeviierieeiieiieeieeniiecieesee e eeee e 692
Table 22-3—IEEE 1364-2005 additional reserved KEYWOIdS ........ccoecveeriieriieiiieiieeieenieeieeeee e sve e 692
Table 22-4—IEEE 1800-2005 additional reserved KEYWOrds ..........ccccveeveririieneniienieriesieeesie e 693
Table 22-5—IEEE 1800-2009 additional reserved KEyWords .........cccceoeririeieniieniriesieeeseeee e 693
Table 22-6—IEEE 1800-2012 additional reserved KEyWOrds ..........ccoceeeerirrienenierieieseeese e 694
Table 28-2—Valid gate types for strength specifiCations ..........ccceeveerirriniiiieneneee e 799
Table 28-3—Truth tables for multiple input 10GIC GAES .....ovvieeiiriieieriieieeieeere e 804
Table 28-4—Truth tables for multiple output loZIC ZALES ....ceevevvieieriieieeiieiere e 805
Table 28-5—Truth tables for three-state 10ZIC GAES ......cuveveriieieriieiere et 806
Table 28-6—Truth tables for MOS SWItCHES ......ccirieiiiiiieierii ettt 807
Table 28-7—Strength levels for scalar net signal ValUues ..........ccoceeeerieiiriiieneee e 810
Documents

Document Sharing Hub

28
Authorized licensed use limited to: Tsinghua Uni@&%%i&ﬂw@%’fg mge@wﬁrmgﬁtg%%gwlg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Table 28-8—Strength reduction TULES..........coouiiiiiiiieee ettt 823

Table 28-9—Rules for propagation delays ..........ccccoieriiieieririeiee et 824
Table 29-2—Initial statements in UDPs and modules.............ccceririiniiiiniiiinieieeeeeeseeec e 834
Table 29-3—Mixing of level-sensitive and edge-Sensitive ENtIies .........ccoevreerieeeerieeeenieeienreeiesreeeesseenes 838
Table 30-2—Associating path delay expressions with transitions ..........c..ceceverererienienerenienicncneseneseeees 850
Table 30-3—Calculating delays for X tranSitions ...........cecereeeieriiriieseerieneeee e eeesreeee e eee e essesseeneesseens 852
Table 31-2—Fhold ArgUIMENLS .......c.eceiierieieiieiieiieit ettt ettt ettt sttt te s e aesbe b et et eseeseeneeseeseesessessensn 867
Table 31-3—3$setuphold argUMENTS ........cccoveirieiriiiriiiireet ettt ettt 868
Table 31-4—8removal arGUIMENLS ........cccoeeiriiririiirieirictetert ettt sttt sttt ettt se ettt be et ene e 870
Table 31-5—8TE€COVETY ArZUITIENTS ......ccveoviieeieeierierierieteiteseeteeeeeteereeteeteeteeseesessessesessessessessessessessereeseeseesens 871
Table 31-6—STECTEM ATGUIMENES .......ceevirveieeieeierierterietieresteseeseesteseesaeseeseesessessessessessessessessessesseseasessessessenses 872
Table 31-7—S8SKEW ATZUIMIEIILS .....ccvivvirieieieiieiietietietit et et eeeetteteeteeteeteeseesesbessebessessessessessesseseesessessessensas 874
Table 31-8—StMESKEW AIZUIMENLS .....ccveiveieiieiieiietietieteieieet ettt ettete et tesbessesbesbe s eseeseeseeseeseeseesessessensan 875
Table 31-9—S$fullSKEW ArGUITIEIIES. ......cvivueiiiiririeeet ittt ettt ettt sttt bese e ene 877
Table 31-10—3Width ArUMENTS ....c.eueuiiieeeiiiieieeee ettt ettt sene e eea 879
Table 31-11—3Period ArgUIMENLS ........c.ccieieriiiieieieetet et ettt eb et esseereesseseeesseesaessesssesseessesseessessesseeseenes 880
Table 31-12—$N0ChANEZE ATZUIMENES ......cvevvevieeieiierietitiieeiert ettt eteete e st e sbessesesbessessesseseesseseeseesessessenss 881
Table 31-13—Notifier value responses to timing VIOIAtionsS ...........cccccveeverercieresieenieeiesieeeesieeeeseeeeenseenns 883
Table 32-2—Mapping of SDF timing check constructs to SystemVerilog.........c.ccoevvevevervnvcninincncnene. 894
Table 32-3—SDF annotation of interconnect delays ...........ccceeoieririeriiieniiere e 896
Table 32-4—SDF to SystemVerilog delay value mapping ........ccccceceeverieriiienenieeeeeeee e 899
Table 32-5—1MtM_SPEC ATGUIMETIE ....eeuvveeerierieriieeiieerieeteeteeseeeteessreesteessaeesseesaessseesseessseessessssessseessessseses 900
Table 32-6—-SCale LYPE AIZUMEIL ......c.ecuieierreieierieeeeteteetesteesteseessesseeseesseessessesssessesssessesssessesssenseessensenses 901
Table 34-2—Encoding algorithm identifiers ............ceviiiierieiiieieiiciee et ees 924
Table 34-3—Encryption algorithm identifiers ...........ccccoeviiiririnininneeeeececee e 926
Table 34-4—Message digest algorithm identifiers..........coecieiirieiiiriere e 931
Table 36-2—VPI routines for system task or system function callbacks...........cccceverieiinieneninnriee. 960
Table 36-3—VPI routines for traversing SystemVerilog hierarchy ..........cccceeevieiviiecieniieiieenieeiceeeeieenne 960
Table 36-4—VPI routines for accessing properties 0f ODJECES ......cvvverieeriierieeiieiee et sae e 960
Table 36-5—VPI routines for accessing objects from Propertics.........coevverervverrereerierieenreeeenreeeeseeseesseenns 960
Table 36-6—VPI routines for delay PrOCESSING .........ccvervirierierieriirierieetertestesteste e seaesesseesseeseesesseeneeenes 960
Table 36-7—VPI routines for logic and strength value processing..........ccoceevererreererieenieneneeese e 960
Table 36-8—VPI routines for simulation time ProCESSING .......ccuevuireerierieriiiiereeee ettt 961
Table 36-9—VPI routines for miscellaneous UtHIIIES .........ccuecveiririiririninese e 961
Table 36-10—Summary of VPI incompatibilities aCross VEISIONS .........cccveverreereerrervesreeeenseseesseseesseens 962
Table 38-2—Size of the s vpi_delay->da array .........ccceeveciieieniiiee et 1060
Table 38-3—Return value field of the s_vpi_value Structure Union ............cocceeeeeveeeeseerieneeiene e 1066
Table 38-4—Size of the s_ vpi_delay->da array .........cccoeieiirieriiiee e 1087
Documents

Document Sharing Hub

29
Authorized licensed use limited to: Tsinghua Uni@&%%i&ﬂw@%’fg mge@wﬁrmgﬁtg%%gwlg&&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Table 38-5—Value format field of cb_data _p->value->format ............ccccoooeiiniiiniieee e, 1098

Table 38-6—CbStMt CAlIDACKS .....c..oiuieiiiieiie ettt e 1100
Table 40-2—Instance cOVerage PEIMULALIONS .........ccueruertertirierterieeereertesteenteseeenteeseenteeseeseeeneensesneeseeenees 1123
Table 40-3—ASSErtion COVETage TESUILS .......iciiriiiieiiiieiete et ettt ste st be et sbeesaesbeeseesseessesseeseesseeneas 1131
Table B.1—ReServed KEYWOIAS ......ceecuirieieiieiecieeieieetete sttt st setesteesaeseenaesseesseseennesseennas 1182
Table D.1—Argument return value for $countdriver function............ceceeevereeerieineineinecee e 1189
Table H.1—Mapping data TYPES .....ccueeouerieriertieiesteeterteettete et et e ente e st estesseese st esteeseeseeneesseeneenseeneesseennes 1227
Table N.1—SystemVerilog to C function cross-listing..........cceeerieririeniiiererereeeeee e 1298
Documents

Document Sharing Hub

30
Authorized licensed use limited to: Tsinghua Uni@f)%@’ri&ﬂf”@%’fg %ggpwﬁrmgﬁtg%%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

List of syntax excerpts

Syntax 5-1—Syntax for system tasks and system functions (excerpt from Annex A).....c.ccocveeeeervencveeeneenns 71
Syntax 5-2—Syntax for integer and real numbers (excerpt from Annex A).......ccoeveeieieeereneninenenenennens 72
Syntax 5-3—Syntax for attributes (excerpt from ANNEX A)......ccceerieieririere e 80
Syntax 6-1—Syntax for net type declarations (excerpt from ANNEX A) ...ceeecveerieeiieerieenieeieeneeereeseeeveenes 92
Syntax 6-2—Syntax for net declarations (excerpt from ANNEX A) ......ccceviereeeiererienienieieeeere e eee e e 97
Syntax 6-3—Syntax for variable declarations (excerpt from ANNEX A) .....ccceecverieierierieniere e 101
Syntax 6-4—User-defined types (eXcerpt from ANNEX A)....cccieiiieieeriiiiiierieereerreereesieeeveeeesaeesseesene s 112
Syntax 6-5—Enumerated types (excerpt from ANNEX A).....c.occieverieriiiieierieeieetee et 114
Syntax 6-6—Parameter declaration syntax (excerpt from Annex A)......ccccooeeieiieiinieieniere e 120
Syntax 6-7—Casting (eXcerpt from ANNEX A) ....cocieecieeciierieeieeiee et eeee et eseeeteesresaeeteessseeseessseesseenssens 132
Syntax 7-1—Structure declaration syntax (excerpt from ANNEX A) .....cccccerererirerienienreieeeeeeneneseennene 139
Syntax 7-2—Union declaration syntax (excerpt from ANNEX A) ......cccovoeeieiieienieieeieeeiee e 142
Syntax 7-3—Dynamic array new constructor syntax (excerpt from Annex A) .....cccoeceevveecieeneenieeneenenns 150
Syntax 7-4—Declaration of queue dimension (excerpt from ANNEX A) .....ccceverirerienieiieieeeieeneneseenrene 161
Syntax 7-5—Array method call syntax (N0t in ANNEX A) ...ceeruieierieiiiiee ettt 165
Syntax 8-1—Class syntax (excerpt from ANNEX A) ..ceeeciierciieiieiiieieeeie et eree et sresae et e sveeseessaeesseensne s 172
Syntax 8-2—Calling a constructor (excerpt from ANNEX A)......cccerieiiirieieriieieeiee et 176
Syntax 8-3—Class syntax (eXcerpt from ANNEX A) ....cceerieieruierieneeiereeie st et eete st e e eseeseeeneeee e naeeneas 195
Syntax 9-1—Syntax for structured procedures (excerpt from ANNEX A)..ccccvvevcreerieeiieeriieeieereesveesveenenens 205
Syntax 9-2—Syntax for sequential block (excerpt from AnNNex A) ....c.cceeeverirenenenienieieieieeneneeenee 210
Syntax 9-3—Syntax for parallel block (excerpt from ANNEX A)......ccceieeierieiieeieerieeeeee e 211
Syntax 9-4—Delay and event control syntax (excerpt from ANNeX A)......ccecceeereereenieenienieereenveeseeenenens 216
Syntax 9-5—Syntax for wait statement (excerpt from ANNEX A) ....oooiveieririeriiierieeieeee e 221
Syntax 9-6—Syntax for intra-assignment delay and event control (excerpt from Annex A) .........ceeeenee. 222
Syntax 9-7—Syntax for process control statements (excerpt from ANNEX A) ...c.cecveeereeriieecieereenieeneenenns 225
Syntax 10-1—Syntax for continuous assignment (excerpt from Annex A).......cccceeeeeevieeeerenieeneeseenennnns 233
Syntax 10-2—Blocking assignment syntax (excerpt from ANNeX A) .....c.ccoceeoeriereniereniene e 237
Syntax 10-3—Nonblocking assignment syntax (excerpt from Annex A)......cccoccvevieeciienieeerieeneeniveerieenenens 238
Syntax 10-4—Syntax for procedural continuous assignments (excerpt from Annex A) .......ccoceevvvrvernennen. 241
Syntax 10-5—Assignment patterns syntax (excerpt from ANNEX A) .....ccocceveeiierieieniereniee e eeenee e 246
Syntax 10-6—Syntax for net aliasing (excerpt from ANNEX A) ..ceeevieriiiiierieeieerie e e s 252
Syntax 11-1—Operator syntax (excerpt from ANNEX A).....ccooierierieriirieieieererieie et eeere e eseeeesaeseees 255
Syntax 11-2—Conditional operator syntax (excerpt from ANNEX A)......cccceveerueriereniereniereeeeseeeenee e 269
Syntax 11-3—Inside expression syntax (excerpt from ANNEX A) ...ccceeciierierieerieenieeiie e erieeseeeeeeseee e 273
Syntax 11-4—Streaming concatenation syntax (excerpt from ANNEX A) .....ccccvvvevrerieriinienieneeneeeeesieeeees 274
Syntax 11-5—With expression syntax (excerpt from ANNEX A).......cccereeieiieienieneeieieeiese e 277
Syntax 11-6—Tagged union syntax (excerpt from ANNEX A)....cccvieceeriiiiierieeiienee e eiee e eseesveesseesene s 287
Syntax 11-7—Syntax for min:typ:max expression (excerpt from ANNEX A)......ccoceveverueriereeierenienenenene 291
Syntax 11-8—Let syntax (excerpt from ANNEX A) ...c.ooiiiieieeieiere ettt e ee e saeeneas 292
Documents

Document Sharing Hub

31
Authorized licensed use limited to: Tsinghua Uni@&%%i&m”@%’fg %gepwﬁrmgﬁtg%%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Syntax 12-1—Procedural statement syntax (excerpt from ANNeX A) .....c.ccooeeeeeriereniereniere e eeeee e 299

Syntax 12-2—Syntax for if—else statement (excerpt from ANNEX A)...cccoociereerciienienieeiee e esee e 299
Syntax 12-3—Syntax for case statements (excerpt from ANNEX A)......ccccecevererinerenienierieeeeeenenesenene 304
Syntax 12-4—Pattern syntax (excerpt from ANNEX A) ....coccerieierieiiieee et 309
Syntax 12-5—Loop statement syntax (excerpt from ANNEX A) ......ccceeviiriierieniiienieeieeee e e sveeseeesene s 313
Syntax 12-6—Jump statement syntax (eXcerpt from ANNEX A)......ccceeverirererinenerenierereeeeeesesesrenrenee 317
Syntax 13-1—Task syntax (excerpt from ANNEX A) .....ccooieierierereeeereee sttt esae e 320
Syntax 13-2—Function syntax (excerpt from ANNEX A)...ccceeeieiiieieerieiieerteereesreereeseeeveeseesaeesseessne s 324
Syntax 13-3—Task or function call syntax (excerpt from ANNEX A).......cccereririnenienienieieeeeeeneneseiene 330
Syntax 14-1—Clocking block syntax (excerpt from ANNEX A) ....ocoeoiiiieiiiieieeieeeeeeee e 337
Syntax 14-2—Cycle delay syntax (excerpt from ANNEX A)....c.cccviecieriiiiierie et eve e sve e e 343
Syntax 14-3—Default clocking syntax (excerpt from ANNEX A) .....cccecererererinenenenereieeeeeenene e 344
Syntax 14-4—Global clocking syntax (excerpt from ANNEX A) ....c.oooviiirieiieieiieeeeee e 345
Syntax 14-5—Synchronous drive syntax (excerpt from ANNEX A)..c.cccvieceerierciienieeieeeeeieeree e esveesenees 350
Syntax 15-1—Event trigger syntax (excerpt from ANNEX A).....c.ccccecerverirererinenenenieieteeeeeeeese e 360
Syntax 15-2—Wait_order event sequencing syntax (excerpt from Annex A)......cccceceeveriereeeeneseenennns 361
Syntax 16-1—Immediate assertion syntax (excerpt from ANNeX A).......cccceevverriierieeciienieeieeree e esveenenes 365
Syntax 16-2—Deferred immediate assertion syntax (excerpt from Annex A).......cceceeveeriereneenereenennnns 368
Syntax 16-3—Sequence syntax (excerpt from ANNEX A).....ccooiererieiiiieie et 379
Syntax 16-4—Sequence concatenation syntax (excerpt from ANNEX A) .....occvevevierieniieerieeeieereenieerveenenns 380
Syntax 16-5—Sequence declaration syntax (excerpt from ANNeX A).....coccecveeierieienieiieniee e eeesie e 383
Syntax 16-6—Sequence repetition syntax (excerpt from ANNEX A) .....cceeceiurerienieienieeeiere e 391
Syntax 16-7—And operator syntax (excerpt from ANNEX A).....cccveeceeriiiiierieeiierieereesieeeveeseesaeesseenenes 402
Syntax 16-8—Intersect operator syntax (excerpt from ANNEX A)......cccceceecerererenerineneneneereeeeeeeenene 404
Syntax 16-9—Or operator syntax (excerpt from ANNEX A) ......ceoerieiiiiieieieeeeiee et 405
Syntax 16-10—First_match operator syntax (excerpt from ANNex A) ......cccceeoverieiienieiieneeneneeeneene e 408
Syntax 16-11—Throughout construct syntax (excerpt from ANNeX A) ......ccveeveveerienierienienieneereeeeeneenenns 409
Syntax 16-12—Within construct syntax (excerpt from ANNEX A) .....ccocceeruerierierierenieieeiese e see e 411
Syntax 16-13—Assertion variable declaration syntax (excerpt from Annex A)......ccccceveeecveereenveenreennnnns 413
Syntax 16-14—Variable assignment syntax (excerpt from Annex A) ......cccccveeverierienieriinienieeeeseeeeesaenenes 414
Syntax 16-15—Subroutine call in sequence syntax (excerpt from Annex A).......ccccoeceevereereeeenerreenennns 419
Syntax 16-16—Property construct syntax (excerpt from ANNEX A) ...ccceveceereerciierienieeieeeveeeesveesaeenenens 421
Syntax 16-17—Implication syntax (excerpt from ANNEX A) .....cccovieviirierieriieiieieie ettt eeesaeeee e senes 425
Syntax 16-18—Followed-by syntax (excerpt from ANNEX A) ....ccoceerierieiieiieierieieeeeee e 429
Syntax 16-19—Property statement case syntax (excerpt from ANNEX A)....cccceecveerieecieereeerieeieesieerieenenens 439
Syntax 16-20—Concurrent assert construct syntax (excerpt from Annex A) ......ccoceeeevveeierieeeenneseerennnns 457
Syntax 16-21—Default clocking and default disable syntax (excerpt from Annex A).......ccccoevvevereeneennen. 473
Syntax 16-22—Expect statement syntax (excerpt from ANNeX A) .....cccvevierieriiienieeieeee e eree e esveeeene s 481
Syntax 17-1—Checker declaration syntax (excerpt from ANNEX A)......ccoceveeevereerreneerieneenreseesseseessesens 485
Syntax 17-2—Checker instantiation syntax (excerpt from ANNeX A).......ccocoeererierinieriniere e 488
Documents

Document Sharing Hub

32
Authorized licensed use limited to: Tsinghua Uni@&%%i&m”@%’fg %gepwﬁrmgﬁtg%%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Syntax 18-1—Random variable declaration syntax (excerpt from Annex A).......ccccoeceevereeneeeeneneenennen. 506

Syntax 18-2—Constraint syntax (excerpt fTom ANNEX A) ....cccieiiieieeriiiiierieereerre et eseeeveereesaeesseesene s 510
Syntax 18-3—Constraint distribution syntax (excerpt from ANnex A)........cccecevierenieriinieneneereseeneenenen 512
Syntax 18-4—Uniqueness constraint syntax (excerpt from ANNeX A) .....ccocceevuerierenierenieneeeereeeeenee e 513
Syntax 18-5—Constraint implication syntax (excerpt from ANNeX A).....cccocceeeerierieeiieeneeeieereeneeesveenenens 514
Syntax 18-6—If—else constraint syntax (excerpt from ANNEX A) ....c.ccoeeoeeirererenerinienieneeeteeeeeeeesene 515
Syntax 18-7—Foreach iterative constraint syntax (excerpt from ANNeX A) ......cccceeevverieriereeeeneeeeneeenees 516
Syntax 18-8—Solve...before constraint ordering syntax (excerpt from ANNEX A) .....cccoceeevveerverveerveennnns 520
Syntax 18-9—Static constraint syntax (excerpt from ANNEX A).......ccceveerieriieiienierieeieieeeeeeeeeneesee e snnes 520
Syntax 18-10—Inline constraint syntax (excerpt from ANNeX A)......ccocceieriererieneeieneee e 530
Syntax 18-11—Scope randomize function syntax (not in ANNEX A) ....c.ceceereerciierienieeniieereereesveesveenenens 537
Syntax 18-12—Randcase syntax (excerpt from ANNEX A).......ccecerieriirienerierieeieieseeieeeeseeseenseeaensesnees 543
Syntax 18-13—Randsequence syntax (excerpt from ANNEX A).....c.oeoereereriierienieieeeeeieeeeeneeeeesee e nee e 544
Syntax 18-14—Random production weights syntax (excerpt from Annex A) ....cccceeevvereeeiieeneenieeneenenns 546
Syntax 18-15—If—else conditional random production syntax (excerpt from Annex A) .........cceevrveruennen. 546
Syntax 18-16—Case random production syntax (excerpt from ANnex A).......ccccceeeereereereereneeneneeneenneas 547
Syntax 18-17—Repeat random production syntax (excerpt from ANNEX A) .....ccevcveeerierieeeiieereenveenieenenens 547
Syntax 18-18—Rand join random production syntax (excerpt from Annex A).......cccceevvveiererveneervenennns 548
Syntax 18-19—Random production syntax (excerpt from ANNEX A).......ccoceeeierieirrieiiniene e eeesee e 550
Syntax 19-1—Covergroup syntax (€Xcerpt from ANNEX A)...cccveiviereeriieiiienieereeree e esieeeveeseesaeesseensnes 554
Syntax 19-2—Coverage point syntax (excerpt from ANNEX A) ....cccoecvirieieiiieiierieieeeeee e 559
Syntax 19-3—Transition bin syntax (excerpt from ANNEX A) .....ccceeruireereiieieeieeeeeee e see e see e 563
Syntax 19-4—Cross coverage syntax (excerpt from ANNEX A) ....icceeriiiiierieeiierieeieeee e esee e esseesene s 570
Syntax 20-1—Syntax for simulation control tasks (N0t in ANNEX A)....ccceeeriririnenienieieieeeeeeneneseenrene 592
Syntax 20-2—Syntax for time system functions (not in ANNEX A)....c.oveeiieiieiiirieierieeieece e 592
Syntax 20-3—Syntax for $printtimescale (N0t i ANNEX A) ...oviieieieieieierie et 594
Syntax 20-4—Syntax for $timeformat (N0t in ANNEX A) ....ccvivvieieriieiiiieierieereeeere e s e ereeeeseeeeesaeseeas 595
Syntax 20-5—Type name function syntax (N0t in ANNEX A) ...eeoieriiriiiieieiieieeiee et 598
Syntax 20-6—Size function syntax (N0t iN ANNEX A) ..eccuierciieiieiiiereerie et eree e esreeaeesreeeveesseessseesseessnes 599
Syntax 20-7—Range function syntax (N0t in ANNEX A).....cccueriierierrierieiieieneereseeresreesseesseseeseessesssessessns 600
Syntax 20-8—Array querying function syntax (N0t in ANNEX A) ....eeoirieierieneeiereeieieee e 601
Syntax 20-9—Bit vector system function syntax (N0t in ANNEX A)....cccvieeueerieriiienieeieeieeeveeseesieesseesenes 604
Syntax 20-10—Severity system task syntax (not in ANNEX A) ...c.ccveviriierieiieienieieeeereeeereeeesaeeee e eeees 605
Syntax 20-11—Elaboration system task syntax (excerpt from ANNeX A)......cccceeeerereererieneeeeneseeneennee 606
Syntax 20-12—Assertion control syntax (N0t in ANNEX A) ..cccueeieeereeriieiieerieereesreereeseesveesseesseesseessnes 608
Syntax 20-13—Sampled value system function syntax (not in ANNEX A) ....ccccvevveriirieriinierieeeeieeeesieneeas 615
Syntax 20-14—Syntax for $random (N0t iN ANNEX A)....c.eoiieiiirieieieieietee et 616
Syntax 20-15—Syntax for probabilistic distribution functions (not in ANNEX A) ....cccceevvveevreereenveerreenenens 616
Syntax 20-16—Syntax for PLA modeling system task (not in ANNEX A).......ccevievrerrierrinienreeeereeseesaenenas 619
Syntax 20-17—Ssystem function syntax (N0t in ANNEX A).....ccuerieieieiieieieieeie ettt nes 623
Documents

Document Sharing Hub

33
Authorized licensed use limited to: Tsinghua Uni@&%%i&m”@%’fg %gepwﬁrmgﬁtg%%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Syntax 21-1—Syntax for $display and $write system tasks (not in Annex A)........ccoceeveeieiecieincenenennenns 625

Syntax 21-2—Syntax for $strobe system tasks (N0t in ANNEX A) ....ooveieirieiiiiieie e 634
Syntax 21-3—Syntax for $monitor system tasks (N0t in ANNEX A) ....ocerveeirieririeirieireeeeeieeereee e 634
Syntax 21-4—Syntax for $fopen and $fclose system tasks (not in Annex A) ......ccoceveeeeeeeiecieinenenennenns 635
Syntax 21-5—Syntax for file output system tasks (not in ANNEX A) ..cceevcuiereeriienieeieeieeereeeesveesveeen s 637
Syntax 21-6—Syntax for formatting data tasks (not in ANNEX A) .....ccceeireririninenenieieieeeeeereneeeee 638
Syntax 21-7—Syntax for file read system functions (not in ANNEX A).....cccceerierieierieneniere e 639
Syntax 21-8—Syntax for file positioning system functions (not in ANNeX A) ..c.cccveeeveeriieecieereenieenieenenens 643
Syntax 21-9—Syntax for file flush system task (not in ANNEX A).....ccccecereririnineneneieiceeteereseeeee 644
Syntax 21-10—Syntax for file I/O error detection system function (not in Annex A) ......ccecovveevvreeneennen. 645
Syntax 21-11—Syntax for end-of-file file detection system function (not in Annex A) .......ccceevvverveennn. 645
Syntax 21-12—Syntax for memory load system tasks (not in ANNEX A) ...c..coevererienienieiereeenenenenennene 645
Syntax 21-13—S$writemem system task syntax (not in ANNEX A) ......cccecveirrrerirereenieieieeeeeeeeeeeeeeeeeees 649
Syntax 21-14—Syntax for $dumpfile task (N0t in ANNEX A) ..ceeiiiirieieieirie e 653
Syntax 21-15—Syntax for $dumpvars task (N0t in ANNEX A)...c.eovruirieirieirieiieeeeeeee e 654
Syntax 21-16—Syntax for $dumpoff and $dumpon tasks (not in Annex A) .......cceeeeveeveecieieieieireeeeenes 655
Syntax 21-17—Syntax for $dumpall task (N0t in ANNEX A) ...ooeeiiiiieieieeee e 655
Syntax 21-18—Syntax for $dumplimit task (N0t in ANNEX A)....ccveuirieirieririeiiieierieeeeee et 656
Syntax 21-19—Syntax for $dumpflush task (N0t in ANNEX A) ..c.ecieieieieiriieieeeee e 656
Syntax 21-20—Syntax for output 4-state VCD file (not in ANNEX A) c..eovvvierierciieiieeieeieeeieeeesve e 658
Syntax 21-21—Syntax for $dumpports task (N0t in ANNEX A) ...eeevirieirieiiieiiieerieeeeeee e 663
Syntax 21-22—Syntax for $dumpportsoff and $dumpportson system tasks (not in Annex A).................. 664
Syntax 21-23—Syntax for $dumpportsall system task (not in ANNEX A) .....cccerererienieieeieeeieeeere e 665
Syntax 21-24—Syntax for $dumpportslimit system task (not in ANNEX A)......cccevvervrererererereereeeereeeenns 665
Syntax 21-25—Syntax for $dumpportsflush system task (not in Annex A) .......ccoceveeveeieecieeeieeeereeeeenns 665
Syntax 21-26—Syntax for $vcdclose keyword (NOt in ANNEX A) ...coveieieieiieiieieeie et 666
Syntax 21-27—Syntax for output extended VCD file (N0t in ANNEX A) ...oovvveviriieieeiieiieieie e eeenie e 667
Syntax 21-28—Syntax for extended VCD node information (not in Annex A) .......ccceccervereeeenereenennen. 668
Syntax 21-29—Syntax for value change section (N0t in ANNEX A) c..eeviiiriierieiciieiieeieeiee e eee e eseeesene s 669
Syntax 22-1—Syntax for include compiler directive (N0t in ANNEX A) ...ccuevviriiriererieieieieeeceeeesee e 675
Syntax 22-2—Syntax for text macro definition (N0t in ANNEX A) ...oooiiiriiiieiiieeeeeee e 676
Syntax 22-3—Syntax for text macro usage (N0t iN ANNEX A)...eeiiieieeriieiieerieeieerre et esieeereeeesaeesseesene s 677
Syntax 22-4—Syntax for undef compiler directive (N0t in ANNEX A) ..veeveivieierieieeieereeeere e 681
Syntax 22-5—Syntax for conditional compilation directives (not in ANNEX A) ....cccoecveveeriereeeenereenenees 681
Syntax 22-6—Syntax for timescale compiler directive (N0t in ANNEX A) ..vevveevveerieeieeiieereeieenveesveesenens 684
Syntax 22-7—Syntax for default nettype compiler directive (not in AnNex A).....c.cooevveveeeieencnenennenn 686
Syntax 22-8—Syntax for pragma compiler directive (not in ANNEX A)....c.eoueerierieiirieieeiee e 687
Syntax 22-9—Syntax for line compiler directive (not in ANNEX A)....ccviivieerieeeiienieeieeieeeveeee e eseeesene s 688
Syntax 22-10—Syntax for begin_keywords and end keywords compiler directives (not in Annex A)..... 689
Syntax 23-1—Module declaration syntax (excerpt from ANNEX A)......ccceveruierieiieienieieiee e 697
Documents

Document Sharing Hub

34
Authorized licensed use limited to: Tsinghua Uni@&%%i&m”@%’fg %gepwﬁrmgﬁtg%%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Syntax 23-2—Non-ANSI style module header declaration syntax (excerpt from Annex A) ........c.ccecee.e.. 698

Syntax 23-3—Non-ANSI style port declaration syntax (excerpt from ANNex A)......ccceeevveecveereerveerreennnns 699
Syntax 23-4—ANSI style list of port declarations syntax (excerpt from Annex A).....c..coceceevvreererennenn 702
Syntax 23-5—Module item syntax (excerpt from ANNEX A) .....cccerieriiiieieiieieeiee et 708
Syntax 23-6—Module instance syntax (excerpt from ANNEX A) ....ccceeciieiierieeciierieeieeee e 709
Syntax 23-7—Syntax for hierarchical path names (excerpt from Annex A)........cocovevveveeieeneniencnenennen 722
Syntax 23-8—Syntax for upward name referencing (not in ANNEX A).....ccoceeoeerierenierieniee e 727
Syntax 23-9—Bind construct syntax (eXcerpt from ANNEX A) ....c.eeceeriiiiieerieeirierre e eseeereeseesaeesseesenes 739
Syntax 24-1—Program declaration syntax (excerpt from ANNEX A) .......ccccverirerenienienieiereeeeenenesennene 743
Syntax 25-1—Interface syntax (excerpt from ANNEX A)......cooiereiieiiiiee et 750
Syntax 25-2—Modport clocking declaration syntax (excerpt from ANNEX A) ....cccveeevverieencieereenveeseenenns 759
Syntax 25-3—Virtual interface declaration syntax (excerpt from Annex A).......ccoccvvvevierierereenereeneenenns 769
Syntax 26-1—Package declaration syntax (excerpt from ANNEX A)......ccccceveerierierienierenieeeeeneeeeenee e 776
Syntax 26-2—Package import syntax (excerpt from ANNEX A)..c.eeceeriiirierieeiierie e e ere e sveeseeeene s 777
Syntax 26-3—Package import in header syntax (excerpt from ANNEX A) .....cccoevererienrerieieeeeeienenenennene 781
Syntax 26-4—Package export syntax (excerpt from ANNEX A) ....ocoeoiiiiriieiieieeieeeeee e 783
Syntax 26-5—Std package import syntax (N0t in ANNEX A) ..ccueeiiiereeriierieerieeieesreereeseeeveesseesseesseessnes 785
Syntax 27-1—Syntax for generate constructs (excerpt from ANNEX A)......ccccocevererenierieiereeenienienesenrene 788
Syntax 28-1—Syntax for gate instantiation (excerpt from ANNEX A) .....cccceveeiierieiirieiieiee e 798
Syntax 29-1—Syntax for UDPs (eXcerpt from ANNEX A) ...c.cecieiiieieeriiiieerieereenreeteeieesveeseesseesseessnes 829
Syntax 29-2—Syntax for UDP instances (excerpt from ANnexX A).......cccceceverirenenenienieiereeieenenesenene 836
Syntax 30-1—Syntax for specify block (excerpt from ANNeX A) .....cccovoeeierieiirieieeieeee e 839
Syntax 30-2—Syntax for module path declaration (excerpt from ANNEX A).....ccceevveeereerieeerieeneenveenieenenens 840
Syntax 30-3—Syntax for simple module path (excerpt from ANNEX A).....ccceecverieiierieriieieeeeee e 841
Syntax 30-4—Syntax for edge-sensitive path declaration (excerpt from Annex A)......ccceceeveeeervreenennen. 842
Syntax 30-5—Syntax for state-dependent paths (excerpt from ANNEX A) ...ccceecvverieeciienienieeeiesie e 843
Syntax 30-6—Syntax for path delay value (excerpt from ANNEX A) .....ceoveieecierierienieieeeeie e eee e 850
Syntax 30-7—Syntax for PATHPULSES pulse control (excerpt from Annex A).......cccceceeeveieineneeneennne 855
Syntax 30-8—Syntax for pulse style declarations (excerpt from ANNEX A) ....cccverveereerieeeiieeneenveerreenenens 857
Syntax 30-9—Syntax for showcancelled declarations (excerpt from Annex A).......ccceeveevereeceeriereennennnns 858
Syntax 31-1—Syntax for system timing checks (excerpt from AnNNex A) .......ccooeeiivieiinieneeeereeeee e 864
Syntax 31-2—Syntax for time check conditions and timing check events (excerpt from Annex A).......... 865
Syntax 31-3—Syntax for $setup (excerpt from ANNEX A) ....ccoveieiiieieieieiieriereere ettt 866
Syntax 31-4—Syntax for $hold (excerpt from ANNEX A) ....ccovieieieiieieieere e 867
Syntax 31-5—Syntax for $setuphold (excerpt from ANNEX A) .....ccoeoieieiriiiiieiere e 868
Syntax 31-6—Syntax for $removal (excerpt from ANNEX A) ....cccooieriirieiieiieierieie ettt 870
Syntax 31-7—Syntax for $recovery (excerpt from ANNEX A)......cccecieieieirerieeieeseeieeeieeeeeeeee e s 870
Syntax 31-8—Syntax for $recrem (excerpt from ANNEX A) ......coeeieieieieiie et 871
Syntax 31-9—Syntax for $skew (excerpt from ANNEX A) ...c.ocieiereieiiiieiecieeieeeete et 873
Syntax 31-10—Syntax for $timeskew (excerpt from ANNEX A) ......ccecveieiririnire e 874
Documents

Document Sharing Hub

35
Authorized licensed use limited to: Tsinghua Uni@&%%i&m”@%’fg %gepwﬁrmgﬁtg%%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Syntax 31-11—Syntax for $fullskew (excerpt from AnNex A)......ccocevieieiriiirire e 877

Syntax 31-12—Syntax for $width (excerpt from ANNEX A) .....coeeoieieiieieirie e 879
Syntax 31-13—Syntax for $period (excerpt from ANNEX A) ....c.ccveieieieiiieiieieei e 880
Syntax 31-14—Syntax for $nochange (excerpt from ANNEX A) .....ccecveieiriiieire e 881
Syntax 31-15—Syntax for edge-control specifier (excerpt from ANNEX A).....ccccvevverreeriieeiieeieenieerieenenns 882
Syntax 31-16—Syntax for controlled timing check events (excerpt from Annex A) ......cccccecevvercrenennenn 885
Syntax 32-1—Syntax for $sdf annotate system task (N0t in ANNEX A).....ccccevuereirerierieiieieeeieiee e 900
Syntax 33-1—Syntax for cell (excerpt from ANNEX A).....cccuieeiieiiieiieeiieieerie e eve e saeesve e s 903
Syntax 33-2—Syntax for declaring library in library map file (excerpt from Annex A).....cccecevvererennenn 904
Syntax 33-3—Syntax for include command (excerpt from ANNEX A)....cccceveerierieiinieieeiee e 905
Syntax 33-4—Syntax for configurations (excerpt from ANNeX A) .....cccvvvvierieeiiieiieeieeee e 906
Syntax 35-1—DPI import declaration syntax (excerpt from ANNEX A) ......ccoceevererierieienieienineneseeenenaene 945
Syntax 35-2—DPI export declaration syntax (excerpt from ANNEX A) ......occeeoverierierieneniere e 950
Documents

Document Sharing Hub

36
Authorized licensed use limited to: Tsinghua Uni@B%VriBﬂfN@%’fg %ggpwﬁrmgﬁtg%%gw&ﬁ&% UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

Part One:
Design and Verification Constructs

Documents
37 Document Sharing Hub
Authorized licensed use limited to: Tsinghua Uni®esityrigletal20ied fREEDMHYGhta0sarieds:58 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

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

1. Overview

1.1 Scope

This standard provides the definition of the language syntax and semantics for the IEEE 1800™
SystemVerilog language, which is a unified hardware design, specification, and verification language. The
standard includes support for behavioral, register transfer level (RTL), and gate-level hardware descriptions;
testbench, coverage, assertion, object-oriented, and constrained random constructs; and also provides
application programming interfaces (APIs) to foreign programming languages.

1.2 Purpose

This standard develops the IEEE 1800 SystemVerilog language in order to meet the increasing usage of the
language in specification, design, and verification of hardware. This revision corrects errors and clarifies
aspects of the language definition in IEEE Std 1800-2012." This revision also provides enhanced features
that ease design, improve verification, and enhance cross-language interactions.

1.3 Content summary

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 display commands

—  Compiler directives, such as text substitution macros and simulation time scaling

—  The Programming Language Interface (PLI) mechanism

—  The formal syntax and semantics of the SystemVerilog Verification Procedural Interface (VPI)

— An Application Programming Interface (API) for coverage access not included in VPI

nformation on references can be found in Clause 2.
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—  Direct programming interface (DPI) for interoperation with the C programming language
— VPI, API, and DPI header files

—  Concurrent assertion formal semantics

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

— Informative usage examples

NOTE—An earlier standard, IEEE Std 1800-2009, represented a merger of two previous standards:
IEEE Std 1364™-2005 and IEEE Std 1800-2005. 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 into the
SystemVerilog standard enabled users to have all information regarding syntax and semantics in a single document.? 3

1.4 Special terms

Throughout this standard, the following terms apply:

—  SystemVerilog 3.1a refers to the Accellera SystemVerilog 3.1a Language Reference Manual [B4],
a precursor to IEEE Std 1800-2005 A

—  Verilog refers to IEEE Std 1364-2005 for the Verilog hardware description language (HDL).

—  Language Reference Manual (LRM) refers to the document describing a Verilog or SystemVerilog
standard.

— Tool refers to a software implementation that reads SystemVerilog source code, such as a logic
simulator.

NOTE—In IEEE Std 1800-2005, SystemVerilog referred to just the extensions to the IEEE 1364-2005 Verilog language
and did not include the Verilog base language.

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
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:

— 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, whether material, physical, or
causal (can equals is able to).

ZNotes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
3Verilog is a registered trademark of Cadence Design Systems, Inc.
“The numbers in brackets correspond to those of the bibliography in Annex Q.
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1.6 Syntactic description

The main text uses the following conventions:
—  Italicized font when a term is being defined

— Constant-width font for examples, file names, and references to constants, especially 0, 1, x, and
z values

— Boldface constant-width font for SystemVerilog keywords, when referring to the actual
keyword

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

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

module declaration
— Boldface-red characters denote reserved keywords, operators, and punctuation marks as a required
part of the syntax. For example:

module =

— A vertical bar ( | ) that is not in boldface-red separates alternative items. For example:
unary_operator ::=
[~ & ~& [~ |4~ A~
—  Square brackets ( [ ]) that are not in boldface-red enclose optional items. For example:
function_declaration ::= 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

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 that 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 PDF file).

—  Syntactic keywords and tokens in the formal language definitions are shown in boldface-red
text.

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

Documents
40 Document Sharing Hub
Authorized licensed use limited to: Tsinghua Uni®esityrigletal20ied fREEDMHYGhta0sarieds:58 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

IEEE Std 1800-2017
IEEE Standard for SystemVerilog—Unified Hardware Design, Specification, and Verification Language

1.8 Contents of this standard

A synopsis of the clauses and annexes is presented as a quick reference. All clauses and several of the
annexes are normative parts of this standard. Some annexes are included for informative purposes only.

Part One: Design and Verification Constructs
Clause 1 describes the contents of this standard and the conventions used in this standard.
Clause 2 lists references to other standards that are required in order to implement this standard.

Clause 3 introduces the major building blocks that make up a SystemVerilog design and verification
environment: modules, programs, interfaces, checkers, packages, and configurations. This clause also
discusses primitives, name spaces, the Sunit compilation space, and the concept of simulation time.

Clause 4 describes the SystemVerilog simulation scheduling semantics.
Clause 5 describes the lexical tokens used in SystemVerilog source text and their conventions.

Clause 6 describes SystemVerilog data objects and types, including nets and variables, their declaration
syntax and usage rules, and charge strength of the values on nets. This clause also discusses strings and
string methods, enumerated types, user-defined types, constants, data scope and lifetime, and type
compatibility.

Clause 7 describes 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, interface 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£ff,
always_latch, and final. Sequential and parallel statement grouping, block names, statement labels, and
process control are also described.

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.

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.

Clause 15 describes interprocess communications using event types and event controls, and built-in
semaphore and mailbox classes.

Clause 16 describes immediate and concurrent assertions, properties, sequences, sequence operations,
multiclock sequences, and clock resolution.
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Clause 17 describes checkers. Checkers allow the encapsulation of assertions and modeling code to create a
single verification entity.

Clause 18 describes generating random numbers, constraining random number generation, dynamically
changing constraints, seeding random number generators (RNGs), and randomized case statement

execution.

Clause 19 describes coverage groups, coverage points, cross coverage, coverage options, and coverage
methods.

Clause 20 describes most of the built-in system tasks and system functions.

Clause 21 describes additional system tasks and system functions that are specific to input/output (I/O)
operations.

Clause 22 describes various compiler directives, including a directive for controlling reserved keyword
compatibility between versions of previous Verilog and SystemVerilog standards.

Part Two: Hierarchy Constructs

Clause 23 describes how hierarchies are created in SystemVerilog using module instances and interface
instances, and port connection rules. This clause also discusses the Sroot top-level instances, nested
modules, extern modules, identifier search rules, how parameter values can be overridden, and binding

auxiliary code to scopes 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.

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.
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Part Three: Application Programming Interfaces

Clause 35 describes SystemVerilog’s direct programming interface (DPI), a direct interface to foreign
languages and the syntax for importing functions from a foreign language and exporting subroutines to a
foreign language.

Clause 36 provides an overview of the programming language interface (PLI and VPI).

Clause 37 presents the VPI data model diagrams, which document the VPI object relationships and access
methods.

Clause 38 describes the VPI routines.

Clause 39 describes the assertion API in SystemVerilog.

Clause 40 describes the coverage API in SystemVerilog.

Part Four: Annexes

Annex A (normative) defines the formal syntax of SystemVerilog, using BNF.

Annex B (normative) lists the SystemVerilog keywords.

Annex C (informative) lists constructs that have been deprecated from SystemVerilog. The annex also
discusses the possible deprecation of the defparam statement and the procedural assign/deassign

statements.

Annex D (informative) 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.

Annex H (normative) defines the C language layer for the SystemVerilog DPI.

Annex I (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 file, which extends the
vpi_user.h include file.
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Annex N (normative) provides the C source code for the SystemVerilog random distribution system
functions.

Annex O (informative) describes various scenarios that can be used for intellectual property (IP) protection,
and it also shows how the relevant pragmas can be used to achieve the desired effect of securely protecting,
distributing, and decrypting the model.

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

Annex Q (informative) lists reference documents that are related to this standard.

1.9 Deprecated clauses

Annex C lists constructs that appeared in previous versions of either IEEE Std 1364 or IEEE Std 1800, but
that have been deprecated and do not appear in this standard. This annex also lists constructs that appear in
this standard, but that are under consideration for deprecation in a future version of this standard.

1.10 Examples

Small SystemVerilog code examples are shown throughout this standard. These examples are informative.
They are intended to illustrate the usage of SystemVerilog constructs in a simple context and do not define
the full syntax.

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.°

ANSI X9.52-1998, American National Standard for Financial Services—Triple Data Encryption Algorithm
Modes of Operation.6

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

FIPS 46-3 (October 1999), Data Encryption Standard (DES).7

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

FIPS 197 (November 2001), Advanced Encryption Standard (AES).
IEEE Std 754™ IEEE Standard for Floating-Point Arithmetic.3°

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

IEEE Std 1364™-1995, IEEE Standard Hardware Description Language Based on the Verilog® Hardware
Description Language.

IEEE Std 1364™-2001, IEEE Standard Verilog Hardware Description Language.
IEEE Std 1364™-2005, IEEE Standard for Verilog Hardware Description Language.

IEEE Std 1800™-2005, IEEE Standard for SystemVerilog—Unified Hardware Design, Specification, and
Verification Language.

IEEE Std 1800™-2009, IEEE Standard for SystemVerilog—Unified Hardware Design, Specification, and
Verification Language.

IEEE Std 1800™-2012, IEEE Standard for SystemVerilog—Unified Hardware Design, Specification, and
Verification Language.

IETF RFC 1319 (April 1992), The MD2 Message-Digest Algorithm. !
IETF RFC 1321 (April 1992), The MD5 Message-Digest Algorithm.

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

5This document is available at http://www.cl.cam.ac.uk/~rjal4/Papers/serpent.tar.gz.

SANSI publications are available from the American National Standards Institute (http://www.ansi.org/).

FIPS publications are available from the National Technical Information Service (http://www.ntis.gov/).

SIEEE publications are available from The Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/).

9The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
IETF documents (i.e., RFCs) are available for download at http://www.rfc-archive.org/.

Documents
45 Document Sharing Hub
Authorized licensed use limited to: Tsinghua Uni®esityrigletal20ied fREEDMHYGhta0sarieds:58 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://standards.ieee.org/
http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

IEEE Std 1800-2017
IEEE Standard for SystemVerilog—Unified Hardware Design, Specification, and Verification Language

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

IETF RFC 2437 (October 1998), PKCS #1: RSA Cryptography Specifications, Version 2.0.

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

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.

1so publications are available from the International Organization for Standardization (http://www.iso.org/). IEC publications are
available from the International Electrotechnical Commission (http://www.iec.ch). ISO/IEC publications are available from the
American National Standards Institute (http:/www.ansi.org/)..
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3. Design and verification building blocks

3.1 General

This clause describes the following:
—  The purpose of modules, programs, interfaces, checkers, and primitives
— An overview of subroutines
— An overview of packages
— An overview of configurations
— An overview of design hierarchy
—  Definition of compilation and elaboration
—  Declaration name spaces

— Simulation time, time units, and time precision

This clause defines several important SystemVerilog terms and concepts that are used throughout this
document. The clause also provides an overview of the purpose and usage of the modeling blocks used to
represent a hardware design and its verification environment.

3.2 Design elements

A design element is a SystemVerilog module (see Clause 23), program (see Clause 24), interface (see
Clause 25), checker (see Clause 17), package (see Clause 26), primitive (see Clause 28) or configuration
(see Clause 33). These constructs are introduced by the keywords module, program, interface,
checker, package, primitive, and config, respectively.

Design elements are the primary building blocks used to model and build up a design and verification
environment. These building blocks are the containers for the declarations and procedural code that are
discussed in subsequent clauses of this document.

This clause describes the purpose of these building blocks. Full details on the syntax and semantics of these
blocks are defined in later clauses of this standard.

3.3 Modules

The basic building block in SystemVerilog is the module, enclosed between the keywords module and
endmodule. Modules are primarily used to represent design blocks, but can also serve as containers for
verification code and interconnections between verification blocks and design blocks. Some of the
constructs that modules can contain include the following:

—  Ports, with port declarations

— Data declarations, such as nets, variables, structures, and unions

—  Constant declarations

—  User-defined type definitions

—  Class definitions

— Imports of declarations from packages

—  Subroutine definitions

— Instantiations of other modules, programs, interfaces, checkers, and primitives
— Instantiations of class objects

— Continuous assignments
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—  Procedural blocks
—  Generate blocks
—  Specify blocks

Each of the constructs in the preceding list is discussed in detail in subsequent clauses of this standard.

NOTE—The preceding list is not all inclusive. Modules can contain additional constructs, which are also discussed in
subsequent clauses of this standard.

Following is a simple example of a module that represents a 2-to-1 multiplexer:

module mux2tol (input wire a, b, sel, // combined port and type declaration
output logic vy);

always_comb begin // procedural block
if (sel) y = a; // procedural statement
else y = b;

end

endmodule: mux2tol

Modules are presented in more detail in Clause 23. See also 3.11 on creating design hierarchy with modules.

3.4 Programs

The program building block is enclosed between the keywords program...endprogram. This construct is
provided for modeling the testbench environment. The module construct works well for the description of
hardware. However, for the testbench, the emphasis is not on the hardware-level details such as wires,
structural hierarchy, and interconnects, but in modeling the complete environment in which a design is
verified.

The program block serves the following three basic purposes:
— It provides an entry point to the execution of testbenches.
— It creates a scope that encapsulates program-wide data, tasks, and functions.

— It provides a syntactic context that specifies scheduling in the Reactive region.

The program construct serves as a clear separator between design and testbench, and, more importantly, it
specifies specialized simulation execution semantics. Together with clocking blocks (see Clause 14), the
program construct provides for race-free interaction between the design and the testbench and enables
cycle- and transaction-level abstractions.

A program block can contain data declarations, class definitions, subroutine definitions, object instances,
and one or more initial or final procedures. It cannot contain always procedures, primitive instances, module
instances, interface instances, or other program instances.

The abstraction and modeling constructs of SystemVerilog simplify the creation and maintenance of
testbenches. The ability to instantiate and individually connect each program instance enables their use as
generalized models.

A sample program declaration is as follows:
program test (input clk, input [16:1] addr, inout [7:0] data);
initial begin
endprogram
Documents
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The program construct is discussed more fully in Clause 24.

3.5 Interfaces

The interface construct, enclosed between the keywords interface...endinterface, encapsulates the
communication between design blocks, and between design and verification blocks, allowing a smooth
migration from abstract system-level design through successive refinement down to lower level register-
transfer and structural views of the design. By encapsulating the communication between blocks, the
interface construct also facilitates design reuse.

At its lowest level, an interface is a named bundle of nets or variables. The interface is instantiated in a
design and can be connected to interface ports of other instantiated modules, interfaces and programs. An
interface can be accessed through a port as a single item, and the component nets or variables referenced
where needed. A significant proportion of a design often consists of port lists and port connection lists,
which are just repetitions of names. The ability to replace a group of names by a single name can
significantly reduce the size of a description and improve its maintainability.

Additional power of the interface comes from its ability to encapsulate functionality as well as connectivity,
making an interface, at its highest level, more like a class template. An interface can have parameters,
constants, variables, functions, and tasks. The types of elements in an interface can be declared, or the types
can be passed in as parameters. The member variables and functions are referenced relative to the instance
name of the interface as instance members. Thus, modules that are connected via an interface can simply call
the subroutine members of that interface to drive the communication. With the functionality thus
encapsulated in the interface and isolated from the module, the abstraction level and/or granularity of the
communication protocol can be easily changed by replacing the interface with a different interface
containing the same members, but implemented at a different level of abstraction. The modules connected
via the interface do not need to change at all.

To provide direction information for module ports and to control the use of subroutines within particular
modules, the modport construct is provided. As the name indicates, the directions are those seen from the
module.

In addition to subroutine methods, an interface can also contain processes (i.., initial or always procedures)
and continuous assignments, which are useful for system-level modeling and testbench applications. This
allows the interface to include, for example, its own protocol checker, which automatically verifies that all
modules connected via the interface conform to the specified protocol. Other applications, such as functional
coverage recording and reporting, protocol checking, and assertions can also be built into the interface.

A simple example of an interface definition and usage is as follows:

interface simple bus (input logic clk); // Define the interface
logic req, gnt;
logic [7:0] addr, data;
logic [1:0] mode;
logic start, rdy;
endinterface: simple bus

module memMod (simple bus a); // simple bus interface port
logic avail;
// When memMod is instantiated in module top, a.req is the req
// signal in the sb_intf instance of the 'simple bus' interface
always @ (posedge a.clk) a.gnt <= a.req & avail;

endmodule

Documents
49 Document Sharing Hub
Authorized licensed use limited to: Tsinghua Uni@@migm\@meg mEgbrAﬁrmgﬁtgqg‘seWgtﬁB:SS UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1800-2017


http://www.avadocuments.com/doc/ieee-1800-2017
http://www.avadocuments.com/doc/ieee-1800-2017

