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Property Specification Language (PSL)

FOREWORD

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

IEEE Slandards documents are developed within IEEE Societies and Standards Coordinating Comimiftees of the
IEEE Sfandards Association (IEEE-SA) Standards Board. IEEE develops its standards through, a|consensus
developgment process, which brings together volunteers representing varied viewpoints and interests|to achieve
the fina| product. Volunteers are not necessarily members of IEEE and serve without compensation. While IEEE
adminisfters the process and establishes rules to promote fairness in the consensus development process, |IEEE
does npt independently evaluate, test, or verify the accuracy of any of the infarmation contajned in its
standarfls. Use of IEEE Standards documents is wholly voluntary. IEEE documents'are made availgble for use
subject|to important notices and legal disclaimers (see http://standards.ieee.org/[RR/disclaimers.htmpl for more
information).

IEC collaborates closely with IEEE in accordance with conditions determined’by agreement betwelen the two
organizgtions.

The formal decisions of IEC on technical matters express, as nearly @s possible, an international cgnsensus of
opinion|on the relevant subjects since each technical committegthas representation from all intefested IEC
Nationgl Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Stgndards Coordinating Committees has been reached, issdetermined by a balanced ballot of materially
interested parties who indicate interest in reviewing thel ‘proposed standard. Final approval off the IEEE
standards document is given by the IEEE Standards Assogiation (IEEE-SA) Standards Board.

IEC/IEHE Publications have the form of recommendations for international use and are accepfed by IEC
Nationgl Committees/IEEE Societies in that sense.While all reasonable efforts are made to ensure that the
technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for|[the way in
which they are used or for any misinterpretation by any end user.

In ordey to promote international uniformitys JEC National Committees undertake to apply IEC Hublications
(includipg IEC/IEEE Publications) transparently to the maximum extent possible in their national apd regional
publicafions. Any divergence between @ny IEC/IEEE Publication and the corresponding national pr regional
publicafion shall be clearly indicated in‘\the latter.

IEC and IEEE do not provide any ‘attestation of conformity. Independent certification bodies provide|conformity
assessinent services and, in seme areas, access to IEC marks of conformity. IEC and IEEE are not fesponsible
for any£ervices carried out byjindependent certification bodies.

All users should ensure that'they have the latest edition of this publication.

No liab|lity shall attach~to IEC or IEEE or their directors, employees, servants or agents including individual
experts| and membets of technical committees and IEC National Committees, or volunteers of IEEE Societies
and thg Standards.Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standdqrds Board,
for any |personal injury, property damage or other damage of any nature whatsoever, whether direct|or indirect,
or for dosts \(including legal fees) and expenses arising out of the publication, use of, or reliance| upon, this
IEC/IEHE Rublication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent 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.

Published by IEC under license from IEEE. @ 2010 IEEE. All rights reserved.
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International Standard IEC 62531/ IEEE Std 1850-2010 has been processed through IEC
technical committee 93: Design automation, under the IEC/IEEE Dual Logo Agreement.

This second edition cancels and replaces the first edition, published in 2007, and constitutes

a technical revision.

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

IEEE Std

FDIS

Report on voting

IEEE Std 1850-2010

93/319/FDIS

93/326/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indlicated in the above table.

The IEC [Technical Committee and IEEE Technical Committee have decided that'the
of this pyblication will remain unchanged until the stability date indicated on\the |IEC
under "hitp://webstore.iec.ch" in the data related to the specific publication) At this

publicatign will be

e reconffirmed,
e withdfawn,

* replaged by a revised edition, or

¢ amended.

contents
web site
date, the

Published by IEC under license from IEEE. @ 2010 IEEE. All rights reserved.
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IEEE Std 1850™-2010

(Revision of
IEEE Std1850-2005)

IEEE Standard for
Property Specification Language(PSL)

Spongdor

Design Automation Standards Committee
of the|
IEEE |[Computer Society

and the
IEEE [Standards Association Corporate;Advisory Group

Approyed 25 March 2010
IEEE-BA Standards Board

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.
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Grateful acknowledgment is made to Accellera Organization, Inc. for the permission to use the
following source material:

Accellera Property Specification Language Reference Manual (version 1.1), Accellera

GDL: General Description Language, Accellera, Mar. 2005

Abstract: The IEEE Property Specification Language (PSL) is defined. PSL is a forfthal' nptation
for specification of electronic system behavior, compatible with multiple electronic system ¢lesign
languages, including IEEE Std 1076™ (VHDL®), |IEEE Std 1354 (Verilog®), dEEE Std 1666™
(SystgmC®), and IEEE Std 1800™ (SystemVerilog®), thereby enabling a comrmon specif|cation
and vgrification flow for multi-language and mixed-language designs. PSL(eaptures design| intent
in a fgrm suitable for simulation, formal verification, formal analysis, and hybrid verification tools.
PSL ephances communication among architects, designers, and veriffeation engineers to in¢rease
produgtivity throughout the design and verification process. The, primary audiences for this
standgrd are the implementors of tools supporting the language and advanced users jof the
langudge.
Keywoprds: ABV, assertion, assertion-based verification;\a@ssumption, cover, model chgcking,
propefty, PSL, specification, temporal logic, verification

IEEE, 802, and POSIX are registered trademarks in the U.S. Patent & Trademark Office, owned by The Institute of
Electrical and Electronics Engineers, Incorporated.

VHDL and Verilog are both registered trademarks of Cadence Design Systems, Inc.
SystemVerilog is a registered trademark of Accellera Organization, Inc.

SystemC is a registered trademark of Synopsys, Inc.

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.
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IEEE Introduction

This introduction is not part of IEEE Std 1850-2010, IEEE Standard for Property Specification Language (PSL).

IEEE Std 1850 Property Specification Language (PSL) is based upon the Accellera Property Specification
Language (Accellera PSL), a language for formal specification of electronic system behavior, which was
developed by Accellera, a consortium of Electronic Design Automation (EDA), semiconductor, and system
companies. IEEE Std 1850 PSL 2010 refines IEEE Std 1850 PSL 2005 by providing extensions for
improved verification IP reuse (e.g., the vpkg type of vunit) and interaction between the assertions and the

simulafion environment (local variables ;, and l)y aZIEIressmg minor techmical 1ssucs. The formal serhantics

were updated to reflect these changes.

Notige to users

Laws|and regulations

Users |of these documents should consult all applicable laws and régulations. Compliance wjth the
provisions of this standard does not imply compliance to any_applicable regulatory requirgments.
Implementers of the standard are responsible for observing ow/Teferring to the applicable regplatory
requirgments. IEEE does not, by the publication of its standards; intend to urge action that is|not in
complipnce with applicable laws, and these documents may not.be construed as doing so.

Copyrights

This dgcument is copyrighted by the IEEE. It is made available for a wide variety of both public and private
uses. These include both use, by references~in laws and regulations, and use in private self-regflation,
standatdization, and the promotion of engineering practices and methods. By making this dogument
availaljle for use and adoption by publi¢ authorities and private users, the IEEE does not waive any rights in
copyright to this document.

Updating of IEEE documents

Users pf IEEE standards  should be aware that these documents may be superseded at any time [by the
issuange of new .¢ditions or may be amended from time to time through the issuance of amendments,
corriggnda, or errata. An official IEEE document at any point in time consists of the current editior] of the
documpnt tggether with any amendments, corrigenda, or errata then in effect. In order to determine Whether
a givep, document is the current edition and whether it has been amended through the issuagnce of
amendrents—eorrigenda—or—erratt—visit—the—HEEE—Standards—Assoeintionr—website—at— http://
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

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

Errata

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

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.
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Interpretations

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

Patents

Attention is called to the possibility that implementation of this amendment may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying
Essential Patent Claims for which a license may be required., for conducting inquiries into the legal validity
or scopje of Patents Claims or determining whether any licensing terms or conditions provided in confection
with sgibmission of a Letter of Assurance, if any, or in any licensing agreements are reasopable” ¢r non-
discrinjinatory. Users of this amendment 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
informption may be obtained from the IEEE Standards Association.

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.
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Property Specification Language (PSL]

IMPORTANT NOTICE: This standard is not intended to ensure safety,) security, health, or
enviropmental protection in all circumstances. Implementers of the standard are responsible for

ining appropriate safety, security, environmental, and health practices,or regulatory requirdments.

These

notice§ and disclaimers appear in all publications containing this do¢ument and may be found un{ler the

“Important Notice” or “Important Notices and Discl@imers Concerning IEEE Docu
an also be obtained on request from IEEE or_Viewed at http://standards.ieee.o
imers. html.

1. OVerview

1.1 S¢ope

ents.”

/IPR/

This stpndard defines the property, specification language (PSL), which formally describes electronic system
behavipr. This standard specifies the syntax and semantics for PSL and also clarifies how PSL intprfaces

with various standard electronie system design languages.

1.2 Purpose

The pyrpose ef-this standard is to provide a well-defined language for formal specification of el
system| behayior, one that is compatible with multiple electronic system design languages, includin

ctronic
b IEEE

Std 10p6T/(VHDL®),! IEEE Std 1364™ (Verilog®), IEEE Std 1800™ (SystemVerilog®), and IE

FE Std

1666™ (SystemC™), to facilitate a common specification and verification flow for multi-language and

mixed-language designs.

This standard creates an updated IEEE standard based upon IEEE Std 1850-2005. The updated standard will

refine IEEE standard, addressing errata, minor technical issues, and proposed extensions specifically
to property reuse and improved simulation usability.

!nformation on references can be found in Clause 2.
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1.2.1 Background

The complexity of Very Large Scale Integration (VLSI) has grown to such a degree that traditional
approaches have begun to reach their limitations, and verification costs have reached 60%-70% of
development resources. The need for advanced verification methodology, with improved observability of
design behavior and improved controllability of the verification process, has become critical. Over the last
decade, a methodology based on the notion of “properties” has been identified as a powerful verification
paradigm that can assure enhanced productivity, higher design quality, and, ultimately, faster time to market
and higher value to engineers and end-users of electronics products. Properties, as used in this context, are
concise, declarative, expressive, and unambiguous specifications of desired system behavior that are used to
guide the verification process. IEEE 1850 PSL is a standard language for specifying electronic system
behavipr—usinrg—preperies—P : ased—vertfteatton—usins—both—simtlation—and formal
verificj

1.2.2 Motivation
Ensuripg that a design’s implementation satisfies its specification is the foundation of\Hardware verification.
Key tq the design and verification process is the act of specification. Yet hiStorically, the progess of
specififation has consisted of creating a natural language description of a set 60f design requirements. This
form df specification is both ambiguous and, in many cases, unverifiable due to the lack of a sfandard
machire-executable representation. Furthermore, ensuring that all functienal aspects of the specification
have bgen adequately verified (that is, covered) is problematic.

The IE[EE PSL was developed to address these shortcomings. It gives the design architect a standard{ means
of speqifying design properties using a concise syntax with clearly-defined formal semantics. Similarly, it
enableg the RTL implementer to capture design intent in a verifiable form, while enabling the verification
enginepr to validate that the implementation satisfies itsspecification through dynamic (that is, simylation)
and stdtic (that is, formal) verification means. Furthenmore, it provides a means to measure the quality of the
verificjtion process through the creation of fumctional coverage models built on formally specified
properties. In addition, it provides a standard su¢ans for hardware designers and verification enginfeers to
create fi rigorous and machine-executable de§ign specification.

1.2.3 Goals

PSL was specifically developed* to fulfill the following general hardware functional specification
requirgments:

— |Easy to learn, write, and read

— |Concise sydtax

— |Rigorously well-defined formal semantics

— | ExpresSsive power, permitting specifications of a large class of real-world design properties
— | Kafown efficient underlying algorithms in simulation, as well as formal verification

1.3 Usage

PSL is a language for the formal specification of hardware. It is used to describe properties that are required
to hold in the design under verification. PSL provides a means to write specifications that are both easy to
read and mathematically precise. It is intended to be used for functional specification on the one hand and as
input to functional verification tools on the other. Thus, a PSL specification is an executable specification of
a hardware design.

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.
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1.3.1 Functional specification

PSL can be used to capture requirements regarding the overall behavior of a design, as well as assumptions
about the environment in which the design is expected to operate. PSL can also capture internal behavioral
requirements and assumptions that arise during the design process. Both enable more effective functional
verification and reuse of the design.

One important use of PSL is for documentation, either in place of or along with an English specification. A
PSL specification can describe simple invariants (for example, signals read enable and
write enable are never asserted simultaneously) as well as multi-cycle behavior (for example, correct
behavior of an interface with respect to a bus protocol or correct behavior of pipelined operations).

A PSL specification consists of assertions regarding properties of a design under a set of assumptions. A
property is built from three kinds of elements: Boolean expressions, which describe behavior oyer ong cycle;
sequenffial expressions, which can describe multi-cycle behavior; and temporal operators, which dpscribe
tempotjal relationships among Boolean expressions and sequences. For example, consider the following
Verilog Boolean expression:

efa || enb

This expression describes a cycle in which at least one of the signals ena.and enb are asserted. The PSL
sequential expression

{geq; ack; !cancel}
descriffes a sequence of cycles, such that req is asserted in the first cycle, ack is asserted in the second
cycle, and cancel is deasserted in the third cycles@he following property, obtained by apply|ng the
tempotal operators always and | => to these expressions,

always {reg;ack;!cancel} |=>-Y{éna || enb)

means [that always (that is, in every cycle)lif the sequence {req;ack; ! cancel} occurs, then either ena
or enl is asserted one cycle after the.sequence ends. Adding the directive assert as follows:

agsert always {redgyack;!cancel} |=> (ena || enb);

complgtes the specification, indicating that this property is expected to hold in the design and tljat this
expectfition needs to bé\werified.

1.3.2 Functional)verification
PSL c4n dlse-be used as input to verification tools, for both verification by simulation, as well as [formal

verificfition” using a model checker or a theorem prover. Each of these is discussed in the subclauges that
follow.

1.3.2.1 Simulation

A PSL specification can also be used to automatically generate checks of simulated behavior. This can be
done, for example, by directly integrating the checks in the simulation tool; by interpreting PSL properties in
a testbench automation tool that drives the simulator; by generating HDL monitors that are simulated
alongside the design; or by analyzing the traces produced during simulation.

For instance, the following PSL property:

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.
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Property 1: always (reqg -> next !req)
states that signal req is a pulsed signal, i.e., if it is high in some cycle, then it is low in the following cycle.

Such a property can be easily checked using a simulation checker written in some HDL that has the
functionality of the finite state machine (FSM) shown in Figure 1.

req
req
start Onere Crror "-.\\

'req
Figure 1—A simple (deterministic) FSM that checks Property.1

For properties more complicated than the property shown in Figure 1, manually ‘writing a corresponding
checker is painstaking and error-prone, and maintaining a collection of such chigckers for a constantly|chang-
ing deqign under development is a time-consuming task. Instead, a PSL specification can be used as ihput to
a tool that automatically generates simulatable checkers.

Althoufgh in principle, all PSL properties can be checked for finite ‘paths in simulation, the implementation
of the fhecks is often significantly simpler for a subset calledthe simple subset of PSL. Informally,|in this
subset,| composition of temporal properties is restricted to esure that time moves forward from left fo right
through a property, as it does in a timing diagram. (See 444 for the formal definition of the simple Jubset.)
For exgmple, the property

Prpperty 2: always (a -> next[3] )
which ptates that, if a is asserted, then b_is asserted three cycles later, belongs to the simple subset, Hecause

a appdars to the left of b in the propefty and also appears to the left of b in the timing diagram |of any
behavipr that is not a violation of the property. Figure 2 shows an example of such a timing diagram.

Figure 2—A trace that satisfies Property 2
An example of a property that is not in this subset is the property
Property 3: always ((a && next[3] b) -> c)

which states that, if a is asserted and b is asserted three cycles later, then c is asserted (in the same cycle as
a). This property does not belong to the simple subset, because although ¢ appears to the right of a and b in
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the property, it appears to the left of b in a timing diagram that is not a violation of the property. Figure 3
shows an example of such a timing diagram.

Figure 3—A trace that satisfies Property.3

1.3.2.2 Formal verification

PSL is|an extension of the standard temporal logics Linear-Time Temporal Logic (LTL) and Compjutation
Tree Lpgic (CTL). A specification in the PSL Foundation Language (respectively, the PSL Optional Branch-
ing Exfension) can be compiled down to a formula ofpure LTL (respectively, CTL), possibly with some
auxiliafy HDL code, known as a satellite.

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated referenced, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

“General Description Language,” Accellera, Napa, CA, Mar. 2005.2

IEC/IEEE 62142 (IEEE Std 1364.1), Standard for Verilog Register Transfer Level Synthesis.3

IEEE §rtto76™1EEE-Stmmtardt- v HD T Tangmage Reference vtamat4—

IEEE $td 1076.6™ IEEE Standard for VHDL Register Transfer Level (RTL) Synthesis.
IEEE $td 1364™ TEEE Standard for Verilog Hardware Description Language.

IEEE $td 1666™ | IEEE Standard for the SystemC Language.

IEEE $td 1800™, IEEE Standard for the SystemVerilog Language.

This document is available from the IEEE Standards World Wide Web site, at http://standards.ieee.org/downloads/1850/1850-2005/
gdl.pdf.

SIEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
4IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

3The IEEE standards or products referred to in this standard are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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3. Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Diction-
ary: Glossary of Terms & Definitions should be referenced for terms not defined in this clause.®

3.1 Definitions
This subclause defines the terms used in this standard.

assertion: A statement that a given property is required to hold and a directive to functional verification
tools toverify that it does hold

assumption: A statement that the design is constrained by the given property and a directive-to furjctional
verificgtion tools to consider only paths on which the given property holds.

asynclronous property: A property whose clock context is equivalent to True.
behavior: A path.

Boolegn (expression): An expression that yields a logical value.

checkdr: An auxiliary process (usually constructed as a finite statemiachine) that monitors simulatipn of a
design|and reports errors when asserted properties do not hold. &) cHecker may be represented in the same
HDL cpde as the design or in some other form that can be linKed. with a simulation of the design.

completes: A term used to identify the last cycle of a pathdhat satisfies a sequential expression or prperty.

compuytation path: A succession of states of the.deSign, such that the design can actually transition from
each stpte on the path to its successor.

constrpint: A condition (usually on the input signals) that limits the set of behaviors to be considg¢red. A
constrgint may represent real requirements (e.g., clocking requirements) on the environment in whiich the
designlis used, or it may represent artificial limitations (e.g., mode settings) imposed in order to partifion the
functiqnal verification task.

count:|A number or range:

coverage: A measure’ of the occurrence of certain behavior during (typically dynamic) furlctional
verificgtion and,(herefore, a measure of the completeness of the (dynamic) functional verification prpcess.

cycle: Anevaluation cycle.

describes: A term used to 1dentify the set of behaviors for which Boolean expression, sequential expression,
or property holds.

design: A model of a piece of hardware, described in some hardware description language (HDL). A design
typically involves a collection of inputs, outputs, state elements, and combinational functions that compute

next state and outputs from current state and inputs.

design behavior: A computation path for a given design.

The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
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dynamic verification: A verification process such as simulation, in which a property is checked over indi-
vidual, finite design behaviors that are typically obtained by dynamically exercising the design through a
finite number of evaluation cycles. Generally, dynamic verification supports no inference about whether the
property holds for a behavior over which the property has not yet been checked.

evaluation: The process of exercising a design by iteratively applying values to its inputs, computing its
next state and output values, advancing time, and assigning to the state variables and outputs their next
values.

evaluation cycle: One iteration of the evaluation process. At an evaluation cycle, the state of the design is
recomputed (and may change).

extensjon (of a given path): A path that starts with precisely the succession of states in the given‘path.

False: |An interpretation of certain values of certain data types in an HDL. In the SystemVerilog and VYerilog
flavorg the single bit values 10, 1'bx, and 1'bz are interpreted as the logical value False. In the
VHDL] flavor, the values STD.Standard.Boolean'(False) and STD.Standard.Bit'('0"), as'well as the valpes
IEEE|std logic 1164.std logic'('0’), IEEE.std logic 1164.std"logic'('L'),
IEEE |std logic 1164.std logic'(X'),and IEEE.std logic 1164.std logic'('F)
are all |nterpreted as the logical value False. In the SystemC flavor, the value“£alse' of type bool apd any
integer| literal with a numeric value of 0 are interpreted as the logical value‘False. In the GDL flavor, the

Boolegn value 'false' and bit value 0B are both interpreted as the logical value False.

finite yange: A range with a finite high bound.

formal verification: A functional verification process in which analysis of a design and a property yields a
logicallinference about whether the property holds forsall®behaviors of the design. If a property is dpclared
true byl a formal verification tool, no simulation can_show it to be false. If the property does not hold for all
behaviprs, then the formal verification process shotld provide a specific counterexample to the progerty, if
possible.

functignal verification: The process of‘confirming that, for a given design and a given set of constrpints, a
propertfy that is required to hold in that'design actually does hold under those constraints.

holds:|A term used to talk about.the meaning of a Boolean expression, sequential expression, or progerty.

holds gightly: A term uséd to talk about the meaning of a sequential expression. Sequential expressipns are
evaluafed over finite paths (behavior).

livenegs property:) A property that specifies an eventuality that is unbounded in time. Loosely spedking, a
livenegs propéity claims that “something good” eventually happens. More formally, a liveness propefty is a
property for'which any finite path can be extended to a path satisfying the property. For example, thf prop-
erty “whenéver signal req is asserted, signal ack is asserted some time in the future” is a liveness property.

logic type: An HDL data type that includes values that are interpreted as logical values. A logic type may
also include values that are not interpreted as logical values. Such a logic type usually represents a multi-val-
ued logic.

logical value: A value in the set {True, False}.

model checking: A type of formal verification.

number: A non-negative integer value, and a statically computable expression yielding such a value.

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.
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occurs

: A term used to indicate that a Boolean expression holds in a given cycle.

occurrence (of a Boolean expression): A cycle in which the Boolean expression holds.

path: A succession of states of the design, whether or not the design can actually transition from one state
on the path to its successor.

positive count: A positive number or a positive range.

positive number: A number that is greater than zero (0).

positiy
prefix

propel
expres

range:
bound
equal t
consec
sion s
cycles

restrig
functid

safety
sarily

“some
violatiy
examp
properf
sequer]
sequer]

sequer]

starts:

O

e-rangeArrange-with-atow-bound-thatis-greater-thanzere{(0)-
of a given path): A path of which the given path is an extension.

ty: A collection of logical and temporal relationships between and among subordinate H

is less than or equal to the high bound. In particular, this includes theease in which the low b
b the high bound. Also, a pair of statically computable integer expressions specifying such a s
ptive numbers, where the left expression specifies the low bound of the series, and the right
ecifies the high bound of the series. A range may describe(a’set of values or a variable nu
pbr event repetitions.

tion: A statement that the design is constrained by the given sequential expression and a dire
nal verification tools to consider only paths on which the given sequential expression holds.

property: A property that specifies an invariant over the states in a design. The invariant is not
imited to a single cycle, but it is bounded'in time. Loosely speaking, a safety property claii

ing bad” does not happen. Moresformally, a safety property is a property for which ar

e, the property, “whenever signal'req is asserted, signal ack is asserted within 3 cycles” is 4
Y.

ce: A sequential expression that may be used directly within a property or directive.
tial expression®\A: finite series of terms that represent a set of behaviors.
tial extendeéd regular expression: A form of sequential expression, and a component of a se(

Aderm used to identify the first cycle of a path that satisfies a sequential expression.

ions, sequential expressions, and other properties that in aggregate represent a,set of behaviorp

oolean

.

A series of consecutive numbers, from a low bound to a high bound,(inglusive, such that the low

und is
bries of
EX pres-
hber of

tive to

neces-
ns that
y path

g the property has a finite prefix such that every extension of the prefix violates the propeity. For

safety

uence.

strictly before: Before, and not in the same cycle as.

strong

operator: A temporal operator, the non-negated use of which usually creates a liveness  property.

temporal expression: An expression that involves one or more temporal operators.

temporal operator: An operator that represents a temporal (i.e., time-oriented) relationship between its
operands.

terminating condition: A Boolean expression, the occurrence of which causes a property to complete.
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terminating property: A property that, when it holds, causes another property to complete.

True: An interpretation of certain values of certain data types in an HDL. In the SystemVerilog and Verilog
flavors, the single bit value 1'b1 is interpreted as the logical value True. In the VHDL flavor, the values
STD.Standard.Boolean' (True), STD.Standard.Bit'('1"),

IEEE.std logic 1164.std logic'('l'),and IEEE.std logic 1164.std logic'('H")
interpreted as the logical value True. In the SystemC flavor, the value 'true’ of type bool and any integer
literal with a non-zero numeric value are interpreted as the logical value 7rue. In the GDL flavor, the Bool-
ean value 'true' and bit value 1B are both interpreted as the logical value True.

unknown value: A value of a (multi-valued) logic type, other than 0 or 1.

weak ¢perator: A temporal operator, the non-negated use of which does not create a liveness property.

3.2 Acronyms and abbreviations

This sybclause lists the acronyms and abbreviations used in this standard.

ABY assertion-based verification
BNH extended Backus-Naur Form
cpp C pre-processor

CTL computation tree logic

EDA electronic design automation
FL Foundation Language

FSM finite state machine

GD1 General Description Language

HDI hardware description language
iff if and only if

LTL linear-time temporal logic

PSL Property Specification Language
OBH Optional Branching Extension
RTL Register Transfer Level

SERE Sequential Extended Regular Expression
VHIPL  VHSIC Hardware Description Language
VHSIC  Very High'Speed Integrated Circuit

3.3 Special terms

The foHevwne—terms-are-tsedin-the-definitionofthisstandard:

When presenting requirements, options, and recommendations regarding the implementation and use of
PSL, the following terms are used:

— can: Used for statements of possibility and capability. In the context of this standard, describes a
possible use of PSL to express a given specification, or a possible application of a PSL specification
in the design and verification of electronic systems.

— may: Used to indicate a course of action permissible within the limits of the standard. In the context
of this standard, typically describes a non-mandatory feature of PSL syntax or semantics, the use of
which in a given PSL specification is up to the author of that specification. Also used to identify
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permissible implementation approaches in a verification tool supporting the standard, as well as
permissible decisions that can be made when implementing a design according to a given PSL
specification.

shall: Used to indicate mandatory requirements to be followed strictly in order to conform to the
standard and from which no deviation is permitted. In the context of this standard, describes a man-
datory feature of PSL syntax or semantics that must be present in a given PSL specification, or in the
negative form, a syntactic structure or semantic relationship that must not be present, for that
specification to be in conformance with the standard.

should: Used to indicate that among several possibilities, one is recommended as particularly suit-
able, 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
Latad

When
or a dd
term 1is

Ll T4l + ol sl 4 | Jd_d N foot £DCT s oot o dd
prohibited—In-the-eontextof-thisstandarddesertbes-afeatnre-of PSEsyntax—thatisreeommende

but not mandatory, or (in the negative form) that is not recommended but not prohibited.

explaining the requirements and options imposed by a PSL specification on the behavier of aldesign
sign’s environment, if that design or environment is to satisfy the PSL specification, the following
used:

is required to: Used to indicate that the functionality or behavior described by a PSL specificftion is
mandatory for the system to which the specification pertains. This phtase is typically used fo state
that a design or its environment must function in a manner that is consistent with the specificdtion.
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4. Organization

4.1 Abstract structure

PSL consists of four layers, which partition the language with respect to functionality. PSL also comes in
five flavors, which partition the language with respect to HDL compatibility. Each of these is explained in
detail in the following subclauses.

4.1.1 Layers

PSL cq

nsists of four layers: Boolean, temporal, verification, and modeling

4.1.1.1

The Bg
expres
expres
single

4.1.1.7

Boolean layer

olean layer is used to build expressions that are, in turn, used by the other layers. Although it ¢
ions of many types, it is known as the Boolean layer because it is the{sypplier of B
ions to the heart of the language—the temporal layer. Boolean layer expressions are evaluat
pvaluation cycle.

P Temporal layer

The te

the tefiporal layer because, in addition to simple properties{such as “signals a and b are m
exclusive,” it can also describe properties involving complex témporal relations between signals, sucl

signal

cycles Jater.” Temporal expressions are evaluated over a series of evaluation cycles.

4.1.1.

The verification layer is used to tell the verification tools what to do with the properties described

tempo
holds ¢

4.1.1.4
The m
tools,

needed

41.2§

poral layer is the heart of the language; it is used to describe-properties of the design. It is kn|
is asserted, then signal d shall be asserted before signal e is asserted, but no more than eigh
Verification layer

al layer. For example, the verificationlayer contains directives that tell a tool to verify that a p

r to check that a specified sequence is covered by some test case.

} Modeling layer

which do not use test cases) and to model auxiliary hardware that is not part of the design

for verification.

Flavors

bntains
oolean
ed in a

OWN as
utually
as, “if
t clock

by the
Foperty

bdeling layer is used-to model the behavior of design inputs (for tools, such as formal verification

but is

PSL ¢

mes”in five flavors: one for each of the hardware description languages SystemVerilog, \

erilog,

VHDL

, SystemC, and GDL. The syntax of each tlavor conforms to the syntax of the corresponding

DL in

a number of specific areas—a given flavor of PSL is compatible with the corresponding HDL’s syntax in
those areas.

4.1.2.1 SystemVerilog flavor

In the SystemVerilog flavor, all expressions of the Boolean layer, as well as modeling layer code, are written
in SystemVerilog syntax (see IEEE Std 1800). The SystemVerilog flavor also has limited influence on the
syntax of the temporal layer. For example, ranges of the temporal layer are specified using the
SystemVerilog-style syntax i : j.
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4.1.2.2 Verilog flavor

In the Verilog flavor, all expressions of the Boolean layer, as well as modeling layer code, are written in
Verilog syntax (see IEC/IEEE 62142). The Verilog flavor also has limited influence on the syntax of the
temporal layer. For example, ranges of the temporal layer are specified using the Verilog-style syntax i: 7.

4.1.2.3 VHDL flavor

In the VHDL flavor, all expressions of the Boolean layer, as well as modeling layer code, are written in
VHDL syntax (see IEEE Std 1076). The VHDL flavor also has some influence on the syntax of the temporal
layer. For example, ranges of the temporal layer are specified using the VHDL-style syntax i to j.

4.1.2.4 SystemC flavor
In the PystemC flavor, all expressions of the Boolean layer, as well as modeling layer code,lare wrjtten in
Systen}C syntax (see IEEE Std 1666). The SystemC flavor also has limited influence on, the syntay of the
tempotjal layer. For example, ranges of the temporal layer are specified using the syntax’i : j.
4.1.2.% GDL flavor

In the GDL flavor, all expressions of the Boolean layer, as well as modelinig layer code, are written in GDL

syntax|(see “General Description Language”). The GDL flavor also hds some influence on the syntax of the
tempotal layer. For example, ranges of the temporal layer are specified using the GDL-style syntax if. . j.

4.2 Lexical structure
This sybclause defines the identifiers, keywords, operators, macros, and comments used in PSL.
4.2.1 Identifiers

Identiflers in PSL consist of an alphabetic ‘eharacter, followed by zero or more alphanumeric chafacters;
each sybsequent alphanumeric charactef may optionally be preceded by a single underscore charactef.

Examplle
mytex
Rgad Transactien

L|123

PSL identifiers.are’case-sensitive in the SystemVerilog, Verilog, and SystemC flavors and case-insensjitive in
the VHDL and GDL flavors.

4.2.2 Keywords
Keywords are reserved identifiers in PSL, so an HDL name that is a PSL keyword cannot be referenced
directly, by its simple name, in an HDL expression used in a PSL property. However, such an HDL name can

be referenced indirectly, using a hierarchical name or qualified name as allowed by the underlying HDL.

The keywords used in PSL are shown in Table 1.
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Table 1—Keywords

A E next! rose
AF EF next_a
ﬁ)((; EG next_a! sequence
EX next e stable
abort .
always ended next_e! string
and® eventually! next_event strong
assert next_event! sync_abort
g:s?lrcneabor ¢ F next_event a
yne_ fairness next_event a! to®
before fell next_event_e
befgre! for next_event_e! U
befgre!_ forall nondet union
Bftf re- noncdet_vector until
bitviector G not until!
boolean numeric until!
hdltype until_
clo onehot
const in onehot0 vmode
coupiones e
inherit vprop
is property vunit
defgult isunknown prev
w
report cps
mutable regtric ¢ within
restrict!
never X
next X!
2and |s a keyword only in the VHDL flavor; seé.the flavor macro AND OP (4.3.2.6).
bjs is 4 keyword only in the VHDL flavor; se¢ the flavor macro DEF_S_YM (4.3.2.9).
‘not if a keyword only in the VHDL flayot; See the flavor macro NOT OP (4.3.2.6).
dorish keyword only in the VHDL flavor; see the flavor macro OR_Of’ (4.3.2.6).
°t0 is 3 keyword only in the VHDL flavor; see the flavor macro RANGE_SYM (4.3.2.7).
4.2.3 Dperators
4.2.3.1 HDL operators

For a gdiven/flavor of PSL, the operators of the underlying HDL have the highest precedence. In patticular,
this ingludeslogical, relational, and arithmetic operators of the HDL. The HDL’s logical operatprs for
negatidua—confunction,and disjunctionof Booleanvalues may be used in PSL gatio onjunctibn, and
disjunction of properties as well. In such applications, those operators have their usual precedence and
associativity, as if the PSL properties that are operands produced Boolean values of a type appropriate to the
logical operators native to the HDL.

4.2.3.2 Foundation Language (FL) operators

Various operators are available in PSL. Each operator has a precedence relative to other operators. In
general, operators with a higher relative precedence are associated with their operands before operators with
a lower relative precedence. If two operators with the same precedence appear in sequence, then the
operators are associated with their operands according to the associativity of the operators. Left-associative
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operators are associated with operands in left-to-right order of appearance in the text; right-associative
operators are associated with operands in right-to-left order of appearance in the text.

Table 2—FL operator precedence and associativity

Operator class Associativity Operators

(highest precedence)

HDL operators

Union operator left union

Clocking operator left @

SERE Tepetition operators Tett T T =1 ->1

Seqpence within operator left within

Seqpence AND operators left & &&

Seqpence OR operator left |

Seqpence fusion operator left :

Seqpence concatenation operator left H

FL fermination operator left abort async_abort
sync_abort

FL pccurrence operators right next* eventually!
X X! F

FL pounding operators right U w
until® before*

Seqpence implication operators right 7> |=>

Bodlean implication operators right -> <->

FL |nvariance operators right always never

(lovest precedence) G

NOTE-}The notation next* represents the next fanfily of operators, which includes the operators next, pext!,

next_h, next_al!, next_e,

next_el,

next

event,

next event!,

next_event al, and

next pvent e!. The notation until* represénts the unti/ family of operators, which includes the operators hntil,
untilf, until , and until! . The notatiorbefore*

the opefators before, before !,_before_, and before!

4.2.3.2.1 Union operator

regresents the before family of operators, which includes

For any flavor of PSL, the EL bperator with the next highest precedence after the HDL operators is thiat used

to indigate a non-deterministic expression:

uhion

The unfion gperator is left-associative.

ufiion operator

4.2.3.2.2-Clecking-operater

For any flavor of PSL, the FL operator with the next highest precedence is the clocking operator, which is
used to associate a clock expression with a property or sequence:

@ clock event

The clocking operator is left-associative.

"Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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4.2.3.2.3 SERE repetition operators

For any flavor of PSL, the FL operators with the next highest precedence are the repetition operators, which
are used to construct Sequential Extended Regular Expressions (SEREs). These operators are as follows:

*

]

+

[
[
[=
[-

>

1 consecutive repetition
consecutive repetition
1 non-consecutive repetition

] goto repetition

SERE repetition operators are left-associative.

4.2.3.1
For an
which
time-b
w
The se
4.2.3.1

For an|
operat

&
&&

Sequer

4.2.3.

For anj
which

|
The se

4.2.3.7

.4 Sequence within operator

y flavor of PSL, the FL operator with the next highest precedence is the sequence, within o
s used to describe behavior in which one sequence occurs during the course of dnother, or w
unded interval:

ithin sequence within operator

luence within operator is left-associative.

.5 Sequence conjunction operators

y flavor of PSL, the FL operators with the next highest precedence are the sequence conji
rs, which are used to describe behavior consisting of parallel paths. These operators are as fol

non-length-matching sequence eonjunction
length-matching sequence confjunction

ce conjunction operators are left-associative.
.6 Sequence disjunctionoperator

flavor of PSL, the FL«gperator with the next highest precedence is the sequence disjunction of
s used to describe béhavior consisting of alternative paths:

sequence disjunction
uence disjunction operator is left-associative.

.7.8equence fusion operator

erator,
ithin a

inction
OWS:

erator,

For any flavor of PSL, the FL operator with the next highest precedence is the sequence fusion operator,
which is used to describe behavior in which a later sequence starts in the same cycle in which an earlier

sequen

ce completes:

sequence fusion

The sequence fusion operator is left-associative.
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4.2.3.2.8 Sequence concatenation operator

For any flavor of PSL, the FL operator with the next highest precedence is the sequence concatenation
operator, which is used to describe behavior in which one sequence is followed by another:

; sequence concatenation
The sequence concatenation operator is left-associative.
4.2.3.2.9 FL termination operators

srators,
s to be

For an
which
cancel¢d:

synfc abort immediate termination of current and future obligations, synchronous with the clpck

el

asypc_abort immediate termination of current and future obligations, indepepdént of the cloc
abdrt equivalent to async_abort

The FI} termination operators are left-associative.
4.2.3.2.10 FL occurrence operators

For any flavor of PSL, the FL operators with the next highest precédence are those used to describe b¢ghavior
in whi¢h an operand holds in the future. These operators are as.follows:

eventually! the right operand holds at some tim€ i the indefinite future
nexjt * the right operand holds at some specified future time or range of future times

FL ocqurrence operators are right-associative.
4.2.3.2.11 Bounding operators

For any flavor of PSL, the FL operatofs with the next highest precedence are those used to describe bghavior
in whi¢h one property holds in.some cycle or in all cycles before another property holds. These operafors are

as follgws:

untjil~* the\left operand holds at every time until the right operand holds
beflore* the left operand holds at some time before the right operand holds

FL boynding operators are right-associative.

4.2.3.212-Suffix-implication-eperators

For any flavor of PSL, the FL operators with the next highest precedence are those used to describe behavior
consisting of a property that holds at the end of a given sequence. These operators are as follows:

| -> overlapping suffix implication
| => non-overlapping suffix implication

The suffix implication operators are right-associative.

NOTE—The FL Property {r} (f) is an alternative form for (and has the same semantics as) the FL Property {r} |->f.
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4.2.3.2.13 Logical implication operators

For any flavor of PSL, the FL operators with the next highest precedence are those used to describe behavior
consisting of a Boolean, a sequence, or a property that holds if another Boolean, sequence, or property holds.
These operators are as follows:

->

<->

logical IF implication
logical IFF implication

The logical IF and logical IFF implication operators are right-associative.

4.2 3. 24 Finvarianceoperators

For any
in whi

alw
nev

FL ocg

4.2.3.]

4.2.3.]

For an
those

flavor of PSL, the FL operators with the next highest precedence are those used to deséribe b
h a property does or does not hold, globally. These operators are as follows:

ays the right operand holds, globally
er the right operand does NOT hold, globally

urrence operators are right-associative.
b Optional Branching Extension (OBE) operators

Table 3—OBE operator precedence and associativity

thavior

Operator class Associativity Operators
(highest precedence)
HDL operators
OBE occurrence operators left AX AG AF EX EG EF
AlU] E[U]
Boolean implication operators right -> <->
(lowest precedence)

8.1 OBE occurrence operators

y flavor of PSLixthe OBE operators with the next highest precedence after the HDL operat
sed to specify-when a subordinate property is required to hold, if the parent property is to hold

prs are
These

operatqrs include the following:
AX on all paths, at the next state on each path
AG on-all pqﬂqc at-all states-on-cach quh
AF on all paths, at some future state on each path
EX on some path, at the next state on the path
EG on some path, at all states on the path
EF on some path, at some future state on the path
A U] on all paths, in every state up to a certain state on each path
E [U] on some path, in every state up to a certain state on that path

The OBE occurrence operators are left-associative.
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4.2.3.3.2 OBE implication operators
For any flavor of PSL, the OBE operators with the next highest precedence are those used to describe
behavior consisting of a Boolean or a property that holds if another Boolean or property holds. These

operators are:

-> logical IF implication
<-> logical IFF implication

The logical IF and logical IFF implication operators are right-associative.

4.2.4 Wtacros

PSL plllovides macro processing capabilities that facilitate the definition of properties. System,"VHIJL, and
GDL {flavors support cpp pre-processing directives (e.g., #define, #ifdef, #else, #include,land #pndef).
Systen]Verilog and Verilog flavors support Verilog compiler directives (e.g., "define, 'ifdef; "else, "ipclude,
and ‘updef). All flavors also support PSL macros %for and %if, which can be useto conditionfally or
iterativiely generate PSL statements. The cpp or Verilog compiler directives shallch¢ interpreted figst, and
PSL %jif and %for macros shall be interpreted second.

4.2.4.1 The %for construct

The $for construct replicates a piece of text a number of times, usually with each replication particylarized
via parpmeter substitution. The syntax of the $foxr construct is a$ follows:

$for /var/ in /exprl/ .. /expr2/. do
send
or:
$for /var/ in { /itemft, /item/, ... , /item/ } do
send

The replicator name var ig any legal PSL identifier name. It shall not be the same as any other idpntifier
(variafle, unit name, dedign signal etc.) except another non-enclosing PSL replicator var. The replication
expresgions exprl andexpr2 shall be statically computed expressions resulting in a legal PSL rqnge. A
replicafion item 1itlem'is any legal PSL alphanumeric string or previously defined cpp style macro.

In the first case, the text inside the $for-%end pairs will be replicated expr2-exprl+] times (asfuming
that epr2>=exprl). In the second case, the text will be replicated according to the number of ifems in
the list_Duiring each replication of the text, the loop variable value is substituted into the text as fbllows.
Suppose the loop variable is called 1 i. Then the current value of the loop variable may be accessed from the
loop body using the following three methods:

a)  The current value of the loop variable can be accessed using simply i1 if i1 is a separate token in
the text. For instance:
$for ii in 0..3 do
define aa(ii) := i1 > 2;
$end

is equivalent to:
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define aa(0) := 0 > 2;
define aa(l) :=1 > 2;
define aa(2) := 2 > 2;
define aa(3) := 3 > 2;

b) Ifii is part of an identifier, the value of i i may be accessed using $ {11} as follows:
$for ii in 0..3 do
define aa%{ii} := ii > 2;
send

which is equivalent to:

define aal :=
define aal :=
define aa2 :=
define aa3 :=

vV V. V V
NN NN

w N P O

c) |Ifii needs to be used as part of an expression, it may be accessed as follows!
$for ii in 1..4 do

define aa%{ii-1} := %{ii-1} > 2;
$end

The above is equivalent to:

define aal0 :=
define aal :=
define aa2 :=
define aa3 :=

w N - O
vV V. V V
DN NN

The fol]lowing operators may be used in pre-precessor expressions:

* + AN A
Il

S~ kO
Il

o\°

4.2.4.2 The %if construct

The %1 f conStruct is similar to the #1f construct of the cpp pre-processor. However, unlike th
constryctsthe-% i f construct can be conditioned on variables defined in an enclosing $for constru

e #if
ct. The

syntaxof\21 £ is as follows:

$if /expr/ %then

$end
or:

$if /expr/ %then
%else

Fend

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=fb07974f06c94a0d2b6e7e6900497c08

IEC 62531:2012
- 24 - IEEE Std 1850-2010

4.2.5 Comments

PSL provides the ability to add comments to PSL specifications. For each flavor, the comment capability is
consistent with that provided by the corresponding HDL environment.

For the SystemC, SystemVerilog, and Verilog flavors, both the block comment style (/* .... */)andthe
trailing comment style (// . ... <eol>) are supported.

For the VHDL flavor, the trailing comment style (-- . ... <eol>) is supported.

For the GDL flavor, both the block comment style (/* . ... */)and the trailing comment style

(-- .[——=<ecobtraresupported:

4.3 Syntax

4.3.1 Conventions
The formal syntax described in this standard uses the following extended Backus-Naur Form (BNF).

a) | The initial character of each word in a nonterminal is capitalized. Eor¢xample:
PSL_Statement

A nonterminal is either a single word or multiple words separated by underscores. When a mpltiple-
word nonterminal containing underscores is referen¢ed within the text (e.g., in a statemdnt that
describes the semantics of the corresponding syntaxy), the underscores are replaced with spacgs.

b) | Boldface words are used to denote reserved\keywords, operators, and punctuation marls as a
required part of the syntax. For example:
vunit (;

¢) | The : : = operator separates the two parts of a BNF syntax definition. The syntax category gppears
to the left of this operator_and-the syntax description appears to the right of the operatpr. For
example, item d) shows three options for a Vunit_Type.

d) | A vertical bar separafes alternative items (use one only) unless it appears in boldface, in whi¢h case
it stands for itself, For example:

Vunit Aype ::=
vanit | vpkg | vprop | vimode

e) | Square‘brackets enclose optional items unless they appear in boldface, in which case they sthnd for
thetnselves. For example:

Sequence Declaration ::=
sequence Name [ ( Formal_Parameter List ) ] DEF_SYM Sequence ;

indicates that ( Formal Parameter List ) is an optional syntax item for Sequence Declaration,
whereas

| Sequence [* [ Range ] |

indicates that (the outer) square brackets are part of the syntax, while Range is optional.

f)  Braces enclose a repeated item unless they appear in boldface, in which case they stand for
themselves. A repeated item may appear zero or more times; the repetition is equivalent to that given
by a left-recursive rule. Thus, the following two rules are equivalent:
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2)

h)

The m

Formal Parameter List ::=
Formal Parameter { ; Formal Parameter }
Formal Parameter List ::=
Formal Parameter | Formal Parameter List § Formal Parameter

A colon (:) in a production starts a line comment unless it appears in boldface, in which
stands for itself.

case it

If the name of any category starts with an italicized part, it is equivalent to the category name
without the italicized part. The italicized part is intended to convey some semantic information. For

example, vunit Name is equivalent to Name.

es and

referen
4.3.2 |

PSL is
with W
macro
gramm
HDL 1
selecte]

The nal

differe
actual

Examp

F]

shows

PSL al

qin text uses jtalicized typne when a term is being defined and monoswnace font for examp
T = T T

ces to constants such as 0, 1, or x values.
iDL dependencies

defined in several flavors, each of which corresponds to a particular hardwaré/description la|
hich PSL can be used. Flavor macros reflect the flavors of PSL in the syntax definition. A
s similar to a grammar production, in that it defines alternative replacem@nts for a nontermina|
ar. A flavor macro is different from a grammar production, in that the @ltetnatives are labeled 1
ame and, in the context of a given HDL, only the alternative labeled with that HDL name
.

e of each flavor macro is shown in all uppercase. Each flavor macro defines analogous, but p|

nt syntax choices allowed for each flavor. The general format is the term Flavor Macro,t
macro name, followed by the = operator, and, finally,the definition for each of the HDLs.

/e

avor Macro RANGE SYM =
SystemVerilog: : / Wekrilog: : / VHDL: to / SystemC: : / GD

the range symbol macro (RANGE” SYM).

5o defines a few extensions fo Verilog declarations as shown in Syntax 4-1.

hguage
flavor
| in the
vith an
can be

pssibly
hen the

Extended Verilog Declaration ::=
Verilog_module or generate item_declaration
| Extended Verilog Type Declaration

Syntax 4-1—Fxtended Verilog Declaration

4.3.2.1 HDL_UNIT

At the topmost level, a PSL specification consists of a set of HDL design units and a set of PSL verification
units. The Flavor Macro HDL_UNIT identifies the nonterminals that represent top-level design units in the
grammar for each of the respective HDLs, as shown in Syntax 4-2.
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Flavor Macro HDL_UNIT =
SystemVerilog: SystemVerilog module_declaration
/ Verilog: Verilog module declaration
/VHDL: VHDL design_unit
/ SystemC: SystemC class sc_module
/ GDL: GDL_module_declaration

Syntax 4-2—Flavor macro HDL_UNIT

4.3.2.2 HDL_DECL and HDL_STMT

PSL verification units may contain certain kinds of HDL declarations and statemients. Flavor macros
HDL DECL, HDL STMT, and HDL SEQ STMT connect the PSL syntax with theysyntax for declgrations
and statements in the grammar for each HDL. All of these are shown in Syntax(4-3.

Flavor Macro HDL DECL =
SystemVerilog: SystemVerilog module or_generate item declaration
/ Verilog: Extended_Verilog_Declaration
/ VHDL: VHDL declaration
/ SystemC: SystemC _declaration
/ GDL: GDL _module_item_declaratioh

Flavor Macro HDL_STMT =
SystemVerilog: SystemVerilog module_or generate_item
/ Verilog: Verilog module Or generate item
/ VHDL: VHDL conclarent_statement
/ SystemC: System€ statement
/ GDL: GDL_module_item

Flavor MacroHDL SEQ_STMT =
SystemVertlog: SystemVerilog_statement_item
/ Verilog! Verilog_statement
/ VHDL: VHDL _sequential statement
ASystemC: SystemC _statement
/' GDL: GDL process_item

Syntax 4-3—Flavor macros HDL_DECL, HDL_STMT, and HDL_SEQ_STMT

4.3.2.3 HDL_EXPR and HDL_CLOCK_EXPR

Expressions in PSL are those allowed in the underlying HDL description. This applies to expressions
appearing directly within a temporal layer property, including those that appear within clock expressions, as
well as to any subexpressions of those expressions. The definitions of HDL EXPR and
HDL CLOCK_ EXPR capture this requirement, as shown in Syntax 4-4.
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Flavor Macro HDL_EXPR =
SystemVerilog: SystemVerilog Expression
/ Verilog: Verilog Expression
/ VHDL: VHDL_Expression
/ SystemC: C++ Expression
/ GDL: GDL_Expression

Flavor Macro HDL CLOCK_EXPR =
System Verilog: SystemVerilog _Event EXpression
/ Verilog: Verilog Event Expression
/ VHDL: VHDL Expression
/ SystemC: SystemC_Event Expression
/ GDL: GDL_Expression

SystemC_Event Expression ::=
sc_event
| sc_event finder
| sc_event and list
| sc_event or list
| sc_signal
| sc_port

Syntax 4-4—Flavor macro HDL_EXPR and HDL_CLOCK_EXPR

4.3.2.4 HDL_VARIABLE_TYPE

The formal types of PSL named declarations may'be HDL variable types. PSL formal types are descifibed in
6.5.1. Flavor macro HDL_VARIABLE TY.PBE defines the HDL types that may be used as PSL formjl type,
as shoyn in Syntax 4-5.

Flavor Macro HDL: VARIABLE TYPE =
SystemVerilog : SystemVerilog_data_type
/ Veptlog~ Verilog Variable Type
/YHDL : VHDL subtype_indication
~SystemC: SystemC _simple type specifier
#~GDL : GDL_variable_type

Verilog Variable Type ::=
task_port_type
|reg [ s1gned ][ range ]

Syntax 4-5—Flavor macro HDL_VARIABLE_TYPE

4.3.2.5 HDL_RANGE

Some HDLs provide special syntax for referring to the range of values that a variable or index may take on.
Flavor macro HDL_ RANGE captures this possibility, as shown in Syntax 4-6. Unlike other flavor macros,
this one only includes options for those languages that support special range syntax.
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Flavor Macro HDL. RANGE =
VHDL: VHDL_Expression

Syntax 4-6—Flavor macro HDL_RANGE

NOTE—Flavor macro HDL_RANGE only applies in a VHDL context, because VHDL is the only language that
includes special syntax for referring to previously defined ranges.

4.3.2.6 AND_OP. OR_OP. and NOT_OP

Each flavor of PSL overloads the underlying HDL’s symbols for the logical conjunction, disjuncti¢n, and
negatiqn operators so the same operators are used for conjunction and disjunction of Bool€an-exprgssions
and fof conjunction, disjunction, and negation of properties. The definitions of AND"QP, OR_ (P, and
NOT_@P reflect this overloading, as shown in Syntax 4-7.

Flavor Macro AND_OP =
SystemVerilog: && / Verilog: && / VHDL: and / System¢: & & / GDL: &

Flavor Macro OR_OP =
SystemVerilog: || / Verilog: || / VHDL: OF / SystethC? || / GDL: |

Flavor Macro NOT OP =
SystemVerilog: 1 Verilog: ! / VHDL: not/'SystemC: ! / GDL: !

Syntax 4-7—Flavor macrossAND_OP, OR_OP, and NOT_OP

4.3.2.T RANGE_SYM, MIN_VAL, and MAX_VAL

Within| properties it is possible to gpecify a range of integer values representing the number of cy¢les, or
numbef of repetitions that are allowed to occur, or a range of integer values to specify the set of valjes in a
for or [forall property. PSL adopts the general form of range specification from the underlying HDL, as
reflect¢d in the definition of RANGE SYM, MIN VAL, and MAX VAL shown in Syntax 4-8.

Flavor Macro RANGE SYM =
SystemVerilog: ¢ / Verilog: ¢ / VHDL: t0 / SystemC: ¢/ GDL: ..

Flavor Macro MIN_VAL =

S i1 0 i1 [ I WATARN SN | WENUWSSNVANE | WAk a1 17
SySteRTvernog U verHog oV DT oo yste e -o- oDt

Flavor Macro MAX VAL =
SystemVerilog: $ / Verilog: inf/ VHDL: inf / SystemC: inf / GDL: nuil

Syntax 4-8—Flavor macros RANGE_SYM, MIN_VAL, and MAX_VAL

However, unlike HDLs, in which ranges are always finite, a range specification in PSL may have an infinite
upper bound. For this reason, the definition of MAX VAL includes the keyword inf, representing infinite.
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4.3.2.8 LEFT_SYM and RIGHT_SYM

In replicated properties, it is possible to specify the replication index Name as a vector of Boolean values.
PSL allows this specification to take the form of an array reference in the underlying HDL, as reflected in
the definition of LEFT_SYM and RIGHT SYM shown in Syntax 4-9.

Flavor Macro LEFT SYM =
SystemVerilog: [ / Verilog: [ / VHDL: (/ SystemC: [ / GDL: (

Flavor Macro RIGHT _SYM =
SystemVerilog: | / Verilog: | / VHDL: ) / SystemC: | / GDL: )

Syntax 4-9—Flavor macro LEFT_SYM and RIGHT_SYM

4.3.2.9 DEF_SYM

Finally} as in the underlying HDL, PSL can declare new named objects;\Te make the syntax ¢f such
declargtions consistent with those in the HDL, PSL adopts the symbol used for declarations|in the
underlying HDL, as reflected in the definition of DEF_SYM shown in/Syntax 4-10.

Flavor Macro DEF_SYM = .
SystemVerilog: =/ Verilog: =/ VHDL: 1S ASystemC : =/ GDL: =

Syntax 4-10—Flavor macro DEF_SYM

4.4 Sémantics

The fol]lowing subclauses introducé, vatious general concepts related to temporal property specificatjon and
explair} how they apply to PSL,

4.4.1 Clocked vs. unclocked evaluation

Every [PSL property,~sequence, and built-in function has an associated clock context. The pioperty,
sequenfce, or builtsin function is evaluated only in cycles in which the clock context holds. A |nested
property, sequence, or built-in function within a given property or sequence can have a differen} clock
contex} than.that of the parent property or sequence.

The base clock context 1s True, 1.e., the granularity of time as seen by the verification tool. Different
verification tools may model time at different levels of granularity. For example, an event-driven simulation
tool typically has a relatively fine-grained model of time, whereas a cycle-based simulation or formal
verification tool typically has a more coarse-grained model of time.

A clock context may be specified locally, or may be inherited from an enclosing construct, or may be
specified by a default clock declaration. A locally specified clock context takes precedence over an inherited
or default clock context.
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A PSL property or sequence whose clock context is specified locally by a clock expression associated with
the property or sequence (by the @ operator) is a clocked property or sequence, respectively; otherwise it is
an unclocked property or sequence.

A PSL property, sequence, or built-in function whose clock context is equivalent to True is an asynchronous
property, sequence, or built-in function; otherwise it is a synchronous property, sequence, or built-in
function, respectively.

A synchronous PSL property that contains no nested asynchronous properties, sequences, or built-in func-
tions shall give the same result in cycle-based and event-based verification tools, provided that there is a
one-to-one, in-order correspondence between (a) the succession of event-based states in which any clock

£41 etz laold ) 1 £ la b dctat " lhaak-tl 1 1
contexfotthe-property-hotdsand-{tb)-the-steeesstotrotreyete-based-states—Hwhteh-the-same-etoergontext

holds.
4.4.2 $afety vs. liveness properties

A safefy property is a property that specifies an invariant over the states in a design. Fh€ invariant is rfot nec-
essarily limited to a single cycle, but it is bounded in time. Loosely speaking, a safety property claips that
“something bad” does not happen. More formally, a safety property is a properfy for which any path|violat-
ing the|property has a finite prefix such that every extension of the prefix vielates the property. For eqample,
the property “whenever signal req is asserted, signal ack is asserted within 3 cycles” is a safety property.

A liver{ess property is a property that specifies an eventuality that isunbounded in time. Loosely spedking, a
livenegs property claims that “something good” eventually happeuds. More formally, a liveness propdty is a
property for which any finite path can be extended to a path satisfying the property. For example, thp prop-
erty “Whenever signal req is asserted, signal ack is asserted\Sometime in the future” is a liveness prpperty.

4.4.3 Linear vs. branching logic

PSL cdn express both properties that use linear-semantics as well as those that use branching semantigs. The
former|are properties of the PSL Foundatioh Language, while the latter belong to the Optional Branching
Extensjon. Properties with linear semanties reason about computation paths in a design and can be checked
in simylation, as well as in formal verifieation. Properties with branching semantics reason about computa-
tion trdes and can be checked only tnformal verification.

While fhe linear semantics gf\PSL are the ones most used in properties, the branching semantics add|impor-
tant expressive power. Fat ifistance, branching semantics are sometimes required to reason about deafllocks.

4.4.4 $imple subset

PSL cgn express properties that cannot be easily evaluated in simulation, although such properties|can be
addresged’by-formal verification methods.

In particular, PSL can express properties that involve branching or parallel behavior, which tend to be more
difficult to evaluate in simulation, where time advances monotonically along a single path. The simple
subset of PSL is a subset that conforms to the notion of monotonic advancement of time, left to right through
the property, which in turn ensures that properties within the subset can be simulated easily. The simple
subset of PSL contains any PSL FL Property meeting all of the following conditions:

— The operand of a negation operator is a Boolean.

— The operand of a never operator is a Boolean or a Sequence.

— The operand of an eventually! operator is a Boolean or a Sequence.

— At most one operand of a logical or operator is a non-Boolean.

— The left-hand side operand of a logical implication (->) operator is a Boolean.
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All other operators not mentioned above are supported in the simple subset without restriction. In particular,
the operators always, next*, next a* next event, next event a* and all forms of suffix

implic

4.4.5 Frinite-length-vs—infinite-length-behavier

The semantics of PSL allow us to decide whether a PSL property holds on a given behavior." H
outconpe of this problem relates to the design depends on the behavior that was analyzeds In d
ition, only behaviors that are finite in length are considered. In such a case, PSL defirtes the following
four leyels of satisfaction of a property:

verific

Holds

Pendinfg:

4.4.6

PSL ugesgheterm strong in two different ways: an operator may be strong, and the satisfaction of a p
on a pgthuriay be strong. While the two are related, the use of the concept of strength in each contex{
understood first in isolation. Each is presented in the subclauses that follow, then the relation between them

The concéept of strength

Std 1850-2010 -31-

Both operands of a logical iff (< - >) operator are Boolean.

The right-hand side operand of a non-overlapping unt 11* operator is a Boolean.
Both operands of an overlapping unti1* operator are Boolean.

Both operands of a before* operator are Boolean.

The operand of next _e* is Boolean.

The FL Property operand of next event e* is Boolean.

ation are supported without restriction in the simple subset.

trongly:

No bad states have been seen

All future obligations have been met

The property will hold on any extension of the path

but does not hold strongly):

No bad states have been seen
All future obligations have been met
The property may or may not hold on any given extension of the path

No bad states have been seen
Future obligations have not been.met
(The property may or may not’held on any given extension of the path)

A bad state has been'seen
(Future obligatiors giay or may not have been met)
The property will not hold on any extension of the path

is explained.

4.4.6.1 Strong vs. weak operators

Some operators have a terminating condition that comes at an unknown time. For example, the property
“busy shall be asserted until done is asserted” is expressed using an operator of the until family, which
hat signal busy shall stay asserted until the signal done is asserted. The specific cycle in which signal

states t!

done is asserted is not specified.
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5. Boolean layer

The Boolean layer consists of expressions that represent design behavior. These expressions build upon the
expression capabilities of the HDL(s) used to describe the design under consideration. An expression in the
Boolean layer evaluates immediately, at an instant in time.

Expressions may be of various HDL-specific data types. Certain classes of HDL data types are distinguished
in PSL, due to their specific roles in describing behavior. Each class of data types in PSL corresponds to a set
of specific data types in the underlying HDL design.

Expressions may involve HDL-specific expression syntax or PSL-defined operators and built-in functions.
PSL-d¢fimedoperators and bui =1 fOTCoNS Map ONto UNdertying H D L-Speciiic Operations, as appropriate
for thelHDL context and the data type of the expression.

HDL-specific expressions are not redefined by PSL. Rather, PSL uses a subset of the existing IEEE
standatds. The details of this subset are given in 5.1.

5.1 Expression type classes

Five dlasses of expression are distinguished in PSL: Bit, Boolean, ‘BitVector, Numeric, and| String
expresgions. Each of these corresponds to a set of specific data types in the' underlying HDL context,|and an
interprgtation of the values of those data types.

Some PSL built-in functions take operands that may be of any HDL data type or PSL type class, as shown in
Syntax|5-1. In such a case, there is no interpretation of type‘orvalues involved.

Any Type ::=
HDL or PSL_Expression

Syntax 5-1—Any type expression

Other PSL built-in functions.and expressions, and PSL temporal layer constructs, require operands that
belong|to specific type clas§es."In such a case, if an HDL expression appears in a location at which the PSL
grammar requires an exptession of a specific PSL type class, then the value of the HDL expression [will be
interprpted as a valuewof'a’ corresponding PSL type class, as described below.

PSL eypressionsiand built-in functions can be used in an HDL context, either in the modeling layer ¢r in an
HDL ¢xpression within the modeling layer. In such a case, the value of the PSL type class returned| by the
PSL ejpréssion or built-in function is converted back to a specific HDL data type, as described below.

If an HDL expression appears immediately within an HDL context, e.g., as a subexpression within another
HDL expression, then neither the interpretation of HDL expression values as values of a PSL type class, nor
the conversion of values of a PSL type class back to values of an HDL data type, apply.

5.1.1 Bit expressions
Bit expressions represent the values of individual signals or memory elements in the design. The data types

used in bit expressions include types that model bits as strictly binary (having values in {0,1}) as well as
multi-valued logic types, with values in {X, 0, 1, Z}. (See Syntax 5-2.)
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Bit =
bit HDL or PSL_Expression

Syntax 5-2—Bit expression
In Verilog, the built-in logic type is a Bit type.

In SystemVerilog, the built-in types bit and logic are Bit types.

In VHPL, type STD.Standard.Bit, and type IEEE.Std Logic 1164.std ulogic, as well as subtypes thereof,
are Bit|types.

In SystemC, types sc_bit and sc_bv are Bit types.
In GDL, type boolean is a Bit type.

5.1.2 Boolean expressions

Boolegn expressions, for which the Boolean layer is named, describe states/of the design, in terms of gignals,

values| and their relationships. They represent simple properties, #hich can be composed using temporal
operatqrs to create temporal properties. (See Syntax 5-3.)

Boolean ::=
boolean HDL or PSL_Expression,

Syntax*5-3—Boolean expression

Boolegn expressions may be dynamie; i.e., they may contain signals whose values change ovef time.
Boolegn expressions may have subexpressions of any type.

In VHDL, type STD.Standdrd)Boolean is a Boolean type.
In SystemC, type bootis*a Boolean type.
In GDL, type bootéean is a Boolean type.

Any Biit.type is interpretable as a Boolean type. For Verilog, SystemVerilog, and System C, a BifVector
expreskn—mmmmmmmﬁﬂwmdrm—whﬁ—mmrmmmion is

interpreted as True or False according to the rules of Verilog, SystemVerilog, and SystemC, respectively, for
interpreting an expression that appears as the condition of an if statement.

The return value from a PSL expression or built-in function that returns a Boolean value is of the appropriate
type for the context. For Verilog, the return value is of the built-in logic type; for SystemVerilog, the return
value is of the built-in type logic; for VHDL, the return value is of type STD.Standard.Boolean; for
SystemC, the return value is of built-in type bool.

Literals True and False represent the corresponding literals in the underlying HDL Boolean type (or Bit type
interpreted as a Boolean type) involved in a given expression.
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A Boolean expression is required wherever the nonterminal Boolean appears in the syntax.

5.1.3 BitVector expressions

BitVector expressions represent words composed of bits, of various widths, as shown in Syntax 5-4.

BitVector ::=
bitvector HDL or PSL Expression

In Verilog, and in SystemVerilog, any reg, wire, or net type, and any word in a memory, is interpretal

BitVec|

In VH
type.

In Syst
Vector

5.1.41

Numer
definit

Syntax 5-4—BitVector expression

or type.

DL and GDL, any type that is a one-dimensional array of a Bit type is interpretable as a Bi

emC, each of the types sc_bv, sc_lv, sc_int, sc_uint, sc_bigint, and s¢_biguint is interpretable a
type.

Numeric expressions

ic expressions represent integer constants such as ¢yele or occurrence counts that are part
on of a temporal property, as shown in Syntax 5:5.

le as a

Vector

5 a Bit-

of the

Number ::=
numeric_ HDL or PSL EXxpression

In Ver
expres
ofani
short,
interpr
interpr|

Syntax 5-5—Numeric expression

ion. In SystemVerilog, any integral type is interpretable as a Numeric type. In VHDL, any exp|

ptable ash\a-Numeric expression. In GDL, any expression of an integer type, or of type Boo
ptable as*a Numeric expression.

log, any BitVector. expression that contains no unknown bit values is interpretable as a N

nteger type is.interpretable as a Numeric expression. In SystemC, any expression of type boo
int, long,~er{ Iong long, or of types sc bit, sc_bv, sc int, sc_uint, sc_bigint, or sc_bigl

umeric
Fession
|, char,
lint, is
ean, is

The re

3 £ PaV-L Sk BEEET DR : 3 A . 3 . £l -
Uurir varuac 1o d 'S DUII-IIT TUTICUTIOI UldU TCLUITIS "d INUITICTIC VAalucC 1S O UIC dppropridaic 1y pc

for the

context. For Verilog, the return value is a vector of the built-in logic type; for SystemVerilog, the return
value is of the built-in type int; for VHDL, the return value is of type STD.Standard.Integer; for SystemC,
the return value is of built-in type unsigned int.

A Numeric expression is required wherever the nonterminal Number appears in the syntax.
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Restrictions

Numeric expressions shall be statically evaluatable—signals or variables that change value over time shall
not be used in Numeric expressions. Numeric expressions are always required to be non-negative; in some
cases they are required to be non-zero as well.

5.1.5 String expressions

String expressions represent text messages that are attached to a PSL directive to help in debugging, as
shown in Syntax 5-6.

String =
string HDL or PSL Expression

Syntax 5-6—String expression
In Verilog and GDL, any string literal is a String expression. In SystemVerilog, any expression of typ¢ string
is a String expression. In VHDL, any expression of type STD.Standard. String.is a String expression. [n Sys-

temC, pny expression of type std::string or char* is a String expression.

A Strirlg expression is required wherever the nonterminal String appears in the syntax.

5.2 Hxpression forms

Exprespions in the Boolean Layer are built from HDL, eXpressions, PSL expressions, PSL built-in furfctions,
and unjon expressions, as Syntax 5-7 illustrates.

HDL or PSL Expression::=
HDL Expression
| PSL_Expression
| Built_In._Runction Call
| Union” Expression

Syntax 5-7—HDL or PSL Expression

In each flayorrof PSL, at any place where an HDL subexpression may appear within an HDL ¢r PSL
expres$iofy the grammar of the corresponding HDL is extended to allow any form of HDL ¢r PSL

won—Th HDIL 1 PSL 1 built-in f 11 d 1 1
eXpreQ 10 us pva:ccn’\nc pvprpccw\no) Ul Hunctons—and HHoR pvprpccw\no mq: all be

used as subexpressions within HDL or PSL expressions.
NOTE—Subexpressions of a Boolean expression may be of any type supported by the corresponding HDL.

5.2.1 HDL expressions

An HDL expression may be used wherever a Bit, Boolean, BitVector, Numeric, or String expression is
required, provided that the type of the expression is (or is interpretable as) the required type. The form of
HDL expression allowed in a given context is determined by the flavor of PSL being used, as shown in
Syntax 5-8.)
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HDL Expression ::=
HDL EXPR

Flavor Macro HDL__EXPR =
SystemVerilog: SystemVerilog Expression
/ Verilog: Verilog Expression
/ VHDL: VHDL Expression
/ SystemC: SystemC Expression
/ GDL: GDL_Expression

Syntax 5-8—HDL expression

Informpl Semantics

The m|

operat

r symbols in the HDL expression.

The mg¢aning of the HDL expression is determined with respect to a given verification unit that act

root of

throug

1 all vunits inherited by the root verification unit.

NOTE--An HDL expression declared in a certain verification unit,may have distinct meaning when it is the ro

and wh|

vunits.

A veril

paning of an HDL expression in a PSL context is determined by the meanings of the nanfes and

4 as the

a verification run—the root verification unit. The meaning"of the HDL expression is cofsistent

t vunit,

bn it is inherited by another root vunit. It may also have-distinct meaning when it is inherited by differpnt root

ication unit is said to transitively inherit a aame or operator symbol if there exists a finite nurhber of

verificjtion units Vi, V,, ... ,Vi_;, Vi such that.the following conditions are met:

a) |V, isthe given verification unit,,and

b) | for every i such that 1 <=1 <! it holds that V; inherits using the default (transitive) inheryit key-
word Vi1, and

¢) | Vi inherits V| using either the transitive or nontransitive inherit keyword, and

d) | Vi declares that name ot operator symbol.

That is} a given verification unit V transitively inherits a name or operator symbol if there exists a (ppssibly
empty) path in the/inheritance graph (see 7.2.3) to another verification unit Vi such that all edges|except
maybe(the last afe §0lid and the name or operator is declared in V.

For ea¢h mame and operator symbol in the HDL expression, the meaning of the name or operator symbol in
a giver] root verification unit is determined as follows:

1) If this is an operator symbol that is predefined in the flavor of PSL used, then the operator symbol
has its predefined meaning.

2) If the root verification unit contains a (single) declaration of this name or operator symbol, then the
object created by that declaration is the meaning of this name or operator symbol.

3) Otherwise, if the root verification unit transitively inherits a single declaration of this name or
operator symbol, then the object created by that declaration is the meaning of this name or operator
symbol.

4)  Otherwise, if the root verification unit transitively inherits more than one declaration of this name or

operator symbol, but all declarations appear in vunits that are related to each other by the transitive
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closure with respect to inheritance, then the object created by the declaration closest to the root with
respect to the inheritance relation is the meaning of this name or operator symbol.

Otherwise, if the default verification mode contains a single declaration of this name or operator
symbol, then the object created by that declaration is the meaning of this name or operator symbol.
Otherwise, if this name or operator symbol has an unambiguous meaning at the end of the design
module or instance to which the current verification unit is bound, then that meaning is the meaning
of this name or operator symbol.

Otherwise, this name or operator symbol has no meaning.

It is an error if more than one declaration of a given name appears in the root verification unit [in step 1) or
step 2)], or in the transitive closure of all inherited verification units where one is not related by inheritance

to the
ous at

1o L 4 20 P S 41 ssadloa Jdo o 1 s 4 da Lo 4 ~av| BN N b
ther-Hrstep3rand-step-Hforirthe-defanttvertreattonrmede-fnstep-Sortthenametsambigu-

he end of the associated design module or instance [in step 6)].

NOTE-{Whenever the text above refers to a declaration, the declaration may in particular be an override.declargtion.

Examplle

vynit A {

vynit B {

vinit C {

vynit D {

}

vinit E {

}

wire a;
inherit B;

wire b;
nontransitive inherit C;

wire c;
inherit D;

wire d;
inherit E;

wire e;

The ngmes a, b, andc (but not d and e) have meaning in verification unit A. In verification unit B, only

names

For ea

follows=

b and ¢ have meaning. In verification unit C, only names ¢ and d and e have meaning.

Chéoperator symbol in the HDL expression, the meaning of the operator symbol is determined as

For the SystemVerilog, Verilog, SystemC, and GDL flavors, this operator symbol has the same
meaning as the corresponding operator symbol in the HDL.

For the VHDL flavor, if this operator symbol has an unambiguous meaning at the end of the design
unit or component instance associated with the current verification unit, then that meaning is the
meaning of this operator symbol.

Otherwise, this operator symbol has no meaning.

See 7.2 for an explanation of verification units and modes.
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5.2.2 PSL expressions

PSL defines a collection of operators that represent underlying HDL operators, as shown in Syntax 5-9.

HDL or PSL Expression ::=
PSL_Expression

PSL_Expression ::=
Boolean - > Boolean
| Boolean < - > Boolean

Syntax 5-9—PSL expression

Both PSL expression operators involve operands that are (or are interpretable as) Boolean»Each prodluces a
Boolegn result.

Informpl Semantics

Each off these operators represent, or map to, equivalent operators defined by the HDL in which the rglevant
portior] of the design is described, as appropriate for the data types of the'eperands.

In a Vdrilog, SystemVerilog, or SystemC context, the mapping is@s follows: PSL expression a -> b maps
to the gquivalent expression (! (a) || (b)), and PSL expression a <-> b maps to the eqivalent
expression (((a) && (b)) || (!1(a) && !(b)))*

In a VHDL context, the mapping is as follows: PSL expression a -> b maps to the equivalent expfession
(not | (a) or (b)), and PSL expression a ,£=> b maps to the equivalent expression ( ( (a) and
(b)) Jor (not (a) and not (b))).

In the GDL flavor, these operators are native operators, so no mapping is involved.
5.2.3 Built-in functions

PSL d¢fines a collection of built-in functions that detect typically interesting conditions, or computd useful
values) as shown in Syntax 5-10.

There gre three clagsesof built-in functions. Functions prev (), next (), stable (), rose (), £411 (),
and ended () @llyhave to do with the values of expressions over time. Functions isunkndwn (),
counffoneg)yonehot(), and onehot0 () all have to do with the values of bits in a vector at § given
instant| Functions nondet () and nondet vector () have to do with nondeterministic choi¢e of a
value.

5.2.3.1 prev()

The built-in function prev () takes an expression of any type as argument and returns a previous value of
that expression. With a single argument, the built-in function prev () gives the value of the expression in
the previous cycle, with respect to the clock of its context. If a second argument is specified and has the non-
negative value i, the built-in function prev () gives the value of the expression in the ith previous cycle,
with respect to the clock of its context. For the case in which the value of 1 equals zero, the built-in function
prev () returns the current value of the expression. If a third argument is specified and has the value c, the

built-in function prev() gives the value of the expression in the ith previous cycle, with respect to clock
context c.
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Built_In_Function_Call ::=

prev (Any Type [ , Number [ , Clock_Expression ]])
next ( Any Type )

stable ( Any Type [ , Clock Expression ] )
rose ( Bit [ , Clock Expression ])

fell (Bit [ , Clock Expression ] %

| ended ( Sequence [ , Clock Expression ])
isunknown ( BitVector

countones ( BitVector )

onehot ( BitVector )

onehot0 ( BitVector)

|nondet ( Value Set)

| nondet_vector ( Number, Value_Set)

Value Set ::=
Value Range {, Value Range } }
| boolean

Value Range ::=
Value
| finite Range

finite_Range ::=
Low_Bound RANGE_SYM High Bound

If therg
is give
underly

NOTE
the buil
(specifi

NOTE
prev

Restrid

If a calll to prevy() Sincludes a Number, it shall be a positive Number that is statically evaluatable.

Examp

Syntax 5-10—Built-in functions

bally, a built-in function).

) is a bit vector, then thexesult is the previous value of the entire bit vector.

tions

/e

D—The first argument of prev () is not necessarily a Boolean expression. For example,

is no (i™) previous clock cycle or that clock cy¢iéis not at initialization time or later and if b value
h to the expression for time points prior to initialiZation time by the simulation semantics for the HDL
ing the PSL flavor in question, then the built-in function prev () should return that value.

—In the absence of an explicit clock context parameter, the clock context is determined by the context ih which
t-in function appears, as defined by the rules given in 5.3 for determination of the clock context of a Boolean

if the argument to

In the following timing diagram, the function call prev (a) returns the value 1 at times 3, 4, and 6, and the
value 0 at other times, if its clock context is True. In the context of clock c1k, the call prev (a) returns the
value 1 at times 5 and 7, and the value O at other tick points. In the context of clock clk, the call
prev (a,2) returns the value 1 at time 7, and 0 at other tick points.

time 01234567
clk 01010101
a 001 0100
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5.2.3.2 next()

The built-in function next () gives the value of a signal of any type at the next cycle, with respect to the
finest granularity of time as seen by the verification tool. In contrast to the built-in functions ended (),
prev (), stable(), rose (), and fell (), the function next () is not affected by the clock of its
context.

Restrictions

The argument of next () shall be the name of a signal; an expression other than a simple name is not
allowed. A call to next () may only be used on the right-hand side of an assignment to a memory e

(registg

directly
Examp

In the
value (

The v

diagrain).

Functi
value 4
involv

al

This ag
when t

Suppo
rega

(expl
nondet]
next

in a property, or in a sequence, or as a parameter to a built-in function.
/e

ollowing timing diagram, the function call next (a) returns the value 1 at timeés)1, 2, and 4,
at other times.

lue of next (a) is not affected by the clock context (imiplied here by the signal clk in the

nnext () can be used to create a signal in the modeling layer that mirrors (i.e., always has th
s) another signal. This is particularly useful*in conjunction with the nondeterministic assig
ng the union operator or the nondet ()~built-in function. For example, consider the followin

ways @ (posedge clk)
rega <= #1 expl union exp2;

signs a value to rega thatys either the value of expl or the value of exp2, nondeterministically
he assignment is executed.

e regb is required-to have the same value as rega under certain conditions. Assigning the V|
to regb wduld introduce a delay, which might not be acceptable. Assigning the same exp
union &xp2) to regb would not work, because the assignment to regb would 4
brministic; and therefore rega and regb could end up with different values. However, us|
) Z function, the following code would ensure that, whenever the enable input is high, r

alwayd assigned the same value as rega is being assigned:

lement
nal nor

ind the

timing

c same
hments
b code:

chosen

hlue of
Fession
Iso be
ng the
cgb is

always @ (posedge clk)

if (enable) regb <= #1 next (rega) ;

5.2.3.3 stable()

The built-in function stable() takes an expression of any type as argument. With a single argument,
stable() returns True if the argument’s value is the same as it was at the previous cycle, with respect to the
clock of its context; otherwise, it returns False. If a second argument is specified and has the value ¢, the

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=fb07974f06c94a0d2b6e7e6900497c08

IEC 62531:2012
—42 - IEEE Std 1850-2010

built-in function stable() returns True if the first argument’s value is the same as it was at the previous
cycle, with respect to clock context c; otherwise, it returns False.

The function stable() can be expressed in terms of the built-in function prev() as follows: For any bit
expression e and any Boolean ¢, stable (e, ¢) is equivalent to the Verilog or SystemVerilog expression
(prev(e,1,c) === e), and is equivalent to the VHDL expression (prev(e,1,c) = e). The
function stable() may be used anywhere a Boolean is required.

NOTE—If the clock context is True, the clock context is determined by the context in which the built-in function
appears, as defined by the rules given in 5.3 for determination of the clock context of a Boolean (specifically, a built-in
function).

Example

In the following timing diagram, the function call stable (a) is true at times 1, 3, and 7,'and at np other
time iffit does not have a clock context. In the context of clock c1k, the function call stabile (a) idtrue at
the ticlf of c1k at time 5 and at no other tick point of c1k.

time 012345¢67
clk 01010101
a 001 0100

5.2.3.4 rose()

The byilt-in function rose() takes a Bit expression as argtunent. With a single argument, rose() freturns
True if|the argument’s value is 1 at the current cycle and-0%at the previous cycle, with respect to the cllock of
its confext; otherwise, it returns False. If a second argument is specified and has the value c, the built-in
functign rose() returns True if the first argument® value is 1 at the current cycle and 0 at the pfevious
cycle, with respect to clock context c; otherwise) it returns False.

The fupction rose() can be expressediin terms of the built-in function prev() as follows: For any bit
expresgion e and any Boolean c, reése/(e, c) is equivalent to the Verilog or SystemVerilog expfession
(prey(e,1,c)==1"b0 && e==1"'Dbl), and is equivalent to the VHDL expression (prev(e}l,c)
='0 gnd e='1). The functign rose() may be used anywhere a Boolean is required.

NOTE |—In the absence ofrantexplicit clock context parameter, the clock context is determined by the context ip which
the builf-in function appears;-as defined by the rules for determination of the clock context of a Boolean (speciffically, a
built-inffunction), giveriin5.3.

NOTE [2—The function rose(c) is similar to the Verilog event expression (posedge c) and the VHDL function
rising_¢dge(c)~ defined in package IEEE.std logic 1164. For a given property f and signal clk, feros¢(clk),
f@ (popedge” clk), and f@ (rising edge (clk) )all have equivalent semantics, provided that signal c]k takes
on only]0tand 1 values, and no signal in f changes at the same time as clk (i.e., there are no race conditions).

If signal clk can take on X or Z values, then the semantics of f@ (posedge clk)may differ from those of
f@rose(clk)and f@ (rising edge (clk) ). Insuch a case, the clock expression (posedge clk) will generate
an event on 0->X, X->1, 0->Z, and Z->1 transitions of clk, whereas the clock expressions rose(clk) and
rising edge (clk) will ignore these transitions.

If at least one signal appearing in f changes at the same time as clk, then the semantics of f@ (posedge clk),
ferose(clk), and f@ (rising edge (clk)) may be different, due to differences in their respective handling of
race conditions.
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Example

In the following timing diagram, the function call rose (a) is true at times 2 and 5 and at no other time, if
its clock context is True. In the context of clock c1k, the function call rose (a) is true at the tick of c1k at
time 3 and at no other tick point of c1k.

time 01234567
clk 010101001
a 00110100

5.2.3.5-feH{)

The bujilt-in function £el1 () takes a Bit expression as argument. With a single argument, £ehl ) freturns
True if|the argument’s value is 0 at the current cycle and 1 at the previous cycle, with respect to the clock of
its confext; otherwise, it returns False. If a second argument is specified and has the yalue’c, the built-in
functign £ell () returns True if the first argument’s value is 1 at the current cycle‘and’0 at the pfevious
cycle, With respect to clock context c; otherwise, it returns False.

The fupction £fell () can be expressed in terms of the built-in function pkeyv () as follows: For pny bit
expresgion e and any Boolean ¢, fell (e, c) is equivalent to the Verilog or SystemVerilog expfession
(prey(e,1,c)==1"bl && e==1'Db0), and is equivalent to the: VHDL expression (prev(e}]l,c)
=’1 gnd e=’0). The function fell () may be used anywherea Boolean is required.

NOTE |—1In the absence of an explicit clock context parameter, the ¢loek context is determined by the context ip which
the built-in function appears, as defined by the rules given in 5.3 for determination of the clock context of a Boolean
(specififally, a built-in function).

NOTE [2—The function fell(c) is similar to the Verilog event expression (negedge ¢) and the VHDL function
falling_edge(c) defined in package IEEE.std logic.1d64. For a given property f and signal clk, f@efell|(clk),
f@ (nepedge clk), and f@(falling edge-~\(clk)) all have equivalent semantics, provided that signal clk
takes o only 0 and 1 values, and no signal in f changes at the same time as clk (i.e., there are no race conditions)).

If signgl clk can take on X or Z values, then the semantics of f@(negedge c¢lk) may differ from those of
fefelll (clk) and f@(falling edge.<clk) ). Insuch a case, the clock expression (negedge clk) Will gen-
erate a)p event on 1->X, X->0, 1->Z,‘and Z->0 transitions of clk, whereas the clock expressions £ell (c1fk) and
fallihg edge (clk) will ignore these transitions.

If at legst one signal appearing~in f changes at the same time as clk, then the semantics of f@ (negedge | clk),
fefelll (clk),and f@ (fall¥ing edge (clk)) may be different, due to differences in their respective Handling
of race ponditions.

Examplle

In the following timing diagram, the function call £ell (a) is true at times 4 and 6 and at no other|time if
its 010(11( context is True. In the context of clock c1k, the function call £e11 (a) is true at the tick offc1k at

time 7 bnd at no other tick pnin'r of c1k
time 0123 45¢6 7
clk 01 010101
a 00110100

5.2.3.6 ended()

The built-in function ended () takes a Sequence as an argument. With a single argument, ended ()
returns True in any cycle in which the sequence completes; otherwise it returns False. If the first argument is
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s, and a second argument c is specified, then it is equivalent to ended ({ s }@c) . Function ended () may
be used anywhere a Boolean is required.

NOTE—In the absence of an explicit clock context parameter, the clock context is determined by the context in which
the built-in function appears, as defined by the rules given in 5.3 for determination of the clock context of a Boolean
(specifically, a built-in function).

5.2.3.7 isunknown()

The built-in function i sunknown () takes a BitVector as argument. It returns True if the argument contains
any bits that have unknown values; otherwise it returns False.

Functigm T=UnRITOWI () Ay DE USed anywiele @ Bootean s required. |

5.2.3.8 countones|)

The bujilt-in function countones () takes a BitVector as argument. It returns a count,éfthe number] of bits
in the grgument that have the value 1.

Bits thiit have unknown values are ignored.

NOTE-}Although function countones () returns a Numeric result, it may only bedsed where a Number is fequired
if it hasla statically evaluatable argument.

5.2.3.9 nondet()
The byilt-in function nondet () takes one Value Set argumeit. The set of values can be specified [in four
differept ways:

— | The keyword boolean specifies the set of values'{ True, False}.

— | A Value Range specifies the set of all Nunibet values within the given range.
— | A comma (,) between Value Ranges indi¢ates the union of the obtained sets.
— | A list of comma-separated values specifies a Value Set of arbitrary type; all values shall bq of the
same underlying HDL type.

The fupction nondet () performs‘nondeterministic choice among the values in the Value Set, and freturns
the chgsen value. The value returned is of the same type as the Value Set elements.

If the type of the return valye is 7, then the function nondet () may be used anywhere that a value pf type
T'is allpwed.

Examples

ngndet{boolean) -- returns a value chosen nondeterministically in the
==set {Trne False}

nondet ( {1:2,4,15:18} --returns a value chosen nondeterministically
-- in the set {1,2,4,15,16,17,18}

5.2.3.10 nondet_vector()

This function accepts two arguments. The first argument is a Number. The second argument is a Value Set,
as specified for the nondet () function. If the first argument to nondet vector () is £, it returns an
array of length k, whose elements are chosen nondeterministically in the set of values described by the
second argument.
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If the type of the Value Set elements is 7, then the function nondet vector () may be used anywhere
that an array of length & with elements of type T is allowed.

The first argument of nondet _vector () shall be a positive Number that is statically evaluatable.
Examples

nondet vector (16, boolean)--returns an array of length 16, with each element
-- chosen nondeterministically in the set {True, False}

nondet (8, {1:2,4,15:18}) --returns an array of length 8, with each element chosen
-- nondeterministically in the set {1,2,4,15,16,17,18}

5.2.3.11 onehot(), onehot0()

The byilt-in function onehot () takes a BitVector as argument. It returns True if the argument cpntains
exactly one bit with the value 1; otherwise, it returns False.

The bufilt-in function onehot 0 () takes a BitVector as argument. It returns True ifithe argument confains at
most ope bit with the value 1; otherwise, it returns False.

For either function, bits that have unknown values are ignored.
Functi¢gns onehot () and onehot0 () may be used anywhere a-Boolean is required.
5.2.4 Union expressions

The urjion operator specifies two values, shown in Syntax 5-11, either of which can be the value| of the
resultigg expression.

Union_Expression ::=
Any_ Type UN10NAny Type

Syntax 5-11—Union expression

Restridtions

The twpo operands shall be of the same underlying HDL type.

Exampfle

a = b union c¢;

This is a non-deterministic assignment of either b or c to variable or signal a.

5.3 Clock expressions

A clock expression determines when other expressions (including temporal expressions) are evaluated (see
Syntax 5-12).
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Clock Expression :=
boolean_Name
| boolean Built_In_Function Call
| ( Boolean )
| (HDL_CLOCK_EXPR )

Flavor Macro HDL CLOCK _EXPR =
SystemVerilog: SystemVerilog Event Expression
/ Verilog: Verilog Event Expression
/ VHDL: VHDL_Expression
/ SystemC: SystemC Expression
/ GDL: GDL_Expression

Syntax 5-12—Clock expression

Any PBL expression that is a Boolean expression can be enclosed in parentheses(and used as g clock
expresgion. In particular, PSL built-in functions rose (), fell (), and ended.)can be used a clock
expresgions. Boolean names and built-in function calls may also be used ag~clock expressions yithout
enclosing them in parentheses.

In the PystemVerilog flavor, any expression that SystemVerilog allows to’be used as the condition {n an if
statem¢nt may be used as a clock expression. In addition, any SysteniVerilog event expression that {s not a
single Boolean expression may be used as a clock expression. Such & clock expression is considered fo hold
in a giyen cycle iff it generates an event in that cycle.

In the Yerilog flavor, any expression that Verilog allows tdde used as the condition in an if statement nay be
used ag a clock expression. In addition, any Verilog event expression that is not a single Boolean expfession
may b¢ used as a clock expression. Such a clocksexpression is considered to hold in a given cycle iff it
generafes an event in that cycle.

In the VHDL flavor, any expression that.YHDL allows to be used as the condition in an if statement may be
used ag a clock expression.

In the BystemC flavor, any expression that SystemC allows to be used as the condition in an if stqtement
may b¢ used as a clock exptession. In addition, any SystemC event expression may be used as 4 clock
expresgion. Such a clocksexpression is considered to hold in a given cycle iff it generates an event|in that
cycle.

In the [GDL flavporyany expression that GDL allows to be used as the condition in an if statement fnay be
used ag a clock-expression.

Informial Sémantics

A clock expression defines a clock context. A clock context determines the path on which an FL Property,
Sequence, or Boolean is evaluated.

The path determined by a given clock context consists of the succession of states in which the clock context
holds. The base clock context is True, which holds in every cycle and therefore represents the smallest
granularity of time as seen by the verification tool. A clock expression itself shall be evaluated on the path
determined by the base clock context.

A subordinate FL Property, Sequence, or Boolean may have an explicitly specified clock context that is
different from that of the immediately enclosing construct.
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For a Boolean, including a built-in function call, the clock context is as follows:

(For a built-in function call only) specified by the optional clock parameter, if present; otherwise
Inherited from the immediately enclosing Boolean expression or built-in function call, if any;
otherwise

True, if it is the right operand of an abort operator; otherwise

True, if it appears immediately within a clock expression or in modeling layer code; otherwise
Inherited from the immediately enclosing property or sequence, if any; otherwise

True

For a property or sequence, the clock context is as follows:

NOTEA
that, if
built-in

54D

A defdl
sequen

Specified by the @ operator, if present; otherwise

Inherited from the immediately enclosing property or sequence, if any; otherwise
Inherited from the property or sequence in which it is instantiated, if any; otherwise
(For a top-level property or sequence) specified by the applicable default clock-declaration,|if any;
otherwise
True

-The fact that a clock expression shall be evaluated on the path determined“y, the base clock context|implies
built-in function call appears in a clock expression and includes a paraméter to specify the clock context of the
function call, then the value of that parameter shall be equivalent to True!

bfault clock declaration

It clock declaration, shown in Syntax 5-13, specifies the clock context of the top-level progerty or
ce of any directive to which the default declaratigniapplies.

PSL_Declaration ::=
Clock Declaration

Clock Declaration ;=
default clock DEF SYM Clock Expression §

Restrid

At mos

Syntax 5-13—Default clock declaration

tions
t one-default clock declaration shall appear in a given verification unit.

el

[nfOI m

7 .
L OCITIUrierc sy

The applicable default clock declaration is determined as follows:

a)

b)

If the current verification unit contains a (single) default clock declaration, then that is the applicable
default clock declaration.

Otherwise, if the transitive closure with respect to inheritance of all verification units inherited by
the current verification unit contains a (single) default clock declaration, then that is the applicable
default clock declaration.

Otherwise, if the default verification mode contains a (single) default clock declaration, then that is
the applicable default clock declaration.

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=fb07974f06c94a0d2b6e7e6900497c08

IEC 62531:2012
- 48 — IEEE Std 1850-2010

d) Otherwise, no applicable default clock declaration exists.
It is an error if, in step a), more than one default clock declaration appears in the current verification unit; or
if, in step b), more than one default clock declaration appears in the transitive closure of all inherited

verification units; or if, in step ¢), more than one default clock declaration appears in the default verification
mode.

Example

default clock = (posedge clk);

agsert always (reqg -> next ack);
cqver {req; ack; !reqg; l!ack};

is equiyalent to

agsert (always (reqg -> next ack))@(posedge clk);
cgver {reqg; ack; !req; l!ack} @(posedge clk);

NOTE [[—A property f@True, in the context of a default clock, has the same effectvds property f, without a default
clock. The clock expression True effectively masks the default clock so that it has-ie effect on property f.

NOTE 2—The default clock declaration
default clock = True ;

has the pame effect as having no default clock declaration.
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6. Temporal layer

The temporal layer is used to define sequential expressions and properties, both of which describe behavior
over time. Both can describe the behavior of the design or the behavior of the external environment.

A sequ

Booleq
Sequer
which
descril

In the
properf

Inform|

Sequer
expres
expres
spondi
sion.

For ex
the firs
tightly

A Boo
infinitg
4.4.5)
is pres

ential expression is built from the following elements:

Boolean expressions
Clock expressions
Subordinate sequential expressions

eTty 1S buitt fromr the fottowing four types ot buitding biocks:

Boolean expressions
Clock expressions
Sequential expressions
Subordinate properties

n expressions and clock expressions are part of the Boolean layer; they: are described in Chd
tial expressions involve various forms called Sequential Extended\Regular Expressions (S
hre described in 6.1.1. Sequences, a distinguished form of SERE, are'described in 6.1.2. Proper
ed in 6.2.

following subclauses, the term cycle refers to states in whiCh the clock context of the corresp
y, sequence, or Boolean holds, and the term path refers'to’a succession of zero or more such ¢

[ Semantics

tial expressions are evaluated over finitepaths (see ), i.e., behaviors of the design. A seq
ion is said to hold tightly on a given finite path (see , 4.4.5) if the finite path satisfies the seq
ion. Each form of sequential expression is presented in a subclause of 6.1; for each form, thg
hg subclause specifies the cases ihywhich a given finite path satisfies that form of sequential

mple, {a;b;c} holdstightly on a path iff the path is of length three, where a holds (i.e., is
t cycle, b holds in.the) second cycle, and c holds in the third cycle. The SERE {a[*] ;b
on a path iff b holds/in the last cycle of the path, and a holds in all preceding cycles.

lean expression, sequential expression, or property is evaluated over the first cycle of a fi
path. A"Boeolean expression, sequential expression, or property is said to hold on a given pat
f the(path satisfies the Boolean expression, sequential expression, or property. Each form of p

pter 5.
FREs),
lies are

onding
cles.

uential
uential
corre-
EXpres-

rue) in
holds

nite or
h (see ,
Foperty
hich a

nfedin a subclause of 6.2; for each form, the corresponding subclauses specifies the cases in y

given

atirsatisties that formrof property:

For example, a Boolean expression p holds in the first cycle of a path iff p evaluates to True in the first
cycle. A SERE holds on the first cycle of a path iff it holds tightly on a prefix of that path. The sequential
expression {a;b;c} holds on a first cycle of a path iff a holds on the first cycle, b holds on the second
cycle, and c holds on the third cycle. Note that the path itself may be of length greater than three. The
sequential expression {a [*] ;b} holds in the first cycle of a path iff: 1) the path contains a cycle in which
b holds, and 2) a holds in all cycles before that cycle. It is not necessary that the cycle in which b holds is
the last cycle of the path (contrary to the requirement for {a [*] ; b} to hold tightly on a path). Finally, the
property always p holds in a first cycle of a path iff p holds in that cycle and in every subsequent cycle.
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A Boolean expression, sequential expression, or property is said to describe (see ) the set of behaviors that
satisfy it; that is, the set of behaviors for which the Boolean expression, sequential expression, or property
holds. A Boolean expression is said to occur (see ) in a cycle if it holds in that cycle. An occurrence of a
Boolean expression (see ) is a cycle in which that Boolean expression occurs, or holds. For example, “the
next occurrence of b” refers to the next cycle in which the Boolean expression b holds.

A sequential expression is said to start at the first cycle of any behavior for which it holds. In addition, a
sequential expression starts at the first cycle of any behavior that is a prefix of a behavior for which it holds.
For example, if a holds at cycle 7 and b holds at every cycle from 8 onward, then the sequential expression
{a;b[*];c} starts at cycle 7. A sequential expression is said to complete at the last cycle of any design
behavior on which it holds tightly. For example, if a holds at cycle 3, b holds at cycle 4, and ¢ holds at cycle
5, thenrthe-sequenee—{aroreteompletesateyeleS—Simitarty—gtventhe-behavtor{alo—ettheproperty
(a bpfore c) completes when c occurs. A Boolean condition that causes a property to complete is
called p terminating condition. A property that causes another property to complete is called @\termfinating

property.

6.1 Sequential expressions
6.1.1 $equential Extended Regular Expressions (SEREs)

SEREY shown in Syntax 6-1, describe single- or multi-cycle behayior)built from a series of Hoolean
expres$ions.

SERE ::=
Boolean
| Sequence

Syntax 6-1--SEREs and Sequences
The m¢st basic SERE is a Boolean exptession. A Sequence (see 6.1.2) is also SEREs.

More ¢omplex sequential expressions are built from Boolean expressions using various SERE opgrators.
These pperators are described, it the subclauses that follow.

A sequential expression 1S evaluated on a path, which is defined by the clock context of the sequential
expresyion and by the elock contexts of any subordinate sequential expression. See 5.3 for an explangtion of
how the clock cdntext of a sequential expression, or portion thereof, is determined.

NOTE-+-SERES are grouped using curly braces ({}), as opposed to Boolean expressions that are groupefl using
parenthpses\(A() ). See 6.1.2.4.

6.1.1.1 Simple SEREs
Simple SEREs represent a single thread of subordinate behaviors, occurring in successive cycles.
6.1.1.1.1 SERE concatenation (;)

The SERE concatenation operator (;), shown in Syntax 6-2, constructs a SERE that is the concatenation of
two other SEREs.
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SERE ::=
SERE ; SERE

Syntax 6-2—SERE concatenation operator

The right operand is a SERE that is concatenated after the left operand, which is also a SERE.

Restrictions

None.

Inform

For SH

1l Semantics

REs A and B:

A ; B holds tightly on a path iff there is a future cycle n, such that A_holds tightly on the path up to

and including the nth cycle and B holds tightly on the path starting at\the n+1th cycle.
6.1.1.1.2 SERE fusion (:)
The SHRE fusion operator (:), shown in Syntax 6-3, constructs:a SERE in which two SEREs overlap [by one
cycle. That is, the second starts at the cycle in which the first.«completes. (See Syntax 6-3.)

SERE ::=
SERE ¢ SERE
Syntax 6-3—SERE fusion operator

The operands of : are both SEREs:
Restridtions
None.
Informpl Semantics
For SERES A and B:

A: B holds tightly on a path iff there is a future cycle n, such that A holds tightly on the path up to

and including the nth cycle and B holds tightly on the path starting at the n'h cycle.

6.1.1.2 Compound SEREs

Compound SEREs represent a set of one or more threads of subordinate behaviors, starting from the same
cycle, and occurring in parallel. (See Syntax 6-4.)
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SERE ::=
Compound SERE

Compound_SERE ::=
Repeated SERE
| Braced SERE
| Clocked SERE
| Compound SERE | Compound_SERE
| Compound SERE & Compound SERE
| Compound SERFE && Compound SERE
| Compound SERE within Compound SERE

| Parameterized SERE

Syntax 6-4—Compound SEREs
A Repg¢ated SERE, a Braced SERE, and a Clocked SERE (all of which are forms_df Sequence; see 6.].2) are
Compqund SEREs. Compound SERE operators allow the construction of ‘additional forms of Conppound
SERE.
6.1.1.2.1 SERE or (])

The SARE or operator (| ), shown in Syntax 6-5, constructs a-Compound SERE in which one of two glterna-
tive Cqmpound SERESs hold at the current cycle.

Compound SERE ::=
Compound_SERE | Compound* SERE

Syntax 6-5—SERE or operator

The operands of | are both Cenipound SEREs.

Restridtions

None.

Informpl Semantics

For Compound SEREs A and B:

A | B holds tightly on a path iff at least one of A or B holds tightly on the path.
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6.1.1.2.2 SERE non-length-matching and (&)

The SERE non-length-matching and operator (&), shown in Syntax 6-6, constructs a Compound SERE in
which two Compound SEREs both hold at the current cycle, regardless of whether they complete in the
same cycle or in different cycles.

Compound_SERE ::=
Compound SERE & Compound SERE

The operands of & are both Compound SEREs.

Restrid

None.

Inform|

For Co

6.1.1.7

The SH
two Cq

Syntax 6-6—SERE non-length-matching and operator

tions

| Semantics

mpound SEREs A and B:
A&B holds tightly on a path iff either A holds tightly en'the path and B holds tightly on a pj
the path or B holds tightly on the path and A holds.tightly on a prefix of the path.
.3 SERE length-matching and (&&)

RE length-matching and operator (&&)yshown in Syntax 6-7, constructs a Compound SERE i
mpound SEREs both hold at the current cycle, and furthermore both complete in the same cyq

efix of

which

Compound-SERE ::=
Competnd SERE & & Compound SERE

The op)

Syntax 6-7—SERE length-matching and operator

erands-of && are both Compound SEREs.

Restrictions

None.

Informal Semantics

For Compound SEREs A and B:

A&&B holds tightly on a path iff A and B both hold tightly on the path.
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6.1.1.2.4 SERE within
The SERE within operator (within), shown in Syntax 6-8, constructs a Compound SERE in which the sec-

ond Compound SERE holds at the current cycle, and the first Compound SERE starts at or after the cycle in
which the second starts, and completes at or before the cycle in which the second completes.

Compound_SERE ::=
Compound SERE within Compound SERE

Syntax 6-8—SERE within operator

The operands of within are both Compound SEREs.

Restridtions

None.

Informpl Semantics
For Compound SEREs A and B:

A within B holds tightly on a path iff the SERE {[*}A;[*]} && {B} holds tightly on the path.

6.1.1.2.5 Parameterized SERE

The pgrameterizing operators, shown in Syntax 6-9, apply a given base operator to a set of conmppound
SERE{ obtained by instantiating a base compound SERE once for each possible value or combingtion of
values jof the given parameter(s).

Compound~SERE ::=
Parameterized SERE

Parameterized SERE::=
for Parameters Definition ¢ And Or SERE_OP { SERE }

Parameters Definition ::=
Parameter_Definition {, Parameter Definition }

Parameter Definition ::=
PSI Identifier [ Index Pnngp ] in Value Set

And Or SERE Op:: =
&&| & |

Syntax 6-9—Parameterized SERE

NOTE 1—The term “instantiated” is used figuratively. It does not imply that instantiation actually takes place. Whether
or not any instantiation does take place depends on the implementation.
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The PSL Identifiers are the names of the parameters. A PSL Identifier with an Index Range is an array. The
base operator can be either SERE or (|), SERE length-matching and (&&), or SERE non-length matching
and (&). The Compound SERE enclosed in braces is the base compound SERE.

For each PSL Identifier, the Value Set defines the set of values that the corresponding parameter or array ele-
ments can take on.

The set of values can be specified in the following our different ways:

If the
compuy|

Foras

a)

b)

For my
each p

Restrid

The re

the regpective base operator 6.1.1.271 SERE or (|), 6.1.1.2.2 SERE non-length-matching, and (

6.1.1.2

For ea

The keyword boolean specifies the set of values {True, False}.
A Value Range specifies the set of all Number values within the given range.

A L) hat Xal R saacls 4 4+l % £.4] ltas 2| 4
A-eomma{betweenValne Rangesindteates-the-untonof-the-ebtatned-sets:

A list of comma-separated values specifies a value set of arbitrary type; all values shall bg
same underlying HDL type.

value set is specified by a list of values of arbitrary type, each of the values)shall be st
able.

ngle parameter,

If the parameter is not an array, and the set of values has size K, then the obtained set is of
Each element in the set is obtained by instantiating the base compound SERE with one
possible values in the set of values.

If the parameter is an array of size N, and the set of valués’has size K then the obtained set is
KN, Each element in the set is obtained by instantiatiig>the base compound SERE with ong
combination of values that can be taken on by the artay.

Itiple parameters, the set of values is that obtainted by applying the above rules repeatedly,
irameter.

tions

trictions of the base operatorapply to the resulting Compound SERE as specified in the subcla
3 SERE length-matching'and (&&).

h parameter definition, the following restrictions apply:

If the paramh¢ter name has an associated Index Range, the Index Range shall be specified as
Range, each bound of the Range shall be statically computable, and the left bound of the Rang

be 1gSs than or equal to the right bound of the Range.
Ifa Value 1s used to spemfy a Value Range the Value shall be statlcally computable

of the

tically

Kize K.
of the

of size
of the

onhce for

uses of
L), and

h finite
e shall

Range shall be statlcally computable and the left bound of the Range shall be 1ess than ore
the right bound of the Range.

The parameter name shall be used in one or more expressions in the Property, or as an
parameter in the instantiation of a parameterized SERE, so that each of the instances of the
corresponds to a unique value of the parameter name.

of the
qual to

actual
SERE

NOTE 2—The parameter is considered to be statically computable, and therefore the parameter names can be used in a
static expression, such as that required by a repetition count.
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Informal Semantics
For Compound SERE A:
— for i in boolean: | {A(i)} isequivalent to applying |’ to the set containing the two
Compound SEREs:

A(false) and A (true),

i.e., is equivalent to the Compound SERE:

=] Al N A
i\ tALto<T | | LEEANER A A |

— |for 1 in {j:k}: && A(i) isequivalent to applying ‘&&’ to the set containing the k —[j + 1
Compound SEREs:

A(3), A(3+1), ..., A(k),
i.e., is equivalent to the Compound SERE:

{r(5)} && {A(F+1)} && ... && {A(k)}

o>

— |for 1 in {j,k,1}: && A(1i) isequivalent to applying “&&’ to the set containing the
Compound SEREs:

A(j), A(k),and A(1),
i.e., is equivalent to the Compound SERE:
{(r(3)} && {A(k)} s&-fA(1)}

— |for 1[0:1] in booleani\l& A (i) is equivalent to applying ‘&’ to the set containinyg the 4
Compound SEREs:

A({false,false}), A({false, true}),
A({truenfdlse}), and A({true, true}),

i.e., is equivalent to the Compound SERE:

{A ({false, false})} & {r({false,true})} &
{An({true, false})} =& {A({true, true}) }

— for 1[0:2] in {c,d}: | A(4) isequivalent to applying ¢ |’ to the set containing the 8
Compound SEREs:
{c,c,eh), a{c,c,d}), a({c,d,c}), A({c,d,4d}),
A({d,c,c}), A({d,c,d}), a({d,d,c}),andA({d,d,d}),

i.e., is equivalent to the Compound SERE:

{a({c,c,eh} | {a({c,c,ap} | {A({c,d,c})
{a({d,c,ep} | {a({d,c,a})} { c}
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for i in {j:k}, 1 in {m:n}: & A(i,1) isequivalent to applying ‘&’ to the set contain-
ing the (k—j + 1) X (n—m + 1) Compound SEREs:

A(j,m), A(j, m+1), ..., A(j,n),
A(j+1,m), A(j+1,m+1l), ..., A(j+1,n),
A(k,m), A(k,m+1), .. A(k,n),

i.e., is equivalent to the Compound SERE:

1 AV
T

{a(3,m} & {A(F,m+1)} & ... & {
fts bt {

[W T
B
—
'g

R

6.1.2 $equences

A seqyence is a SERE that may appear at the top level of a declaration, (directive, or property. (See
Syntax{ 6-10.)

Sequence ::=
Sequence Instance
| Repeated SERE
| Braced SERE
| Clocked SERE
| Sequence Proc Block

Syntax 6-10—Sequences

Sequerjce Instances are described in 6:5:3.1. The remaining forms of Sequence are described|in the
follow]ng subclauses.

6.1.2.1 SERE consecutive repétition ([*])

The SERE consecutive répetition operator ([* ]), shown in Syntax 6-11, constructs repeated consgcutive
concatgnation of a giyén Boolean or Sequence.
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Repeated SERE::=

Boolean [* [ Count ] |

| Sequence [* [ Count ] |

| [*[ Count ]

| Boolean [+

| Sequence [+]

[+

| Boolean Proc_Block

| Sequence Proc Block

Count ::=
Number

| Range

Range ::=
Low Bound RANGE SYM High Bound

Low Bound ::=
Number
|MIN VAL

High Bound ::=
Number
| MAX_VAL

The fir|
range)

If the
operan

Other
operan|
specifi
range.
most a
any nu

When
whose

The no

Syntax 6-11—SERE consecutive repetition operator

5t operand is a Boolean or Sequence to be repeated., The second operand gives the Count (a nu
of repetitions.

Count is a number, then the repeated SERE>describes exactly that number of repetitions of t|
.

ise, if the Count is a range, then«the repeated SERE describes any number of repetitions of t|
 such that the number falls within'the specified range. If the high value of the range (High Bag
bd as MAX VAL, the repeated SERE describes at least as many repetitions as the low valug
[f the low value of the range(Low_Bound) is specified as MIN_ VAL, the repeated SERE desc
many repetitions asthedtigh value of the range. If no range is specified, the repeated SERE dg
Imber of repetitions; ineluding zero, i.e., the empty path is also described.

here is no Booléan or Sequence operand and only a Count, the repeated SERE describes ai
length is described by the second operand as above.

tation.[+] is a shortcut for a repetition of one or more times.

hber or

he first

he first
und) is
of the
fibes at
scribes

ly path

Restrictions

If the repeated SERE contains a Count, and the Count is a Number, then the Number shall be statically
computable. If the repeated SERE contains a Count, and the Count is a Range, then each bound of the Range
shall be statically computable, and the low bound of the Range shall be less than or equal to the high bound
of the Range.

Informal Semantics

For Boolean or Sequence A and numbers n and m:
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A[*n] holds tightly on a path iff the path can be partitioned into n parts, where A holds tightly on

each part.

A [*n:m] holds tightly on a path iff the path can be partitioned into between n and m parts, inclusive,

where A holds tightly on each part.

A [*0:m] holds tightly on a path iff the path is empty or the path can be partitioned into at most m

parts, where A holds tightly on each part.

A[*n:inf]holds tightly on a path iff the path can be partitioned into at least n parts, where A holds

tightly on each part.

A[*0:inf]holds tightly on a path iff the path is empty or the path can be partitioned into some

number of parts, where A holds tightly on each part.

A [*] holds tightly on a path iff the path is empty or the path can be partitioned into some number of

NOTEA
operato
Sequen

6.1.2.7

The SH
non-co

vy L. Atal 4] L. s
prrtswhereA-holdstiehty-oneaehpart
A [+]holds tightly on a path iff the path can be partitioned into some number of parts, where 4
tightly on each part.
[*n] holds tightly on a path iff the path is of length n.
[*n:m] holds tightly on a path iff the length of the path is between n and m, inclusive.
[*0:m] holds tightly on a path iff it is the empty path or the length of the path\is/at most m.
[*n:inf]holds tightly on a path iff the length of the path is at least n.
[*0:1inf] holds tightly on any path (including the empty path).
[*] holds tightly on any path (including the empty path).
[+] holds tightly on any path of length at least one.

-If a repeated SERE begins with a Sequence that is itself a repeated SERE (e.g., a[*2][*3], where the g
[*3] applies to the Sequence that is itself the repeated SERE_a[*2]), the semantics are the same a
e were braced (e.g., {a[*2]}[*3]).

» SERE non-consecutive repetition ([=])

RE non-consecutive repetition operator ([=.})y shown in Syntax 6-12, constructs repeated (p
nsecutive) concatenation of a Boolean exptéssion.

\ holds

petition
if that

pssibly

Repeated SERE :;=
Boolean [= Count.]

Count ::=
Number
| Rang¢

Rangg %=
Lew_Bound RANGE_SYM High Bound

Fow Bound ::=
Number | MIN_VAL

High Bound ::=

Ak 1 A ASZ X LAT
INULITUCT T IVIAA VAL

Syntax 6-12—SERE non-consecutive repetition operator

The first operand is a Boolean expression to be repeated. The second operand gives the Count (a number or

range)

of repetitions.

If the Count is a number, then the repeated SERE describes exactly that number of repetitions.

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=fb07974f06c94a0d2b6e7e6900497c08

IEC 62531:2012
- 60— IEEE Std 1850-2010

Otherwise, if the Count is a range, then the repeated SERE describes any number of repetitions such that the
number falls within the specified range. If the high value of the range (High Bound) is specified as
MAX VAL, the repeated SERE describes at least as many repetitions as the low value of the range. If the
low value of the range (Low_Bound) is specified as MIN VAL, the repeated SERE describes at most as
many repetitions as the high value of the range. If no range is specified, the repeated SERE describes any
number of repetitions, including zero, i.e., the empty path is also described.

Restrictions

If the repeated SERE contains a Count, and the Count is a Number, then the Number shall be statically
computable.

If the rppeated SERE contains a Count, and the Count is a Range, then each bound of the Range shall’pe stat-
ically ¢omputable, and the low bound of the Range shall be less than or equal to the high ‘bound| of the
Range

Informpl Semantics
For Bdolean A and numbers n and m:

=n] holds tightly on a path iff A occurs exactly n times along the path.

n :m] holds tightly on a path iff A occurs between n and-ni¥times, inclusive, along the path.
=0:m] holds tightly on a path iff A occurs at most m timeés’along the path.

n:inf]holds tightly on a path iff A occurs at least'n times along the path.
— |A[=0:1inf] holds tightly on a path iff A occurs anynimber of times along the path, i.e., A[F0:inf]
holds tightly on any path.

NOTEAH-If a repeated SERE begins with a Sequence that.g'itself a repeated SERE (e.g., a[=2][*3], where the rdpetition
operatof [*3] applies to the Sequence that is itself the“tepeated SERE a[=2]), the semantics are the same a§ if that
Sequenge were braced (e.g., {a[=2]}[*3]).

6.1.2.3 SERE goto repetition ([->])

The SERE goto repetition operator”’([->]), shown in Syntax 6-13, constructs repeated (possibly non-
consecfitive) concatenation of a\Boolean expression, such that the Boolean expression holds on the lagt cycle
of the path.

Repeated SERE ::=
Boolean [-> [ positive_ Count ] |

Count ::=
T\Tnml—\av

| Range

Range ::=
Low Bound RANGE SYM High Bound

Low Bound ::=
Number | MIN VAL

High Bound ::=
Number | MAX_ VAL

Syntax 6-13—SERE goto repetition operator
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The first operand is a Boolean expression to be repeated. The second operand gives the Count of
repetitions.

If the Count is a number, then the repeated SERE describes exactly that number of repetitions.

Otherwise, if the Count is a range, then the repeated SERE describes any number of repetitions such that the
number falls within the specified range. If the high value of the range (High Bound) is specified as
MAX VAL, the repeated SERE describes at least as many repetitions as the low value of the range. If the
low value of the range (Low_Bound) is specified as MIN_ VAL, the repeated SERE describes at most as
many repetitions as the high value of the range. If no range is specified, the repeated SERE describes exactly
one repetition, i.e., behavior in which the Boolean expression holds exactly once, in the last cycle of the
path.

Restridtions

If the rppeated SERE contains a Count, it shall be a statically computable, positive Count)(i.e., indicjting at
least ope repetition). If the Count is a Range, then each bound of the Range shall b€)stdtically computable,
and thg low bound of the Range shall be less than or equal to the high bound of theRange.

Informpl Semantics
For Boolean A and numbers n and m:

— |A[->n] holds tightly on a path iff A occurs exactlysn, times along the path and the last gycle at
which it occurs is the last cycle of the path.
— |A[->n:m] holds tightly on a path iff A occurs.bétween n and m times, inclusive, along the path,
and the last cycle at which it occurs is the last ¢yele of the path.
— |A[->1:m] holds tightly on a path iff A occurs at most m times along the path and the last dycle at
which it occurs is the last cycle of the path:
— |A[->n:inf] holds tightly on a path-iff A occurs at least n times along the path and the last ¢ycle at
which it occurs is the last cycle of; the path.
— |A[->1:1inf] holds tightly onfa path iff A occurs one or more times along the path and the last
cycle at which it occurs is the fast cycle of the path.
— |A[->] holds tightly on.a path iff A occurs in the last cycle of the path and in no cycle before|that.

NOTEAH-If a repeated SERE-bégins with a Sequence that is itself a repeated SERE (e.g., a[->2][*3], where the rdpetition
operatof [*3] applies to thesSequence that is itself the repeated SERE a[->2]), the semantics are the same a$ if that
Sequenge were braced (e.g {a[->2]}[*3]).
6.1.2.4 Braced.SERE

A SEREE ¢nclosed in braces is another form of sequence, as shown in Syntax 6-14.8

Braced SERE ::=
{[ [[HDL_DECL {HDL_DECL} || ] SERE }
| {[free( HDL Identifier {,HDL Identifier} )] SERE }

Syntax 6-14—Braced SERE

8In the Verilog flavor, if a series of tokens matching { HDL or PSL_Expression } appears where a Sequence is allowed, then it should
be interpreted as a Sequence, not as a concatenation of one argument.
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6.1.2.5 Clocked SERE (@)

The SERE clock operator (@), shown in Syntax 6-15, provides a way to clock a SERE.

Clocked SERE ::=
Braced_SERE (@ Clock_Expression

Syntax 6-15—SERE clock operator

The firpt operand is the braced SERE to be clocked. The second operand is a clock expression (see-5.p) with
which fo clock the SERE.

The @ pperator specifies that the clock expression that is its right operand defines the clock.context off its left
operanfl.

NOTE [[—Default clock declarations (5.4) and the optional clock parameters of certaip.built-in functions (5.2.3) also
specifylclock contexts.

Restridtions

None.

Informpl Semantics
A sequence {R}@Cl is evaluated on a path P1 determined by clock context C1.

If R contains a subordinate built-in function F with clock context C2, and evaluation of R involves gvaluat-
ing F iy some cycle N of P1, then F is evaluated on a path P2 determined by clock context C2 and enlding at
N.

If R cqntains a subordinate sequence XS} @C3, and evaluation of R involves evaluating S at some cycle M
of P1, then S is evaluated on path P3 starting at M and determined by clock context C3.

NOTE [2—When clocks are nested, the inner clock takes precedence over the outer clock. That is, thg SERE
{a;{b}l@clk2;c}@clk is“equivalent to the SERE {{a}@clk; {b}@clk2; {c}@clk}, with the out¢r clock
applied|to only the uncloeked sub-SEREs. In particular, there is no conjunction of nested clocks involved.

Example 1

Considerdlic Tollowing behavior of Booleans a, b, and c1k, where time is at the granularity observed by the
verificttionteek

The unclocked SERE {a;b} holds tightly from time 2 to time 3. It does not hold tightly over any other inter-
val of the given behavior.
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The clocked SERE {a;b}@c1k holds tightly from time 0 to time 3, and also from time 1 to time 3. It does
not hold tightly over any other interval of the given behavior.

Example 2

Consider the following behavior of Booleans a, b, ¢, c1k1, and c1k2, where time is at the granularity

observ

ed by the verification tool:

clki o 1 0 1 o0 1 0 1
b 0 0 0 1 0o 0O 0 O
c 0o o0 0 0 1 o 1 O
clk2 1. 0 0 1 0 0 1 ©

The unclocked SERE {{a;b};c} holds tightly from time 2 to time 4. It does not hold tightly over any other

interva]l of the given behavior.

The m

itiply-clocked SERE {{a;b}@c1lkl;c}@clk2 holds tightly from tinde-0 to time 6 and from|time 1
to timg 6. It does not hold tightly over any other interval of the given beha¥ior.

The sipgly-clocked SEREs {{a;b};c}@clkl and {{a;b};c}@c¥k2"do not hold tightly over any interval

of the

6.2P

Proper
subord

Some
operat
1 . Fd

until!

6.2.11

FL Prd
sions,

biven behavior.

rfoperties

ies express temporal relationships among®Boolean expressions, sequential expression
nate properties. Various operators are definted to express various temporal relationships.

perators occur in families. A family of operators is a group of operators that are related. A fa

equential,expressions, and subordinate properties.

s, and

mily of

rs usually share a common prefix;*which is the name of the family, and optional suffixes !,| , and
r example, the until family of operators include the operators until, until!, until{ , and
|

FL properties

)perties, showniin Syntax 6-16, describe single- or multi-cycle behavior built from Boolean ¢xpres-

El 7prnppr‘h =
Boolean
| ([ [[ HDL_DECL {,HDL_DECL} ]] ] FL_Property )

Syntax 6-16—FL properties

The most basic FL Property is a Boolean expression. An FL Property enclosed in parentheses is also an FL
Property.

More complex FL properties are built from Boolean expressions, sequential expressions, and subordinate
properties using various temporal operators.

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=fb07974f06c94a0d2b6e7e6900497c08

IEC 62531:2012
- 64— IEEE Std 1850-2010

An FL property is evaluated on a path, which is defined by a clock context. See 5.3 for an explanation of
how the clock context of an FL Property is determined.

NOTE—Like Boolean expressions, FL properties are grouped using parentheses ( () ), as opposed to SEREs that are
grouped using curly braces ({ }).

6.2.1.

1 Sequential FL properties

Sequential expressions are FL properties that specify that the behavior described by a sequence occurs. (See
Syntax 6-17.)

FL_Property ::=
Sequence [ ! ]

Syntax 6-17—Sequential FL Property

Restridtions

None.

Inform

For a S

NOTEH
The FL
prefix d

6.2.1.7

The F1

1l Semantics

equence S:

holds tightly.
The FL Property S holds on a given path\iff either there exists a prefix of the path on which
tightly, or the property S! does not failyon any finite prefix of the given path.

-1f S contains no contradictions, asimpler description of the semantics of the property S can be given as

f the given path can be extended to a path on which S holds tightly.

P Clocked FL properties

clock operator-operator (@) , shown in Syntax 6-18, provides a way to clock an FL Property.

The FL Property S! holds on a given path iff there exists a non-empty prefix of the path on which S

b holds

ollows:

property S holds on a given path iff either there exists a prefix of the path on which S holds tightly, or eve}y finite

FL Property ::==

FL Property @ Clock Expression

Syntax 6-18—FL Property clock operator

The first operand is the FL Property to be clocked. The second operand is a Boolean expression with which
to clock the FL Property.

The @ operator specifies that the clock expression that is its right operand defines the clock context of its
left operand.
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NOTE 1—Default clock declarations (5.4) and the optional clock parameters of certain built-in functions (5.2.3) also

specify

clock contexts.

Restrictions

None.

Informal Semantics

A property A@C]1 is evaluated on a path P1 determined by clock context C1.

If A cd
ing Fi
N.

If A cd
of P1,

If A cd
P1, the

NOTE
(a -
only thd

Examp

Consid
verific

The un

ntains a subordinate built-in function F with clock context C2, and evaluation of A involves ¢
h some cycle N of P1, then F is evaluated on a path P2 determined by clock context C2 and en

ntains a subordinate sequence {S}@C3, and evaluation of A involves evaluating’S at some c
hen S is evaluated on path P3 starting at M and determined by clock context C3;

ntains a subordinate property B@C4, and evaluation of A involves evaluating B at some cyc
n B is evaluated on a path P4 starting at M and determined by clock centext C4.

P—When clocks are nested, the inner clock takes precedence over the outer clock. That is, the f
b@clk2)@clk is equivalent to the property (a@clk ->{ b@clk2), with the outer clock ap
unclocked sub-properties (if any). In particular, there is no conjunction of nested clocks involved.

Je |

er the following behavior of Booleans a, b, and c1k, where time is at the granularity observed
ition tool:

a o 0 o0 1~ 1 0o 0 0 O
b 0 0 oW 0 1 o0 1 0
clocked FL Propetty

(a until< b)

holds 4

t times 'S, 7, and 8, because b holds at each of those times. The property also holds at times 3}

becausr & holds at those times and continues to hold until b holds at time 5. It does not hold at an|

time o

valuat-
ding at

ycle M

e M of

roperty

plied to

by the

and 4,
y other

the given hehavior

The clocked FL Property

(a until! b) eclk

holds at times 2, 3, 4, 5, 6, and 7. It does not hold at any other time of the given behavior.
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Example 2

Consider the following behavior of Booleans a, b, ¢, c1k1, and c1k2, where “time” is at the granularity
observed by the verification tool:

The uniclocked FL Property

(c && next! (a until! b))

holds 4t time 6. It does not hold at any other time of the given behavior.
The sifjpgly-clocked FL Property

(c && next! (a until! b))e@clkl

holds 4t times 4 and 5. It does not hold at any other time of the given behavior.
The sifgly-clocked FL Property

(a until! b)e@clk2

does n¢t hold at any time of the given behavior:

The myltiply-clocked FL Property

(c && next! (a untdl! b)e@clkl)@clk2

holds gt time 0. It does not hold at any other time of the given behavior.
6.2.1.3 Simple FL properties

6.2.1.3.1 always

The alwey's-operator, shown in Syntax 6-19, specifies that an FL Property holds at all times, startirfg from
the pregent:

FL_Property ::=
always FL_Property

Syntax 6-19—always operator

The operand of the always operator is an FL Property.
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Restrictions

None.

Informal Semantics

An always property holds in the current cycle of a given path iff the FL Property that is the operand holds
at the current cycle and all subsequent cycles.

NOTE—If the operand (FL Property) is temporal (i.e., spans more than one cycle), then the always operator defines a
property that can describe overlapping occurrences of the behavior described by the operand. For example, the property

always

holds irf the first and every subsequent cycle, b holds in the second and every subsequent cycle, and c holds(ii {
and evepry subsequent cycle.

6.2.1.3.2 never

The ngver operator, shown in Syntax 6-20, specifies that an FL Property or a sequénce never holds

vhich a
he third

FL Property ::=
never FL Property

The operand of the never operator is an FL Property,

Restridtions

Within| the simple subset (see 4.4.4), the opetand of a never property is restricted to be a Boolean
sion orfa sequence.

Inform

A nevier property holds n‘the current cycle of a given path iff the FL Property that is the operand d|
hold at|the current cycle and does not hold at any future cycle.

6.2.1.3.3 eventually!

The ey
or at sq

Syntax 6-20—never operator

1l Semantics

entually! operator, shown in Syntax 6-21, specifies that an FL Property holds at the currer
melfature cycle.

PXpres-

pes not

t cycle

FL_Property ::=
eventually! FL_Property

Syntax 6-21—eventually! operator

The operand of the eventually! operator is an FL Property.
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Restrictions

Within the simple subset (see 4.4.4), the operand of an eventually! property is restricted to be a
Boolean or a Sequence.

Informal Semantics

An eventually! property holds in the current cycle of a given path iff the FL Property that is the operand
holds at the current cycle or at some future cycle.

6.2.1.3.4 next

The ngxt family of operators, shown in Syntax 6-22, specify that an FL Property holds at somemexf|cycle.

FL_Property ::=
next! FL_Property
| next FL Propert
| next! [Numberi' (FL_Property)
| next [ Number | (FLiProperty{

Syntax 6-22—next operators

The FIL Property that is the operand of the next ! or next.Operator is a property that holds at sormhe next
cycle. [f present, the Number indicates at which next cysle'the property holds, that is, for numbey 7, the
property holds at the i next cycle. If the Number operand is omitted, the property holds at the vely next
cycle.

The ngxt ! operator is a strong operator, thus it'specifies that there is a next cycle (and so does not fhold at
the lasf cycle, no matter what the operand).-Similarly, next ! [1] specifies that there are at leas{ i next
cycles,
The ngxt operator is a weak operatof, thus it does not specify that there is a next cycle, only that if there is,
the property that is the operand holds. Thus, a weak next property holds at the last cycle of a finite behavior,

no matfer what the operand( Similarly, next [i] does not specify that there are at least i next cycles

NOTE |—The Numberauay be 0. That is, next [0] (£) is allowed, which says that £ holds at the current cyclp.

Restridtions

If a prqpérty contains a Number, then the Number shall be statically computable.

Informal Semantics

— A next! property holds in the current cycle of a given path iff
a) There is a next cycle and
b) The FL Property that is the operand holds at the next cycle.
— A next property holds in the current cycle of a given path iff
a) There is not a next cycle or
b) The FL Property that is the operand holds at the next cycle.
— A next![i] property holds in the current cycle of a given path iff
a) There is an i next cycle and
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b) The FL Property that is the operand holds at the /™ next cycle.
A next [1] property holds in the current cycle of a given path iff
a) There is not an " next cycle or

b) The FL Property that is the operand holds at the /™ next cycle.

NOTE 2—The property next (£) is equivalent to the property next [1] (£).

6.2.1.4 Extended next FL properties

6.2.1.4.1 next_a

The next_a family of Qperators shown in Syntax 623 QpP{‘i‘FV that an FI prnpprfv holds at all cycles of a
range ¢f future cycles.
FL Property ::==
next_a! [ finite Range | ( FL_Property )
|next_a [ finite Range | ( FL_Property )
Syntax 6-23—next_a operators
The FIL Property that is the operand of the next a! or next & gperator is a property that holds at all
cycles petween the i and jth next cycles, inclusive, where i and jare the low and high bounds, respegtively,
of the finite Range.
The ngxt a! operator is a strong operator, thus it specifies that there is a ™ next cycle, where j is the high
bound pf the Range.
The ngxt_a operator is a weak operator, thus.it'does not specify that any of the ith through jth nex{ cycles
necessgrily exist.
Restridtions
Ifanext aornext a! property contains a Range, then the Range shall be a finite Range, each bgund of
the Rapge shall be statically computable, and the left bound of the Range shall be less than or equal to the
right bpund of the Range!
Informpl Semantics
— |A dext al![i:j] property holds in the current cycle of a given path iff
a){/There is a jth next cycle and
57T FIProperty That 15 The operand hofds ar attcycles between the 74—and 7% Text cycle,

inclusive.

A next al[i:j] property holds in the current cycle of a given path iff the FL Property that is the
operand holds at all cycles between the M and jth next cycle, inclusive. (If not all those cycles exist,

then the FL Property that is the operand holds on as many as do exist.)

NOTE—The left bound of the Range may be 0. For example, next _a [0:n] (£) is allowed, which says that £ holds
starting in the current cycle, and for n cycles following the current cycle.
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6.2.1.4.2 next_e

The next e family of operators, shown in Syntax 6-24, specify that an FL Property holds at least once
within some range of future cycles.

FL Property ::=
next_e! [ finite Range | ( FL_Property )
| next_e [ finite Range | ( FL_Property )

Syntax 6-24—next_e operators

The FI| Property that is the operand of the next e! or next e operator is a property thaf holds pt least
once bptween the i and /™ next cycle, inclusive, where i and j are the low and high bounds, respectifely, of
the finfte Range.

The ngxt e operator is a strong operator, thus it specifies that there are enough cycles so the FL Pfoperty
that is the operand has a chance to hold.

The n¢xt e operator is a weak operator, thus it does not specify that there are enough cycles so [the FL
Propertfy that is the operand has a chance to hold.

Restridtions

Ifanext e ornext e! property contains a Range, thefrthe Range shall be a finite Range, each bgund of
the Rapge shall be statically computable, and the left bound of the Range shall be less than or equal to the
right bpund of the Range.

Withinfthe simple subset (see 4.4.4), the opefahd of next e or next_e! is restricted to be a Boolegn.

Informpl Semantics

— |A next_e! [i:j]« property holds in the current cycle of a given path iff there is somg cycle

between the /M and jth niext cycle, inclusive, where the FL Property that is the operand holds.

— |A next_e[i:3]) property holds in the current cycle of a given path iff

a) There areJess than j next cycles following the current cycle, or

b) Therc\iSsome cycle between the i™ and jth next cycle, inclusive, where the FL Property| that is
the eperand holds.

NOTE-}-Fhe Jeft bound of the Range may be 0. For example, next e [0:n] (£) is allowed, which says that[f holds
either inthe current cvcle or in one of the »n cvcles following the current cycle

6.2.1.4.3 next_event

The next event family of operators, shown in Syntax 6-25, specify that an FL Property holds at the next
occurrence of a Boolean expression. The next occurrence of the Boolean expression includes an occurrence
at the current cycle.
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FL Property ::=
next_event! ( Boolean ) ( FL_Property )
| next_event ( Boolean ) ( FL_Property )
| next_event! ( Boolean ) [ positive Number | ( FL_Property )
| next_event ( Boolean ) [ positive Number | ( FL_Property )

Syntax 6-25—next_event operators

The rightmost operand of the next event! ornext event operator is an FL Property that holds at the

next og
i oce
occurr

The n4g
most o

The n4g
leftmo

Restrid

If a ng
compul

Inform

nce.

berand. Similarly, next event! [1] specifies that there are at least i occunrgnees.

t operand. Similarly, next event [1] does not specify that there até.at least i next occurre

tions

able, positive Number.

| Semantics

A next event! property holds in the'current cycle of a given path iff

a) The Boolean expression and li¢) FL Property that are the operands both hold at the
cycle, or at some future cyclg¢, and
holds at the next cycle\in’which the Boolean expression holds.

A next event property holds in the current cycle of a given path iff
at any futtice.Cycle; or

liolds.
A/next event! [i] property holds in the current cycle of a given path iff

a)." The Boolean expression that is the operand holds at least i times, starting at the curren

Currence of the leftmost operand. 1T the FL Property includes a INumber, then the property nolds at the
hrrence of the leftmost operand (where 7 is the value of the Number), rather than at the_vefy next

xt_event ! operator is a strong operator, thus it specifies that there is a next oécurrence of the left-

xt_event operator is a weak operator, thus it does not specify that there is a next occurrenc¢ of the

NCEs.

xt_event or next event! property contains a Number, then the Number shall be a stjtically

Current

b) The Boolean expression holds at some future cycle, and the FL Property that is the gperand

a) The Boolearl expression that is the operand does not hold at the current cycle, nor does|it hold

b) The BoOolean expression that is the operand holds at the current cycle or at some futurq cycle,
and(the'FL Property that is the operand holds at the next cycle in which the Boolean expfession

cycle,

and

b) The FL Property that is the operand holds at the i occurrence of the Boolean expression

A next event [1] property holds in the current cycle of a given path iff
a) The Boolean expression that is the operand does not hold at least i times, starting at the
cycle, or

current

b) The Boolean expression that is the operand holds at least i times, starting at the current cycle,

and the FL Property that is the operand holds at the i occurrence of the Boolean expression.
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NOTE—The formula next _event (true) (f) is equivalent to the formula next [0] (£). Similarly, if p holds in
the current cycle, then next_event (p) (f) is equivalent to next event (true) (f£) and therefore to
next [0] (£). However, none of these is equivalent to next (£).

6.2.1.4.4 next_event_a

The next event a family of operators, shown in Syntax 6-26, specify that an FL Property holds at a
range of the next occurrences of a Boolean expression. The next occurrences of the Boolean expression
include an occurrence at the current cycle.

FE—Property ——
next_event_a! ( Boolean ) [ finite_positive_Range | ( FL_Property )
|next_event a ( Boolean ) [ finite_positive_Range | ( FL_Property )

Syntax 6-26—next_event_a operators

The rightmost operand of the next _event a! ornext event a operatorisyan FL Property thqt holds
at the gpecified Range of next occurrences of the Boolean expression that«dsdhe leftmost operand. The FL
Properfy that is the rightmost operand holds on the ith through jth occurtences (inclusive) of the Hoolean
expresgion, where i and j are the low and high bounds, respectively, of the"Range.

The ngxt event a! operator is a strong operator, thus it speoifies that there are at least j occurrepces of
the lefimost operand.

The ngxt _event a operator is a weak operator, thusgt.does not specify that there are j occurrence$ of the
leftmost operand.

Restridtions

If a ngxt _event a or next eventa! property contains a Range, then the Range shall be 4 finite,
positive Range, each bound of the/Range shall be statically computable, and the left bound of the|Range
shall bg less than or equal to the right’bound of the Range.

Informpl Semantics

— |A next _event a! [i:j] property holds in the current cycle of a given path iff

a) TheBpolean expression that is the operand holds at least j times, starting at the currenf cycle,
and

b), { The FL Property that is the operand holds at the ih through jth occurrences, inclusive] of the
Boolean expression.

— A next_event ali:j] property holdsin a given cycle of a given path iif the FL Property that
is the operand holds at the i through jth occurrences, inclusive, of the Boolean expression, starting
at the current cycle. If there are less than j occurrences of the Boolean expression, then the FL
Property that is the operand holds on all of them, starting from the i occurrence.

6.2.1.4.5 next_event_e

The next event e family of operators, shown in Syntax 6-27, specify that an FL Property holds at least
once during a range of next occurrences of a Boolean expression. The next occurrences of the Boolean
expression include an occurrence at the current cycle.
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FL Property ::
next event e! ( Boolean ) [ finite_positive Range | ( FL_Property )
| next_ event e ( Boolean) | finite_positive Range | ( FL Property)

Syntax 6-27—next_event_e operators

The rightmost operand of the next event e! or next event e operator is a FL Property that holds
at least once during the spemﬁed Range of next occurrences of the Boolean expression that is the leftmost
" ” th th

operang-
sive) o

The ngxt _event e! operator is a strong operator, thus it specifies that there are enough cy¢les so
FL Property has a chance to hold.

The n4g
that th{

Restrid

If a n4g
positiv]

shall bg

Within|
to be a

Inform|

6.2.1.4

xt_event e operator is a weak operator, thus it does not specify that thigre/are enough cy
FL Property has a chance to hold.

tions

xt_event e or next event e! property contains a-Range, then the Range shall be 4
e Range, each bound of the Range shall be statically confputable, and the left bound of the
less than or equal to the right bound of the Range.

the simple subset (see 4.4.4), the FL Property ofiext event e ornext event elisre
Boolean.

[ Semantics

A next event el [1:] ] property holds in the current cycle of a given path iff there i
cycle durlng the i h_through 7"y next occurrences of the Boolean expression at which the FL P
that is the operand holds.

A next event efdyj] property holds in the current cycle of a given path iff

a) There areless-than j next occurrences of the Boolean expression, or
b) There istsome cycle during the ih through jth next occurrences of the Boolean expreq

whieh the FL Property that is the operand holds.

b Compound FL properties

f the Boolean expression, where i and ; are the low and high bounds, respectlvely, of the Rang .

(inclu-

hat the

cles so

finite,
Range

tricted

K some
Ffoperty

sion at

6.2.1.5-abort, async_abort, and Sync_abort

The abort,

async_abort, and sync_abort operators, shown in Syntax 6-28, specify a condition

that removes any obligation for a given FL Property to hold. The sync_abort operator expects the abort
condition to occur in a cycle in which the context clock holds. The abort and async_abort operators

accept

asynchronous abort conditions as well.
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FL Property ::=
FL_Property Sync_abort Boolean
| FL_Property async_abort Boolean
| FL_Property abort Boolean

Syntax 6-28—sync_abort, async_abort, and abort operators

The left operand of the abort operators is the FL Property to be aborted. The right operand of the abort
operators is the Boolean condition that causes the abort to occur.

Restridtions

None.

Informpl Semantics
An abprt /async_abort property holds in the current cycle of a given path iff

— | The FL Property that is the left operand holds, or
— | The FL Property that is the left operand does not fail (see 4.4,5) prior to the first cycle (of the path
defined by the base clock context) in which the Boolean €ondition that is the right operand h¢lds.

A synjc _abort property holds in the current cycle of a given path iff

— | The FL Property that is the left operand holds, or
— | The FL Property that is the left operand degs not fail (see 4.4.5) prior to the first cycle (of the path
defined by the clock context of the abert property) in which the Boolean condition that is the right
operand holds.

NOTE [—The abort operator is identical\o the async abort operator. It is currently maintained in the lgnguage
for reaspns of backward compatibility.

NOTE P—For asynchronous propetties, aborting with sync_abort or async_abort (or abort) is the sarpe.

Examplle

Using [asyno abort to model an asynchronous interrupt: “A request is always followed [by an
acknowledge, unless a cancellation occurs. The request and acknowledge signals are sampled at clock c1k.
The cancettation signal may come asynchronously (not in a cycic of CLKJ.

always ((reqg -> eventually! ack) async_abort cancel)@clk;
or
always ((reqg -> eventually! ack) async_abort cancel) ;

when the default clock is c1k.
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Using sync_abort to model a synchronous interrupt: “A request is always followed by an acknowledge,
unless a cancellation occurs. The request, acknowledge, and cancellation signals are sampled at clock c1k.
A rise of the cancellation signal when c1k does not hold is ignored.”

always ((reqg -> eventually! ack) sync_abort cancel)e@clk;
or

always ((reg -> eventually! ack) sync_ abort cancel);

when the default clock is c1k.

6.2.1.5.2 before

The bgfore family of operators, shown in Syntax 6-29, specify that one FL Property holds.before a second
FL Property holds.

FL_Property ::=
FL_ Property before! FL_Property
| FL_Property before!_ FL_Property
| FL_Property before FL Property
| FL_Property before_ FL_Property

Syntax 6-29—before operators

The left operand of the before family of operators,is an FL Property that holds before the FL Propefty that
is the rjght operand holds.

The b¢fore! and before! operators ‘ate’strong operators, thus they specify that the left FL Pfoperty
eventuplly holds.

The bgfore and before_  operators are weak operators, thus they do not specify that the left FL Pfoperty
eventuplly holds.

The bgfore! and befdre operators are non-inclusive operators, that is, they specify that the left gperand
holds gtrictly before the'xight operand holds.

The b¢fore ! \and before operators are inclusive operators, that is, they specify that the left gperand
holds heforg-orat the same cycle as the right operand holds.

Restrictions

Within the simple subset (see 4.4.4), each operand of a before property is restricted to be a Boolean
expression.

Informal Semantics

— A Dbefore! property holds in the current cycle of a given path iff
a) The FL Property that is the left operand holds at the current cycle or at some future cycle, and
b) The FL Property that is the left operand holds strictly before the FL Property that is the right
operand holds, or the right operand never holds.
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A before! property holds in the current cycle of a given path iff

a) The FL Property that is the left operand holds at the current cycle or at some future cycle, and

b) The FL Property that is the left operand holds before or at the same cycle as the FL Property
that is the right operand, or the right operand never holds.

A before property holds in the current cycle of a given path iff

a) Neither the FL Property that is the left operand nor the FL Property that is the right operand
ever hold in any future cycle, or

b) The FL Property that is the left operand holds strictly before the FL Property that is the right
operand holds.

A before property holds in the current cycle of a given path iff

a) Neither the FL Property that is the left operand nor the FL Property that is the right operand

6.2.1.4

The ur
Proper

Laold £o4 1
ever-hotdtany-fature-eyeleror
b) The FL Property that is the left operand holds before or at the same cycle as the EL. Pfoperty
that is the right operand.

.3 until

til family of operators, shown in Syntax 6-30, specify that one FL Propernty holds until a secpnd FL
y holds.

FL Property ::==
FL_Property until! FL Property
| FL_Property until! FL_Property
| FL_Property until FL Property
| FL_Property lllltil_ FL_Property

Syntax 6-30—until operators

The left operand of the unt il family of\operators is an FL Property that holds until the FL Property| that is

the rig

The ut
eventu

The u
proper|
holds f}

it operand holds. The right operand is called the terminating property.

itil! and until! operators are strong operators, thus they specify that the terminating pfoperty
hlly holds.

ntil and until  operators are weak operators, thus they do not specify that the termfinating
y eventuallyhelds (and if it does not eventually hold, then the FL Property that is the left dperand
prever).

The ug

htd2 "and until operators are non-inclusive operators, that is, they specify that the left gperand

The until! and until operators are inclusive operators, that is, they specify that the left operand
holds up to and including the cycle in which the right operand holds.

Restrictions

Within

the simple subset (see 4.4.4), the right operand of an unt 11! or until property is restricted to be a

Boolean expression, and both the left and right operands of an until! oruntil property are restricted

tobea

Boolean expression.
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Informal Semantics

— An

a)
b)

until! property holds in the current cycle of a given path iff
The FL Property that is the right operand holds at the current cycle or at some future cycle, and

The FL Property that is the left operand holds at all cycles up to, but not necessarily including,
the earliest cycle at which the FL Property that is the right operand holds.

until!  property holds in the current cycle of a given path iff
The FL Property that is the right operand holds at the current cycle or at some future cycle, and

The FL Property that is the left operand holds at all cycles up to and including the earliest cycle
at which the FL Property that is the right operand holds.

A
ppusy

6.2.1.6 Sequence-based FL properties

6.2.1.6.1 Suffix implication

arre T property-heldsttheetrrenteveleof aptrenrpathHE
The FL Property that is the left operand holds forever, or
The FL Property that is the right operand holds at the current cycle or at some future cydle, and
the FL Property that is the left operand holds at all cycles up to, but not necessarily incjuding,
the earliest cycle at which the FL Property that is the right operand holds,
until property holds in the current cycle of a given path iff
The FL Property that is the left operand holds forever, or
The FL Property that is the right operand holds at the current cy€le,or at some future cydle, and

the FL Property that is the left operand holds at all cycles up %o and including the earliegt cycle
at which the FL Property that is the right operand holds.

The suffix implication family of operators, shown in,Syntax 6-31, specify that an FL Property or sefjuence

holds if some pre-requisite sequence holds.

FL Property ::=
{ SERE i ( FL_Property )
| Sequence | - > FE~Property
| Sequence |%=> FL Property

Syntax 6-31—Suffix implication operators

The right operand.of the operators is an FL property that is specified to hold if the Sequence that is fhe left

operanf holds,

Restrictions

None.

Informal Semantics

— A Sequence |-> FL_Property holds in a given cycle of a given path iff

a)
b)

The Sequence that is the left operand does not hold at the given cycle, or
The FL Property that is the right operand holds in any cycle C such that the Sequence that is the
left operand holds tightly from the given cycle to C.

— A Sequence |=> FL_Property holds in a given cycle of a given path iff
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a) The Sequence that is the left operand does not hold at the given cycle, or
b) The FL Property that is the right operand holds in the cycle immediately after any cycle C such
that the Sequence that is the left operand holds tightly from the given cycle to C.

NOTE—A {Sequence}(FL_Property) FL Property has the same semantics as Sequence |-> FL_Property.

6.2.1.7 Logical FL properties

6.2.1.7.1 Parameterized property

The parameterizing operators, shown in Syntax 6-32, apply a given base operator to a set of FL Properties

obtained by instantiating a base FIProperty once for each possible value or combination of values of the

given fjarameter(s).
FL_Property ::=
Parameterized Property
Parameterized Property ::=
for Parameters Definition ¢ And Or Property OP ( FL_Property)
Parameters_Definition ::=
Parameter Definition { Parameter Definition }
Parameter Definition ::= .
PSL Identifier [ Index Range ] 1N Value Set
And_Or_Property OP ::=
AND_OP | OR_OP
Syntax 6-32—Parameterized property
NOTE |—The term “instantiated” is used figuratively. It does not imply that instantiation actually takes place. YWhether

or not apy instantiation does take place depends on the implementation.

The P§
base of
FL Pr
paramg

The se

L Identifiers are the names 6f the parameters. A PSL Identifier with an Index Range is an arrgy. The
erator can be either a logical and or a logical or. The FL Property enclosed in parenthesis is the base
perty. For each PSL.Identifier, the Value Set defines the set of values that the corresponding
ter or array elements-ean take on.

of values can be specified in four different ways, as follows:
The keyword boolean specifies the set of values {True, False}.

A Value Range specifies the set of all Number values within the given range.
Abeimma (,) between Value Ranges indicates the union of the obtained sets.

A list of comma-separated values specifies a value set of arbitrary type; all values shall be of the
same underlying HDL type.

If the value set is specified by a list of values of arbitrary type, each of the values shall be statically
computable.

For a single parameter,

a)

If the parameter is not an array, and the set of values has size K, then the obtained set is of size K.
Each element in the set is obtained by instantiating the base compound SERE with one of the
possible values in the set of values.
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b)

If the parameter is an array of size N, and the set of values has size K then the obtained set is

of size

KN, Each element in the set is obtained by instantiating the base compound SERE with one of the

combination of values that can be taken on by the array.

For multiple parameters, the set of values is that obtained by applying the above rules repeatedly, once for

each p

arameter.

Restrictions

The restrictions of the base operator, specified in 6.2.1.7.4 and 6.2.1.7.5 respectively, also apply to parame-
terized property constructed with the corresponding operator. The simple subset restrictions in 4.4.4 also

apply.

operanfl, a parameterized property constructed with the logical or operator belongs to the simple su
the bage FL Property is Boolean.

For ea

NOTE
static e}

NOTE

can be Y
languag

Informg

For FL

n particular, since the simple subset restricts the logical or operator to have at most one non-H

h parameter definition the following restrictions apply:

If the parameter name has an associated Index Range, the Index Range shalDbe specified as
Range, each bound of the Range shall be statically computable, and the left bound of the Rang
be less than or equal to the right bound of the Range.

If a Value is used to specify a Value Range, the Value shall be statically computable.
If a Range is used to specify a Value Range, the Range shall\be a finite Range, each bound
Range shall be statically computable, and the left bound ef\the Range shall be less than or ¢
the right bound of the Range.
The parameter name shall be used in one or mong. &xpressions in the Property, or as an
parameter in the instantiation of a parameterized SERE, so that each of the instances of thd
corresponds to a unique value of the parameterhame.

pression, such as that required by a repetition-count.

B—Parameterized properties are a genéralization of the forall construct (6.2.3). Any property written wi

two FL Properties:

oolean
bset iff

h finite
re shall

of the
qual to

actual
SERE

P—The parameter is considered to be statically, €omputable, and therefore the parameter names may be ysed in a

h forall

ritten equivalently using a paraméterized logical and operator. The forall construct is currently maintaingd in the
e for reasons of backward compatibility.
| Semantics
| Property F:
for/iNin boolean: || (F(i)) isequivalent to the applying | | to the set containinig the

F(false) and F (true),
i.e., is equivalent to the FL Property:

(F(false)) || (F(true))

for 1 in {j:k}: && (F(i)) isequivalentto applying && to the set containing the k—j+1 FL

Properties:

F(3),F(3+1), ...,F(k),
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i.e., is equivalent to the FL Property:
(F(3)) && (F(Jj+1)) && ... && (F(k))

for i in {j,k,1}: && (F(i)) isequivalentto applying && to the set containing the 3 FL
Properties:

F(j),F(k),and F (1),
i.e., is equivalent to the FL Property:

(F(3)) && (F(k)) && (F(1))

for i[0:1] in boolean: && (F(1i)) isequivalentto applying && to the set contajning
the 4 FL Properties:

F({false, false}),F({false, true}),
F({true,false}),and F({true, true}),

i.e., is equivalent to the FL Property:

(F({false,false})) && (F({false,truel)) &&
(F({true, false})) && (F({true,true}))

for 1[0:2] in {c,d}: || (F(1)) isequivalentto applying | | to the set containinf the 8
FL Properties:
F({C,C,C ),F({C,C,d}),F({c,dlc}),F({cldld})a

}
F({d,c,c}),F({d,c,d}),F{d&,d,c}), and F({d,d,d}),
i.e., is equivalent to the FL Property:
(F ({ {
F(

c,c,ch)) || (®E{c,c,a})
(F({d,c,c}) ) NF ({d,c,a}))

for i in {j:k}»~2 in {m:n}: && (F(i,1)) isequivalentto applying '&&' to the set
containing the (k&+#x(n—m+1) FL Properties:

FOJym) , F(j,m+1), ..., F(3,n),
Btj+1,m), F(j+1,m+1), ..., F(j+1,n),
F(k,m), F(k,m+1), ..., F(k,n)

i.e., is equivalent to the FL Property:

(F(j,m)) && (F(j,m+1)) & ... && (F(j,n)) &&
(F(3j+1,m)) && (F(j+1,m+1)) && ... && (F(j+1,n)) &&
... &

(F(k,m)) && (F(k,m+1)) && ... && (F(k,n))

6.2.1.7.2 Logical implication

The logical implication operator (- >), shown in Syntax 6-33, is used to specify logical implication.
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FL Property ::=
FL_Property -> FL_Property

Syntax 6-33—Logical implication operator

The right operand of the logical implication operator is an FL Property that is specified to hold if the FL
Property that is the left operand holds.

In the SystemC flavor if the Qperator Uy appears. inan Pvprpqcinn and it left npprand is the name of a
pointeq to an object that has a member whose name is the right operand, then the '- >' operator is intefpreted
as the $ystemC member operator, not as the logical implication operator.
Restridtions
Within| the simple subset (see 4.4.4), the left operand of a logical implication progerty is restricted ffo be a
Boolegn expression.
Informpl Semantics
A logigal implication property holds in a given cycle of a given pathuff

— | The FL Property that is the left operand does not holéhat the given cycle, or

— | The FL Property that is the right operand does holdat the given cycle.
6.2.1.7.3 Logical iff
The logical iff operator (<->), shown in Syntax 6-34, is used to specify the iff (if and only if) felation
betwedn two properties.

FL_Property\:=
FL Pfoperty <-> FL Property
Syntax 6-34—Logical iff operator

The twjo_dperands of the logical iff operator are FL Properties. The logical iff operator specifies thaf either

both oppmndq hold or neither nppmnd holds

Restrictions

Within the simple subset (see 4.4.4), both operands of a logical iff property are restricted to be a Boolean
expression.

Inform

al Semantics

A logical iff property holds in a given cycle of a given path iff
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Both FL Properties that are operands hold at the given cycle, or
Neither of the FL Properties that are operands holds at the given cycle.

6.2.1.7.4 Logical and

The logical and operator, shown in Syntax 6-35, is used to specify logical and.

FL Property ::==
FL_Property AND OP FL Property

The op

Inform

A logi
hold at

6.2.1.1

The /o

Syntax 6-35—Logical and operator

erands of the logical and operator are two FL Properties that are both specified ¢e,hold.

[ Semantics

al and property holds in a given cycle of a given path iff the FL Properties that are the operan
the given cycle.

[.5 Logical or

pical or operator, shown in Syntax 6-36, is used to speeify logical or.

s both

FL_Property ::=
FL Property OR_OP FL Property

The op|

Restrid

Within|

Syntax 6-36—Logical or operator

erands of the logical otioperator are two FL Properties, at least one of which is specified to ho

tions

the simple subset (see 4.4.4), at most one operand of a logical or property may be non-Booled

nl Semantics

Inform

d.

A logical or property holds in a given cycle of a given path iff at least one of the FL Properties that are the
operands holds at the given cycle.

6.2.1.7.6 Logical not

The logical not operator, shown in Syntax 6-37, is used to specify logical negation.
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FL Property ::=
NOT_OP FL_Property

Syntax 6-37—Logical not operator

The operand of the logical not operator is an FL Property that is specified to not hold.

Restrigtions
Within| the simple subset (see 4.4.4), the operand of a logical not property is restricted to be a Hoolean
expresgion.
Informpl Semantics
A logi¢al not property holds in a given cycle of a given path iff the FL Propepty.that is the operand dpes not
hold at|the given cycle.
6.2.1.8 LTL operators
The LYL operators, shown in Syntax 6-38, provide standard LTL Syntax for other PSL operators.
FL_Property ::=

X FL_Property

| X! FL Property

| F FL_Property

| G FL_Property

| [ FL_Property U FL\Property |

| | FL_Property W. L) Property |

Syntax 6-38—LTL operators

The stqndard LTL operators are alternate syntax for the equivalent PSL operators, as shown in Table #.

Table 4—PSL equivalents

Standard LTL Equivalent PSL

operator operator

X next

X! next!

F eventually!

G always

U until!

w until
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Restrictions

The restrictions that apply to each equivalent PSL operator also apply to the corresponding standard LTL
operator.

NOTE—The syntax of the U and W operators requires brackets, e.g., [p U g]. For complete equivalence, the corre-
sponding expressions using PSL operators should be parenthesized. For example, [p U gl is equivalent to (p
until! q),and [p W q] isequivalentto (p until q).

6.2.2 Optional Branching Extension (OBE) properties

Properties of the Optional Branching Extension (OBE), shown in Syntax 6-39, are interpreted over trees of
states 4s opposed to properties of the Foundation Language (FL), which are interpreted over sequepces of
states. A tree of states is obtained from the model by unwrapping, where each path in the tree corresppnds to
some ¢omputation path of the model. A node in the tree branches to several nodes as a“result ¢f non-
determjinism in the model. A completely deterministic model unwraps to a tree of exactly lone path, ile., to a
sequenge of states. An OBE property holds or does not hold for a specific state of the tree.

OBE Property ::=
Boolean
| ( OBE_Property )

Syntax 6-39—OBE properties

The m¢st basic OBE Property is a Boolean expression:Air'OBE Property enclosed in parentheses is plso an
OBE Property.

6.2.2.1 Universal OBE properties
6.2.2.1.1 AX operator

The AX operator, shown in Syntax 6-40, specifies that an OBE property holds at all next states of th¢ given
state.

OBE Property ::=
AX OBE _Property

Syntax 6-40—AX operator

The operand of AX is an OBE Property that is specified to hold at all next states of the given state.

Restrictions

None.
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Informal Semantics

An AX property holds at a given state iff, for all paths beginning at the given state, the OBE Property that is
the operand holds at the next state.

6.2.2.1.2 AG operator

The AG operator, shown in Syntax 6-41, specifies that an OBE property holds at the given state and at all

future

states.

OBE_ Property ::=
AG OBE _Property

The operand of AG is an OBE Property that is specified to hold at the given state and at all future staf]

Restridtions

None.

Inform

An AG

the opgrand holds at the given state and at all future states.
6.2.2.1.3 AF operator

The AF operator, shown in Syntax 6-42; specifies that an OBE property holds now or at some futur

for all

Syntax 6-41—AG operator

1l Semantics

property holds at a given state iff, for all pathsbeginning at the given state, the OBE Property

baths beginning at the current’state.

0
«

that is

E state,

OBE_Pfopetty ::==
W OBE_Property

Syntax 6-42—AF operator

The op
beginn

ing at the current state.

Restrictions

None.

Informal Semantics

lerand of AF is an ORF Property that is specified to hold now or at some fivture state for all paths

An AF property holds at a given state iff, for all paths beginning at the given state, the OBE Property that is
the operand holds at the first state or at some future state.
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1.4 AU operator

The AU operator, shown in Syntax 6-43, specifies that an OBE property holds until a specified terminating

proper

ty holds, for all paths beginning at the given state.

OBE_Property ::=
A [ OBE_Property U OBE_Property |

Syntax 6-43—AU operator

The firpt operand of AU is an OBE Property that is specified to hold until the OBE Property thatis the
operanf holds along all paths starting at the given state.

Restridtions

None.

Informpl Semantics

An AU|property holds at a given state iff, for all paths beginning atjthe given state:

The OBE Property that is the right operand holds at the)current state or at some future state, a

state in which the OBE Property that is the right\operand holds.

6.2.2.2 Existential OBE properties

6.2.2.2.1 EX operator

The EX operator, shown in Syntax 6-44, specifies that an OBE property holds at some next state.

The operand of EX is an OBEsproperty that is specified to hold at some next state of the given state.

second

hd

The OBE Property that is the left operand holds atzall states, up to but not necessarily including, the

OBE:Property ::=
OBE_Property

Syntax 6-44—EX operator

Restrictions

None.

Inform

al Semantics

An EX property holds at a given state iff there exists a path beginning at the given state, such that the OBE
Property that is the operand holds at the next state.
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6.2.2.2.2 EG operator

The EG operator, shown in Syntax 6-45, specifies that an OBE property holds at the current state and at all
future states of some path beginning at the current state.

OBE Property ::==
EG OBE_Property

Syntax 6-45—FEG operator

The op
some f

erand of EG is an OBE Property that is specified to hold at the current state and at all future s
ath beginning at the given state.

ates of

Restridtions
None.
Informpl Semantics
An EG|property holds at a given state iff there exists a path begimming at the given state, such that tHe OBE
Property that is the operand holds at the given state and at all future states.
6.2.2.2.3 EF operator
The EF operator, shown in Syntax 6-46, specifies thatan OBE property holds now or at some future $tate of
some path beginning at the given state.
OBE Property ::==
EF OBE_Propérty
Syntax 6-46—EF operator

The oglerand of EE is;an OBE Property that is specified to hold now or at some future state of some path
beginnjng at the(giyen state.
Restridtions
None.

Informal Semantics

An EF property holds at a given state iff there exists a path beginning at the given state, such that the OBE
Property that is the operand holds at the current state or at some future state.
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6.2.2.2.4 EU operator

The EU operator, shown in Syntax 6-47, specifies that an OBE property holds until a specified terminating
property holds, for some path beginning at the given state.

OBE_Property ::=
E [ OBE_Property U OBEiProperty]

Qynfax 6-47—EU ape:afnr

The fir|
operan|

Restrid

None.

Inform

An EU|

6.2.2.1
6.2.2.1

The Ol

5t operand of EU is an OBE Property that is specified to hold until the OBE Property thatis the
d holds for some path beginning at the given state.

tions

1l Semantics

property holds at a given state iff there exists a path begindjng’at the given state, such that:
The OBE Property that is the right operand holds at the)current state or at some future state, a|
The OBE Property that is the left operand holds atall states, up to but not necessarily includi
state in which the OBE Property that is the right'operand holds.

b Logical OBE properties

8.1 OBE implication

BE implication operator (- >), shown in Syntax 6-48, is used to specify logical implication.

kecond

hd
ng, the

OBE Property ::=
OBE “Property -> OBE_Property

Syntax 6-48—OBE implication operator

The rig

ht'operand of the OBE implication operator is an OBE Property that is specified to hold if't

e OBE

Property that is the left operand holds.

Restrictions

None.

Informal Semantics

An OB

E implication property holds in a given state iff
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— The OBE property that is the left operand does not hold at the given state, or
— The OBE property that is the right operand does hold at the given state.

6.2.2.3.2 OBE iff

The OBE iff operator (< - >), shown in Syntax 6-49, is used to specify the iff (if and only if) relation between
two properties.

OBE Property ::=
OBE_Property <-> OBE_Property

Syntax 6-49—OBE iff operator

The two operands of the OBE iff operator are OBE Properties. The OBE iff operator_specifies thaf either
both ojperands hold or neither operand holds.

Restridtions

None.

Informpl Semantics
An OBE iff property holds in a given state iff

— |Both OBE Properties that are operands hold-at'the given state, or
— |Neither of the OBE Properties that are operands hold at the given state.

6.2.2.3.3 OBE and

The OBE and operator, shown in Syfitax 6-50, is used to specify logical and.

OBE\Property ::=
OBE Property AND_OP OBE_Property

Syntax 6-50—OBE and operator

The operands of the OBE and operator are two OBE Properties that are both specified to hold.

Restrictions

None.

Informal Semantics

An OBE and property holds in a given state iff the OBE Properties that are the operands both hold at the
given state.
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6.2.2.3.4 OBE or

The OBE or operator, shown in Syntax 6-51, is used to specify logical or.

OBE_Property ::==
OBE Property OR_OP OBE Property

Syntax 6-51—OBE or operator

The operands of the OBE or operator are two OBE Properties, at least one of which is specified to hold.
Restridtions
None.
Informpl Semantics
A OBH or property holds in a given state iff at least one of the OBE Propetties that are the operands Holds at
the given state.
6.2.2.3.5 OBE not
The OBFE not operator, shown in Syntax 6-52, is used to specifylogical negation.
OBE_Property ::==
NOT _OP OBE Property
Syntax 6-52—OBE not operator
The operand of the OBE not operator is'an OBE Property that is specified to not hold.
Restridtions
None.
Informpl Semantics
An OHE not property holds in a given state iff the OBE Property that is the operand does not hold at the

given §

tate.

6.2.3 Replicated properties

Replicated properties are specified using the operator forall, as shown in Syntax 6-53. The first operand
of the replicated property is a Replicator and the second operand is a parameterized property.
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Property ::=
Replicator Property

Replicator ::==
forall Parameter Definition :

Parameter Definition ::= .
PSL Identifier [ Index Range | 1IN Value_Set

Index Range ::=
LEFT SYM finite Range RIGHT SYM

FravorMacro EEFT—SY M=

Verilog: [ / SystemVerilog: [ / VHDL: (/ SystemC: (/ GDL: (

Flavor Macro RIGHT SYM =
Verilog: | / SystemVerilog: | / VHDL: ) / SystemC: ) / GDL: )

NOTE

Whethg
The PS

eter ca

Obsery
does n

The se

Syntax 6-53—Replicating properties

r or not any part of the property is replicated depends on the implementation.

L Identifier in the replicator is the name of the parameter irf‘the parameterized property. This
h be an array. The Value Set defines the set of values over Which replication occurs.

If the parameter is not an array, then the property is équivalent to a property obtained by the
ing steps:

set of values).
2) Logically “anding” all of the replications.

following steps:
KM).
2) Logicallytanding” all of the replications.

t imply that any replication must actually take place.

of values can be specified in four different ways, as follows:

l—The term replicated property is used figuratively. It does not imply ‘that replication actually takep place.

param-

follow-

1) Replicating the parameterized property, for each value in the set of values, with thaf value

substituted for the parameter (so that-the total number of replications is equal to the siz¢ of the
If the parameter is an array of size N, then the property is equivalent to a property obtained|by the
1) Replicating the parametérized property for each possible combination of N (not necgssarily

distinct) values fram the set of values, with those values substituted for the N elementg of the
array parameter-(if'the set of values has size K, then the total number of replications is gqual to

e that in betH cases the meaning of a replicated property is equivalent to the replication proceqs. This

The keyword boolean specifies the set of values {True, False}.
A Value Range specifies the set of all Number values within the given range.
A comma (,) between Value Ranges indicates the union of the obtained sets.

A list of comma-separated values specifies a value set of arbitrary type; all values shall be of the

same underlying HDL type.
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Restrictions

If the parameter name has an associated Index Range, the Index Range shall be specified as a finite Range,
each bound of the Range shall be statically computable, and the left bound of the Range shall be less than or
equal to the right bound of the Range.

If a Value is used to specify a Value Range, the Value shall be statically computable.

If a Range is used to specify a Value Range, the Range shall be a finite Range, each bound of the Range shall
be statically computable, and the left bound of the Range shall be less than or equal to the right bound of the
Range.

If the alue set is specified by a list of values of arbitrary type, each of the values shall be-sthtically
compufable.

The parameter name shall be used in one or more expressions in the Property, or as an agtuial paranpeter in
the insfantiation of a parameterized Property, so that each of the replicated instances of the Property corre-
spondg|to a unique value of the parameter name.

An implementation may impose restrictions on the use of a replication parameter)name defined by a Repli-
cator. However, an implementation shall support at least comparison (equality, inequality) betwgen the
paramgter name and an expression, and use of the parameter name as an jindex or repetition count.

A replfcator may appear in the declaration of a named property, proyided that instantiations of the [named
property do not appear inside non-replicated properties.

NOTE P—The parameter defined by a replicator is considered to be'statically computable, and therefore the pgrameter
name cgn be used in a static expression, such as that required byl@repetition count.

NOTE B—Parameterized properties (6.2.3) are a generalization of the forall construct. Any property written with forall

can be Written equivalently using a parameterized logical’and operator. The forall construct is currently maintaingd in the
language for reasons of backward compatibility.

Informpl Semantics

— |A forall i in boolean: f (i) property is equivalent to:
f(true) && f(false)

— |A forall 1 inJ){j:k} : £ (i) property is equivalent to:
f(j) && f£3%1) && £(j+2) && ... && f (k)

— |A forall/ i in {j,k} : £(i) property is equivalent to:
£ (17 )&& £ (k)

£ 11 - A
E R ey g e e v

f({false,false}) && f({false,true}) &&
f({true ,false}) && f({true ,true})

1 2 1, 1 £.030) etz ac acaaaalondt to.
S —CoF —ttF property-IS-equivareito-

— Aforall i1[0:2] in {4,5} : £(i) property is equivalent to:
£({4,4,4}) && £({4,4,5}) && £({4,5,4}) && £({4,5,5}) &&
f({5,4,4}) && £({5,4,5}) && £({5,5,4}) && £({5,5,5})
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Examples

Legal:

forall i[0:3] in boolean:

request && (data _in == i) -> next(data out == i)

forall i in boolean:

forall j in {0:7}:
forall k in {0:3}:
£(i,3,%)

forall j in {0:7}:

Illegal

al

6.3 L¢

A loca
variabl
6‘[ 29 an

Local Y

The v4
6.4). S
properf
applie(
attachi

forall k in {0:3}:
£(3.,k)

ways (request ->
forall i in boolean: next e[1:10] (responsel[i]))

pcal variables
variable is declared inside a property enclosed in parenthesés/or inside a braced sequence. TH
d “1]”.

ariables can be of any type supported by the underlying flavor language.

riables can be modified inside proceduralblocks using the underlying flavor language synt
yntax 6-54 shows the syntax for progedural blocks. Syntax 6-55 shows the syntax for SER]
ies with local variable declaration, and the syntax for the “free” operator. The free operato|
to a local variable removes the(variable from the current scope. Syntax 6-56 shows the sy
hg a procedural block to a Bgoledn or sequence.

e local

e declaration uses the syntax of the underlying flavor language and is enclosed within the delimiters

hx (see
Fs and
I when
tax for

Proc_Block :=

[[ Proc Block Item { Proc Block Item }]]
Proc Bleck Item::=

HDL DECL

|HDL SEQ STMT

Syntax 6-54—Procedural block

Braced SERE ::=

{[ [ HDL_DECL {HDL DECL} ]] ] SERE}

| { [free (HDL Identifier {, HDL Identifier} )] SERE }
FL_Property ::=

([ [ HDL_DECL {HDL_DECL} ]] ] FL_Property )

Syntax 6-55—Local variable declaration
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Sequence ::=

Sequence Proc Block
Repeated SERE ::=

Boolean Proc_Block

| Sequence Proc_Block
SERE ::=

Boolean Proc_Block

Syntax 6-56—Sequence/Boolean with procedural blocks —
J

A loca] variable is visible in the SERE or property in which it is declared and in any sub-SERE or sulp-prop-
erty of[the SERE or property in which it is declared, except if it has been freed using the free operator. A
local vpriable is visible in a procedural block if it is visible in the Boolean expression¢to, Which the| proce-
dural bllock is attached. A local variable can be referenced by any Boolean expression,ef)procedural Qlock in
which |t is visible. A local variable can be modified by any procedural block in which“t is visible.

A local variable keeps its value until the value is changed by an assignment efantil the local variable |s freed
with thie free operator.

Exampfe 1

Consider the property

—

[[reg [31:0] i <= 32'd0; 1l1{a; B(I[1i <= i+32’'d1; 1];
c ; d [[1 <= 1i+32'd1; 11} |=>.e})

Local yariable i is initialized to 0. At the point where a occurs it has the value 0. At the point where bloccurs
it also has the value 0, and is then incremented to 1. At the point where ¢ occurs it has the value 1, angl at the
point where d occurs it has the value 1 and-is then incremented to 2. At the point where e occurs, it has the

value 3.

A single local variable declaration may result in multiple copies of a local variable as the result of a tepnporal
operatgr or a SERE repetition Joperator.

Example 2

If we enclose the.property in Example 1 in an always operator, like this:

always ( [[reg [31:0] 1 <= 32'd0; 1]
{a; b ll1 <= 1+327d1; J] ;
c ; d [[i <= 1i+32'd1; 11} |=> {e})

then there are multiple independent copies of local variable i, one per cycle, because the declaration itself is
enclosed in the always operator.

Example 3
If a local variable declaration appears in a SERE, like this:

{ [lreg [31:0] i<=32'd0; 11 a ; {b [[i <= i+327d1;1] | c} ; d} |=> {e}
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then adding a repetition operator such as the following:

{1*1 ; { [[lreg [31:0] i<=32'4d0; 1] a ;
{b [[i <= 1+32'd1;1] | c} ; 4}} |=> {e}

results in multiple independent copies of local variable i, because the declaration itself is reached at every
cycle (because of the [*]).

Even when the declaration is not modified by an always operator or a SERE repetition operator, there may
be multiple independent copies of a local variable as a result of multiple matches of a SERE.

Exampfe 4
Consider the following SERE:
{|llreg [31:0] i<=32'd0; llal*]; blli <= i+32’d1; 1] [*V/¢&} |=> {4}

There s a single declaration of i, but if the left-hand SERE matches the path in multiple ways, then multiple
indepepdent copies of the local variable will be born. For example, see the folowing trace in Figure 4.

012345678910
a |
b [CE
c [~

Figure 4—Example 4

The left-hand SERE holds tightly on cycles 0—6.and it does so in multiple ways. If we have matched zero a’s
with a|[*1, then the value of 1 at evaluationCycle 6 is 6, and if we have matched one a with a [*], then the
value f i at evaluation cycle 6 is 5.

NOTE-We use the terms “multiple independent copies” and “will be born” figuratively. A tool is free to implement
local vgriables and keep track of the values it may have in ways that do not actually spawn multiple copies of a local
variablg (for example, using a non-déterministic automaton, a sparse array or other efficient data structure) as lorjg as the
behavidr of the local variable§ as seen by the user is consistent with the behavior that would be exhibited by multiple
indeperjdent copies.

Examplle 5

(| [reg131:0] count;]]

{ |%3¢,start [[count<=32'd0 ;]
{ J.LUJ.[_ ][[\,uu.ut —courrtT32
{

count <= MAX ERROR})

1;
30111 o 21|
F 220 B B R LSS ¥ 10 iy

The property above passes if the number of errors between start and end does not exceed MAX ERROR.
The property declares the local variable count of type reg [31: 0] that counts the number of errors. This
is done by initializing count to 0 when start holds and incrementing it by 1 whenever error holds.

Finally, count is compared to MAX ERROR when end holds. Note that if there are overlapping sequences
of cycles starting with start and ending with end, then there will be multiple independent copies of the
local variable count.
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For example, see the trace in Figure 5.

01234567829

start || |
error |_|
end

Figure 5—Example 5

At cyc
cycle 3
start

Examp
Consid

al

The pr|
equal 4

The left hand side operand of the && operator makes the local variable count _r count the number

reques
local v
matchg
are coif

the & & operator, they have(to)be declared outside the & &.

Examp

The fo
count

e 0 there is only one copy of the local variable count corresponding to the start of,cycl
another copy of the local variable count is born which counts the number of error§ betw
of cycle 3 and end. At cycle 4, the first copy has value 2 and the second copy has value 1.

Je 6
er the following property:

ways ([[ reg [31:0] count r<= 32'd0; reg [3¥30] count w<= 32’d
{ {fifo_empty;
{ free(count w) read reql->] [[count rs=egunt r+32’'dl;]] [*];
lread reql*]} &&
{ free(count r) write reqgl[->] [[county'w<=count w+32’d1;]] [*];
lwrite reql[*]};
fifo empty }} |-> {count r==couht w})

pperty holds if between any two cycles tn‘which the FIFO is empty the number of read reqj
p the number of write requests. The property declares the local variables count r and cot

s. The right hand side operand ceutits the number of write requests. Each of the operands “fre
ariable it does not assign insorder to let it take on any value. At the end of the sequence of

d by the left-hand side of the |=> (in which the FIFO is once again empty), count_r and cof
hpared to check if theysate.equal. Since count r and count_w are referred to outside the s

Je 7

llowing-example shows what would happen in the case that the free operator is not used

e 0. At
ben the

lests is
nt_w.
of read
es” the
cycles
int w
ope of

to free
but the

_wand count_r as in the previous example. Since the left operand increments count r

right o

perand does not (and vice versa for count_w), we get that the left-hand side of the suffix imp‘ication

does not hold tightly on any sequence of cycles. Thus, the property passes vacuously on every path.

always ([[ reg [31:0] count r<= 32’'d0; reg [31:0] count w<= 32'd0; 1]
{{fifo_empty;

{
{

read _reqg[->] [[count r<=count r+32’dl;]] [*];!read reqg[*]} &&
write reqgl[->] [[count w<=count w+32'dl;]] [*];!write reqg[*]};

fifo empty }} |-> {count r==count w})
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rocedural blocks

The goal of a procedural block is modifying local variables and printing output through the evaluation of a
property or SERE. A procedural block is triggered whenever we have seen a finite prefix of a path on which
the property holds weakly, and the last cycle of the path corresponds to the location in the property at which
the procedural block is attached. In fusion and overlapping suffix implication operators procedural blocks
that are attached to the end of the left operand are triggered whenever the left operand is matched regardless

of the

right operand, and the evaluation of the right operand starts after the completion of the procedural

blocks in the left operand.

Example 8

Consider the property and timing diagram as follows:

—

3:;b} [[i<=32"d3]1] : {clli<=1i+32’d1;d}[[$display("%d", i)l 1}
E >{e;f})

[reg [31:0] i<= 327d0;11{[*];

01234567839

=
o
c []
-

Figure 6—Example 8

The vallue of i at cycle 3 is 4 because the procedural block attached to b is triggered before the progedural
block gttached to c. The value 0f.i (4) is displayed at cycle 4 because d holds on this cycle and the fhct that

e does

not hold at this cycl¢ dpes not affect the triggering.

All vatfiables visible t0\a property or SERE are automatically visible in procedural blocks inside thif prop-

erty/SHRE.

Restridtions

Procedural blocks can be attached only to maximal Boolcans (that 1S, Boolcans that arc not part of
another Boolean) or to sequences.

The code inside a procedural block should be such that it can be inserted into a procedure or function
“shell” (i.e., an empty procedure or function) and be syntactically legal in the flavor language. The
local variables visible in the Boolean or sequence to which the procedural block is attached are
regarded as being implicitly passed by reference to the procedure.

A procedural block cannot consume time. It should complete execution in atomic time as a basic
block. In particular wait statements and their equivalents (e.g., # of delays in Verilog) are not
allowed inside procedural blocks.

A procedural block contains only sequential statements. In particular, fork/join constructs are not
allowed.
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Procedural blocks shall be triggered only when the property in which they are declared is used as an
assertion or cover. It should not be triggered when used as an assumption or in a fairness or restrict
verification directive.

Procedural blocks should not change the environment or the design.

Example 9
Consider the following property:

{[[reg [31:0] 1v;1] [*];alllv<=32'd0;11; bl[[lv<=1v+32'd1l;]1][*];
c[[$display("%d",1v)]1]}

Denotq the procedural blocks in the SERE above by the following:
Ay : lv<= 32'd0;
Ad : lv<=lv + 32'dl;
A{ : Ssdisplay(“%d”, 1v);

The tifhing diagram shown in Figure 7 has two matches for the SERE above.

The tirhing diagrams in Figure 8 and Figure 9 show these matches and the-triggering of procedural blpcks in
each of these matches.

cycle o 1 2 3 A L] [

Figure 7—Example 9

a 1 2 3 4 il & 7

. x4

Ay trigrered

Az _triggered _
As trigrered

Figure 8—Match 1 of the SERE of Example 9
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Figure
is, it sh
corresy
same
examp
predict
variab]

only afffect the order of reporting.

A1_triggered
Ag_triggered I—l—
As_triggered

Figure 9—Match 2 of the SERE of Exampl€.9

10 shows the timing diagram of Figure 7 with the triggering of{procedural blocks A, A,, and 4
ows the union of the triggerings of match 1 and match 2. The order of triggering of procedural
onding to different matches is arbitrary, i.e., if more thati one procedural block is triggered
ycle (for different matches), there is no way to predict*in which order they will be execut
e, in Example 6 both A and A, are triggered on eycle 2 for different matches. There is no
in what order they will be triggered. Note, however, that since procedural blocks update onl
es, and every procedural block updates its owi copy of the local variable the order of triggeri

o0 1 2 8 4 5 6 7 &8 9 10 11 12 13

: I
[

. [ ]

\ 5, that
blocks

at the
ed. For
way to
y local
hg will

Examp

Ay triggered _I_‘
Ap_triggerad

1
A _triggered I

Figure 10—Example 9: Triggering of procedural blocks

le 10

Consider the following property:

(

reg([31:0] 1v; 1]

[l
{[*1; alllv<=32'd0;]1];
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{{b[[1lv<=1v+32'd1;1]1 [+]} | {cl[lv<=1v+32’'d1;]1]1[+]; d}} }
|=>{e [[$display("%d", 1v);11})

Denote the procedural blocks in the previous SERE by

A, = 1v <= 32'do;

A, = 1v <= 1v + 32’'d1l;
Ay = 1v <= 1lv + 32'dl;
A, = Sdisplay(“%d”, 1v);

The way to understand triggering of procedural blocks in a suffix implication property is to consider the

SERE £ 4L + 41 +la £ A olat oo £ 41 £L3 M 1. 4 + ) S N 1
formed-by—eoneatenating—thetefand-rightstdes—of-thesuffe—impheattonroperator—n—the—example

above,[the resulting SERE is as follows:

({I*1; alllv<=32'4d0;]1];
{bl[1lv<=1v+32/d1;1]1 [+]} | {cl[[lv<=1v+32'd1;]1]1[+]; d}}¢
¢ [[sdisplay("%d", 1v);11})

SERE 1

The tirhing diagram shown in Figure 11 has three matches of the above SERE,The SERE holds tightly on
paths dn which the property holds non-trivially (that is, the left hand side’holds tightly). These matches are
shown|in Figure 12 through Figure 14.

cycle

a [ ]
: [ ]

Figure 11—Example 10
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0 1 2 3 4 5 g 7
. x )
¢ fx )

. o
Ay trigrered

Aatrigmered

Ag triggered g |
Ay trigrered

Figure 12—Match 1 of SERE 1
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& [as 1

d e
e

" X Yo 51 12 13

Ay trigrered 4,—|
Astriggered | I—

Aq_triggered

Ay trigrered

Figure 13—Match 2/of SERE 1

v x o i

Ayrriggerad

Aa_rriggerad

As_triggerad \—
Ay rriggerad

Figure 14—Match 3 of SERE 1
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o1 2 3 4 5 6 T E 9 10 11 12

Figure
Ay; thg

Ajist
its tim
times 3
matchg

6.5P

A give
venien
applieq

Inform

The P
of the
eters o

A, triggersd

Az driggerad 4,—|
As riggerad

Ay triggered |_|

Figure 15—Triggering of procedural blocks in the path in Figure 11

15 shows the timing diagram of Figure 11 with the triggerifig)of procedural blocks A, A,, 4
t is, it shows the union of the triggerings of all matches.

iggered at time 1 because match 1 reaches its time point and at time 2 because matches 2 and

point. A, is triggered at times 3, 4, and 5 because match 2 reaches its time point. A5 is trigg
, 3, and 4 because matches 1 and 3 reached itstithe point. A4 is triggered at time 6 since all tH
s reached its time point.

roperty and sequence declarations

h temporal expression may be applicable in more than one part of the design. In such a case, it
to be able to define the expression once and refer to the single definition wherever the exp

! Semantics

/. Identifietfollowing the keyword sequence or property in the PSL_Declaration is th
eclaration..The PSL Identifiers given in the formal parameter list are the names of the formal
F the mamed declaration.

. Declaration and instantiation of named declarations provide this capability. (See Syntax 6-57.

\3, and

B reach
ered at
e three

is con-
[ession

)

b name
param-
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PSL_Declaration ::=
Sequence declaration | Property declaration

Sequence declaration ::=
sequence PSL_Identifier ( Formal Parameter List ) ] DEF_SYM Sequence

Property_declaration ::=
property PSL_Identifier ( Formal Parameter List ) ] DEF_SYM Property }

Formal Parameter List ::=
Formal Parameter { § Formal Parameter }

Formal Parameter ::=
Param Spec PSJ, Identifier { , PSJ. Identifier |

Param_Spec ::==
const
| [const | mutable] Value Parameter
| Temporal Parameter

Value Parameter ::=
HDL _Type
| PSL_Type Class

HDL Type ::==
hdltype HDL VARIABLE TYPE

PSL_Type Class ::
boolean | blt bitvector | numeric | steing

Temporal Parameter ::=
sequence | property

Syntax 6-57-~Property declaration

Restridtions
The najme of the declaration shall not be same as any other declaration in the same verification unit.

NOTE [—There is no requireméntto use formal parameters in a declaration. The declaration may refer directly to sig-
nals in the design as well as to\formal parameters.

NOTE pP—Writing const.without a Value Parameter is the same as writing const numeric and is left in for bgckward
compat]bility.

6.5.1 Paraméters

A namgd'déclaration can optionally specify a list of formal parameters that may be referenced in the declara-
tion. An instantiation creates an instance of a named declaration and provides actual expressions for formal
parameters.

A formal parameter that is a Value Parameter can be optionally qualified with const. The actual expres-
sion that maps to a const formal parameter shall be statically computable. If no type is specified for a
const formal parameter, the parameter shall default to Numeric type.

6.5.1.1 PSL formal parameter type classes

A formal parameter of a PSL sequence or property declaration can be defined to accept any expression that
is a member of a general class of expression types. A formal parameter may be defined to be of any of the
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PSL expression type classes defined in 5.1; a formal parameter may also be defined to be of the class of
temporal expressions that includes all Sequences, or the class of temporal expressions that includes all
Properties (see Table 5).

Table 5—PSL formal parameter type classes

PSL formal parameter type class Actual expression type
boolean Boolean expression (refer to 5.1.2)
bit Bit expression (referto 5.1.1)
bitvector BitVector expression (refer to 5.1.3)
numeric Numeric expression (refer to 5.1.4)
string String expression (refer to 5.1.5)
sequence Sequence (refer to 6.1.2)
property Property (refer to 6.2.1)

NOTE+-A many-to-one mapping from HDL types to a PSL formal pataméter type class can result in type anpbiguity
issues ifi strongly typed languages like VHDL. For example:

sqgquence s (boolean b0, bl) is {b0 = bl}z

In the VHDL flavor, both bit and std_ulogic map to Boolgan type class, but it is an error to pass expressions of[type bit
and std | ulogic to formal parameters b0 and b1 respectiv¢ly in this example if the '=' operator is not defined for operands
of type pit and std_ulogic.

6.5.1.2 HDL formal parameter types
In addftion to language neutral types; PSL allows formal parameters to be of HDL data types. If ah HDL
data type can be used in a formal parameter declaration of a subroutine defined in the HDL flavor, it may be
used a$ a formal parameter/type in a PSL named declaration. This includes user-defined types. Thq actual

paramgter to formal parameter mapping rules are the same as for subroutines in that flavor.

HDL fprmal parameter types shall be qualified with the hd1type keyword.

Exampjle

VHDI Mlaver

sequence color is red (hdltype COLOR c) is {c = RED};
sequence slope is 1 (hdltype COORDINATE RECORD c) is {(c.x / c.y) = 1};

SystemVerilog flavor

sequence color is red (hdltype COLOR c) = {c == RED};
sequence slope is 1 (hdltype COORDINATE STRUCT c) = ((c.x / c.y) == 1);
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Named properties and sequences can contain procedural blocks. The formal parameters of the named con-
structs can be refered to inside these procedural blocks. A formal parameter that is a Value Parameter can
optionally be qualified with mutable. Named constructs that contain mutable formal parameters can be
instantiated only within sequences or properties. Formal parameters that are qualified with mutable can be
changed inside procedural blocks in the named construct. Since procedural blocks can change only local
variables, the actual expression that maps to a mutable formal parameter shall be a local variable visible in
the instantiating sequence or property. If the instantiated named construct modifies the value of the mutable
formal parameter, the instantiating sequence or property sees the modified value of the local variable that
maps to this mutable formal parameter.

The syntax of named constructs parameters is shown in Syntax 6-58.

Param_Spec ::=
const
| [const | mutable] Value Parameter
| Temporal Parameter

Syntax 6-58—Syntax of named constructs parameters

Exampfle 8
Sequerjce count cycles are defined as follows:

sgquence count cycles (boolean sig;
mutable hdltype*~reg [31:0] num cycles)=
{al[num_cycles<=num cycles+32'd1]] [*]};

agsert always
([[ reg [31:0] num a<=324d0; reg [31:0] num b<=32'd0; ]]
{start; count cyclesla, num a);
count cycles (b, .aum b); end }
|-> {num_a==num b}~

The prpperty above checks thatwhenever we have a sequence on which {start; al[*]; b[*];|end}
holds tjghtly, the number{of;a and b occurences between start and end are equal. The property declares
the locpl variables num\ a and num_b and initializes them to 0. num_a is passed as mutable to the first
instange of countcycles, which counts the number of occurences of a. Similarly, the second ifistance
of coynt_cycles counts the number of b occurences into the local variable num_b. Finally num| a and
num_Y are compared for equality.

6.5.2 Declarations

6.5.2.1 Sequence declaration

A sequence declaration defines a sequence and gives it a name.

Restrictions

Formal parameters of a sequence declaration cannot be of parameter type class Property.
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Example

sequence BusArb (boolean br, bg; const numeric n) =
{ br; (br && !bg) [*0:n]; br && bg };

The named sequence BusArb represents a generic bus arbitration sequence involving formal parameters
br (bus request) and bg (bus grant), as well as a formal parameter n that specifies the maximum delay in
receiving the bus grant.

sequence ReadCycle (sequence ba; boolean bb, ar, dr) =
{ ba; {bb[*]} && {ar[->]; drl[->1}; !'bb };

The named sequence ReadCycle represents a generic read operation involving a bus arbitration sefjuence
and Bqolean conditions bb (bus busy), ar (address ready), and dr (data ready).

NOTE-}There is no requirement to use formal parameters in a sequence declaration. A declared.séquence mhy refer
directly|to signals in the design as well as to formal parameters.

6.5.2.2 Property declaration

A property declaration defines a property and gives it a name.

Example

pfoperty ResultAfterN

(boolean start; property result; censt numeric n; boolean stop) =

always ((start -> next[n] (result)) @ (posedge clk)
async_abort stop) ;

This pioperty could also be declared as follows:

pfoperty ResultAfterN
(boolean start, stop; property result; const numeric n) =
always ((startit > next[n] (result)) @ (posedge clk)
async_abkort stop) ;

The two declarations have slightly different interfaces (i.e., different formal parameter orders), but th¢y both
declarq a property calleéd ResultAfterN. Each property describes behavior in which a specified r¢sult (a
properfy) occurs n{ ¢yeles after an enabling condition (parameter start) occurs, with cycles defiped by
rising ¢dges of signal c1k, unless an asynchronous abort condition (parameter stop) occurs.

NOTE+-THetre4s no requirement to use formal parameters in a property declaration. A declared property mpy refer
directly|tosignals in the design as well as to formal parameters.

6.5.3 Instantiation

An instantiation of a PSL declaration creates an instance of the named declaration and provides an actual
parameter for each formal parameter. In the instance created by the instantiation, each actual parameter
expression in the actual parameter list of the instantiation replaces all references to the formal parameter in
the corresponding position of the formal parameter list of the named declaration.
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Restrictions

For each formal parameter of the declaration, the instantiation shall provide a corresponding actual
expression. For a const formal parameter, the actual expression shall be a statically computable
expression. The expression type of the actual parameter shall map to the respective formal parameter type
according to the rules specified in 6.5.1. Further, the expression obtained after replacing all formals with the
actual expression in the declaration expression shall be a legal expression in the language flavor.

6.5.3.1 Sequence instantiation

A sequence instantiation, shown in Syntax 6-59, creates an instance of a named sequence. An instance of a

2 1 o L L1200
namedsegteneets-alsea-Sequerree{see-b61+2)-

Sequence ::=
Sequence_Instance

Sequence Instance ::=
sequence_Name [ ( sequence_Actual Parameter List ) ]

sequence_Actual Parameter List ::=
sequence Actual Parameter { , sequence Actual Parametér }

sequence_Actual Parameter ::=
AnyType | Sequence

Syntax 6-59—Sequence‘instantiation
Informpl Semantics

An insfance of a named sequence describes the‘behavior that is described by the sequence obtained fijom the
named|sequence by replacing each formal ‘parameter in the named sequence with the corresponding actual
paramdter from the sequence instantiation:

Examplle
Given the declarations forthesequences BusArb and ReadCycle in 6.5.2.1,
BysArb (bregy'back, 3)

is equiyalent to

{ |o¥€q; (breg && !back) [*0:3]; breq && back }

and
ReadCycle (BusArb (breqg, back, 5), breq, ardy, drdy)
is equivalent to

{ { breq; (breg && !back) [*0:5]; breg && back };
{breql*]} && {ardy[->]; drdyl->1}; !breq }
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6.5.3.2 Property instantiation

A property instantiation, shown in Syntax 6-60, creates an instance of a named property. An instance of a

named

property is also a Property (6.2).

FL Property ::=
FL property Name [ ( Actual Parameter List) ]

OBE_Property ::=
OBE property Name [ ( Actual Parameter List) ]

Actual Parameter List ::=
Actual Parameter { , Actual Parameter }

Actual Parameter ::=
AnyType | Sequence | Property

Inform|
An ins
An ins
An ins
(for an|

declard
cycle g

Restrid

If a named property is an FL Property, and it has a formal parameter that is a Property, then in any i
named property, the actual parameter corresponding to that formal parameter shall be an FL Pioperty.

of that
If a naj

of that
Proper

Examp

Syntax 6-60—Property instantiation
| Semantics
ance of a named property that is an FL Property is itself an.EL)Property.
ance of a named property that is an OBE Property is itself an OBE Property.
ance of a named property holds at a given evalyation cycle (for an FL Property) or in a givq
OBE Property) iff the named property, modified by replacing each formal parameter in the p

tion with the corresponding actual paraméter in the property instantiation, holds in that eva
r state, respectively.

tions

ned property is an ©OBE Property, and it has a formal parameter that is a Property, then in any i
named propétty,” the actual parameter corresponding to that formal parameter shall be a

Y.

/e

n state
Foperty
luation

istance

histance
h OBE

Given the first declaration for the property ResultAfterNin 6.5.2.2,

ResultAfterN (write req, eventually! ack, 3, cancel)

is equivalent to

always ((write req -> next[3] (eventually! ack))

and

@ (posedge clk) async _abort cancel)
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ResultAfterN (read reqg, eventually! (ack | retry), 5,
(cancel | write req))

is equivalent to

always ((read req -> next[5] (eventually! (ack | retry)))
@ (posedge clk) async abort (cancel | write req))
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7. Ve

rification layer

The verification layer provides directives that tell a verification tool what to do with specified sequences and
properties. The verification layer also provides constructs that group related directives and other PSL
statements.

7.1 Verification directives

Verific

ation directives give directions to verification tools (see Table 7-1).

PSL Directive ::=
[ Label : ] Verification Directive

Verification_Directive ::=
Assert Directive
| Assume_Directive
| Restrict Directive
| Restrict! Directive
| Cover Directive
| Fairness Directive

A verification directive may be preceded by a label. If a labelis present, it shall not be the same as an|

label i

Labels
names

Syntax 7-1—Verification diréctives

the same verification unit.

enable construction of a unique name for agy instance of that directive (see Table 7-2). Such
can be used by a tool for selective control and reporting of results.

other

unique

Label ::=
PSL Identifier

NOTE
identifi

NOTE

Syntax 7-2—Labels

1—Labels cafifiot be referenced from other PSL constructs. They are provided only to enable
ation of RSL/directives within tool graphical interfaces and textual reports.

p—The-directives assume_guarantee and restrict_guarantee are no longer in the language.

unique

7.1.1 assert

The Assert Directive, shown in Syntax 7-3, instructs the verification tool to verify that a property holds.

Assert_Directive ==
assert Property [ report String ] ;

Syntax 7-3—Assert Directive
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An Assert Directive may optionally include a character string containing a message to report when the
property fails to hold.

Example
The directive

assert always (ack -> next (l!ack until req))
report “A second ack occurred before the next req”;

instructs the verification tool to verify that the property

always (ack -> next (l!ack until req))

holds in the design. If the verification tool discovers a situation in which this propertypdo€s not hold, it
should|display the following message:

A second ack occurred before the next reg
7.1.2 agssume

The A4sume Directive, shown in Syntax 7-4, instructs the verificatioritool to constrain the verification (e.g.,
the belavior of the input signals) so that the given property holds.

Assume_Directive ::=
assume Property

Syntax 7-4—Assume Directive
Restridtions

The Prpperty that is the operand\of an Assume Directive shall be an FL Property or a replicated FL Property.

Exampjle
The digective

agsunme Jalways (ack -> next l!ack);

instructs the verification tool to consfrain the veriiication (€.g., the behavior of the mnput signals) so that the
property

always (ack -> next !ack)
holds in the design.
Assumptions are often used to specify the operating conditions of a design property by constraining the

behavior of the design inputs. In other words, an asserted property is required to hold only along those paths
that obey the assumption.
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NOTE

1—Verification tools are not obligated to verify the assumed property.

NOTE 2—See 7.1.4 for additional examples related to the Assume Directive, as well as a comparison to other directives.

7.1.3 restrict

The Restrict Directive, shown in Syntax 7-5, is a special form of assumption, which uses a sequence instead
of a property. Like the Assume Directive, the Restrict Directive instructs the verification tool to constrain the

verific

ation, e.g., by constraining the behavior of design inputs.

Restrict_Directive ::=
restrict Sequence ;

Syntax 7-5—Restrict Directive

Informpl Semantics

Let Enfl-Of-Path (EOP) be a signal that is asserted on the last cycle of every finite path in the design

deasse

ted on all other cycles). For a given sequence S, the directive

rgstrict S ;

is equi

alent to the directive

agsume { S : EOP } ;

In othd
property

{

S : EOP } ;

holds qn every path in the design.

Exampyes

See 7.1

4 for examples-related to the Restrict Directive, as well as a comparison to other directives.

7.1.4 pestrict!

The R

psteict! Directive, shown in Syntax 7-6, is related to the Restrict Directive, and is also u

(and is

r words, restrict S; instructs the,verification tool to constrain the verification, so that the

ed for

constraining the verification as specified by a given sequence.

Restrict!_Directive ::=
restrict! Sequence ;

Syntax 7-6—Restrict! Directive
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Informal Semantics

Let EOP (End-Of-Path) be a signal that is asserted on the last cycle of every finite path in the design (and is
deasserted on all other cycles). For a given sequence S, the directive

restrict! S ;
is equivalent to the directive
assume { S : EOP } ! ;

. .
In othgrwerdssrestricst

lal " 4 faitla b 41 4 14 toaa +1 b 41 4o
S—nstriets-the-vertftreattontool-to-eonstratrthe—vertfreatton—so-that cvery

path in|the design exactly matches the sequence S (i.e., every path models tightly S).

NOTE [[—When a Restrict! Directive is applied to the verification, all infinite paths are eliminated frem the|design,
since ai} infinite path cannot tightly match a sequence.

NOTE p—For a given sequence S, each of the following verification directives has a different meaning:
rgstrict S ;
rgstrict! S ;

agsume S ;
agsume S ! ;

Table ¢ shows the differences between the four directives, when they are applied to the sequence { } rst;
rst [13]}.

Table 6—Differences between directives |

Directive Description

regtrict Informal semigntics
{ltrst; rst[*31}; The propetty { { {rst;rst [*3]} : EOP} holds on every path in the dgsign

Explanation
Every path in the design is of length at most 4, and obeys the restriction that ¥ st is
low on the first cycle and high for each of the next 3 cycles (if they exist)
regtrict! Informal semantics

{[rrst; rst[*3]\; The property { { !rst;rst [*3]} : EOP}! holds on every path in the dlesign

Explanation
Every path in the design is of length exactly 4, and obeys the restriction that Fst is
low on the first cycle and high for each of the next 3 cycles

asgume Informal semantics

\st; rst[*3]} ; |Theproperty {!rst; rst[*3]} holds on every path in the design

—

Explanation
Every path in the design may be of any length, and obeys the restriction that rst is
low on the first cycle and high for each of the next 3 cycles (if they exist)
assume Informal semantics
{trst; rst([*3]1} ! ; |Theproperty { !rst; rst[*3]}! holds on every path in the design

Explanation
Every path in the design is of length at least 4, and obeys the restriction that rst is
low on the first cycle and high for each of the next 3 cycles
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Table 7 shows the differences between the four directives, when they are applied to the sequence { ! rst;

rst[*3]; !rst[*]}

Table 7—Differences between directives Il

Directive

Description

restrict
{1trst; rst[*3]; !rst[*]};

Informal semantics
The property {{ !rst;rst [*3];!rst[*]} : EOP}
holds on every path in the design

Explanation
Evervpathin-the desicnmav-beof ey lanath_and-obevstherestric-
J P E=} J S > J
tion that rst is low on the first cycle, rst is high for the figxf 3
cycles (if they exist), and rst is low for all remaining cycles Gntil the
end of the path (if they exist)
regtrict! Informal semantics
{lrst; rst[*3]; !rst[*]}; The property {{ !rst;rst [*3]; !rst [*]}()y EOP}!
holds on every path in the design
Explanation
Every path in the design is finite, of dength at least 4, and obey$ the
restriction that rst is low on the firstCycle, rst is high for the next
3 cycles, and rst is low for allrémaining cycles until the end|of the
path (if they exist)
asgume Informal semantics
{ltrst; rst([*3]; !rst[*]} ; |Theproperty {!rst;\£st[*3];!rst[*]}
holds on every pathinnthe design
Explanation
Same as aggume {!rst; rst[*3]};
asgume InformalSemantics
{brst; rst[*3]; !rst([*]} ! ; Theproperty {!rst; rst[*3];!rst[*]}!
holds on every path in the design
Explanation
Same as assume {!rst; rst[*3]} ! ;
7.1.5 ¢over
The Cgver Directive,'shown in Syntax 7-7, directs the verification tool to check if a certain path was qovered

by the yerification-space based on a simulation test suite or a set of given constraints.

Cover_Directive ::=

a r o o
COVEeY Scquemce T Ep ot TStz T

Syntax 7-7—Cover Directive

A Cover Directive may optionally include a character string containing a message to report when the

specified sequence occurs.

Example
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The directive

cover {start trans;!end trans[*];start trans & end trans}
report “Transactions overlapping by one cycle covered” ;

instructs the verification tool to check if there is at least one case in which a transaction starts and then
another one starts in the same cycle in which the previous one completed.

NOTE—cover {r} is semantically equivalent to cover { [*];r}. That is, there is an implicit [*] starting the
sequence.

7.1.6 fairness and strong_fairness

The Fdirness Directives, shown in Syntax 7-8, are special kinds of assumptions that correspond to ljveness
propertfies.

Fairness_Directive ::=
fairness Boolean ;
| strong fairness Boolean , Boolean 3

Syntax 7-8—Fairness Directives

If a Fajrness Directive includes the keyword st rong, then,it i$:a strong fairness constraint, otherwike, it is
a simple fairness constraint.

Fairnegs constraints can be used to filter out certain Hehaviors. For example, they can be used to filt¢r out a
repeatdd occurrence of an event that blocks anothé?event forever. Fairness constraints guide the verification
tool to [verify the property only over fair paths. A'path is fair if every fairness constraint holds along tHe path.
A simple fairness constraint holds along a path'if the given Boolean expression occurs infinitely many times
along the path. A strong fairness constraint holds along the path if a given Boolean expression des not
occur infinitely many times along thé\path or if a second Boolean expression occurs infinitely many times
along the path.

Exampfles
The digective

fdirnesgs.,p;

instrucfs thewerification tool to verify the formula only over paths in which the Boolean expression pfoccurs
infinitdlysoften. Semantically, it is equivalent to the assumption

assume G F p;

The directive

strong fairness p,q;

instructs the verification tool to verify the formula only over paths in which either the Boolean expression p
does not occur infinitely often or the Boolean expression g occurs infinitely often. Semantically, it is
equivalent to the assumption

assume (G F p) -> (G F q);
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7.2 Verification units

A verification unit, shown in Syntax 7-9, is used to group PSL declarations, directives, and modeling code.

Verification Unit ::=
Vunit_Type PSL_Identifier [ ( Context Spec ) ] {
{ Inherit_Spec }
{ Override_Spec }
{ Vunit_Item }

Vunit_Type ;=
vunit | vpkg | vprop | vimode

Context_Spec ::=
Binding_Spec | Formal Parameter List

Binding_Spec ::=
Hierarchical HDL Name

Hierarchical HDL Name ::=
HDL Module NAME { Path _Separator instance Name }

HDL Module Name ::=
HDL Module Name [ ( HDL _Module Name )]

Path Separator ::=
)

instance_Name ::=
HDL or PSL Identifier

Inherit_Spec == .
[nontransitive] inherit vunit. Name { , vunit Name } §

Vunit_Item ::=
HDL DECL
| HDL_STMT
| PSL_Declaration
| PSL Directive
| Vunit_Instance

Override Spec ==
overridé Name List ;

Name™ List ::=
Name { ', Name }

Formal Parameter List ::=
Formal Parameter { ; Formal Parameter }

Syntax 7-9—Verification_Unit

The PSL Identifier following the keyword vunit is the name by which this verification unit is known to the
verification tools.

If a Hierarchical HDL Name is given, then the verification unit is explicitly bound to the design module or
module instance indicated by the HDL module name(s) and HDL instance name(s) of the Hierarchical HDL
Name. If only one HDL module name is given, then the name indicates a VHDL entity, a Verilog module, a
SystemVerilog module or interface, or a SystemC (C++) class that inherits from sc_module. If two HDL
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module names are given, then the pair of module names indicates a VHDL entity and architecture,
respectively. If no Hierarchical HDL Name is given, then the verification unit is not explicitly bound. See
7.2.1 for a discussion of binding.

An Inherit Spec indicates another verification unit from which this verification unit inherits contents. See
7.2.3 for a discussion of inheritance.

A Vunit Item can be any of the following:

a)  Any modeling layer statement or declaration.
b) A property, sequence, or default clock declaration.

C) [Ariryvertfreattondireetives
The Vynit Type specifies the type of the Verification Unit.

The d¢fault vmode (i.e., one named default) can be used to define constraints thatcare*commor] to all
verificgtion environments, or defaults that can be overridden in other verification units. For example, the
defaulf verification unit might include a default clock declaration or a sequence{declaration for the most
commgn reset sequence.

Verifichtion units can be used in various ways to specify a verification taské, For example:

1) | An abstract verification task can be modeled using a set©f)verification units, none of whjch are
bound to a design.
2) | A verification task related to a design can be modeleduising a set of verification units, all of which
are related to one another through inheritance or instantiation, and at least one of which is b¢und to
a design module or instance.
3) | A verification task related to a design can also be modeled using multiple sets of verificatiof units,
where each set is structured as defined in item 2), but each set is bound to possibly different njodules
or instances in the design.

A givep tool may support any of these otdther use models.

vunit

A verification unit which has"the Vunit Type as 'vunit' is called a vunit. A vunit is a verificatipn unit
intendg¢d for general purpose usage.

A vunif may contain any kind of Vunit Item. A vunit may also inherit or instantiate other verification{units.

A vunif may be-bound to a design module or instance, or instantiated, or inherited.

Restrictions
It is an error if a vunit has a binding_spec and is instantiated.

vpkg

A verification unit which has the Vunit Type as 'vpkg' is called a vpkg. A vpkg is a verification unit
specifically intended for encapsulating a set of declarations for reuse.

A vpkg may contain any PSL declaration. A vpkg may also inherit or instantiate other verification units.
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A vpkg may be inherited or instantiated.

Restrictions

A vpkg shall not contain PSL directives.

A vpkg does not inherit the default vmode.

A vpkg shall not contain override statements.

A vpkg shall not be bound to an HDL module or instance. All signals or variables referenced within a vpkg

shall b defined as parameters of either an individual declaration (Tocal parameters) or of the vpkp itself
(global parameters).

If a vpkg A inherits or instantiates a verification unit B, then B shall satisfy the restrictions that apgly to a
vpkg, fegardless of whether B is declared as a vpkg or as some other kind of verification unit. This|allows
the usegr who wants to create a vpkg to use declarations defined in an existing vunit witheut having to fhange
the vuit to a vpkg.

NOTEY—A vpkg as a whole shall be parameterized (and instantiated), or the declarations contained within the vpkg
shall b parameterized (and instantiated), or some combination of these two appreaehes shall be used in order tq use the
vpkg’s fleclarations in a given context.

Exampfe 1

/] declaration of a parameterized vpkg

vpkg Pkgl (boolean req, ack; ¢énst T)
property RegAckT = always\ (" req -> next {{ack} within [*T]} );
property AckBeforeReqg = @ilways ( req -> next (ack before refy)

}

// instantiation of shis vpkg

P1: vpkg Pkgl (rgsNak, 5);

// use of this\wpkg's declarations
assert P1l.RegAckT;

assume PIL.AckBeforeReq;

Exampje 2

/] d€claration of a vpkg containing parameterized declarations
VPORg PRgZ {
property ReqgAckT (boolean req, ack; const T) =
always ( req -> next {{ack} within [*T]} );
property AckBeforeReqg (boolean req, ack) =
always ( req ->( next ack before req) );

}

// instantiation of this vpkg
P2: vpkg Pkg2;

// use of this vpkg's declarations
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assert P2.RegAckT(rqg,ak,5);
assume P2.AckBeforeReq(rqg,ak) ;

Example 3

// declaration of a partially parameterized vpkg containing
// parameterized declarations
vpkg Pkg3 (boolean ack)
property RegAckT (boolean req, const T) =
always ( req -> next {{ack} within [*T]} );

!

// instantiation of this vpkg
P3: vpkg Pkg3 (ak); // all requests get a common acknowlgdge (aX)

// use of this vpkg's declarations

assert P3.ReqAckT(reql, 5); // higher priority request
assert P3.RegAckT(reg2, 10); // lower priority request

vmode

A verification unit that has the Vunit Type as 'vmode' is called a vimode. A vmode is a verificatipn unit
specififally intended for specifying a verification environment-

A vmogde can contain modeling code, PSL declarations;.and PSL assume, restrict, and fairness directjves. A
vmode|can also contain instantiations of other verification units. A vimode may also inherit other verification
units.
A vmdqde that is named “default” can be used to define constraints that are common to all verification
enviropments or defaults that can be(overridden in other verification units. For example, the [default

verificfition unit might include a défault clock declaration or a sequence declaration for the most cgmmon
reset s¢quence.

Restridtions
A defaplt verificatiOniinit may not inherit other verification units of any type.
A vmofde may“be bound to a design module or instance, or instantiated, or inherited.

A vmoge'shall not contain an assert directive or a cover directive.

If a vimode A inherits or instantiates a verification unit B, then B shall satisfy the restrictions that apply to a
vmode, regardless of whether B is declared as a vmode or as some other kind of verification unit.

vprop

A verification unit that has Vunit_Type as 'vprop' is called a vprop. A vprop is a verification unit specifically
intended for specifying properties to verify.
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A vprop can contain modeling code and PSL declarations. It may contain only assert and cover PSL
directives. A vprop can also contain instantiations of other verification units. A vprop may also inherit other

verification units.

A vprop may be bound to a design module or instance, or instantiated, or inherited.

Restrictions

If a vprop A inherits or instantiates a verification unit B, then B shall satisfy the restrictions that apply to a

vprop, regardless of whether B is declared as a vprop or as some other kind of verification unit.

A vprdp may not override design signals.
7.2.1 Yerification unit binding

A verification unit may be bound to a design module or instance. Binding allows a' verification
reference the names visible in that design module or instance.

Binding does not affect the visibility of names in locations other than the bound verification uj
particullar, if verification units A and B are both bound to design module or instance M, and neither A
inherit|the other, then the names declared in A are not visible in B, and\the names declared in B
visible|in A.

A verification unit A may be bound to a design module or instance M, regardless of whether the flav
and thq implementation language of M are the same or are different. If they are different, then implici
languape type conversions are performed as required, following the conventions for mixed-la
simulafion.

A vunif with no binding_spec is considered to be unbound.

The deflarations in an unbound vunit shall be-bound using the binding rules of the inheriting or instaf
vunit if the unbound vunit is inherited, or ifistantiated in a bound vunit.

Restridtions
A parameterized verificationunit shall not be bound.
A vpkg shall not be-bound.

An unfjound verification unit may only inherit another unbound verification unit.

unit to

pit.  In
L nor B
hre not

br of A
Cross-
hguage

itiating

7.2.2 Yerification unit instantiation

A verification unit instantiation, shown in Syntax 7-10, creates an instance of a verification unit. An instance

of a verification unit is also a verification unit.

Vunit_Instance ::=
Label :' Vunit Type /vunit/ Name [ '('
Actual Parameter List')']")

Syntax 7-10—Verification unit instantiation
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The Vunit Type specified in the Vunit Instance shall agree with that of the verification unit with the
specified name.

Informal Semantics

Each instantiation of a verification unit V within another verification unit V2 creates a unique copy of the
instantiated verification unit V, accessible only within verification unit V2.

A verification unit developed in a particular flavor of PSL may instantiate a verification unit developed in a
different flavor of PSL. In this case, implicit cross-language type conversions are performed as required,
following the conventions for mixed-language simulation.

Exampfles

vynit V1 (logic x, v ){

vinit V2 (top.il) {
/] top.il is a verilog model

V1l inst: vunit V1 (D, reset);

}

NOTE+H-The instantiation rules of 6.5.3 apply to vunit instanecs as well.
7.2.3 Yerification unit inheritance

One vdrification unit may inherit another yerification unit. Inheritance allows the inheriting verificatipon unit
to refefence the declarations contained ifi the inherited verification unit. Inheritance can also be used as one
means jof composing a set of directives'that, in aggregate, define a verification task.

Inherithnce does not affect thewvisibility of names in locations other than the inheriting verification ynit. In
particullar, if verification units/A and B are both inherited by verification unit C, and neither A nor Blinherit
the othgr, then the names‘declared in A are not visible in B, and the names declared in B are not visible in A.

A verification unitA may be inherited by a verification unit B, regardless of whether the flavor of A find the
flavor pf B are the-Same or are different. If they are different, then implicit cross-language type convprsions
are performéd as required, following the conventions for mixed-language simulation.

Inherium,c Ull‘ly pIUVidCb dCCCSS 1O C)&iblillg dCLidldliU[lb, il. dUCb ot CIcdic iUbd‘l LUpiCb Uf dCbid[dliU S. Ifa
verification unit C contains a variable V, and C is inherited by two verification units A and B, then the
variable C.V is visible in both A and B. Only one instance of this variable is created, and that one instance
is accessible from both A and B.

Transitive closure applies by default to vunit inheritance. Thus, if vunit A inherits vunit B and vunit B
inherits vunit C, then the declarations of C become visible in vunit A. Furthermore, if vunit A is bound to a
design module or instance M, and vunit A is inherited in vunits B and C, then the symbols in M are visible to
both B and C.
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Nontransitive closure can be applied to vunit inheritance using a keyword called “nontransitive.” When
nontransitive closure is specified, then only decalarations within the immediately inherited vunit are visible
to the inheriting vunit. Thus if vunit A inherits vunit B using the “nontransitive” keyword, then the
declarations of vunit B are visible to vunit A alone, irrespective of how vunit A is inherited by other vunits.

Inheritance Graph

An inheritance graph is a directed acyclic graph in which nodes are vunits and there is an edge from vunit
A to vunit B if and only if A inherits B. If A inherits B using the “nontransitive” keyword, then the edge
from A to B is dashed; otherwise, it is solid.

A vunit A 1n an inheritance graph is the root vunit of the sub-graph composed of ™ all the vunits ted
from A by paths in which all edges are solid except, possibly, the last edge of the path.

Restridtions

a) | If one verification unit inherits another, and both are bound to instances,then either both
bound to the same instance; or one shall be bound to an instance that is~“instantiated dire
indirectly within the instance to which the other is bound.

b) | If one verification unit inherits another, and one or both are bound“to a module, then the 1
shall be such that if each binding to a module is considered as binding to each of its instang
restrictions of item a) above are met.

Examplle

Consider vunits/yniodes X and Y where X is inherited by Y.

Valid ysemodels, assuming no other instances of module top, mod_b, and mod_c:

a)

Mgdule top;

mod b mod b inst();
mod _c mod c_inst();
erpdmodule

mgdule mod b;
mod d mod d_ imete() ;
erjdmodule

mgdule mod c;
mod_e mniod e inst () ;
erpjdmodule

chable

hall be
ctly or

inding
es, the

X bound to top, Y bound to either
— instance top.mod_b_inst or
— top.mod_c_inst or

— to top or

— tomod b or

— tomod ¢

b) X bound to top, Y bound to either

— top.mod_b_inst.mod d inst or
— top.mod_c_inst.mod_e_inst
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¢) Y bound to top.mod_b_inst, X bound to top.mod b _inst.mod d_inst
d) X bound to top.mod c inst, Y bound to top.mod_c_inst.mod_e_inst
e) XandY both bound to top
f) X and Y both bound to top.mod b _inst

Invalid use model:

— X bound to top.mod_b_inst, Y bound to top.mod_c_inst

7.2.4 Overriding assignments

A 1 4 it 2| 1 oot st 211 2l 3 + 2| 4 sall 2 1A l d
verifreatton—tntt—may—deetare—that—t—wil-overrtde—asstenments—made—to—a—vartable—or—stgnral—declare

elsewhkere, as shown in Syntax 7-11.

Override Spec ::=
override Name List ;
Name_List ::=
Name {',' Name }

Syntax 7-11—Override_Spec

Any ngme that appears in an override specification shall be visiblé.in the containing verification unit

The override keyword is required. It is illegal to makecan ‘assignment to a variable or a signal dpclared
elsewhere without specifying as such using the override'Keyword.

NOTE+-override is a new keyword in the language, @y IEEE Std 1850 PSL 2005 any assignment could overyide the
behavidr of a signal without having to specify it explicitly.

7.2.4.1 Simple case

In the gimple case in which there is‘a.single vunit or multiple vunits, all of which are related by hierafchy or
instant|ation, overriding has thé.following effect. If a variable or signal name N appears in the namgq list of
an ovefride specification, then the following effectively occurs:

a) | All existing asSignments to N in the design and in other verification units are redirected to agsign to
a new varigble'N'.

b) | The built-in function |original(N)| returns the value of this new variable N'.
c) | Any-assignments to N made in this verification unit are applied to N.

As a r¢sult] assignments made to N in this verification unit effectively mask any assignments made to N
elsewhere.

If an override specification is provided for a given variable or signal, and the containing verification unit
does not assign to that variable or signal, then the variable or signal will act as a free variable (that is, will
have a nondeterministic value).

Example

vunit top (mydesign) {
override sigl;

Published by IEC under license from |IEEE. @ 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=fb07974f06c94a0d2b6e7e6900497c08

IEC6
IEEE

}

2531:2012
Std 1850-2010 - 125 -

assign sigl = 0;
assert always sig2;

Assume that vunit top is the only vunit. Vunit top overrides signal sigl with the value 0. If sigl isa
design signal of design mydesign, then the override effectively creates a new version of mydesign in which
signal sigl is tied to zero (and consequently all signals in the fanout of sigl are influenced), and the
assertion is made with respect to this version of the design.

7.2.4.2 Multiple unrelated vunits

In the

vunits fhat are related to the overriding vunit by hierarchy or instantiation.

Exampfle 1

vinit X (mydesign) {

vinit Y (mydesign) {

}

L 1ol it 4 lotad Lo Lo L sk aadtiad 4+l 2l oot 1L
asSTTWICTC IO PTCT vV Ut ar C Ot TOTA OO O y- T arCIry - OT IS tartratroT oo v OG- arroCts O

override sigl;
assign sigl = 0;
assert always sig2;

assert always sig3;

those

Vunits(X and Y are not related by hierarchy or instantiation. Therefore, the override statement in yunit X
affects|only vunit X but does not affect vunit Y. If signal*sig1l is a design signal of design mydesign, this

means [that there are two versions of mydesign—one, in which signal sigl has its original behavi
versiol} is seen by vunit Y) and one in which signalisig1 is tied to 0 (this version is seen by vunit X).

r (this

If a togl does not support more than one vétsion of a design per run, then vunits X and Y may not|be run

togethdr (although they may be run separately).

Exampjle 2

vinit A (mydesign)/ {

vini® B (mydesign) {

}

inherit Bg
override“sigl;
assigm\sigl = 0;
assert always sig2;

assert always s1g3;

vunit C(mydesign) {

inherit A;
assert always sig4;

}

vunit D(mydesign) {

assert always sig5;

}
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Vunits A, B, and C are related by inheritance. Thus, if they are run together with C as the root, the assertions
contained in them refer to the version of the design created by the override statement in vunit A. Vunit D is
unrelated by inheritance to A, B, or C. Thus, its assertion refers to the orginal design, without the override.
If a tool supports more than one version of a design per run, then vunits A, B, C, and D may be run together,
otherwise vunit D shall be run separately from the others (and a tool will report an error if it is not).

Note that the version of the design referred to by vunit B depends on whether it is run as the root of an
inheritance/instantiation tree (in which case its assertion refers to the original design) or together with vunit
A, which inherits it (in which case it is affected by the override statement appearing in A). This means that
there is no meaning to the statement “the assertions of vunit B passed.” Rather, a tool shall also report the
context in which a vunit was run (either as the root of an inheritance/instantiation tree or as inherited/

instant prted-wiraarotrertree):
7.2.4.3 Multiple overrides to the same signal

If ther¢ are multiple overrides to the same signal, then the resolution of the multiple override statenjents is
similarto the resolution of multiple signal declarations. That is, if the multiple overridés)appear in unrelated
vunits,[then no resolution is necessary. However, if there are multiple overrides tothe'Same signal infrelated
vunits,[then an override that appears in an instantiating or inheriting vunit takes(precedence over an operride
that appears in the instantiated or inherited vunit, and if sibling vunits overrid¢ the same signal but g parent
vunit does not, then the result is an illegal vunit because of ambiguity.

Exampfe 1

vinit top (mydesign) {
inherit bot;
override sigl;
assign sigl = 0;
assert always sig2;

vinit bot (mydesign) {
override sigl;
assign sigl = 1;
assert always sig3;

}

Vunits [top and bot both oyerride design signal sigl. If vunit bot is run alone, then it uses a versioy of the
design|in which signal\sigl is tied to 1. However, if vunit top is run as the root, then its overridg takes
precedgnce, since-itdsthe inheriting vunit, and thus it will use a version of the design in which signal] sigl
is tied fo 0.

Exampje2

vunit top (mydesign) {
inherit A;
inherit B;
assert always sig2;

}

vunit A(mydesign) {
override sigl;
assign sigl = 0;
assert always sig3;
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vunit B(mydesign) {
override sigl;
assign sigl = 1;
assert always sig4;

}

Vunits A and B both override signal sigl, and both are inherited by vunit top. Vunit top does not override
signal sig1l; therefore, the behavior of sigl in vunit top is ambiguous, and thus vunit top is illegal.
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8. Modeling layer

The modeling layer provides a means to model behavior of design inputs (for tools such as formal
verification tools in which the behavior is not otherwise specified), and to declare and give behavior to
auxiliary signals and variables. The modeling layer comes in five flavors, corresponding to SystemVerilog,
Verilog, VHDL, SystemC, and GDL.

The SystemVerilog flavor of the modeling layer will consist of the synthesizable subset of SystemVerilog,
which is not yet defined.

The Verilog flavor of the modeling layer consists of the synthesizable subset of Verilog, defined by

IEC/I
laratio

The V|
IEEE {

The Sy
contex
contex|

The Gl

In each
is exte
PSL e
modelj

Each 1
descriq]

8.1 Integer ranges

The V4
Syntax

EE 62142 Tie Verifog ffavor of e modetNg [ayer eXIends Veliog 10 NCIude (Ieger Tar
s, as defined in 8.1, and struct declarations, as defined in 8.2.

HDL flavor of the modeling layer consists of the synthesizable subset of VHDL; defi
td 1076.6.

stemC flavor of the modeling layer consists of those SystemC declarations ‘that would be lega
of the SystemC module to which the vunit is bound, and those statements)that would be legal
of the constructor of the SystemC module to which the vunit is bound

DL flavor of the modeling layer consists of all of GDL.

flavor of the modeling layer, at any place where an HDL &xpression may appear, the modelin

nded to allow any form of HDL or PSL expression, as‘defined in Clause 5. Thus, HDL exprg
kpressions, built-in functions, and union expressions may all be used as expressions wit
ng layer.

lavor of the modeling layer supports -tli¢, comment constructs of the corresponding ha
tion language.

rilog flavor of the modeling.layer is extended to include declaration of a finite integer type, sh
8-1, where the range-ofivalues that the variable can take on is indicated by the declaration.

be dec-

ned by

| in the

| in the

o layer
ssions,
nin the

rdware

own in

ExXtended Verilog Type Declaration ::=
Finite Integer Type Declaration

Finite_Integer Type Declaration ::=
integer Integer Range list of variable identifiers ;

Integer Range ::=
( constant_expression « constant_expression )

Syntax 8-1—Integer range declaration

The nonterminals list of variable identifiers and constant expression are defined in the syntax for IEC/
IEEE 62142.
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Example
integer (1:5) a, b[1:20];

This declares an integer variable a, which can take on values between 1 and 5, inclusive, and an integer
array b, each of whose twenty entries can take on values between 1 and 5, inclusive.

8.2 Structures

The Verilog flavor of the modeling layer is also extended to include declaration of C-like structures, as
shown in Syntax 8-2.

Extended_Verilog_Type_Declaration ::=
Structure Type Declaration

Structure Type Declaration ::=
struct { Declaration_List } list_of variable_identifiers ;

Declaration_List ::=
HDL Variable or Net Declaration { HDL Variable or Net ‘Déclaration }

HDL Variable or Net Declaration ::=
net_declaration
| reg_declaration
| integer_declaration

Syntax 8-2—Structure declaration

The nqnterminals list_of variable identifiers, nét declaration, reg_declaration, and integer declaratfion are
defined in the syntax for IEC/IEEE 62142.

Example

struct {

wire wl, w2;
reg r;

integer (07) 1i;
} sl, s2

which |declares two structures, s1 and s2, each with four fields, w1, w2, r, and i. Structure fig

lds are
access¢dds/s1.wl, s1.w2, etc.
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9. Scope and visibility rules

A PSL sequence declaration, property declaration, or verification unit declaration defines a name for a
sequence, property, or verification unit, respectively. A PSL verification unit instantiation or PSL directive
that includes a label defines the label as the name of the statement. A formal parameter list defines the names
of formal parameters to be used within a parameterized construct. A forall property, a parameterized
sequence, and a parameterized property each define the name of a parameter used in the replication of a
sequence or property.

For each of these named objects, the defined name has a scope, i.e., a portion of the text of a PSL description
in which the name can be used to refer to the corresponding object. This scope generally extends throughout
the cofffeXTIM WHITIT te ObjeCt 1S detimed, and 1T Ay aiSo eXIend DeyOId UTat COMEXT.

9.1 Immediate scope
The following rules define the immediate scope of each kind of name:

a) | The immediate scope of the name of a verification unit is global. /It €xtends over the| set of
verification units defined for use in a given context.

b) | The immediate scope of the name of a sequence or property deelaration extends throughput the
verification unit within which it is declared.
¢) | The immediate scope of the label on a PSL verification unit.instantiation or a PSL directive ¢xtends
throughout the verification unit within which that construét occurs.

d) | The immediate scope of a formal parameter extends.throughout the named sequence, propgrty, or
verification unit declaration with which the formabparameter is associated.

e) | The immediate scope of a replication parameterextends throughout the sequence or property| within
which it is defined, including any nested subssequences or sub-properties.

Restridtions
It is anerror if a given name is definedmore than once within the same immediate scope.

NOTE--As a consequence of the dbove rules, it is an error if there are two verification units with the same namg, or two
property or sequence declarations with the same name in the same verification unit, or if a given name is used af both a
sequende or property name and-as a label in the same verification unit, or two replication parameters with the sanje name
defined|for the same (sub) preperty, etc.

9.2 Extended scope

The immediate scope of a name can be extended further as a result of inheritance or instantiation. If p name
is declpred”within a verification unit, and that verification unit is inherited by or instantiated in gnother
verification unit, then the extended scope of the name also extends throughout the inheriting or instantiating
verification unit.

The scope of a name declared in a design module or instance can also be extended further, as a result of
binding. If the scope of a name extends to the end of a design module or instance, and a verification unit V
is bound to that design module or instance, then the extended scope of that name also extends throughout the
verification unit bound to that design module or instance.
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9.3 Direct and indirect name references

A direct name reference is a reference that consists of just the name itself.

An indirect name reference involves a prefix that defines the scope within which the name was declared.
Within the immediate scope of a given name, a direct reference to that name is always unambiguous. This is
a consequence of the definition of immediate scope and the fact that it is an error for the same name to be

declared twice within a given scope.

a direct

Within the extended scop

e of a given name, a direct reference to that name may be illegal, because
o . . . S .

nt of reference is withi

referen

v

Pd U d ¥ d vdl dal da E1IV

the po
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extend
be refe]

A dottd
of a sc
properf
immed
suffix
whose

Examp)
If vuni

sequen
B.CL.S

Examp)

If vun

a)
b)

Restrid

n the immediate scope of another declaration of the same name.
ce to a given name would be ambiguous (and is therefore illegal) if the point of referenceis wi
ed scope of two or more different declarations of the same name. In either case, the-given naj
fred to indirectly using a dotted name.

d name consists of a prefix, followed by a '.' character, followed by a suffik) The prefix is th
pe: i.e., a design module name or instance pathname, a verification unit{ a sequence declarati

y declaration. The prefix name shall be directly visible (i.e., prefix’shall either be decl

s a name that is defined within that scope (i.e., the scope denated by the prefix), or is a dotte
prefix is a name that is defined within that scope.

Je |
t A inherits vunit B, vunit B instantiates vunitsC.with label C1, and each of the three vunits|

ce S, then in vunit A, one can refer to S (thelone defined in A), or B.S (the one defined in
(the one defined in instance C1 of C withitCB).

Je 2
t A defines a variable X then
If vunit B instantiates A3y then X shall be accessed in vunit B only using an indirect reference

If vunit B inherits*As/then access to X in vunit B may be using a direct reference to X or u
indirect reference "A.X"

tions

Agvuunit name cannot appear in the suffix of a longer dotted name. It can only begin a dotted

Awlnit name that is the prefix of a dotted name shall be the name of a vunit that is inherited (.

me can

e name
n, or a
hired in

iate scope or shall represent a verification unit scope) at the point where the dotted name occugs. The

 name

define
B), or

"A.XH
ing an

name.

irectly

or indirectly) by the enclosing vunit.

The suffix of a given dotted name shall be visible in the vunit that is the prefix of the given name.
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Examples

vunit A {
sequence s = ...
<can refer to A.s, or directly to s>

}

vunit B {
inherit A;
<can refer to A.s, or directly to s>

vinit C {

<can refer to A or B, in order to inherit it>

inherit B;

<can refer to B.s Dbecause of the transitivity of inheritance
<cannot refer to B.A.s, because this is not a legal fetm of a dogted
ngme>

<cannot refer to A.s, because A is not inherited by C>

<can refer to s (declared in A), as there is nolambiguity on s

\
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Annex A

(normative)

Syntax rule summary

A.1 Conventions

The formal syntax described in this standard uses the following extended Backus-Naur Form (BNF).

a)

b)

d)

e)

The initial character of each word in a nonterminal is capitalized. For example:
PSL_Statement

A nonterminal is either a single word or multiple words separated by underscofes~"When a mi
word nonterminal containing underscores is referenced within the text (€.g24 in a statemg
describes the semantics of the corresponding syntax), the underscores are replaced with spac

Boldface words are used to denote reserved keywords, operators,» and punctuation mark
required part of the syntax. For example:

vunit (;

The : : = operator separates the two parts of a BNF syaitax definition. The syntax category 3
to the left of this operator and the syntax descriptiorhappears to the right of the operator. For
ple, item d) shows three options for a Vunit Type.

A vertical bar separates alternative items_(use one only) unless it appears in boldface, in whi
it stands for itself. For example:

Vunit_Type ::=
vunit | vpkg | vprop({ vmode

Square brackets enclose optitonal items unless it appears in boldface, in which case it sta
itself. For example:

Sequence Declatation ::=
sequence Name [ ( Formal_Parameter List ) ] DEF_SYM Sequence ;

indicates-that™( Formal Parameter List ) is an optional syntax item for Sequence Decld
whereas

[-Sequence | * [ Range ] |

hitiple-
nt that
S.

S as a

ppears
exam-

th case

hds for

ration,

mdicates that (the outer) square brackets arc part oI the Syntax, while Kange 1S optonal.

Braces enclose a repeated item unless it appears in boldface, in which case it stands for it

self. A

repeated 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:

Formal Parameter List ::=
Formal Parameter { ; Formal Parameter }
Formal Parameter List ::=
Formal Parameter | Formal Parameter List ; Formal Parameter
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g) A colon (:) in a production starts a line comment unless it appears in boldface, in which case it
stands for itself.

h) If the name of any category starts with an italicized part, it is equivalent to the category name with-
out the italicized part. The italicized part is intended to convey some semantic information. For
example, vunit Name is equivalent to Name.

i)  Flavor macros, containing embedded underscores, are shown in uppercase. These reflect the various
HDLs that can be used within the PSL syntax and show the definition for each HDL. The general
format is the term Flavor Macro, then the actual macro name, followed by the = operator, and,
finally, the definition for each of the HDLs. For example:

Flavor Macro RANGE _SYM =
SystemVerilog: : / Verilog: : / VHDL: to / GDL: / ..

shows the range symbol macro (RANGE_SYM). See 4.3.2 for further details about fldvor mdcros.

The main text uses italicized type when a term is being defined, and monospace font for examples gnd ref-
erence$ to constants such as 0, 1, or x values.

A.2 Tlokens

PSL syntax is defined in terms of primitive tokens, which are ch@raeter sequences that act as distingt sym-
bols in|the language.

Each PSL keyword is a single token. Some keywords end(in one or two non-alphabetic characters (‘!f or
or botl). Those characters are part of the keyword, not‘separate tokens.

Each of the following character sequences is alsg-a-token:

&&T& | | !

Finally, for a given flavor, the tokens of the corresponding HDL are tokens of PSL.

A.3 HDL dependencies

PSL depends upon the syntax and semantics of an underlying hardware description language. In particular,
PSL syntax includes productions that refer to nonterminals in SystemVerilog, Verilog, VHDL, or GDL. PSL
syntax also includes Flavor Macros that cause each flavor of PSL to match that of the underlying HDL for
that flavor.
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For SystemVerilog, the PSL syntax refers to the following nonterminals in the IEEE Std 1800 syntax:

— module_or generate item_declaration
— module_or_generate item

— list_of variable identifiers

— identifier

—  expression

— constant_expression

For Verilog, the PSL syntax refers to the following nonterminals in the IEC/IEEE 62142 syntax:

modtte—or—generate—ttenr—deetaration
— |module or generate item

— |list_of variable identifiers

— |identifier

— |expression

— |constant expression

— |task_port type

For VHIDL, the PSL syntax refers to the following nonterminals in the IEEEStd 1076 syntax:

— |block declarative item
— |concurrent_statement
— |design_unit

— |identifier

— |expression

— |entity_aspect

For SyptemC, the PSL syntax refers to the following nonterminals in the IEEE Std 1666 syntax:

— |simple_type specifier
— |expression

— |event_expression

— |declaration

— |statement

— |identifier

For GIPL, the PSL syntax-refers to the following nonterminals in the GDL syntax:

— |module, item declaration
— |module item

— |module declaration

— |idettifier

— expression

A.3.1 Verilog extensions

For the Verilog flavor, PSL extends the forms of declaration that can be used in the modeling layer by defin-
ing two additional forms of type declaration.
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Extended Verilog Declaration ::=
Verilog module or generate item declaration
| Extended Verilog_ Type Declaration

Extended Verilog Type Declaration ::=
Finite Integer Type Declaration
| Structure Type Declaration

Finite Integer Type Declaration ::=
integer Integer Range list of variable identifiers ;

Structyre_Type_Declaration ;.=
struct { Declaration_List } list_of variable identifiers ;

Integeq] Range ::=
( constant_expression ¢ constant_expression )

Declarption_List ::=
HDL Variable or Net Declaration { HDL Variable or Net Decldration }

HDL Variable or Net Declaration ::=
net_declaration

| reg_declaration

| integer declaration

A.3.2|Flavor macros

Flavor[Macro DEF _SYM =
SystemVerilog: =/ Verilog: =/ VHDL: is / SystemC: =/ GDL: :=

Flavor[Macro RANGE SYM =
SystemVerilog: : / Verilog>:/ VHDL: to / SystemC: : / GDL: ..

Flavor[Macro AND OP =
SystemVerilog: && / Verilog: && / VHDL: and / SystemC: && / GDL: &

Flavor[Macro OR™OP =
SystemVerilog: || / Verilog: || / VHDL: or / SystemC: || / GDL: |

Flavor[Macro NOT OP =

SystemVerilog: ! / Verilog: ! / VHDL: not / SystemC: ! / GDL: !

Flavor Macro MIN_VAL =
SystemVerilog: 0 / Verilog: 0 / VHDL: 0 / SystemC: 0 / GDL: null

Flavor Macro MAX VAL =
SystemVerilog: $ / Verilog: inf / VHDL: inf/ SystemC: inf / GDL: null
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Flavor Macro HDL EXPR =
SystemVerilog: SystemVerilog Expression
/ Verilog: Verilog Expression
/ VHDL: VHDL Expression
/ SystemC: SystemC_Expression
/ GDL: GDL_Expression

Flavor Macro HDL_ CLOCK_EXPR =
SystemVerilog: SystemVerilog Event Expression
/ Verilog: Verilog Event Expression
/ VHDL: VHDL Expression
/ SystemC: SystemC_Event_Expression

GDL: GDL_Expression

Flavor|Macro HDL UNIT =

SystemVerilog: SystemVerilog module declaration
/ Verilog: Verilog module declaration

/ VHDL: VHDL design unit

/ SystemC: SystemC class_sc_module

/ GDL: GDL module declaration

Flavor[Macro HDL DECL =

SystemVerilog: SystemVerilog module or generate item dgclaration
/ Verilog: Extended Verilog Declaration

/ VHDL: VHDL block declarative item

/ SystemC: SystemC_declaration

/ GDL: GDL_module_item_declaration

Flavor[Macro HDL STMT =

SystemVerilog: SystemVerilog module ei~generate item
/ Verilog: Verilog module or generate\ item

/ VHDL: VHDL concurrent statement

/ SystemC: System(C_statement

/ GDL: GDL_module_item

Flavor|Macro HDL_SEQ_ STMT =

SystemVerilog: SystemVerilog_statement_item
/ Verilog: Verilog \statement

/ VHDL: VHDD\sequential statement

/ SystemC: SystemC_statement

/ GDL: GBI~ process_item

Flavor|Macto HDL_VARIABLE TYPE =
SystemVerilog : SystemVerilog_data_type

1abla Tsing

O vV oI UTY X J’tlv
/ VHDL : VHDL subtype indication
/ SystemC: SystemC_simple_type_specifier
/GDL : GDL variable_type

Flavor Macro HDL RANGE =
VHDL: range_attribute name

Flavor Macro LEFT SYM =
SystemVerilog: [ / Verilog: [ / VHDL: ( / SystemC: ( / GDL: (
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