IEC 62531:2007(E) |EEE Std. 1850-2005

158 9 IEEE

IEC 62531

INTERNATIONAL
STANDARD

Edition 1.0 2007-11

IEEE 1850 ™



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2007 IEEE

All rights reserved. IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by the Institute of
Electrical and Electronics Engineers, Inc.

Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from the IEC Central Office.

Any questions about IEEE copyright should be addressed to the IEEE. Enquiries about obtaining additional rights
to this publication and other information requests should be addressed to the IEC or your local IEC member National
Committee.

IEC Central Office The Institute of Electrical and ElectroMgineers, Inc

3, rue de frarembé IPark-Avente

CH-1211 [Geneva 20 US-New York, NY10016-5997
Switzerlapd USA

Email: inmail@iec.ch Email: stds-info@ieee.org
Web: www.iec.ch Web: www.ieee.org

pares anfd publishes

About thpe IEC

The Interngtional Electrotechnical Commission (IEC) is the leading
Internationgl Standards for all electrical, electronic and related techng

About IEC publications

The technigal content of IEC publications is kept dnder constagt review z bu have the
latest editiop, a corrigenda or an amendment might have be

= Catalogug¢ of IEC publications: www.iec.ch/searchpub
The IEC ontline Catalogue enables you to search by iety iteria nmittee,...).
It also giveq information on projects, withdrawn ar/d repla

" |EC Just Published: www.iec.ch/apline_news/justpub
Stay up to date on all new IEC publica g Published
on-line and also by email.

d. Available

= Electropgdia: www.electropedi

The world's|leading online dictiongrinof a c i definitions
in English @nd Frenc ith e i i trotechnical
Vocabulary|lonline.

® Customef Service Centre

If you wish
Centre FAQ
Email: csc@i
Tel.: +41 22
Fax: +41 22

<

ner Service



mailto:inmail@iec.ch
mailto:stds-info@ieee.org
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

158 9 IEEE IEC 62531

Edition 1.0 2007-11

INTERNATIONAL IEEE 1850 ™
STANDARD

Standd

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE XG

ICS 25.040

ISBN 2-8318-9352-6


https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

—2- IEC 62531:2007(E)
IEEE 1850-2005(E)

CONTENTS

FOREWORD ...ttt ettt ettt ettt e et e et e s st e e aeesaeeeste s st et e e aseenseesseenseenseenseenseenseennes 4
TEEE INETOQUCTION ..ttt ettt ettt ettt b e bt e st et et e e bt eb e e st et et e ebeeseent et enbeabeeneeneeneen 7
1. OVETVIBW ..ottt ettt ettt ettt ettt e et sttt eb e et sh bt et e et she et sa bt e sb b eateesbe e e eueeenbeeaneensaeennee s 8
Lol S Q0P ettt ettt ettt et bttt b et b et a e et ettt bt et e sbeeeteeane 8
1.2 PUIPOSE. ettt ettt ettt ettt et bttt bt st et bt et she et e e b et eabeenee s 8
1.2.1 BACKZIOUNA ...coouiiiiiiiiiiiiiciieit ettt ettt et sttt eb e enee et sa e e e 8
1.2.2 MIOUIVALION . ...ttt ittt ettt sttt st eb e st eh e b bbbt bt esbeebeesbe bt et e et enbeensbenbees
1,230 GOALS ettt et et et e et st st sa e e s enee s
1.3 USAEE ottt ettt ettt e et e bt e et te e bt et b e h et e bttt eata et bee e e eataeesaee sanbeeas
T3 R UNMCHOMA SPECT ICATOMN oo s e e oo e oo
1.3.2  Functional Verification ..........cc.ccceeieveerineinenieenienieneenenceneensench oo seennee NG oo e
2. INOTMALIVE TEEETENCES .....eiiirnririeeiirienie sttt erieie e eenese e e N Dgeee e SN s e e o)
3. Definitions, acronyms, and abbreviations
3.1 Definitions ...cocceevveieieinieeein ettt s e e
3.2 Acronyms and abbreviations
3.3 Special terms........cocoeieiiiiiiiiiiieiieceee e Y O N e e
4. Drganization.......coceeeveeeveeernvennee e Ngeenns
4.1 Abstract structure
4.1.1
4 .
4 .
4 B
; LTIVENESS PIOPEITIES ..eevveiieeuiieitie ettt et seeeseeeeieesreesees e esee e
4.43 vs. branching 10Zic ..........coiiiiiiiiiiiii e fe 37
A4 A STNIPLE SUDSEL .ottt ettt st et st s esae e snee e e 37
4.4.5 Finite-length vs. infinite-length behavior .........ccceoeeeieviiniiiniiiieiiseeeeee e, 38
4.4.6 The concept Of SIrENZtN......c..eiviiiiiiiii ittt e 38
5. BOOI@AN LAY ..ottt et ettt e te e bt e te et ee e et be s eabe e e eaeeas 40
5.1 EXPIeSSION LYPE CLASSES . .eeuiiirieeeiieiiiirtieetierteeitestieetaeeseesstesneassseenseesseeesseesseesssesnsesssesssssessssens 40
S.1.T Bl @XPIESSIONS ..eeveeiiieeiieniieetiestieiteetteeteeettesttesteesseesaseesssesseessseenssesssessaenseesssesnseessseen 40
5.1.2  BOOIEAN EXPIESSIONS ..eeuvrirrrierrieririiiieieentieestesttessaeseesssesseesssessseessessssessneesssessseesseesssens 41
5.1.3  BitVeCtOr EXPIESSIONS c..ueiruviereierttirriieiteetieerteeuteestteateesseesstesssessseesaeesssesnssesssessseeseessseas 42
5.1.4  NUMETIC EXPIESSIONS w.eeuvrirrriertierurirstieiteetieestesutessssesstessseesstesssessseessessssessseesssessseesesssses 42
5.1.5  SUING EXPIESSIONS .euutiruiiiriieeitieitieteetieertte ettt e stteteetbeesatessbes s tesbeessteeabeesbbesaseesbeesnsesanenan 43
5.2 EXPIeSSION fOTTIS ouvveitieiiiiiitieitietie ettt et sttt ettt et bbbt sae e s be et sabe st s e eesbeenees 43
5.2.1  HDL @XPIESSIONS. ....ecuieuieeuieuiiiientiieeteeeeeteseseeaesseestesaeesaesaeeuaesreeunenseeneesnesaeennenseennes 43

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

IEC 62531:2007(E) -3-
IEEE 1850-2005(E)
5.2.2  PSL @XPIESSIONS c.uveeueiiriiietieeteeetieiteetieeteeestesteesseesseesaseesssensseesseasssesssessssenseesssesnnsesssenan 45
5.2.3  BUilt-in fUNCHONS c..eeiuiiiiiiiiiiiiiiciiic ettt sttt sttt e et s et vt et eneee 45
5.2.4  UNION @XPIESSIONS ...uvrivveenreerreertreieertueeseesstesteesseesseesssessssesssesssesssesssessssessessssessseesssenns 51
5.3 CIOCK @XPIESSIONS ...uvvitieeuiiritientietieentieeuieesttenteetteesatestbeesstenaeeesbeasaeessbesnsaesueesntesnneesssenaseeenseesnnes 51
5.4 Default Clock deCIaration ..........coccvveiriiiriirtirnientietiese ettt et et et eae et e eae s 53
6. TEMPOTAL LAYET ...ttt ettt et ettt et et b et e sbe s besabe et aesabeesbe et e eenbeenneessbeenane 56
6.1  Sequential EXPIESSIONS .......cc.ieiiriiritirtiititiete ettt st sttt st et ee et et ese et e s e enneeae s 57
6.1.1 Sequential Extended Regular Expressions (SERES) .........ccccooceiiiniiieiciiiiccciceee 57
0.1.2  SEQUEIICES.....eeiutiiie ettt ettt ettt ettt ettt et bt et sa e s st ettt et et s
0.2 PIODEITIES vttt eeeeeeeeesee et eesessseseseseeeeesesesesessenannnnsnsnsesesessssesssnnsesssnesseseens
6.2.1  FL PIOPEILIES .. .cevvveeiiirireiniieeeinniierteniie et eeieeeieeeneveeneesnvesseeenneeforeennes e ee e hen
6.2.2 Optional Branching Extension (OBE) properties
6.2.3  Replicated Properties ......c.ceeveerrverveenieenieeienniieneenreerree e g eesee e e idenree N -
6.3 Property and sequence declarations
6.3.1  Parameters.......ccocceeererieneeeieieeieieeeeieneeieneeneensee yons e e - A AENG e e\ en s Ve
6.3.2  DeClarations .........cocceeuereereenerneenenneenenneeneenseeneesggeee s Ngoeeseeen
6.3.3  INStantiation ......c.ccoccevverveenernenenneneneeneneene e nne e e N or s R ev e eve Nerveereensenneens
7. YV erification 1aYer ........covveeieiiiiniieiiiiie e seees Lo e oDt s e e e Nt e neenteesnneennaeens
1.1 Verification directives................
711 aSSertceeveeecieeicecen Ko e N
71,2 @SSUME...coueeeieieciieiie e NG N
7.1.3 assume_guarantee
T 1.4 T1eSICt coeveeeeeieieenieeebie
7.1.5
7.1.6 cover
7.1.7 fairne

1.2 Verifi

Annex

Annex B (normative) Formal syntax and semantics of IEEE Std 1850 PSL

caii on
»,' r. 1

Annex C_@nformative) Rih]ingraph\/ _____ 146
Annex D (informative) List Of PartiCIPants..........ceeueeriieiiirriieitiniie ettt et sttt et sbe et 148
INAEX oo e 150

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

_a4_ IEC 62531:2007(E)
IEEE 1850-2005(E)
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STANDARD FOR
PROPERTY SPECIFICATION LANGUAGE (PSL)
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Abstrapt; Rropexty Specification Language (PSL) is defined in this standard. ASL is a
formal cification of electronic system behavior, compatible with multiple elg¢ctronic
system s, including IEEE Std 1076™ (VHDL®), IEEE Std 1364™ (Verilog9), IEEE
P1666 and IEEE P1800™ (SystemVerilog®), thereby enabling a cpmmon

specifigation” and verification flow for multi-language and mixed-language designs. PSL cpptures
design intent In a form suitable for simulation, formal verification, formal analysis, and hybrid
verification tools. PSL enhances communication among architects, designers, and verification
engineers to increase productivity throughout the design and verification process. The primary
audiences for this standard are the implementors of tools supporting the language and advanced
users of the language.

Keywords: ABV, assertion, assertion-based verification, assumption, cover, model checking,
property, PSL, specification, temporal logic, verification
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IEEE Introduction

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 refines Accellera PSL version 1.1, addressing errata and a few minor
technical issues and clarifying how PSL interfaces with various standard electronic system design
languages.

Notice to users

Errata

Errata, [if any, for this and all other standards can be accessed http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users a JRL for
errata pgriodically.

Interpretations

Current [interpretations can be accessed at the follo p/interp/
index.html.

Patenis

Attentiol t matter
covered|by patent rights. B tence or
validity [of any pa ntifying
patents pr patent ap license may be required to implement an IEEE standagd or for
conduct scope of those patents that are brought to its attention. A patent
holder d ent of assurance that it will grant licenses under thege rights
without onable rates and nondiscriminatory, reasonable terms and condjitions to
applican nses. The IEEE makes no representation as to the reasonablpness of
rates, te tions of the license agreements offered by patent holders or patent applicants] Further

informati

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |
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STANDARD FOR
PROPERTY SPECIFICATION VOLTAGE (PSL)

1. Overview

1.1 Scppe

This stapdard defines the property specification language (P
behaviof. This standard specifies the syntax

L){ whigch fogmal scribes electronif system
SI@d alsq clarifies how PSL ipterfaces

1.2 Puypose

The purpose of this standard(is t i mguage for formal specification of ejectronic
system behavior, one thatNs compatit ith i ronic system design languages, includipg IEEE
Std 107¢™ (VHDL), IER 3 i F, P1800™! (SystemVerilog®), and IEEE P1666™
(System[C), to facilitate pecification and verification flow for multi-language and mixed-
languagg designs.

1.2.1 Bpckground

The complexi e Integration (VLSI) has grown to such a degree that trpditional
approaches~t their limitations, and verification costs have reached 60%170% of
development resQuEces ed for advanced verification methodology, with improved observgbility of
design Hehavio i ed controllability of the verification process, has become critical. Ovet the last

decade, [a methodotegy based on the notion of “properties” has been identified as a powerful vetification
paradigin that-ean assure enhanced productivity, higher design quality and, ultimately, faster time tp market
and higherwalue 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 Std 1850 PSL is a standard language for specifying electronic system
behavior using properties. PSL facilitates property-based verification using both simulation and formal
verification, thereby enabling a productivity boost in functional verification.

"Numbers preceded by P are IEEE authorized standards projects that were not approved by the IEEE-SA Standards Board at the time
this publication went to press. For information about obtaining drafts, contact the Institute of Electrical and Electronics Engineers, Inc.

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |
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1.2.2 Motivation

Ensuring that a design’s implementation satisfies its specification is the foundation of hardware verification.
Key to the design and verification process is the act of specification. Yet historically, the process of
specification has consisted of creating a natural language description of a set of design requirements. This
form of specification is both ambiguous and, in many cases, unverifiable due to the lack of a standard
machine-executable representation. Furthermore, ensuring that all functional aspects of the specification
have been adequately verified (that is, covered) is problematic.

The IEEE PSL was developed to address these shortcomings. It gives the design architect a standard means
of specifying design properties using a concise syntax with clearly-defined formal semantics. Similarly, it
enables the RTL implementer to capture design intent in a verifiable form, while enabling the verification
engineef to validate that the implementation satisfies its specification through dynamiic (that is,.sinjulation)
and stat{c (that is, formal) verification means. Furthermore, it provides a means tgfhgasure tha\guality of the
verificafion process through the creation of functional coverage models bui
propertigs. In addition, it provides a standard means for hardware designer
create afrigorous and machine-executable design specification.

1.2.3 Goals

PSL was specifically developed to fulfill the following fication
requirements:

— FKasy to learn, write, and read

— Concise syntax

— igorously well- defined formal seman

— of real-world design properties

— ell as formal verification
1.3 Us
PSL is 4 ifica ardware. It is used to describe properties that are fequired
to hold ificati RS, provides a means to write specifications that are botl} easy to
read ang srecise, It 1ntend to be used for functional specification on the one hand and as
input to e > he other. Thus, a PSL specification is an executable specifi¢ation of

a hardw
131 F

PSL car] be usédto~captupe requirements regarding the overall behavior of a design, as well as assymptions
about the efiviconment n which the design is expected to operate. PSL can also capture internal behavioral
requirerpents 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 over one cycle;
sequential expressions, which can describe multi-cycle behavior; and temporal operators, which describe

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |
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temporal relationships among Boolean expressions and sequences. For example, consider the following
Verilog Boolean expression:

ena || enb

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

{req; ack; !cancel}
describes 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 cycle. The following property, obtained by applying the
temporall operators always and | => to these expressions,

alyays {req;ack;!cancel} |=> (ena || enb)

means that always (that is, in every cycle), if the sequence {req;ack;
or enb [is asserted one cycle after the sequence ends. Adding the dir

asgert always {req;ack;!cancel}

completps the specification, indicating that this propert { hat this
expectafion needs to be verified.

1.3.2 Functional verification

PSL caij & 5 formal
verificafion using a model chg 2 et ses that
follow.

1.3.2.1|Simulation
A PSL gpecification 5 can be
done, for example, b i y erties in
a testbepch automdti a He simulator; by generating HDL monitors that are simulated
alongside the desi
For inst

Property 1:

(reg -> next !req)

states thptsignal req is a pulsed signal, i.e., if it is high in some cycle, then it is low in the followirg cycle.

S h - 1 -1 1 1 1 . . L B 1 1 Lo . Rl h h
uc a PIrUptity Ldadll UU TAdsIly  CHUURUU USIES d SIHTIUIAtIUIlN CIHICURCT WITUCIT 1T SUTHC TIJL UIdt as t (&

functionality of the finite state machine (FSM) shown in Figure 1.

req

'req

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

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |
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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 checkers for a constantly chang-
ing design under development is a time-consuming task. Instead, a PSL specification can be used as input to

a tool that automatically generates simulatable checkers.

Although in principle, all PSL properties can be checked for finite paths in simulation, the implementation
of the checks is often significantly simpler for a subset called the simple subset of PSL. Informally, in this
subset, composition of temporal properties is restricted to ensure that time moves forward from left to right
through a property, as it does in a timing diagram. (See 4.4.4 for the formal definition of the simple subset.)

For example, the property

Property 2: always (a -> next[3] b)

which s
a appea
behavio

An exar]
Pro

which s
a). This
the propjes
shows a

because
) of any

cycle as
and b in
Figure 3

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |
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1.3.2.2|Formal verification

PSL is gn extension of the standard temporal logics Linear-Time
Tree Logic (CTL). A specification in the PSL Foundation L3 gu
ing Ext¢nsion) can be compiled down to a formula of ;
auxiliary HDL code, known as a satellite.

&

Figure 3—A trace that satisfies Property 3

) and Computation

ke PSL Optional[Branch-

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |
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2. Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, 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 Std 1076™, IEEE Standard VHDL Language Reference Manual * >

IEEE Std 1076.6™, IEEE Standard for VHDL Register Transfer Level (RTL) Synthgsis.
IEEE Std 1364™ | TEEE Standard for Verilog Hardware Description Languag
IEEE P1666™, Draft Standard for the SystemC Language.

IEEE P1800™, Draft 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/
edl.pdf.

3EC 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/).

SThe 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 standardt, the following terms and definitions apply. The Authoritative Dictionary of
IEEE Standards Terms [BS]6 should be referenced for terms not defined in this clause.

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

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

3.1.2 asLumption: A statement that the design is constrained by the given pr ctive to
function

3.13 as

3.1.4 be

3.1.5 Bq

3.1.6 checker: An auxiliary process (usually constructed as ‘a finj achi i imulation
of a des e ¢ d in the
same HI ign.
3.1.7 completes: A term used to identify the la & % isfi i ssion or
property|.

3.1.8 computation path: . R ¢sign, i ansition
from eag¢h state on the pat| i

3.1.9 copstraint: ' i sidered.
A constfai e hich the
design i Bprest imltatlons (e.g., mode settings) imposed in order to partition the
function

31.10c¢

3.1.11 ¢ nctional
verificafion andy.théreforg, i i ificati rocess.
3.1.12 chcle: An evalnation cycle

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

3.1.14 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.

3.1.15 design behavior: A computation path for a given design.

The numbers in brackets correspond to those of the bibliography in Annex C.

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

IEC 62531:2007(E) 17—
IEEE 1850-2005(E)

3.1.16 dynamic verification: A verification process such as simulation, in which a property is checked over
individual, 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.

3.1.17 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.

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

3.1.19 extension (of a given path): A path that starts with precisely the successiofi of 3tates inl the given

path.

3.1.20 Halse: An interpretation of certain values of certain data types in an HRL. og and
Verilog flavors, the single bit values 1'b0, i . alse. In
the VHIDL flavor, the values STD.Standard. Boolean (False) and STD, Sta ndard. BiCO)x, e values

IEEE.$td logic_1164.std logic'('0
IEEE. $td logic 1164.std logic'(X 3 "('z")

are all iffterpreted as the logical value False. In the SystemC flavor, . thewalte : hnd any
integer literal Wlth a numeric Value of 0 are 1nterpreted as the logica ¢ e A , the

3.1.22 fprmal verification: A functional verificati w hi i i property
yields alogical inference abo e K i ign. perty is
declared true by a formal verificati i NG i . loes not
hold forfall behaviors, the] erificatiQng g i ifi le to the

property, if possible.

3.1.23 functional v of con-

straints,|a property tha

3.1.24 Holds: S & i ion, i 4sion, or
property|.

3.1.25 holds-ti YA te expres-
sions ar i

3.1.26 lveness property: A property that spemfles an eventuahty that is unbounded in time. [Loosely
speakin liveness
property is a property for which any finite path can be extended to a path satlsfylng the property. For exam-
ple, the property “whenever signal req is asserted, signal ack is asserted some time in the future” is a liveness

property.

3.1.27 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-valued logic.

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

3.1.29 model checking: A type of formal verification.
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3.1.30 number: A non-negative integer value, and a statically computable expression yielding such a value.

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

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

3.1.33 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.

3.1.34 positive count: A positive number or a positive range.

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

3.1.36 pLsitive range: A range with a low bound that is greater than zero (0).

3.1.37 prrefix (of a given path): A path of which the given path is an extensioq.

3.1.38 property: A collection of logical and temporal relationships te Bool-
ean expfessions, sequential expressions, and other properties that in Aviors.
3.1.39 rhnge: A series of consecutive numbers, from a low a that the
low bouhd is less than or equal to the high bound. In particu i te v bound
is equal [to the high bound. Also, a pair of statically co ul ME INtEY i ifyi a series
of consgcutive numbers, where the left exp expres-
sion specifies the high bound of the series. A Rseribe.a set/of values or a variable nymber of
cycles of event repetitions.

3.1.40 restriction: A statement ¢ -degign i a direc-
tive to flinctional verification g e holds.
3.1.41 safety property: nt is not
necessatily limite claims
that “something bad¥Adpée iny path
violating ha erty. For
exampld, the propefty, \wk - : is|a safety

property|.
3.1.42 s¢qgtience:

3.1.43 s¢

3.1.44 sequéntial extended regular expression: A form of sequential expression, and a comporlent of a
sequence:

3.1.45 starts: A term used to identify the first cycle of a path that satisfies a sequential expression.
3.1.46 strictly before: Before, and not in the same cycle as.

3.1.47 strong operator: A temporal operator, the non-negated use of which usually creates a liveness prop-
erty.

3.1.48 temporal expression: An expression that involves one or more temporal operators.
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3.1.49 temporal operator: An operator that represents a temporal (i.e., time-oriented) relationship between
its operands.

3.1.50 terminating condition: A Boolean expression, the occurrence of which causes a property to
complete.

3.1.51 terminating property: A property that, when it holds, causes another property to complete.

3.1.52 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'('l1'),and IEEE.std logic 1164.std logic' ('H')
interprefed as the logical value True. In the SystemC flavor, the value 'true’ of typg boohand any |nteger
literal wiith a non-zero numeric value are interpreted as the logical value True. In e Bool-

ean valde 'true’ and bit value 1B are both interpreted as the logical value Trye

3.1.53 unknown value: A value of a (multi-valued) logic type, other thar

liveness

3.1.54 weak operator: A temporal operator, the non-negated Ot create a

property|.

3.2 Acronyms and abbreviations
This suljclause lists the acronyms and abbreb

ABV assertion-based verification
BNF extended Backus-Naur Form
cpp
CTL
EDA
FL
FSM
GDL
HDL
iff
LTL
PSL
OBE : )
RTL Register Transfer Level

SERE Seqrenttal-ExtendedRegutar-Expression
VHDL  VHSIC Hardware Description Language
VHSIC  Very High Speed Integrated Circuit

3.3 Special terms
The following terms are used in the definition of this standard.

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

hegative form, a syntactic structure or semantic relationship that must not beNpresent, [for that

specification to be in conformance with the standard.

— dhould: Used to indicate that among several possibilities, one is recopax

rly suit-
. but not
hecessarily required; or that (in the negative form) a certain coufse e but not
prohibited. In the context of this standard, describes a featyre of PSL syantax thatis feconjmended

When explaining the requirements and options imposed by h design
or a desfign’s environment, if that design or environment ig to §atisfy the pecification, the f¢pllowing
term is ysed: 6

andatory for the system to which the i ertains. This phrase is typically used to state

— Ilrequired to: Used to indicate that the navior described by a PSL specififation is
at a design or its environment must fun i 3 hat is consistent with the specifi¢ation.
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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 consists of four layers: Boolean, temporal, verification, and modeling.

4.1.1.1Boolean layer

The Bodlean layer is used to build expressions that are, in turn, used by the otK contains
expressions of many types, it is known as the Boolean layer becayse.i Boolean
expressions to the heart of the language—the temporal layer. Boolean I« ted in a
single eyaluation cycle.

4.1.1.2[Temporal layer

The temjporal layer is the heart of the language; it is used t nown as

the temporal layer because, in addition 6 Simple” propetrtiesq gignals a and b are futually

exclusivle”, it can also describe properties invQlving plex tempqral relations between signals, sug¢h as, “if
signal cfis asserted, then signal d shall be asserted before sighal e is asserted, but no more than eight clock
cycles l1gter.” Temporal expressions are evalyiated ie gvaluation cycles.

4.1.1.3|Verification layer

The ver}fication layer is ontel ification tools what to do with the properties describefl by the
tempora] layer. For S erification layer contains directives that tell a tool to verify that a property
holds or{to check that 2’specifi e ¢ is cqvered by some test case.

4.1.1.4|Modeling daye

The moflelingayer s uséd 9 the behavior of design inputs (for tools, such as formal verjfication
tools, whi est\casesy and to model auxiliary hardware that is not part of the desigh, but is
needed fo

4.1.2 Flavors

PSL co Verilog,
VHDL, SystemC, and GDL. The syntax of each flavor conforms to the syntax of the corresponding HDL 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 System Verilog flavor, all expressions of the Boolean layer, as well as modeling layer code, are written
in SystemVerilog syntax (see IEEE P18007). The SystemVerilog flavor also has limited influence on the

TInformation on references can be found in Clause 2.
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syntax of the temporal layer. For example, ranges of the temporal layer are specified using the
SystemVerilog-style syntax i:7j.

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 IEEE Std 1364). 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 :j.

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 {yntax (see IEEE Std 1076). The VHDL flavor also has some influence on th¢'syntax of thee femporal
layer. F¢r example, ranges of the temporal layer are specified using the VHDL-st .

4.1.2.4|SystemC flavor

ritten in

In the SystemC flavor, all expressions of the Boolean layer, as well as odeli
i K of the

System( syntax (see IEEE P1666). The SystemC flavor also hag limnited inf]
temporal layer. For example, ranges of the temporal layer are speeifj ing

4.1.2.5|(GDL flavor

In the G in GDL
syntax ( ix of the
tempora .. 5.
4.2 Le

This cla

421 IdentifiersQ

Identifig hracters;

each suf T

Exampl

muf
Read
L 123

PSL identifiers are case-sensitive in the SystemVerilog, Verilog, and SystemC flavors and case-insensitive 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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A E next! sequence
AF EF next_a stable
gg EG next_a! strong
EX next_e sync_abort
a})ort ended next_e!
always _€.
and? eventually! next_event to®
gg:ﬁll’ltl . next_event!
F next_event_a
assume_guarantee . - 1
asynabort __rmess next_cvent a!
before forall next_event_e!
before! nondet
' G nondet_vector
before!_ not®
before
b hdltype
ool¢an
onehot
cloc n
inf
cons . .
inherit
counftones is
cover .
isunknown
default
never
next
AN Q
aand is vor; see theflavor ma¢ro AND OP (4.3.2.6).

a keyword only in e VHDL

biSisa feyword only in the T DEF SYM (4.3.2.9).

‘not is p keyword onjy in the V I' Macro NO_T_OP (4.3.2.6).
dor is afkeyword o @ e ¥ macro OR_OP (4.3.2.6).
40 is a keyword onlyNjrf the flavor macro RANGE SYM (4.3.2.7).

4.2.3 Operato

4.23.1H

For a gijen flavQr of PSL, the operators of the underlying HDL have the highest precedence. In pdrticular,
this includes-logica ational, and arithmetic operators of the HDL. The HDL's logical opergtors for
negation}, eonjunction, and disjunction of Boolean values may be used in PSL for negation, conjunction, and
disjunct i icati i ce 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
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.
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Table 2—FL operator precedence and associativity

Operator class Associativity Operators
(highest precedence)
HDL operators
Union operator left union
Clocking operator left @
SERE repetition operators left *1 [+ =1 [->1
Sequence within operator left within
SequpeeAND-operators Jeft & /ﬂfi&
Sequgnce OR operator left | A
Sequgnce fusion operator left . \ K

Sequgnce concatenation operator left

>
FL tgrmination operator left abort \ Sy _aﬂort
syyac\éb\ork \\a\y

FL o¢currence operators right né&*\%{ \\)eventual y!
XN, X! F

FL bunding operators right ALY
A g O Pefore®

Sequfnce implication operators xight NN TERD ) =>
Bool¢an implication operators righ\ \ -\k ) <>
FL irjvariance operators ht always never
(lowdst precedence) \g

NOTE—{The notation next* réprese i ors, which includes the operators next, next!,

next 4, next a!, next e!, Wext event, next event!, next event R!, and

next ¢vent el!. i reRtesents the until family of operators, which includes the pperators

until,|until! , td L I\."The nopation before* represents the before family of ¢perators,
PE )

which in¢ludes the o
4.2.3.2]1 Union opé

For any [flavor of P [ qQr with the next highest precedence after the HDL operators is that used
to indicqte | i

unfion

The unipn operator is tef

4.2.3.2.2 Clocking operator

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.

8Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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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:

consecutive repetition

consecutive repetition

non-consecutive repetition
1 goto repetition

SERE repetition operators are left-associative.

4.2.3.2
For any
which i
time-bo

wi
The seq
42.3.2

For any

operato1ls, which are used to describe behavigr consistihg of parallel paths. These operators are:

&
&&

Sequend

4.2.3.2

For any
which is

The seqpience disjuaction

4.2.3.2

4 Sequence within operator
flavor of PSL, the FL operator with the next highest precedence is,
used to describe behavior in which one sequence occurs during
inded interval:

Fhin sequence within operator
hence within operator is left-associative.

5 Sequence conjunction opers

flavor of PSL, the FL operators with the neX edénce are the sequence con

e conjunctionop
6 Sequenc: 2
flavor of PSK, the FL vith the next highest precedence is the sequence disjunction
sisting of alternative paths:

operator is left-associative.

perator,
within a

junction

perator,

7~Sequence fusion operator

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
sequence 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

~e

The sequence concatenation operator is left-associative.
4.2.3.2.9 FL termination operators
For any flavor of PSL, the FL operators with the next highest precedence are the FL termination operators,

which afe used to describe behavior in which a condition causes both current and f ns to be
canceleq:

synd abort immediate termination of current and future obligations, lock
asyrjc_abort immediate termination of current and future obligatio ck
aboyt equivalent to async_abort

The FL fermination operators are left-associative.

4.2.3.2{10 FL occurrence operators

For any pehavior

ever]

nexy
FL occu
4.2.3.2

For any e next highest precedence are those used to describe hehavior

in whiclh one prope ¢ or in all cycles before another property holds. These gperators
are:

untilk Re rand holds at every time until the right operand holds

befg eperand holds at some time before the right operand holds

FL bourlding\operatorate right-associative.

4.2.3.2.72 Suffix implication operators

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:

| -> 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:

-> logical IF implication
<-> logical IFF implication

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

4.2.3.2.14 FL invariance operators

For any [flavor of PSL, the FL operators with the next highest precedence are thosg’tised tqQ desstibe behavior
in whicly a property does or does not hold, globally. These operators are:

alwgys the right operand holds, globally
nevqr the right operand does NOT hold, globally

FL occurrence operators are right-associative.

4.2.3.3|0Optional Branching Extension (OBE) operators

ecedence ngs

Operator class Assqciatiyity N Operators

(highest precedence) Q

HDL operators <\ (\ \/

OBH occurrence operat N le \J AX AG AF EX EG [EF
QX ATU] E[U]

Boolean implic@per tors igh\/

(lowest precedenc .

4.2.3.3]1 OBE otcuxrence qperators

Table 3—OBE opérat oCiativity

-> <=->

For any| £ BE operators with the next highest precedence after the HDL opergtors are
those usgd tospeetty 'whena sdbordinate property is required to hold, if the parent property is to holfl. These
operatotfs includethe folly

AX on all paths, at the next state on each path

AG on all paths, at all states on each path

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.

424 M

PSL pro
GDL fl
System
and “un
iterative
PSL %it

4.2.4.1

The % £
via para|

or:

The rep

(variabl¢
expressioy

replicatij

In the fi

that expxr2>=exprl). In the second case, the text will be replicated according to the number of

the list.

acros

and %for macros shall be interpreted second.

The %for construct

st cdse, the texginside the $for-%$end pairs will be replicated expr2-exprl+l1 times (a

idnally or

rst, and

ularized

Hentifier
blication
ange. A

ksuming
items in

Durimgeacir Teptication of the Xt thefoop variable vatue Tssubstitated imothe text as

follows.

Suppose the loop variable is called 1i. 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 ii if 11 is a separate

the text. For instance:
$for ii in 0..3 do
define aa(ii) := ii > 2;
%$end

is equivalent to:
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define aa
define aa
define aa
define aa

1]
w N P o
VvV V. V V
NN NN

b) If i1 is part of an identifier, the value of ii may be accessed using $ {11} as follows:
$for ii in 0..3 do
define aa%{ii} := ii > 2;
%end

which is equivalent to:

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

Il
w N P O
vV V. V V
NN NN

c) [f i1 needs to be used as part of an expression, it may be access
$for ii in 1..4 do

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

The above is equivalent to:

define aal0 := 0 > 2;
define aal := 1 > 2;
define aa2 := 2 > 2;
define aa3 > 2,

The follpwing operators pressions:

4.2.4.2[The

The %$1if construct is ilar to the #1if construct of the cpp pre-processor. However, unlike the #1if
construdt, file $1 £ construct can be conditioned on variables defined in an enclosing $for constrpct. The

o B = - Lall
syntax T—5 I L IS asITonows:

$if /expr/ %$then

Fend

or:

[)

$if /expr/ %then
%$else

%$end
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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 (/* . ... */)and the
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

(-- .... <eol>) are supported.

4.3 Syptax

4.3.1 Cpnventions

a)  [[he initial character of each word in a nonterminal isCapitaliz

A nonterminal is either a single wopd o iple weords s ¢ hultiple-

word nonterminal containing underscored\i e ent that
Hescribes the semantics of the corresponding synta r es.

b) Poldface words are used to denote reske ks as a

c) appears

tor. For

d) jealbarsepa tnative items (use one only) unless it appears in boldface, in which case

e) tand for

hemselves. For€xample:

[\ Daal 41 a
oot e D eCCraratdoT— =

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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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 case it
stands for itself.

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.

The main text uses italicized type when a term is being defined, and monospace font for examples and
references to constants such as 0, 1, or x values.

43.2H

DL dependencies

PSL is defined in several flavors, each of which corresponds to a particular hax i hnguage
with which PSL can be used. Flavor macros reflect the flavors of PSL in the intjon. M flavor
macro i4 similar to a grammar production, in that it defines alternative replace 5 al in the
grammay. A flavor macro is different from a grammar production, in that\the alte RAtiyes with an
HDL nqme and, in the context of a given HDL, only the alternai abe i b can be
selected

The nanpe of each flavor macro is shown in all uppercase. Eqch flayor,macro define possibly
differenf syntax choices allowed for each flayor. The g¢ S then the

actual mlacro name, followed by the = oper.

Exampl

Fldvor Macro RANGE

shows the range sy?iol
PSL als¢ defines a fe é\‘x

SystemVeriNogi\(: S T VHDL: to / SystemC: : / GDL:

W d_Verilog_Type_Declaration

4.3.2.1

\> Syntax 4-1—Extended Verilog Declaration

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.

[ Published

by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

IEC 62531:2007(E) ~33-
IEEE 1850-2005(E)

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 verifi macros
HDL DE ts in the
gramma

7/ generate_item

4.3.2.3

ressions
kions, as
PR and

Express
appearir
well a ub~expressions of those expressions. The definitions
HDL_CLOCK_EXPR capture this requirement, as shown in Syntax 4-4.

of HDL_EXI]
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Flavor Macro HDL_EXPR =
System Verilog: 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
7TGDLT 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 _ ha I-@L_ GLOCK_EXPR

4.3.2.4HDL_VARIABLE_TYPE

H ¢ types. PSL formal types are des¢ribed in

M ypes that may be used as PSL formal type,

The forrpal types of PSL named declarations may;
6.3.1. Flavor macro HDL_VARMBLE_TY
as showh in Syntax 4-5.

Syntax 4-5—Flavor macro HDI VARIABIF TYPF

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 flqvor of PSL overloads the underlying HDL's symbols for the logical conj

negatior] operators so the same operators are used for conjunction and disjuncti

and for|conjunction, disjunction, and negation of properties. The definiti¢ns\oRAND\ OF_OR
NOT_OP reflect this overloading, as shown in Syntax 4-7.

ressions
OP, and

Flavor Macro AND_OP =
SystemVerilog: && / Verilog: & & / VHDL:

Flavor Macro OR_OP =
SystemVerilog: I/ Verilog:

Flavor Macro NOT_OP =
SystemVerilog: ! / Verilog;

4.3.2.7

Within |}
number
for or f
reflecte

cles, or
ues in a
HDL, as

XVMANGE_SYM =

ystemVerilog: ¢ / Verilog: ¢ / VHDL: t0/ SystemC: :/ GDL: ..

Flavor Macro MIN_VAL =

SystemVerilog: 0 / Verilog: () / VHDL: U / SystemC: () / GDL: null

Flavor Macro MAX_VAL =
SystemVerilog: $ / Verilog: inf/ vHDL: inf / SystemC: inf / GDL: nutl

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 =

SuctamMaril 1/‘7 PO BVAVA21 Y SRR WA

SystemVerdog VerHog——-VHDE)S

Syntax 4-9—Flavor macro LEFT_SYM and RIG
4.3.2.9|DEF_SYM
Finally, [as in the underlying HDL, PSL can declare new n. 5 : of such
declaratjons consistent with those in the HDL, PSL ad b in the
underlying HDL, as reflected in the definition of DEF_ SYM sho

Flavor Macro DEF_SYM =

SystemVerilog: =/ VerilogT=/V iS stemC =/GDL: :
4.4 Se
The foll tion and
explain
441 C
Every H roperty,
sequenc L nested
property, sequence,™ar bailt-in function within a given property or sequence can have a differept clock
context fhafythat of the parent property or sequence.

The base clock context is True, i.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
context of the property holds, and (b) the succession of cycle-based states in which the same clock context

holds.

4.4.2 Safety vs. liveness properties

A safety| property is a property that specifies an invariant over the states in hen. i i not nec-
essarily [limited to a single cycle, but it is bounded in time. Loosely speaking, a ims that
“something bad” does not happen. More formally, a safety property i h violat-
ing the groperty has a finite prefix such that every extension of they [ xample,
the property “whenever signal req is asserted, signal ack ig yithi . operty.
A livend S aking, a
liveness|property claims that “something gQod’ &NS. d erty is a
property fyd he prop-
erty “whenever signal req is asserted, signalack i etime in the future” is a liveness groperty.
4.4.3 Linear vs. branching

PSL car] express both properti i 3 A ics. The
former gre properties of [ i anching
Extensi¢n. Proper checked
in simulltion, as weN.ds 4 pmputa-
tion tregs and can be ghie

While the linea, nti | impor-
tant expfessive\power: ; pdlocks.
4.4.4 Sjm

PSL caif expfess properties that cannot be easily evaluated in simulation, although such propertiep can be
address¢d 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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— Both operands of a logical iff (< - >) operator are Boolean.

—  The right-hand side operand of a non-overlapping unt i1* operator is a Boolean.
— Both operands of an overlapping unt 11* 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.

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

implication are supported without restriction in the simple subset.

4.4.5 Finite-length vs. infinite-length behavior

The senpantics of PSL allow us to decide whether a PSL property holds on a @i ior. How the
outcomg of this problem relates to the design depends on the behavior thg lynamic
verification, only behaviors that are finite in length are considered. In such a Cq pllowing
four levgls of satisfaction of a property:

Holds strongly:

— No bad states have been seen
— Al future obligations have been met
— The property will hold on any extension of the pa

Holds (But does not hold strongly):

— 1INo bad states have been seen
—  All future obligations have been met

—  The property may or may not hold on any% extendiopof the path

Pending]

—  Future obli ‘
—  (The proper a

446T

PSL usefsthé term strong in two different ways: an operator may be strong, and the satisfaction of a property

on a pat Ty be-str Og: Whitethetwoare 161atcd, theuscof-the puuvcyt of otlcugﬂl treachconteXt is best
understood first in isolation. Each is presented in the subclauses that follow, then the relation between them
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
states that signal busy shall stay asserted until the signal done is asserted. The specific cycle in which signal
done is asserted is not specified.
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Operators such as these come in both strong and weak forms. The strong form requires that the terminating
condition eventually occur, while the weak form makes no requirements about the terminating condition.
For example, the strong and weak forms of “busy shall be asserted until done is asserted” are (busy
until! done) and (busy until done), respectively. The former states that busy shall be asserted until
done is asserted and that done shall eventually be asserted. The latter states that busy shall be asserted until
done is asserted and that if done is never asserted, then busy shall stay asserted forever.

The strong forms of such operators are sometimes referred to as unbounded strong operators. The
unbounded strong operators of PSL include operators of the following families: F, eventually!, U
until!,until! ,before!, before! , and next eventl!.

Some operators have a requirement about the minimal length of the examined path. For example, the
property| “signal ack must follow signal req within 3 cycles” is expressed using an’operator of tlt next
family, yhi i i at sifnal ack
should Y
Such op ined path
be long ly if the
examing for the
conditio] within 3
cycles af p former
states th prticular
that the number
depends ] req is
asserted|
The strd pounded
strong o t el
Not all s uence!
is a stro| pounded
otherwi
The distlinction betwee \ 3 i istincti liveness
propertigs. Usually - i i roperty,
while one that i
4.4.6.2
Strong ation. If
n of that
trongly.
path on

which p is asserted at some point. The property (expressed in English) p is always asserted does not hold
strongly on such a path (and indeed holds strongly on no finite path), because extending the path could cause
the property to fail.

4.4.6.3 Relating the two concepts of strength

The relationship between the strength of an operator and the strength of satisfaction of a property is as
follows. Assume there is a property p such that negation only appears on Boolean expressions. Replace all
operators in p with their strong versions, and call the result p_s. Then property p holds strongly on a finite
path iff property p_s holds on the path.
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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-defined operators and built-in functions map onto underlying HDI -specific operations, as appropriate
for the DL context and the data type of the expression.

HDL-spgcific expressions are not redefined by PSL. Rather, PSL uses a
standards. The details of this subset are given in 5.1.

ig IEEE

5.1 Expression type classes

Five clgsses of expression are distinguished in PSL: Bj
expressions. Each of these corresponds to a set of specific dg
interprefation of the values of those data types.

| String
, and an

Some PSL built-in functions take operands that may be of a hown in

Syntax $-11. In such a case, there is no interp

Any_Type :* Q
HDL_f%/\EX ess'&

Syntax 5-11>—Any type expression

Other P y d_expressions, and PSL temporal layer constructs, require operands that
belong ich a case, if an HDL expression appears in a location at which [the PSL
gramm a specific PSL type class, then the value of the HDL expressionp will be

PSL expjressionsand built-in functions can be used in an HDL context, either in the modeling layerfor in an
HDL exjpression withinthe modeling layer. In such a case, the value of the PSL type class returned by the
PSL exgression or built-in function is converted back to a specific HDL data type, as described belqw.

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 5-12.)
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Bit ::=
bit_HDL_or_PSL_Expression

Syntax 5-12—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 VHDIL, type STD.Standard. Bit, and type IEEE.Std_Logic_1164.std_ulogic, as w subtypes]thereof,
are Bit tlypes.

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

5.1.2 Bpolean expressions

Boolear| expressions, for which the Boolean layer is named, (desqribe state
values, find their relationships. They represent simple propegti€s, which ca
operato1ls to create temporal properties. (Seg’Syntax

Boolean ::= \v
boolean_wlbﬁ(\essi
N

—Boolean expression

sign, in terms of] signals,
be composed using gemporal

Boolean s ey may contain signals whose values change over time.
Boolean i esubexpressions of any type.

Any Bif typ€ is interpretable as a Boolean type. For Verilog, SystemVerilog, and System C, a HitVector
expression may also appear where a Boolean expression is required, in which case the expression 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 5-14.

BitVector ::=
bitvector_HDL_or_PSL_Expression

Syntax 5-14—bitVector expression
In Verilgg, and in SystemVerilog, any reg, wire, or net type, and any word in a atemor hble as a
BitVectdr type.
In VHDL and GDL, any type that is a one-dimensional array of a Bit 't itVector
type.
In SystgmC, each of the types sc_bv, sc_lv, sc_int, sc_uint,/Sc_bigi d'sC_bis ble as a
BitVectgr type.
5.1.4 Numeric expressions
Numeri t of the
definitiq
In Veril Numeric
expressi pression
of an in ol, char,
short, it Ag, or of types sc_bit, sc_bv, sc_int, sc_uint, sc_bigint, or sc_biguint, is
interpre expression. In GDL, any expression of an integer type, or of type Boplean, is
interprefable ‘as’a Numefic expression.

The return value from a PSL built-in function that returns a Numeric value is of the appropriate type 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 evaluable—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 5-16.

String ::=
string_HDL_or_PSL_Expression

Syntax 5-16—String expressio

In Veril
is a Strij
temC, a

be string
In Sys-

A String

5.2 Ex

Express nctions,

and uni

\ \> Syntax 5-17—HDL or PSL Expression

In each|flavor jof PSBy/at any place where an HDL subexpression may appear within an HDL|or PSL
expression,the grammar of the corresponding HDL is extended to allow any form of HDL|or PSL
expression. Thus HDL expressions, PSL expressions, built-in functions, and union expressions may 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 5-18.)
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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

Informa

The me.
operatof

For each
determii

a)
b)

)

d)

e)

f)

It is an d
or in thg
[in step

Syntax 5-18—HDL expression
| Semantics
hning of an HDL expression in a PSL context is determipe mes and
symbols in the HDL expression.
mbol is

led as follows:
[f this is an operator symbol that is prede & flayd 01@8 used in this verification unit, then
he operator symbol has its predefined
[f the current verification unit contajns a (si : (i ol, then
he object created by t i
Dtherwise, if the transjtive iq] rited by
he current verificiti i ing then the
bbject created by
Dtherwises e bperator
symbol, then ymbol.
Dtherwise, if e design
module or ins 1 < meaning
bf thisdiame
Dth

rror i declaration of a given name appears in the current verification unit [in|step a)],
transitive e of all inherited verification units [in step b)], or in the default verificatipn mode
C) ]/ or-if the name is ambiguous at the end of the associated design module or instance [in s{ep d)].

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

follows:

— 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 5-19.

HDL_or_PSL_Expression ::=
PSL_Expression

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

Syntax 5-19—PSL expression

Both PYLL expression operators involve operands that are (or are interpretable ch prpduces a

Boolean result.

Informaf Semantics

Each of [these operators represent, or map to, equivalent operdtors definedb HDL in which the[relevant

portion ¢f the design is described, as appropriate for the data types)of thé

/PSL expression a -> blmaps to
<-> b maps to the equivalent

In a Verjlog, System Verilog, or SystemC ¢
the equivalent expression (! (a) || (
expression (((a) && (b)) || (! (a)

In a VHPL context, the mapping is as follows: X 10N\z ression
(not [a) or (b)), & 8
(((a)|and (b)) or

In the GDL ﬂavor,
5.2.3 Bupilt-in functjg

PSL deffines a ¢ } § 3 e useful
values, i

ilt In Function_Call ::=
eV (Any_Type [ , Number [ , Clock_Expression ]])
I neyg‘ti( Any_Type ) .
i ataunc |\ Ally_Tyl)C [ ) CIUL}X_EAPIUDDiUll ] )
| rose ( Bit [ , Clock_Expression ] )
| fell ( Bit [ , Clock_Expression ] )
| ended ( Sequence [ , Clock_Expression ])
| isunknown ( BitVector )
| countones ( BitVector )
| onehot ( BitVector )
| onehot0 ( BitVector )
Imondet ( Value_List )
| nondet_vector ( Number, Value_List )

Syntax 5-20—Built-in functions
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There are three classes of built-in functions. Functions prev (), next (), stable (), rose (), fell (),
and ended () all have to do with the values of expressions over time. Functions isunknown (),
countones (), onehot(), and onehot0 () all have to do with the values of bits in a vector at a given
instant. Functions nondet () and nondet vector () have to do with nondeterministic choice 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 i equals zefo, t ilt<in function
prev (] returns the current value of the expression. If a third argument is specifi e c, the
built-in ffunction prev() gives the value of the expression in the it previous i to clock
context [c.

bmexor Iaterand if a value

If there |s no (ith) previous clock cycle or that clock cycle is not at initiali .
' ation sewantics for the HDL

is given
underlyi
NOTE 14

the built
(specific

in which
Boolean

NOTE 2
prev (

ument to

Restrict

If a call

Exampl{
In the timing diagrs and the
value O at other ties\if 1% QnteXtis True. In the context of clock c1Kk, the call prev (a) refurns the
value 1 alue O at other tick points. In the context of clock clk,[the call
prev (4,2 urnsthetvalye 1 at time 7, and O at other tick points.

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.
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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 element
(register or latch). It shall not be used on the right-hand-side of an assignment to a combinational signal nor
directly in a property, or in a sequence, or as a parameter to a built-in function.

Example

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

The valgie of next (a) is not affected by the clock context (implied h e timing
diagram)).

Functiofh next () can be used to create a signal in the modeling layerthatmirrors\(i.e., always has {he same
value aq) another signal. This is particularly useful in conjunction wit bnments
involvinlg the union operator or the nonde > xample,
considet the following code:

alvays @ (posedge clk)

This assjgns a value to rega t itl valy chosen
when th assignment is e

Supposd regb is r@ alue of
rega tp regb wo i¥ pression
(expl [union exp2 ’ also be
nondetefministic, afid tkere sing the
next ( o regb is

always gssigne

alvya

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 c, the
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, c) is equivalent to the Verilog or System Verilog 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.
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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 timing diagram below, the function call stable (a) is true at times 1, 3, and 7, and at no other time
if it does not have a clock context. In the context of clock c1k, the function call stable (a) is true at the
tick of c1k at time 5 and at no other tick point of c1k.

time 01234567
clk 010101001
a 00110100

5.2.3.4|rose()

The built-in function rose() takes a Bit expression as argument. With\a si returns
True if t clock of
its contgxt; otherwise, it returns False. If a second argument igspecified aiid built-in
function] rose() returns True if the first argument’s value j . ~ previous
cycle, wlith respect to clock context c; otherwise, it returns Falsd.

The funfction rose() can be expressed i any bit
expression e and any Boolean c, rose (e} pression
(prevfe,l,c)==1"b0 && e==1'Dbl) b, 1,c)
='0 apd e='1). The function rose()

NOTE 1{-In the absence of an ¢ in which
the built{in function appears,pa fically, a

built-in fpnction), given in 5,

NOTE 2—The fun
rising_edge(c) defined 2

f@ (pos
takes on

erflog event expression (posedge c) and the VHDL| function
1164. For a given property f and signal clk, f@rosfe(clk),
lgfe (c1k) ) all have equivalent semantics, provided that §ignal clk
anges at the same time as clk (i.e., there are no race conditior]s).

If signal|clk ca
f@rose(c
generate
rising

, then the semantics of £@ (posedge clk) may differ from|those of
and £@ fRis\ing Nedge (clk) ). In such a case, the clock expression (posedge clk) will
ton OX} X->N 0->Z, and Z->1 transitions of clk, whereas the clock expressions rose(qlk) and

If at least one(signal appearing in f changes at the same time as clk, then the semantics of f@ (posedge| clk),
feros¢(dlkk), and f@ (rising edge (clk) ) may be different, due to differences in their respectivefhandling
of race c¢nditions.

Example

In the timing diagram below, 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 clk, the function call rose (a) is true at the tick of c1k at
time 3 and at no other tick point of c1k.

time 0123 45¢6 7
clk 01010101
a 00110100
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5.2.3.5 fell()

The built-in function £el1 () takes a Bit expression as argument. With a single argument, fell () returns
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 context; otherwise, it returns False. If a second argument is specified and has the value c, the built-in
function fell () returns True if the first argument’s value is 1 at the current cycle and 0 at the previous
cycle, with respect to clock context c; otherwise, it returns False.

The function £ell () can be expressed in terms of the built-in function prev () as follows: For any bit
expression e and any Boolean ¢, fell (e, c) is equivalent to the Verilog or SystemVerilog expression
(prev(e,1,c)==1'bl && e==1'Db0), and is equivalent to the VHDL expression (prev(e,1,c)
=’1 and e='0). The function fell () may be used anywhere a Boolean is required.

NOTE 1{4-In the absence of an explicit clock context parameter, the clock context is determu in which
the built{in function appears, as defined by the rules given in 5.3 for determination of the clock ¢ Boolean
(specificilly, a built-in function).

NOTE 2—The function fell(c) is similar to the Verilog event expresswn negedge c) function
falling_efige(c) defined in package IEEE.std_logic_1164. For a given propert (clk),
f@(negedge clk),and f@(falling edge (clk)) wivalenks i at signal
clk takes|on only 0 and 1 values, and no signal in f changes at the same ti tions).

If signal|clk can take on X or Z values, then the semantics of £@ ( i those of
fefell (clk) and f@(falling edge é clk)
will gengrate an event on 1->X, X->0, 1->Z, and Z->0 tran51 ony, of eTk/w i 1 (clk)
and fallling edge (clk) will ignore thgse b

If at leas} one signal appearing in f changes at the clk),
fefell (clk), and f@(falling edge Espective

handling|of race conditions.

Exampl

is true at times 4 and 6 and at no other time if its

In the ti §
he function call £el1l (a) is true at the tick of clk at

clock cd
time 7 4

5.2.3.6

The buift-in function. epded () takes a Sequence as an argument. With a single argument, efded ()

returns True/ifany cycle in which the sequence completes; otherwise it returns False. If the first arghment is
S’ and CF‘{‘{'\YII’] qvgnmpnt fal ;C Cppf‘ifip{]’ fl’\Pl’\ i" iC Pq1l;‘lﬂlpl’|" 1o QY‘\AQA l { (=] }mf‘\ pl‘lﬂ{‘f;{'\ﬂ Q?‘\AQ!‘ () 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.

Function isunknown () may be used anywhere a Boolean is required.
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5.2.3.8 countones()

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

Bits that have unknown values are ignored.

NOTE—Although function countones () returns a Numeric result, it may only be used where a Number is required
if it has a statically evaluable argument.

5.2.3.9 nondet()

The built-in function nondet () takes one Value Set argument. The set of values can be specified in four
differen} ways:

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

- 4

e of the

- 4

The fun | returns
the chog
If the ty p of type

T is allofved.

Exampl{

[>

nomdet (boolean)

This fur
as specifi
array of
second 4

The first argument is a Number. The second argument is a Vilue Set,
whction. If the first argument to nondet vector () is k, it refurns an
ents are chosen nondeterministically in the set of values describedl by the

If the type/ofithe Value Set elements is 7, then the function nondet vector () may be used a11ywhere
that an drray of length k with elements of type T is allowed

The first argument of nondet vector () must 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}
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5.2.3.11 onehot(), onehot0()

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

The built-in function onehot 0 () takes a BitVector as argument. It returns True if the argument contains at
most one bit with the value 1; otherwise, it returns False.

For either function, bits that have unknown values are ignored.

Functions onehot () and onehot0 () may be used anywhere a Boolean is required.

5.2.4 Uhion expressions

The unipn operator specifies two values, shown in Syntax 5-21, either of which can\beXthe-Vvalue of the
resulting expression.

Union_Expressior} =
Any_Type union Any_Type

Restrictlons

The two

Exampl

This is 4

A clock
Syntax ]

ted (see
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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

Any PS
expressi
expressi
enclosin

In the S
statemel
single B
in a give

In the Vi
used as

may be
generate

In the V|
used as

In the S
may be
expressi
cycle.

In the Q
used as

Syntax 5-22—Clock expression

a clock
hs clock
without

] in an if
event expression thaf is not a
pression is considered to hold

d as the condition in an if statemenf may be
1on that is not a single Boolean expression
used as a clock exp Q. : iont is considered to hold in a given cyfle iff it
s an event in that pycle.
HDL flav

or/ any eX hat VE ws to be used as the condition in an if statemenf may be
h clock expression

SystemC allows to be used as the condition in an if sfatement
addition, any SystemC event expression may be used as|a clock
is considered to hold in a given cycle iff it generates an event in that

ssion that GDL allows to be used as the condition in an if statement may be

Informa

Sermantics

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 must 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

(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

pecified by the @ operator, if present; otherwise
herited from the immediately enclosing property or sequence, if any; othéxyvise

— or a top-level property or sequence) specified by the applicable de iop}, if any;
btherwise
—  True
NOTE—The fact that a clock expression must be evaluated on the path~deterui base t implies
that, if a puilt-in function call appears in a clock expression and in ete &¢i ext of the

built-in fhnction call, then the value of that parameter must be equivaleyt tp Tru

5.4 Default clock declaration

A defauft clock declaration, shown in Synt fies th - perty or

sequencp of any directive to which the default de

Clock_Expression §

Restrictions

At most|one default ¢

\\5>j<1>x 5-23—Default clock declaration

declaration shall appear in a given verification unit.

Informal Semantics

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.
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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 c), more than one default clock declaration appears in the default verification

mode.

Example

default clock = (posedge clk) ;

£ | ( £ 1)
as r alwaye—{req nes S

s

coyer {req; ack; !reqg; !ack};
is equivilent to

asgert (always (reqg -> next ack))@(posedge clé
coyer {req; ack; !req; !ack} @(posedge clk)

NOTE 1{—A property f@True, in the context of a default clock, hg
clock. THe clock expression True effectively masks the default clogk so that it has'fo

NOTE 21-The default clock declaration
default clock = True ;

has the same effect as having no default clock declara

o

erty f, without
property f.

a default
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S
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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 sequential expression is built from the following elements:
— Boolean expressions
— Clock expressions

— Subordinate sequential expressions

A property is built from four types of bujlding blocks:

— Boolean expressions

—  Clock expressions

— $equential expressions

— $ubordinate properties
Boolean expressions and clock expressions are part of the Boole4 lause 5.
Sequentjal expressions involve various forms called Sequentia SERES),
which afe described in 6.1.1. Sequences, a distinguished for rties are
describdd in 6.2.
In the fgllowing subclauses, the term cyclé i ' ponding
property}, sequence, or Boolean holds, and theterm pa S g Cycles.
Informaf Semantics
Sequentjal expressions are.evaluated inite pe 71.33), i.e., behaviors of the design. A sgquential
expression is said to hold tightl Ve i ath’ (see 3.1.25, 4.4.5) if the finite path satiffies the
sequential expressig ach S wttabexpryssion is presented in a subclause of 6.1; for eagh form,
the corr¢gsponding @ S i g)Casds i quential
expressi
For example, {a;b ¢} Yol true) in
the first] } holds
tightly @
A Boolg ential expression, or property is evaluated over the first cycle of a finite or
infinite path. AxBo gxpression, sequential expression, or property is said to hold on a given path (see
3.1.24, 4.4.5).f the patH satisfies the Boolean expression, sequential expression, or property. Each|form of
property| iS\presented in a subclause of 6.2; for each form, the corresponding subclauses specifies the|cases in

which a given path satisfies that form of 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 ¢ 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 3.1.13) 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 3.1.31) in a cycle if it holds in that cycle. An
occurrence of a Boolean expression (see 3.1.32) 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, then the sequence {a;b;c} completes at cycle 5. Similarly, given the behavior {a;b; c}, the property
(a belffore c) completes when ¢ occurs. A Boolean condition that causes a property to complete is
called afterminating condition. A property that causes another property to comp is called\a terminating
property|.

6.1 Sefjuential expressions

6.1.1 Sequential Extended Regular Expressions (SEREs

SEREs shown in Syntax 6-24, describe single- or multi- m a series of [Boolean

expressions. /(X (\
AN N
SERE ::= \/
Boolean
| Sequence %
(\ f\ N
N \EJ

The mogt basic SE@

More cqmplex seqd
These operatorsa

berators.

A sequg
expressi
how the

quential
ation of
clock context of\a sequential expression, or portion thereof, is determined.

NOTE—SERES are grouped using curly braces ({}), as opposed to Boolean expressions that are grougled using
parentheses¥ ()) See 6124

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 (3), shown in Syntax 6-25, constructs a SERE that is the concatenation of
two other SEREs.
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SERE ::=
SERE § SERE

Syntax 6-25—SERE concatenation operator

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

Restrictions

None.

Informaf Semantics
For SEREs A and B:

A\ ; B holds tightly on a path iff there is a future cycle n, sush thatA h ightl th up to

6.1.1.1)2 SERE fusion (:)

The SERE fusion operator (:), shown in Syntax 6-26,constrycts.a b by one
cycle. That is, the second starts at the cycle in Which\th

SERE ::=
SERE : SE

Q S EE\%\J{RE fusion operator
t s.

The opefands of : &«

Restriction

None.

Informal 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 nh 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 6-27.)
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SERE ::=
Compound_SERE

Compound_SERE ::=
Repeated_SERE
| Braced_SERE
| Clocked_SERE
| Compound_SERE | Compound_SERE
| Compound_SERE & Compound_SERE
| Compound_SERE && Compound_SERE

| Compound_SERE within Compound_SERE
| Parameterized_SERE

A Repes
Compot
SERE.

6.1.1.2

The SE}
native (

Syntax 6-27—Compound SERE.

#d SERE in which one of ty

1.2) are
mpound

o alter-

The ope]

Restrict

None.

Informa

| 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 6-29, 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 opefands of & are both Compound SERE:s.

Restrictions

None.

Informaf Semantics

For Compound SEREs A and B:

6.1.1.2;3 SERE length-matchi

The SERE length-magching and
which two CompE Es bo
cycle. Q
Co uf é\%

ompound_SE && Compound_SERE

\}yntax 6-30—SERE length-matching and operator

$ERE in
he same

Th = £ bath C 4 STDL
e opekands-of-siare-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 6-31, constructs a Compound SERE in which the
second 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

The ope]

Restrict

None.

Informa

For Comipound SEREs A and B:

6.1.1.2

The par
SEREs
values 0

Syntax-6-31+—SEREwithin-operator
v,ll‘ LA~4 |
Fands of within are both Compound SEREs.

ons

| Semantics

A within B holds tightly on a path i

5 Parameterized SER
hmeterizing opergtors, shq

bbtained by jgstantiatiig
f the givee 1(s).

path.

mpound
ation of

_SERE::=
ters_Definition ¢ And_Or_SERE_OP { SERE }

ameters_Definition ::=
eter_Definition {, Parameter_Definition }

Parameter_Definition ::=

PSL_ldentifier | Index_KRange | ill Value_Set

And_Or_SERE_Op :: =
&& I & |

Syntax 6-32—Parameterized SERE

NOTE—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 four different ways:

— 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; al
same underlying HDL type.

e of the

If the vplue set is specified by a list of values of arbitrary type, each o
computgble.

Jtatically

For a sifjgle parameter,

a)  [f the parameter is not an array, and the set of value obtained set is of size K.

Fach element in the set is obtained by instantiating the/base sompound SERE with onp of the

bossible values in the set of values. Q

b) [f the parameter is an array of size ¥, and th€ set of valugs has gize-K then the obtained set is of size
S i i S ¢ compound SERE with ogje of the

For mulfiple parameters, the set es d applying the above rules repeatedly, pnce for
each patfameter.

Restrictions

The restfictions of th;b seqpefa ) gresulting Compound SERE as specified in the subclauses of
the resplective base operator Q1.1 % or (|), 6.1.1.2.2 SERE non-length-matching and {&), and
6.1.1.2.] i

For each

nehas an associated Index Range, the Index Range shall be specified a§ a finite
of the Range shall be statically computable, and the left bound of the Rarge shall
e less than orequal to the right bound of the Range.

— a Value is used to specify a Value Range, the Value shall be statically computable.

— If a Range 1s 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.

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

NOTE—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:

’ to the set containing the two

— for i in boolean: | {A(i)} isequivalent to applying °
Compound SERE:s:

A(false) and A (true),
i.e., is equivalent to the Compound SERE:

{A(false)} | {A(true)!

— for i in {j:k}: && A(i) isequivalent to applying ‘&& to the serdqntainingxthe)k-j+1
Compound SEREs:

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

{(a(9)} && {A(§+1)} && ... &&

— for 1 in {j,k,1}: && A(1) isequiv q the set containing thd 3

Compound SEREs:

A(j), A(k),and A(1
.e., is equivalent to the"€ompound SE

{r(3)

— for i[O@'
Compound p

is equivalent to applying ‘&’ to the set containing the 4

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

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

— for i[0:2] in {c,d}: | A(di) isequivalent to applying ‘|’ to the set containing the 8
Compound SEREs:
A({c,c,c}), a({c,c,d}), a({c,d,c}), A({c,4,4d}),
A({d,c,c}), A({d,c,d}), A({d,d,c}),andA({d,d,d}),
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for 1 in {j:k}, 1 in {m:n}: & A(i,1) isequivalent to applying & to the set containing
the (k-j+1)x(n-m+1) Compound SEREs:

A(j,m), A(j,m+l), .o, A(3,m),
A(j+1,m), A(j+1,m+1), ..., A(j+1,n),
A(k,m), Ak, m+1), ., A(k,n),

i.e., is equivalent to the Compound SERE:
{a(3,m)} & {A(j,m+1)} & ... & {A(j,n)} &
(A(d+1,m)} & {A(j+1,m+1)} & ... & {A(j+1,n)} &
&
{A(k,m)} & {A(k,m+1)} & ... & {A(k,n)}

6.1.2 Spquences
A sequgnce is a SERE that may appear at the top level of a declarationXdiréctive, or propefty. (See
Syntax ¢-33.) /\

Sequence ::= \}

Sequence_Instance

| Repeated_SERE

| Braced_SERE

| Clocked_SERE
Sequeng | in the

followin

e Instances are
g subclau@

[ Published b

y IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

IEC 62531:2007(E) ~ 65—
IEEE 1850-2005(E)

6.1.2.1 SERE consecutive repetition ([* ])

The SERE consecutive repetition operator ([* ]), shown in Syntax 6-34, constructs repeated consecutive
concatenation of a given Boolean or Sequence.

Repeated_SERE::=
Boolean [* [ Count | ]
| Sequence [ [ Count ]|
| [* [ Count ]
| Boolean [+
| Sequence [+]
[+

Count ::=
Number
| Range

Range ::=
Low_Bound RANGE_SYM High_Bound

Low_Bound ::=
Number
| MIN_VAL

High_Bound ::=
Number

IMAX_VAL (\

The firs
or range

If the C
operand

Otherwi
operand
specifie
range. [i
most as
any nun|

When t}
whose 1

Syntax 6-34—SER

operand is a Boolean or Sequence to be(reépeated
of repetitions.

Cco rep lth operator

e second operand gives the Count (a)

pecified range. If the high value of the range (High_B
descrlbes at least as many repetitions as the low valy

number

the first

the first
ound) is
e of the
Cribes at
escribes

iny path

The not:

tiont+lis a2 shortcut for a repetition-of-one-ormore-tines
1 T

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.
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Informal Semantics

For Boolean or Sequence A and numbers n and m:

— 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.

— 4

NOTE—
operator
Sequencg

6.1.2.2

The SEH
non-con

A [*0:inf]holds tightly on a path iff the path is empty or the path can bg¢ partiti iffto some
humber 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 paytii
parts, where A holds tightly on each part.

A [+] holds tightly on a path iff the path can be partitioned into s
ightly 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 paths

mber of

A holds

Fepetition
hs if that

possibly

Range ::=

Low_bound KANGE_SYM High_bound

Low_Bound ::=
Number | MIN_VAL

High_Bound ::=
Number | MAX_VAL

Syntax 6-35—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.
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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 any
number of repetitions, including zero, i.e., the empty path is also described.

Restrictions
If the regpeate tatically
computg
If the re al| be stat-
ically ¢ Ad of the
Range.
Informaf Semantics
For Bodlean A and numbers n and m:

— A[=n]holds tightly on a path iff A

— 1 th.

— 7

— 7 at'be

— A [=0:1inf]holds tigh \ MY [=0:inf]

holds tightly on any pa

NOTE—If a repeated SERE [be@ t epetition
operator |[*3] applies fO\the Sequenceytha hs if that
Sequencg were brac = .
6.1.2.3|SERE gotg i
The SE ly non-
consecufi st cycle
of the pgt!
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Repeated_SERE ::=
Boolean [-> [ positive_Count ] ]

Count ::=
Number
| Range

Range ::=
Low_Bound RANGE_SYM High_Bound

Low_Bound ::=
Number | MIN_VAL

High_Bound ::=
Number | MAX_VAL

The fir{ unt of
repetitig

If the C

Otherwi that the
number ified as
MAX_\ e. If the
low valge of the range (Low_Bound) is specified a re-1¢ most as
many re } exactly
one rep e of the
path.

Restrict

If the re be a statically computable, positive Count (i.e., indi¢ating at
least on en each bound of the Range shall be statically conjputable,
and the than or equal to the high bound of the Range.

Informa

For Bog

— A [-3n] holdsdghtly on a path iff A occurs exactly n times along the path and the last|cycle at

which it occurs is the last cycle of the path.

— AT->n:m] holds tightly on a path iff A occurs between n and m times, inclusive, along the path,
and the last cycle at which it occurs is the last cycle of the path.

— A[->1:m] holds tightly on a path iff A occurs at most m times along the path and the last cycle 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 cycle at
which it occurs is the last cycle of the path.

— A[->1:inf] holds tightly on a path iff A occurs one or more times along the path and the last
cycle at which it occurs is the last 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.
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NOTE—If a repeated SERE begins with a Sequence that is itself a repeated SERE (e.g., a[->2][*3], where the repetition
operator [*3] applies to the Sequence that is itself the repeated SERE a[->2]), the semantics are the same as if that

Sequence were braced (e.g., {a[->2]}[*3]).

6.1.2.4 Braced SERE

A SERE enclosed in braces is another form of sequence, as shown in Syntax 6-37.°

Braced_SERE ::=
{ SERE }

Clocked_SERE ::=
Braced_SERE @ Clock_Expression

Syntax 6-37—Braced SERE
6.1.2.5/Clocked SERE (@)
The SERE clock operator (@), shown in Syntax 6-38, provides a way to clock a \
X
NN

The firsf operand is the braced SERE to be clocke es
which tg clock the SERE.

The @ operator specifies that ] Xpre is-its right operand defines the clock context

operand Q
NOTE 1{—Default clock 4

specify clock contexts,

Restrictions

None.

Informal Semantics

A Seque ce {D }@F1 1sevaluated on-a pqﬂ'\ Pl determined ]‘\y clock context C1

optional clock parameters of certain built-in functions (5

.3) with

f its left

2.3) also

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

N.

If R contains a subordinate sequence {S} @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.

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

Examples
Example 1

Consider the following behavior of Booleans a, b, and c1k, where time is at the granularity observed by the
verification tool:

The uncjocked SERE {a;b} holds tightly from time 2 to time 3. It does er inter-

val of the given behavior.

The clo
not hold

ked SERE {a;b}@c1k holds tightly from time O tot 1e 1 to time 3. It does

Exampl¢
Conside , where time is at the grgnularity
observe

The unc ds tightly from time 2 to time 4. It does not hold tightly over any other

interval

{asb}@clkl;c}@clk2 holds tightly from time O to time 6 and froin time 1
tightly over any other interval of the given behavior.

The multi s
to time ¢. It does-not hold

The singly~clocked SEREs {{a:b};c}@clk1 and {{a:b};c}@c1k2 do not hold tightly over any|interval
of the given behavior.

6.2 Properties

Properties express temporal relationships among Boolean expressions, sequential expressions, and
subordinate properties. Various operators are defined to express various temporal relationships.

Some operators occur in families. A family of operators is a group of operators that are related. A family of
operators usually share a common prefix, which is the name of the family, and optional suffixes !, , and
! . For example, the until family of operators include the operators until, until!, until , and
until! .
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6.21F

L properties

FL Properties, shown in Syntax 6-39, describe single- or multi-cycle behavior built from Boolean expres-
sions, sequential expressions, and subordinate properties.

FL_Property ::=
Boolean
| ( FL_Property )

The mo

Property.

More ¢
properti

An FL property is evaluated on a path, which is defined by 2

how the

NOTE—Like Boolean expressions, FL. properti

grouped
6.2.1.1

Sequent|

mplex FL properties are built from Boolean expressions, seq
Ps using various temporal operators.

clock context of an FL Property is determined.

sing curly braces ({ }).

Sequential FL properties

do an FL

ordinate

ation of

that are

ccurs.

Restrict

None.

Informa

WO—Sequenﬂal FL Property

| Semiantics

For a Sequence S:

— The FL Property S! holds on a given path iff there exists a non-empty prefix of the path on which S
holds tightly.
— The FL Property S holds on a given path iff either there exists a prefix of the path on which S holds
tightly, or the property S! does not fail on the given path.

NOTE—If S contains no contradictions, an easier description of the semantics of the property S can be given as follows:
The FL Property S holds on a given path iff either there exists a prefix of the path on which S holds tightly, or the given
path can be extended to a path on which S holds tightly.
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6.2.1.2 Clocked FL properties

The FL clock operator operator (@) , shown in Syntax 6-41, provides a way to clock an FL Property.

FL_Property ::=
FL_Property @ Clock_Expression

Syntax 6-41—FL Property clock operator

The firsf operand is the FL Property to be clocked. The second operand is a Boolean/€xpression with which
to clock|the FL Property.

The @ ¢perator specifies that the clock expression that is its right operand
left opetfand.

NOTE 1}—Default clock declarations (5.4) and the optional clock paramg 2.3) also

specify clock contexts.

Restrictlons

None.

Informaf Semantics

A prope

If A con evaluat-
ing Fin nding at
N.

If A con cycle M
of P1, th

If A con tle M of
P1, then|B'i

NOTE 21

(a -> pplied to

only the finclocked sub-properties (if any). In particular, there is no conjunction of nested clocks involved.

Example 1

Consider the following behavior of Booleans a, b, and c1k, where time is at the granularity observed by the
verification tool:

clk 0o 1 0 1 o0 1 o0 0
a o o o 1 1 1 0 o 0 O
b o 0o o 0 o0 1 0o 1 1 O
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The unclocked FL Property

(a until! b)

holds at times 5, 7, and 8, because b holds at each of those times. The property also holds at times 3 and 4,
because a holds at those times and continues to hold until b holds at time 5. It does not hold at any other
time of the given behavior.

The clocked FL Property

(a until! b) eclk

holds atftimes 2, 3, 4, 5, 6, and 7. It does not hold at any other time of the given beha¥tior.

Exampl

Considey the following behavior of Booleans a, b, ¢, c1k1, and ¢
observedl by the verification tool:

The ung]

holds at|ti

The sing

holds at

The sing

2

e of the given behavior.

nularity

ly~clocked FL Property

does not

(a until! Db)e@clk2

hold at any time of the given behavior.

The multiply-clocked FL Property

(¢ && next! (a until! b)eclkl)@clk?2

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

The always operator, shown in Syntax 6-42, specifies that an FL Property holds at all times, starting from
the present.

FL_Property ::=
always FL_Property

Syntax 6-42—always operator

The opefand of the always operator is an FL Property.

Restrictions

None.

Informal Semantics

An alwlys property holds in the current , 1 F nd holds
at the cy

NOTE— pe cycle), then the always operator|defines a
property that can describe overlapping occyrre he behavi efibed by the operand. For example, thg property
always {la;b;c} describes a 8 i i : 6lds in every cycle, thus any behavior in|which a

holds in the first and every subsequent cytle, b holds iththe second and every subsequent cycle, and ¢ holds irf the third
and every subsequent cycle.

2 never Q

6.2.1.3

The nej

Syntax 6-43—never operator

The operand of the never operator is an FL Property.

Restrictions

Within the simple subset (see 4.4.4), the operand of a never property is restricted to be a Boolean expres-
sion or a sequence.
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Informal Semantics

A never property holds in the current cycle of a given path iff the FL Property that is the operand does not
hold at the current cycle and does not hold at any future cycle.

6.2.1.3.

3 eventually!

The eventually! operator, shown in Syntax 6-44, specifies that an FL Property holds at the current cycle
or at some future cycle.

FL Property ::=

eventually! FL_Property /\(\
[EAN

The ope]

Restrict

Within
Boolean

Informa

An eve
holds at

6.2.1.3

The nes

Syntax 6-44—eventually! operator,

rand of the eventually! operator is an FL Property.

ons

he simple subset (see 4.4.4), the operand ofj property is restricted

or a Sequence.

| Semantics

ntually! property e-cur ntf a giyen path iff the FL Property that is the

the current cycle or absomefuture cycle

4 next

et family of :ﬁ{ﬁt\ hown_i nta® 6-45, specify that an FL Property holds at some nej

to be a

operand

tcycle.

N mberi, (FL Propert )
mber (FL Propertyg

Syntax6-45—nextoperators

The FL Property that is the operand of the next ! or next operator is a property that holds at some next
cycle. If present, the Number indicates at which next cycle the property holds, that is, for number i, the

property holds at the ith

cycle.

next cycle. If the Number operand is omitted, the property holds at the very next

The next ! operator is a strong operator, thus it specifies that there is a next cycle (and so does not hold at
the last cycle, no matter what the operand). Similarly, next! [i] specifies that there are at least i next

cycles.
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The next operator is a weak operator, 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 matter what the operand. Similarly, next [1] does not specify that there are at least i next cycles.

NOTE 1—The Number may be 0. That is, next [0] (£) isallowed, which says that £ holds at the current cycle.

Restrictions

If a property 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:
h)  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:
h)  There is not a next cycle or
b) The FL Property that is the operand holds at the next cy¢
— A next! [i] property holds in the current cycle of a given
h)  There is an i next cycle and
b) The FL Property that is the operand holds at the i
— A next[i] property holds in the current cycle
h)  There is not an i" next cycle o
b) The FL Property that is the op¢

th

NOTE 21-The property next (£) is equivalent'to the propesty’n
6.2.1.4 [Extended next FL properfic
6.2.1.4/1 next_a

The next a fami@) ators, §ho
range off future cycles’ <\

x'6-46, specify that an FL Property holds at all cyfles of a

! [ 1] _Ra.nge] ( FL_Property )
inite_Range ] ( FL_Property)

\> Syntax 6-46—next_a operators

The FL Property that is the operand of the next a! or next a operator is a property that holds at all
cycles between the i" and jth next cycles, inclusive, where i and j are the low and high bounds, respectively,
of the finite Range.

The next_a! operator is a strong operator, thus it specifies that there is a jth next cycle, where j is the high
bound of the Range.

The next_a operator is a weak operator, thus it does not specify that any of the ith through jth next cycles
necessarily exist.

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

IEC 62531:2007(E) —77-
IEEE 1850-2005(E)

Restrictions

Ifanext aornext a! property contains a Range, then 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.

Informal Semantics

— A next_al[i:j] property holds in the current cycle of a given path iff:
a) There is a j™ next cycle and

b) The FL Property that is the operand holds at all cycles between the i™ and jth next cycle,

melusive

— A next _al[i:j] property holds in the current cycle of a given path iff th¢ FL P at is the
bperand holds at all cycles between the i" and jth next cycle, inclusive. (M ndt es exist,

NOTE—|The left bound of the Range may be 0. For example, next a [0 :¢

s that £
holds stafting in the current cycle, and for n cycles following the current cycle.

6.2.1.4)2 next_e

The next e family of operators, shown in Syntax 6-47, specify/ that aq FL
within spme range of future cycles. <\ &
FL_Property ::=

next_e! [ finite_Range | ( F

nta \édénext_e operators

The FL t_e! or next e operator is a property that holdq at least

once bef cyele, inclysive, where i and j are the low and high bounds, respectively, of
the finitg

operty holds at lepst once

The next/ =l ? y.a Strong™operator, thus it specifies that there are enough cycles so the FL Property
that is tlj 8

The nekt e-operatqr is)a weak operator, thus it does not specify that there are enough cycles s¢ the FL
Property that'is'the operand has a chance to hold.

Restrictions

Ifanext e ornext_e! property contains a Range, then 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.

Within the simple subset (see 4.4.4), the operand of next e or next_e! is restricted to be a Boolean.
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Informal Semantics

— A next_e![i:j] property holds in the current cycle of a given path iff there is some cycle
between the i and jth next cycle, inclusive, where the FL Property that is the operand holds.
— A next _e[i:j] property holds in the current cycle of a given path iff
a) There are less than j next cycles following the current cycle, or
b) There is some cycle between the i" and j[h next cycle, inclusive, where the FL Property that is
the operand holds.

NOTE—The left bound of the Range may be 0. For example, next e [0:n] (f) is allowed, which says that £
holds either in the current cycle or in one of the n cycles following the current cycle.

6.2.1.4 3 next_event

The next event family of operators, shown in Syntax 6-48, specify that an the next
occurrerice of a Boolean expression. The next occurrence of the Boolean expfession.i urrence
at the cyrrent cycle.

FL_Property ::=
next_event! ( Boolean) ( FL_Propert
Inext_event ( Boolean ) ( FL_Property
Inext_event! ( Boolean ) [ positiv
Inext_event ( Boolea ositive

The righ yveht operator is an FL Property that holds at the

next ocg operty includes a Number, then the property hollds at the
i™ occu the value of the Number), rather than at the vpry next
occurret

The nej gtor, thus it specifies that there is a next occurrence of|the left-
most op 1 specifies that there are at least i occurrences.

The next )1 k operator, thus it does not specify that there is a next occurrenge of the
leftmost 1134 ext event [i] does not specify that there are at least i next occurrgnces.

Restrictions

If a next ‘evvent or next event! property contains a Number, then the Number shall be a dtatically
computable, positive Number.

Informal Semantics

— A next_event! property holds in the current cycle of a given path iff:
a) The Boolean expression and the FL Property that are the operands both hold at the current
cycle, or at some future cycle, and
b) The Boolean expression holds at some future cycle, and the FL. Property that is the operand
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:
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a) The Boolean expression that is the operand does not hold at the current cycle, nor does it hold

at any future cycle; or

b)
and the FL Property that is the operand holds at the next cycle in which the Boolean ex
holds.

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

a)

and

The Boolean expression that is the operand holds at the current cycle or at some future cycle,

pression

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

b) The FL Property that is the operand holds at the i occurrence of the Boolean expression.
— A next_event [i] property holds in the current cycle of a given path iff:

a)

cycle, or

The Boolean expression that is the operand does not hold at least i times, starting at the current

€ curre

b) The Boolean expression that is the operand holds at least i times, startiig a
and the FL Property that is the operand holds at the i™ occurrence of

it cycle,

Booleangxpr¢ssion.

NOTE—{The formulanext event (true) (£) isequivalent to the formula E)\Similarly, if p holds
in the curent cycle, then next event (p) (£) is equivalent to nex nd thdrefore to
next [§] (f£).However, none of these is equivalent to next (f£).

6.2.1.4]4 next_event_a

The next event a family of operators, Ids at a
range of the next occurrences of a Boole pression
include pn occurrence at the current cycle.

The righ t_a! ornext event a operator is an FL Property that holds
at the sp ences of the Boolean expression that is the leftmost operand] The FL
Property 4nd holds on the i through jth occurrences (inclusive) of the Boolean
expression e low and high bounds, respectively, of the Range.

The next even®t\a! Operator is a strong operator, thus it specifies that there are at least j occurtences of
the leftmost operand.

The next event a operator is a weak operator, thus it does not specify that there are j occurrences of the

leftmost

operand.

Restrictions

If a next event a or next event a! property contains a Range, then the Range shall be a finite,
positive 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.
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Informal Semantics

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

a) The Boolean expression that is the operand holds at least j times, starting at the current 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 al[i:j] property holds in a given cycle of a given path iff the FL Property that
is the operand holds at the it 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

at least
Boolean

The next event e family of operators, shown in Syntax 6-50, specify that a
once dufing a range of next occurrences of a Boolean expression. The nex
expressipn include an occurrence at the current cycle.

FL_Property ::
next_ event e! (Boolean) [fmzte_posz Ve_

| next event e ( Boolean) [ finite_posi 1\3R7nge

The righ _e operator is an FL Property that holds
at least the Boolean expression that is the [leftmost
operand ds on one of the i" through jth occfirrences
(inclusiy s i here i iare the low and high bounds, respectively, of thg Range.
The next even s is qperatoy; thus it specifies that there are enough cycles sq that the

FL Property has a

The nej
that the

ycles so

Restrict

If a next S next event e! property contains a Range, then the Range shall be|a finite,
positive| Range) each botind 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.

Within the simple subset (see 4.4.4), the FL Property of next event e ornext event e!isrestricted
to be a Boolean.

Informal Semantics

— A next _event e![i:j] property holds in the current cycle of a given path iff there is some
cycle during the ith_through jth next occurrences of the Boolean expression at which the FL Property
that is the operand holds.

— A next _event e[i:j] property holds in the current cycle of a given path iff:
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a) There are less than j next occurrences of the Boolean expression, or
b) There is some cycle during the ith through jth next occurrences of the Boolean expression at
which the FL Property that is the operand holds.

6.2.1.5 Compound FL properties

6.2.1.5.1 abort, async_abort, and sync_abort

The abort, async_ abort, and sync_abort operators, shown in Syntax 6-51, 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.

FL_Property ::=
FL_Property sync_abort Boolean
| FL_Property async_abort Boolean
| FL_Property abort Boolean

The leftf operand of the abort operators is he abort

operatoffs is the Boolean condition that cause

Restrictions

None.

Informaf Semantics

An abo

u

the path
holds.

A synd

— The KL Propexty that is the left operand holds, or

— TheEL Property that is the left operand does not fail (see 4.4.5) prior to the first cycle (of jthe path
AP d st 1 ] s s Lot Y TAN hickh tha P 1 data that o he I'l ht
Hetined-by-the-eloeleontext-of-the-abertpropertytrwhich-the Boolean—condittonthatis g
operand holds.

NOTE 1—The abort operator is identical to the async_abort operator. It is currently maintained in the language
for reasons of backward compatibility.

NOTE 2—For asynchronous properties, aborting with sync_abort or async_abort (or abort) is the same.
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Example
Using async_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 cancellation signal may come asynchronously (not in a cycle of c1k).”

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

or

always ((req -> eventually! ack) async_abort cancel);

when thg default clock is c1lk.

Using sfync_abort to model a synchronous interrupt: “A request is always fo : wledge,
unless afcancellation occurs. The request, acknowledge, and cancellation sighals ‘& q ck clk.
A rise of the cancellation signal when c1k does not hold is ignored.”

alyays ((reqg -> eventually! ack) sync_abox
or

alyays ((reqg -> eventually!
when thg default clock is c1k.
6.2.1.512 before

The before family of operatars, shgwn in pecify that one FL Property holds before 4 second

FL Property holds. M x

_Property
FL_Property
e FL_Property

A\
w Syntax 6-52—before operators

The leftfoperand of the before family of operators is an FL Property that holds before the FL Propgrty that
is the right operand holds.

The before! and before! operators are strong operators, thus they specify that the left FL Property
eventually holds.

The before and before operators are weak operators, thus they do not specify that the left FL Property
eventually holds.

The before! and before operators are non-inclusive operators, that is, they specify that the left operand
holds strictly before the right operand holds.
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The before! and before operators are inclusive operators, that is, they specify that the left operand

holds before or at 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 before! property holds in the current cycle of a given path iff:
olds a
b) The FL Property that is the left operand holds strictly before the FL
operand holds, or the right operand never holds.

— A before! property holds in the current cycle of a given path iff
h)  The FL Property that is the left operand holds at the current

— A before property holds in the current cycle of a given pat

ever hold in any future cycle, or
b) The FL Property that is the left operand

operand holds.
— p
)
p)
that is the right €p
6.2.1.5/3 until

The until family of operators,
Property holds.

b) The FL Property that is the left operand holds before or ak\the same

ax 6-53, specify that one FL Property holds until a se

le, and
he right

le, and
Property

operand

he right

operand

Property

rond FL

erpy until! FL_Property

_Rroperty until!_ FL_Property
Property until FL_Property

roperty until_ FL_Property

Syntax 6-53—until operators

The left operand of the unt i1 family of operators is an FL Property that holds until the FL Property that is

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

The until! and until! operators are strong operators, thus they specify that the terminating property

eventually holds.
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The until and until operators are weak operators, thus they do not specify that the terminating
property eventually holds (and if it does not eventually hold, then the FL Property that is the left operand
holds forever).

The until! and until operators are non-inclusive operators, that is, they specify that the left operand
holds up to, but not necessarily including, the cycle in which the right operand holds.

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 until! or until progerty is ictefl to be a
Boolean expression, and both the left and right operands of an until! pstricted
to be a Boolean expression.

Informal Semantics

An until! property holds in the current cycle of a given pa
ycle, and
iflcluding,

ycle, and
igst cycle

ycle, and
hotds at all cycles up to, but not necessarily irlcluding,
erty that is the right operand holds.

Rat 13\the riglit operand holds at the current cycle or at some future cycle, and
1 eft operand holds at all cycles up to and including the earli¢st cycle

6.2.1.6

6.2.1.6

The suffiximplication family of operators, shown in Syntax 6-54, specify that an FI. Property or sequence
holds if some pre-requisite sequence holds.

FL_Property ::=
{ SERE i ( FL_Property )
| Sequence [-> FL_Property
| Sequence |=> FL_Property

Syntax 6-54—Suffix implication operators
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The right operand of the operators is an FL. property that is specified to hold if the Sequence that is the left
operand holds.

Restrictions

None.

Informal Semantics

— A Sequence |-> FL_Property holds in a given cycle of a given path iff:
a) 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
left operand holds tightly from the given cycle to C.
— A Sequence |=> FL_Property holds in a given cycle of a given path iff:
h)  The Sequence that is the left operand does not hold at the given yek
b) The FL Property that is the right operand holds in the cycle im
that the Sequence that is the left operand holds tightly fro

hat is the

e C such

NOTE—A {Sequence }(FL_Property) FL Property has the same semantics as.Seq KL_Property.

e
6.2.1.7 |Logical FL properties

6.2.1.7{1 Parameterized property
The par

obtained
given ps

operties
s of the

Syntax 6-55—Parameterized property

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.

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 a logical and or a logical or. The FL Property enclosed in parenthesis is the base
FL Property. For each PSL Identifier, the Value Set defines the set of values that the corresponding
parameter or array elements can take on.
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The set of values can be specified in four different ways:

— 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 must 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 must be statically
computable.

For a single parameter,

a) [f the parameter is not an array, and the set of values has size K, then th i 1 size K.
Fach element in the set is obtained by instantiating the base compov i e of the
possible values in the set of values

b) [f the parameter is an array of size N, and the set of values has size i is of size
KN. Each element in the set is obtained by instantiating the bass e of the

For mulfiple parameters, the set of values is that obtained b, o 3 bnce for
each paijameter.

Restrictlons

The restrictions of the base operator, specifig
terized property constructed with the corre
apply. I particular, since the g
operand| a parameterized
the base|FL Property is Boo

parame-
4.4 also
Boolean
ubset iff

For eacli

— If the parametex 1 has ig ifi a finite
Range, each\bound se shall be statically computable and the left bound of the Range shall
be les ight bound of the Range.

— }f a Yalue is usca\o d Value Range, the Value shall be statically computable.

— If: 1ge d to specify a Value Range, the Range shall be a finite Range, each bour]d of the
Rangeshath\be statically computable, and the left bound of the Range shall be less than or fequal to
he right

— The parameter~dame shall be used in one or more expressions in the Property, or as ah actual
patameter in the instantiation of a parameterized SERE, so that each of the instances of tHe SERE
corresponds to a unique value of the parameter name.

NOTE 2—The parameter is considered to be statically computable, and therefore the parameter names may be used in a
static expression, such as that required by a repetition count.

NOTE 3—Parameterized properties are a generalization of the forall construct (6.2.3). Any property written with forall
can be written equivalently using a parameterized logical and operator. The forall construct is currently maintained in the
language for reasons of backward compatibility.
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Informal Semantics

For FL_Property F:

— for i in boolean: || (F(i)) isequivalent to the applying | | to the set containing the
two FL Properties:

F(false) and F (true),
i.e., is equivalent to the FL Property:

(F(false)) || (F(true))

— for i in {j:k}: && (F(i)) isequivalentto applying && to the setqontaining the kij+1 FL
Properties:

F(3),F(3+1), ..., F(k),

.e., is equivalent to the FL Property:

(F(3)) && (F(j+1)) && ...

— for 1 in {j,k,1}: && (F(i)
Properties:

& to the set containing the 3 FL

F(j),F(k),andF (1),
.e., is equivalent to the FL Property

— 1 1s equivalent to applying && to the set confaining

srug, false})) && (F({true,true}))

— foty#10:2] in {c,d}: || (F(i)) isequivalentto applying | | to the set containipg the 8
EL Properties:

F({c,c,c}),F({c,c,d}),F({c,d,c}).F({c,d,d}),
N.F({d,c,d}),F({d,d,c}), and F({d,d,d}),

i.e., is equivalent to the FL Property:

C,C,C}))||(F({Clcl || } ||
(F({d,c,e})) || (F({d,c,a})) || (F({a,d,c})) || (F({d,4,d}))
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— for i in {j:k}, 1 in {m:n}: && (F(i,1)) isequivalent to applying '&&' to the set

containing the (k—j+1)x(n-m+1) FL Properties:

F(j,m), F(j,m+1), ..., F(3,n),
F(j+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
(F(j+1,m)) && (F(j+1,m+1)) && ... && (F(j+1,n))
el &&

(F(k,m)) && (F(k,m+1)) && ... && (F

6.2.1.7J2 Logical implication

The logical implication operator (- >), shown in Syntax 6-56, is used to ec:1fy

FL_Property ::
FL Propeny -> FL_Property /(>

tlon erator

The right operand of the logical i
Property that is the left operafid ho

roperty that is specified to hold if the FL.

In the SlystemC flavor, if[the\operator ' dppears in an expression and its left operand is the ngme of a

pointer {o an objec 15 the right operand, then the '
as the SystemC me erator, ngtas the logical implication operator.

Restrictions

->' operator is inferpreted

Within the simp et (see 4.4 the left operand of a logical implication property is restricted to be a

Boolean ¢

Informal Semantie

A logicdl implication property holds in a given cycle of a given path iff:

— The FL Property that is the left operand does not hold at the given cycle, or
— The FL Property that is the right operand does hold at the given cycle.

6.2.1.7.3 Logical iff

The logical iff operator (<->), shown in Syntax 6-57, is used to specify the iff
between two properties.
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FL_Property :=
FL_Property <-> FL_Property

Syntax 6-57—Logical iff operator

The two operands of the logical iff operator are FL Properties. The logical iff operator specifies that either
both operands hold, or neither operand holds.

Restrictions

Within |Ihe simple subset (see 4.4.4), both operands of a logical iff property are ricted to\be)a

expressi

Informa

A logics

— Both FL Properties that are operands hold at the give

— 1

6.2.1.7

The log

on.

| Semantics

1 iff property holds in a given cycle of a given path iff:

Neither of the FL Properties that are operands h

4 Logical and

Boolean

The ope]

Informa

A logicd

1 and.property Holds in a given cycle of a given path iff the FL Properties that are the opera

hold at thé\given cycle.

nds both

6.2.1.7.

5 Logical or

The logical or operator, shown in Syntax 6-59, is used to specify logical or.

FL_Property :=
FL_Property OR_OP FL_Property

Syntax 6-59—Logical or operator
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The operands of the logical or operator are two FL Properties, at least one of which is specified to hold.

Restrictions

Within the simple subset (see 4.4.4), at most one operand of a logical or property may be non-Boolean.

Informal Semantics

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 6-60, is used to specify logical neggt'\ x

FL_Property ::=
NOT_OP FL_Property

The opefand of the logical not operator is ai

Restrictlons

Within the simple subset (see 4 4. ar ¢gical not property is restricted to be a Boolean
expressi

Informa

A logic of a given path iff the FL Property that is the operand foes not

6.2.1.8

The LTI} xn in Syntax 6-61, provide standard LTL syntax for other PSL operators.

FL_Property ::=
X FL_Property
1 X! FL_Property
'K FL_Property
G FL_Property
| [ FL_Property U FL_Property |
I | FL_Property W FL_Property |

Syntax 6-61—LTL operators

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

IEC 62531:2007(E) —91-
IEEE 1850-2005(E)

The standard LTL operators are alternate syntax for the equivalent PSL operators, as shown in Table 4.

Table 4—PSL equivalents

Standard LTL Equivalent PSL

operator operator

X next

X! next!

F eventually!

G always

U until!

W until

Restrictions

The resfrictions that apply to each equivalent PSL operator
operatof

NOTE—The syntax of the U and W operators requirs
sponding expressions using PSL operators sho
until!|qg),and [p W gl isequivalentto (

Propertips of the Optional Branching
states ay opposed to properti
states. A tree of states.s ohtained from th
some ¢ mputation ¥
determifpism in the mo ¢

sequencp of states.

hrd LTL

he corre-
nt to (p

trees of
bnces of
bonds to
of non-
i.e., toa

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

OBE Property.
6.2.2.1 Universal OBE properties

6.2.2.1.1 AX operator

The AX operator, shown in Syntax 6-63, specifies that an OBE property holds at all next states of the given

state.
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OBE_Property ::=
AX OBE_Property
Syntax 6-63—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.
Informal Semantics
An AX fjroperty holds at a given state iff, for all paths beginning at the g E Property that is

the oper
6.2.2.1

The AG
future st

and holds at the next state.
2 AG operator

operator, shown in Syntax 6-64, specifies that
ates.

hd at all

The ope]

Restrict

None.

Informa

| Sermantics

tes.

An AG 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 given state and at all future states.

6.2.2.1

.3 AF operator

The AF operator, shown in Syntax 6-65, specifies that an OBE property holds now or at some future state,
for all paths beginning at the current state.
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OBE_Property ::=
AF OBE_Property

Syntax 6-65—AF operator

The operand of AF is an OBE Property that is specified to hold now or at some future state, for all paths
beginning at the current state.

Restrictions

None.

Informal Semantics

An AF fjroperty holds at a given state iff, for all paths beginning at the gi%en statSithe\OBEProperfy that is

the operpnd holds at the first state or at some future state.
6.2.2.1/4 AU operator

The AU [operator, shown in Syntax 6-66, spe€ifies that\an until a specified terfninating

property holds, for all paths beginning at the\given stage.

The firs
operand

t is specified to hold until the OBE Property that is th¢ second
given state.

Restrict

None.

Informal Semantics

An AU property holds at a given state iff, for all paths beginning at the given state:
— The OBE Property that is the right operand holds at the current state or at some future state, and
— The OBE Property that is the left operand holds at all states, up to but not necessarily including, the
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 6-67, specifies that an OBE property holds at some next state.
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The operand of EX is an OBE property that is specified to hold at some next state of the given state.

OBE_Property ::=
EX OBE_Property

Syntax 6-67—EX operator

Restrictions
None.
Informal Semantics
An EX groperty holds at a given state iff there exists a path beginning a tate/such that the OBE
Property that is the operand holds at the next state.
6.2.2.22 EG operator
The EG [operator, shown in Syntax 6-68, specifies that an OBE prgpertyNoldsat the current state and at all
future sfates of some path beginning at the wtat
OBE_Property ::=
EG OBE_Property %
N R
) \Eg

The ope] states of

some pa

Restrict

None.

Informa

| Semantic

An EG [

roperty holds at a given state iff there exists a path beginning at the given state, such that {he OBE

Property that is the operand holds at the given state and at all future states.
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6.2.2.2.3 EF operator

The EF operator, shown in Syntax 6-69, specifies that an OBE property holds now or at some future state of
some path beginning at the given state.

OBE_Property ::=
EF oB E_Property

Syntax 6-69—EF operator

The opdrand of EF is an OBE Property that is specified to hold now or at some future state ef sd
beginnifg at the given state.

Restrict

None.

Informa

An EF |
Property

6.2.2.2

The EU
property

ons

| Semantics

me path

g given state, such that the OBE

The firs
operand

Restrict

None.

Informa

holds forseme path beginning at the given state.

e second

ONnS'

| Semantics

An EU property holds at a given state iff there exists a path beginning at the given state, such that:

— The OBE Property that is the right operand holds at the current state or at some future state, and
— The OBE Property that is the left operand holds at all states, up to but not necessarily including, the

state in which the OBE Property that is the right operand holds.
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6.2.2.3 Logical OBE properties

6.2.2.3.1 OBE implication

The OBE implication operator (- >), shown in Syntax 6-71, is used to specify logical implication.

OBE_Property ::=
OBE_Property => OBE_Property

The righ
Property

Restrict

None.

Informaf Semantics

An OBH i

u

t

6.2.2.3

The OBE

two properties.

[« 2977 L L H $oay
Syniax-6--—OBE-implieation-eperator

that is the left operand holds.

ons

2 OBE iff

iff operat

t operand of the OBE implication operator is an OBE Property that is sgecifie hooldif fhe OBE

between

The twg

Syntax 6-72—OBE iff operator

ht either

eperands of the OBE iff operator are OBE Properties. The OBE iff operator specifies th

both operands hiold or neither operand holds.

Restrictions

None.

Informal Semantics

An OBE iff property holds in a given state iff:

— Both OBE Properties that are operands hold at the given state, or
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— 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 Syntax 6-73, is used to specify logical and.

OBE_Property ::=
OBE_Property AND_OP OBE_Property

Syntax-6-73—OBE-and-operator
v,lll L34

The opefands of the OBE and operator are two OBE Properties that are both specifie

Restrictions

None.

Informaf Semantics

An OBE and property holds in a given state iff the O e_the operands both hold at the
given stte.
6.2.2.3)4 OBE or
The OBE or operator, shown i gﬁy\ntax -74\is u 0 spe ifyNdgical or.
N

O%ny

ynta 6-74—OBE or operator
The opefands 3E (Og,0peratotare two OBE Properties, at least one of which is specified to hold.

Restriction

None.

Informaf Semantics

A OBE or property holds in a given state iff at least one of the OBE Properties that are the operands holds at

the given state.
6.2.2.3.5 OBE not

The OBE not operator, shown in Syntax 6-75, is used to specify logical negation.
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OBE_Property ::=
NOT_OP OBE_Property

Syntax 6-75—OBE not operator

The operand of the OBE not operator is an OBE Property that is specified to not hold.

Restrictions

None.

Informaf Semantics

An OBE not property holds in a given state iff the OBE Property that is the O
given sthte.

6.2.3 Rpplicated properties

Replicaied properties are specified using the operator forall

of the rgplicated property is a Replicator and the second Operands ap drized property.

and does/not ko

d at the

operand

Property ::=
Replicator Property

Replicator ::=
forall Parameter_Definition

va
| finite_Range

Range ::=
Low_Bound RANGE_SYM High_Bound

Syntax 6-76—Replicating properties

NOTE 1—The term replicated property is used figuratively. It does not imply that replication actually takes place.

Whether or not any part of the property is replicated depends on the implementation.

The PSL Identifier in the replicator is the name of the parameter in the parameterized property. This param-

eter can be an array. The Value Set defines the set of values over which replication occurs.
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a) If the parameter is not an array, then the property is equivalent to a property obtained by the
following steps:

1) Replicating the parameterized property for each value in the set of values, with that value
substituted for the parameter (so that the total number of replications is equal to the size of the
set of values)

2) Logically “anding” all of the replications.

b) If the parameter is an array of size N, then the property is equivalent to a property obtained by the
following steps:

1) Replicating the parameterized property for each possible combination of N (not necessarily
distinct) values from the set of values, with those values substituted for the N elements of the
arlzay parameter (if the set of values has size K, then the total number of replications is equal to
K™

D) Logically “anding” all of the replications.

Observd that in both cases the meaning of a replicated property is equivalent to
does nof imply that any replication must actually take place.

e replication proc¢ss. This

The set pf values can be specified in four different ways:

— The keyword boolean specifies the set of values {True, Fdlse
— A Value Range specifies the set of all Number valugs-withi

— i typesall values must He of the

Restrict

If the p4 5 ange shall be specified as a finit¢ Range,
each bo stati ¥ he left bound of the Range shall be les} than or
equal to

If a Valy

If aRan iy a . ange shall be a finite Range, each bound of the Rarpge shall
be statig & ft-bound 0f'the Range shall be less than or equal to the right bound of the
Range.

If the v dtatically
computg

The par used in one or more expressions in the Property, or as an actual parajneter in

the instdntiatien.o eterized Property, so that each of the replicated instances of the Properfy corre-
sponds to a’uhique 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) between the
parameter name and an expression, and use of the parameter name as an index or repetition count.

A replicator may appear in the declaration of a named property, provided that instantiations of the named
property do not appear inside non-replicated properties.

NOTE 2—The parameter defined by a replicator is considered to be statically computable, and therefore the parameter
name can be used in a static expression, such as that required by a repetition count.
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NOTE 3—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 maintained in the

language for reasons of backward compatibility.

Informal Semantics

— A forall i in boolean: £ (i) property is equivalent to:
f(true) && f(false)

— Aforall i in {j:k} : £(4i) property is equivalent to:
£(3) && £(j+1) && £(j+2) && ... && £(k)

IEC 62531:2007(E)
IEEE 1850-2005(E)

— Aforall i in {j,k} : £ (i) property is equivalent to:
£(5) & f (k)

— A forall i[0:1] in boolean : f (i) property isequiva
f ({false,false}) && f({false,true}) &&
f ({true ,false}) && f({true ,true})

nt to:

— A forall i[0:2] in {4,5} : £(i) propert
F({4,4,4}) && £({4,4,5}) && £({4,5,
F({5,4,4}) && £({5,4,5}) && £({5,5/4}

4

[>

Exampl{

Legal:
forall i[0:3]
request &&

st (data out == 1)
forall i in boo

forall
for

forall j i

Illegal:

alvyaysd
fo6rall i in boolean: next e[1:10] (response[i]))

6.3 Property and sequence declarations

A given temporal expression may be applicable in more than one part of the design. In such a case, it is con-
venient to be able to define the expression once and refer to the single definition wherever the expression
applies. Declaration and instantiation of named declarations provide this capability. (See Syntax 6-77.)
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PSL_Declaration ::=
Sequence_declaration | Property_declaration

Sequence_declaration ::=

Property_declaration ::=

Formal_Parameter_List ::=
Formal_Parameter { ; Formal Parameter }

Formal_Parameter ::=
Param_Spec PSL_Identifier { , PSL_ldentifier }

sequence PSL_Identifier ( Formal_Parameter_List) 1 DEF_SYM Sequence §

property PSL_Identifier ( Formal_Parameter_List ) 1 DEF_SYM Property

Param_Spec ::=
const
| [ consSt | Value_Parameter
| Temporal_Parameter

Value_Parameter ::=
HDL_Type
| PSL_Type_Class

HDL_Type ::=

hdltype HDL_VARIABLE_TYPE
PSL_Type_Class ::= \ <

boolean | bit | bitvectox | ndmeric | strin
Temporal_Parameter ::=

sequence | propert (\

Weclaraﬁon

Informaf Semantics
The PSI|

of the dg
eters of

Restrict

The nan

NOTE—{THere is no requirement to use formal parameters in a declaration. The declaration may refer directly

in the designraswell astoformal parameters

he name
| param-

o signals

6.3.1 Parameters

A named declaration 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.
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6.3.1.1 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
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.

Table 5—PSL formal parameter type classes

PSL formal Pa‘;ametel; tsgpg class Actual gxpl;essign t?fﬁe

boolean Boolean expression (refer t0<2/.\1&2)
(@A

bit Bit expression (refer to

\
bitvector BitVector expresslé (r\efg\\&\g&) >
numeric Numeric eX@N@{e 5.1.4;
string Stﬁnﬁcpresﬁ\}k&il. )
sequence ﬂW%fe{f\g 6\\%
property \ &Pro erty.(refer t©0 6 }\(

NOTE—A many-to-one mapping 8 Nmeter type class can result in type gmbiguity
. Por &xam

issues in trongly typed languagés like\V

—

sequence s (bool

In the VHDL ﬂavor,it and std_Wogi te_ Boglean type class, but it is an error to pass expressions df type bit
and std_ylogic to formal patrarmeters espegtively in this example if the '='" operator is not defined for|operands

of type bt and std_ulogis,

6.3.1.2

In addit hge neutral types, PSL allows formal parameters to be of HDL data types. If pn HDL
data typp canbe usgd T axformal parameter declaration of a subroutine defined in the HDL flavor, if may be
used as fa forma ter type in a PSL named declaration. This includes user-defined types. THe actual
parametpr toformal paggheter mapping rules are the same as for subroutines in that flavor.

1 - - s h B 1 el 4l 1 s | 1 1
HDL fO Irar PdldlllCLCl LyPCD IITUStT UC \.luauucu WIUItaIc IIU L LT Yy T I\Cy WUILU.
Example

VHDL flavor

sequence color is red (hdltype COLOR c¢) is {c = RED};
sequence slope is 1 (hdltype COORDINATE RECORD c) is {(c.x / c.y) = 1};
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SystemVerilog flavor

sequence color is red (hdltype COLOR c¢) = {c == RED};
sequence slope is 1 (hdltype COORDINATE STRUCT c) = ((c.x / c.y) == 1);

6.3.2 Declarations
6.3.2.1 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:

Exampl

sequence BusArb (boolean br, bg; const n)
{ br; (br && !'bg

The namped sequence BusArb represents a generic bus arpitra { i ameters
br (bus|request) and bg (bus grant), as well as a for § t delay in
receiving the bus grant.

dr) =
{ar[->]1; drl->1}; !bb|};

sequence ReadCycle

The nanped sequence ReadC§clare ? pperation involving a bus arbitration sequence
and Bodlean conditions

NOTE—There is no péquiremsent to upe
directly tp signals inthe desigh as wella

6.3.2.2|Property de

bs in a sequence declaration. A declared sequence fhay refer

A propefty de i it perty and gives it a name.
Exampl
pr AfterN
(boOlean start; property result; const n; boolean stop) =
alwavs ((start -> nextln]l (result)) @ (posedge clk)

async_abort stop) ;
This property could also be declared as follows:

property ResultAfterN
(boolean start, stop; property result; const n) =
always ((start -> next[n] (result)) @ (posedge clk)
async_abort stop) ;

The two declarations have slightly different interfaces (i.e., different formal parameter orders), but they both
declare a property called ResultAfterN. Each property describes behavior in which a specified result (a
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property) occurs n cycles after an enabling condition (parameter start) occurs, with cycles defined by
rising edges of signal c1k, unless an asynchronous abort condition (parameter stop) occurs.

NOTE—There is no requirement to use formal parameters in a property declaration. A declared property may refer
directly to signals in the design as well as to formal parameters.

6.3.3 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.

Restrictions

For each formal parameter of the declaration, the instantiation shall provide ing actual
expression. For a const formal parameter, the actual expression Aha 3 1 \putable
expression. The expression type of the actual parameter shall map tQ the 4 ter type
accordirjg to the rules specified in 6.3.1. Further, the expression obtdined G i with the

actual expression in the declaration expression shall be a legal

6.3.3.1[Sequence instantiation

A sequence instantiation, shown in Syntax
named sequence is also a Sequence (see 6.1.

Sequence ::

nce of a

\ Syntax 6-78—Sequence instantiation

Informal Semantics

An instance of a named sequence describes the benavior that 15 described by the sequence obtained trom the
named sequence by replacing each formal parameter in the named sequence with the corresponding actual
parameter from the sequence instantiation.

Example
Given the declarations for the sequences BusArb and ReadCycle in 6.3.2.1,
BusArb (breq, back, 3)

is equivalent to
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{ breqg; (breq && !back) [*0:3]; breg && back }

and

ReadCycle (BusArb (breq, back, 5), breq, ardy, drdy)

is equivalent to

{ { breg; (breqg && !back) [*0:5]; breqg && back };

{breq[*]1} && {ardyl[->1; drdyl->1}; !'breq }

6.3.3.2

A propd
named

Property instantiation

rty instantiation, shown in Syntax 6-79, creates an instance of a na ropekty. YAn-insta

roperty is also a Property (6.2).

nce of a

X

FL_Property ::=
FL_property_Name [ ( Actual_Parameter_Li

OBE_Property ::=
OBE_property_Name [ ( Agtual_Par: fheter 1 St

Actual_Parameter_List ::=

Informa
An instg
An instg
An instg
(for an

declarat
cycle or|

on,With"the esponding actual parameter in the property instantiation, holds in that eV
states respectively.

en state
property
aluation

Restrictions

If a named property is an FL Property, and it has a formal parameter that is a Property, then in any instance
of that named property, the actual parameter corresponding to that formal parameter shall be an FL Property.

If a named property is an OBE Property, and it has a formal parameter that is a Property, then in any instance
of that named property, the actual parameter corresponding to that formal parameter shall be an OBE
Property.
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Example
Given the first declaration for the property ResultAfterNin 6.3.2.2,

ResultAfterN (write req, eventually! ack, 3, cancel)
is equivalent to

always ((write req -> next[3] (eventually! ack))
@ (posedge clk) async_abort cancel)

and

Re§UITATTLErN (Tead Teq, eventually! (ack | Tetry),
(cancel | write req))

S,

is equivjlent to

alyays ((read req -> next[5] (eventually! (ack
@ (posedge clk) async_abort (cancel |

o
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7. Verification 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

Verification directives give directions to verification tools.

PSL_Directive ::=
[ Label : ] Verification_Directive

Verification_Directive ::=
Assert_Directive

| Assume_Directive
| Assume_Guarantee_Directive
| Restrict_Directive
| Restrict_Guarantee_Directive
| Cover_Directive
| Fairness_Directive

A verifigation directive may be preceded by
label in fhe same verification unit.

Labels ¢nable construction of auni
used by [a tool for selective ¢

ny other

K can be

NOTE—
of PSL d

tification

7.1.1 asse

The Assert Directive, shown in Syntax 7-82, instructs the verification tool to verify that a property holds.

Assert_Directive ::=
assert Property [ report String ] 5

Syntax 7-82—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 (lack 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 hold, it
should display the message:
A second ack occurred before the next
7.1.2 agsume
\ ification

S.

The Asqume Directive, shown in Syntax 7-83, instructs-th
(e.g., th¢ behavior of the input signals) so th pro;)ztkc—l;%

\/
Assume_Directive ::=
assume Property § Q
/\ JAIRN

\l \ss)/
Resl‘l ictions :

The Property that is

PEXa an e Directive must be an FL Property or a replicated FL Broperty.

Exampl

The dirdctive

asTume always (ack -> next lack);

instructs the verification tool to constrain the verification (e.g., the behavior of the input 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—Verification tools are not obligated to verify the assumed property.

7.1.3 assume_guarantee

The Assume Guarantee Directive, shown in Syntax 7-84, instructs the verification tool to perform two dif-
ferent but related tasks: one is to perform a verification constrained with the property in question (as
described in 7.1.2) the other one is to verify independently that the property holds.

Assume_Guarantee_Directive ::=
assume_guarantee Property [ report String ] §

Syntax 7-84—Assume Guarantee Directive

An Assfime Guarantee Directive may optionally include a character stri
when thg property fails to hold.

SS o report

Restrictions

an FL Property pr repli-

The Property that is the operand of an assume_guax ee\djrectiveNmust bé
cated FIL Property. 6

Exampl{

The dirdctive

asg$ume_guarante lack) ;
instructy the tool to dssu S is asserted, it is not asserted at the next cyclg. It also
instructy the tool i 5 dparafe step, that the property holds. To illustrate Jow this
verificafion directive ig‘used, ithagineg destgn blocks, A and B, and the signal ack as an output from
block B

asgume Gua (ack -> next lack);
can be : 1 e other properties related to block A. However, verification tools shall also
indicate vligationndf this property when block B is present. How this information is used is tool-
depende

NOTE—{The‘6ptional character string has no effect when an assume_guarantee directive is being used only tq indicate
an assumption. The character string can be provided so that it can be reported when the property fails to verify in another
context.

7.1.4 restrict

The Restrict Directive, shown in Syntax 7-85, is a way to constrain design inputs using sequences.
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Restrict_l?irective =
restrict Sequence ;

Syntax 7-85—Restrict Directive

A Restrict Directive can be used to initialize the design to get to a specific state before checking assertions.

NOTE—Verification tools are not obligated to verify that the restricted sequence holds.

Exampl

The dirdctive

restrict {!rst;rst[*3];!rst[*]};

instructs
is low irf the first cycle, rst is high for the next three cycles, gn

7.1.5 rgstrict_guarantee

The Restrict Guarantee Directive, shown<in rm two
different but related tasks: one is to perform tion (as
describgd in 7.1.4) the other one is to verify j

A Restr 0 report

when th

Exampl

The dirdctive

I hl
restrilCl_guaralitee (Lol rsU I 5] 7 P Est ™) 17

instructs the verification tool to constrain the verification (e.g., the behavior of the input signals) so that rst
is low in the first cycle, rst is high for the next three cycles, and rst is low forever afterwards. It also
instructs the tool to verify, possibly as a separate step, that the sequence holds. How this information is used
is tool-dependent.

NOTE—The optional character string has no effect when a restrict_guarantee directive is being used only to indicate a
restriction. The character string can be provided so that it can be reported when the sequence fails to hold in another
context.

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=4fec2d304b2b5a4812bab89177890e5e

-112 - IEC 62531:
IEEE 1850-
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2005(E)

The Cover Directive, shown in Syntax 7-87, directs the verification tool to check if a certain path was

covered

by the verification space based on a simulation test suite or a set of given constraints.

Cover_Directive ::=
cover Sequence [ report String ]

Syntax 7-87—Cover Directive

A Covgl
specifie

Exampl
The dire

coy
instruct
another

NOTE—
sequence]

7.1.7 fdirness and str

The Fait
properti

r Directive may optionally include a character string containing a messdge to raport W
| sequence occurs.

ctive

ness Direc@

hen the

ind then

rting the

liveness

Syntax 7-88—Fairness Directives

If a Fair

a simple fairness constraint.

ness Directive includes the Keyword ST rong, then it IS a SITong Jairness COnsiraint; otherwise, it is

Fairness constraints can be used to filter out certain behaviors. For example, they can be used to filter out a
repeated occurrence of an event that blocks another 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 does not
occur infinitely many times along the path or if a second Boolean expression occurs infinitely many times
along the path.
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Examples

The directive

fairness p;

instructs the verification tool to verify the formula only over paths in which the Boolean expression p occurs
infinitely often. Semantically, it is equivalent to the assumption

assume G F p;

The directive

strong fairness p,q;

instructq the verification tool to verify the formula only over paths in which €
does not occur infinitely often or the Boolean expression g occurs jfini
equivalgnt to the assumption

assume

7.2 Veyification units

A verifi¢ation unit, shown in Syntax 7-89, is used to 2xo

(G Fp) -> (GF Qq);

Pssion p
ly, it is

ments.

instance Name =

HDL_or_PSL_Identifier

Inl}erit_Sp.ec =
inherit vunit_Name { 4 vunit_Name } §

Vunit_Item ::=
HDL_DECL

| HDL_STMT

| PSL_Declaration

| PSL_Directive

Syntax 7-89—Verification unit
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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
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
7.2.2 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.
¢) Any verification directive.

The Vuijit Type specifies the type of the Verification Unit. Vefificati i prop and vimodg enable
separate| definitions of assertions to verify and constraints (ile., 3 Tictions) to be copsidered
in attempting to verify those assertions. Various vprop|venifie be created containing ¢lifferent

sets of assertions to verify, and various vmgde Werif ifrg7different sets of constrgints can
be creatpd to represent the different condition y ificatiory should take place. By combining
one or more vprop verification units with-one or Moxe ode verification units, the user can easily

compos¢ different verification tasks.

Verificafion unit type vunit enable bine i which both assertions to verify and agplicable
constraipts, if any, can be defing or. AlNthree types of verification units can be used together in a

single verification rui.
The defhult verifica NEALL. fault) can be used to define constraints that are ¢ommon
to all verification envio . rat can be overridden in other verification units. For gxample,

the defaplt verificati 6 At i default clock declaration or a sequence declaration for the most
commof e

Restrict

S)

A Verification Us pe vmode shall not contain an assert directive.

A Verifigation Unit of type vprop shall not contain a directive that is not an assert directive.

A Verification Unit of type vprop shall not inherit a Verification Unit of type vunit or vmode.
A Verification Unit of type vmode shall not inherit a Verification Unit of type vunit or vprop.

A default Verification Unit, if it exists, shall be of type vmode. The default vimode shall not inherit other
verification units of any type.

7.2.1 Verification unit binding

The connection between signals referred to in a verification unit and signals of the design under verification
is by name, relative to the module or module instance to which the verification unit is bound.
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If the verification unit is explicitly bound to an instance, then HDL names and operator symbols defined in
that context may be referenced within the verification unit, as defined in 5.2.1.

If the verification unit is explicitly bound to

a module, then this is equivalent to duplicating the contents of

the verification unit and binding each duplication to one instance. Observe that the verification unit itself is

not duplicated.

If the verification unit is not explicitly bound, then a verification tool may allow the user to specify the
binding of the verification unit separate from the verification unit. A verification unit that is not explicitly
bound can also be used to group together commonly used PSL declarations so they can be inherited for use

in other PSL verification units.

[

Exampl
vupit exla(top block.il.i2)

Al: assert never (ena &&

vunit
and enhin top_block.il.i2.
As a sedond example consider

vupit ex2a(modl) {
assert never

s.- €na

As a thi

vunit lex3 {
13 (ena &&

exla is bound to instance top_block.il.i2.

{

enb) ;

b to apply to sigrjals ena

once as
llowing

\{smoddle is instantiated twice in the design,
.13, then vunit ex2a is equivalent to the fi

&& 12.enb) ;
&& 13 .enb) ;

enb) ;

assert never

This verification unit is not explicitly bound, so there is no context in which to interpret references to ena
and enb. In this case, the verification tool may determine the binding.

Finally, consider:

vunit ex4 {
property mutex
}

(boolean bil,

b2)

never (bl && b2);
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This verification unit is not explicitly bound; however, it contains no HDL expressions that require
interpretation, so no binding is necessary. This illustrates use of an unbound verification unit for commonly
used PSL declarations that can be inherited into other verification units.

7.2.2 Verification unit inheritance

One verification unit may inherit one or more other verification units, each of which may inherit other
verification units, and so on. Inheritance is transitive.

For a verification unit that inherits one or more other units, its inherited context is the set of verification units
in the transitive closure with respect to inheritance. A verification unit must not be contained in its own
inherited context.

Inheritapce has the following two effects:
a) s aconsequence of the rules for determining the meaning of names (i arations
b) When a given verification unit is considered by a verification togl, the sgutents of thdt verjification

init and its inherited context are taken together to define th¢ enw R ich verification is to
ake place and the set of directives to consider during yerificatian.

Exampl{

pout?2)
ribe the

Assume
are inpl
interacti

vm

I

(b2 && !bl));

Verifica 7 S ¥, bound. It contains commonly used property definitidns. It is
defined i

vm

(Aoutl, Aout2);

) |
inherit Common;
assume one_ hot (Boutl, Bout2) ;

}

Verification units Amode and Bmode contain assumptions about these blocks to be made when verifying
properties in other blocks. They are both explicitly bound, so that the HDL name references they contain
have meaning. They both inherit the Common vmode in order to make use of the property declarations it
contains.

vunit Aprops (blocka) ({
inherit Common, Bmode;
assert mutex (Aoutl, Aout2) ;
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vunit Bprops (blockB) {
inherit Common, Amode;
assert one_hot (Boutl, Bout2);

Verification units Aprops and Bprops contain assertions to verify about the respective blocks. They are
both explicitly bound, so that the HDL name references they contain have meaning. They both inherit the
Common vmode in order to make use of its property declarations. The vunit Aprops inherits vmode
Bmode so that assumptions about the outputs of B can be considered when verifying the behavior of block
A. The vunit Bprops inherits vmode Amode so that assumptions about the outputs of A can be considered
when verifying the behavior of block B.

7.2.3 Verification unit scoping rules

A verification unit may contain HDL declarations, including declarations of are also
declared in the design module or instance to which the verification unit is bow fication
unit to ijnport a design signal written in one HDL into a verification unit'wri . flavor.

It also allows a verification unit to give new behavior to a signal in the de

Informaf Semantics

If a des]gn signal name is redeclared in a verification ifodule or instance| and no
assignmpnt is made to that name in that vefificatiopy ion in the verificatiop unit is
implicitly assigned the value of the correspanding de Si imes. If the design is writtep in one
HDL, afd the verification unit is written in aNdi standard conventions fof mixed-
languagg simulation are used to translate froy sern Of the design's HDL to the type system of the
verification unit's HDL.

If a design signal name is redeclared in a vexificati bound to a given module or instance, jand that
name is|assigned a value in ificdti Ire declaration in the verification unit overfides the
declaratjon in the design 9 i y inherited verification units bound to the samf design
module pr instanc i we in the verification unit overrides all assignments to the
signal with that name”1 y any jhherited verification units bound to the same design module
or instarjce.

Exampl

=)

Conside]

=

vupit eX5a {
wire rega, temp;
A%as assert alwavs (rega -> next temp) ;

Verification unit ex5a redeclares signals rega and temp in a Verilog-flavor verification unit. If the
instance to which this verification unit is bound (top_block.il) is a VHDL design, and that instance
contains declarations of signals rega and temp, then the value of each VHDL signal will be implicitly
assigned to the corresponding Verilog signal declared in the vunit, and in the process its value will be
translated from the VHDL data type to the corresponding Verilog data type according to the conventions
applied in mixed-language simulation.

Now consider the following verification unit:
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vunit ex5b(top block.il) {
wire temp;
assign temp = ackl || ack2;
AS5b: assert always (rega -> next temp) ;

IEC 62531:2007(E)
IEEE 1850-2005(E)

Verification unit ex5b declares wire temp and also assigns it a value. This could be just an auxiliary
statement to facilitate specification of assertion A5b. However, if instance top_block. il also contains a
declaration of a signal named ‘temp’, then the declaration in ex5b would override the declaration in the
design, and the assignment to ‘temp’ in vunit ex5b would override the driving logic for signal ‘temp’ in

the design.

Now cofsider the following verification unit:

vupit ex5c(top block.il) {

inherit ex5b;

wire temp;

assign temp = ackl || ack2 || ack3;
A5c: assert always ((rega ||

Verifica
declare
the decl
the decl

Finally,

| regb) -> next temp);

Verificafion unit e as, sipnal re
redeclarpd signa
assertiop A5d.

ga, and it also assigns a nondeterministic value of 0 or
ga to behave as a free variable, both in the design and in verif]

nd both
ence, so
5¢, and

1 to the
ying the
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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 System Verilog,
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
IEEE Std 1364.1. The Verilog flavor of the modeling layer extends Verilog to include integer range
declarat]jons, as defined in 8.1, and struct declarations, as defined in 8.2.

The VH
IEEE St

al in the
al in the

The Sys
context
context

The GD|

In each flavor of the modeling layer, at an Swhe ¢ igrymay appear, the modeling layer
is extengled to allow any form of HDL or PSh.expres ined in/Clause 5. Thus, HDL expfessions,
PSL ex thin the
modelini layer.

Each flhvor of the modeling lays t he ardware
descriptjon language.

8.1 Integer ran@

The Verjlog flavor ef t gxtended to include declaration of a finite integer type, S
Syntax at the variable can take on is indicated by the declaration.

hown in

Finite “Integer_Type_Declaration

Finite_Integer_Type_Declaration ::=
integer Integer_Range list_of_variable_identifiers ;

Integer_Range ::=
( constant_expression ¢ constant_expression )

Syntax 8-90—Integer range declaration

The nonterminals list_of_variable_identifiers and constant_expression are defined in the syntax for IEEE
Std 1364.
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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 8-91.

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_¥ariabléxor ™)

HDL_Variable_or_Net_Declaration ::

net_declaration O
| reg_declaration
| integer_declaration

tu Iaratlon

The non
defined

tion, reg_declaration, and integer_declaration are

Exampl

st]
I

which declares” two structures, s1 and s2, each with four fields, wl, w2, r, and i. Structure fields are
accessedlas sl wl o1 w2 efc
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Annex A
(normative)

Syntax rule summary

The annex summarizes the syntax.

A.1 Conventions

The forrLal syntax described in this standard uses the following extended Backus-

a) [[he initial character of each word in a nonterminal is capitalized. For£€xa

A nonterminal is either a single word or multiple words sepata 5 . W hultiple-
word nonterminal containing underscores is referenced within th g ) ent that
escribes the semantics of the corresponding syntax), ¢ 3 i es.

b) PBoldface words are used to denote reserved ks as a

vunit (;
c¢) [The : := operator separates the two( part: appears
o the left of this oper3 i appears to the right of the operator. Fgr exam-

d) A vertical bar sep ive items (Use one only) unless it appears in boldface, in which case
t stands f % S

Vunit_Typ

e) Pquare brackets\enc i hnds for

ndicates aration,

whereas

[ o 1]
_FSWUCHCC'[_* TNange 11

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

f)  Braces enclose a repeated item unless it appears in boldface, in which case it stands for itself. 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

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

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |
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