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INTERNATIONAL ELECTROTECHNICAL COMMISSION

STANDARD FOR
PROPERTY SPECIFICATION LANGUAGE (PSL)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of IEC is to
promote international co-operation on all questions concerning standardization the electrical and
electronic fields. To this end and in addition to other activities, IEC publishes(International Standards,
Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to technica i

international consensus of opinion on the relevant subje
representatlon from all interested IEC National Committees

Publications is accurate, IEC cannot be Held respd
misinterpretation by any end user.

Attention is drawn to the posgibility thaksome of\the elements of this IEC Publication may be the subject of
patent rights. IEC@ ngt be held re ible for )dentifying any or all such patent rights.

d on the following documents:

AN
\ IEEE\SKQ FDIS Report on voting

185(}(@005) 93/253/FDIS 93/264/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any personal injury, property or other damage, of any nature whatsoever, whether special, indirect,
consequential, or compensatory, directly or indirectly resulting from the publication, yse~qf, or reliance upon
this, or any other IEC or IEEE Standard document.

document is more than five years old and has
although still of some value, do not wholly re

initiate action to pre
interests, it is |mpo
interests. For this reaseh

not able to provide an j
previously received fg

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

Authorization to photoCepy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

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

Accellera Property Specifi

GDL: General Descripti

‘ Propexty Specification Language (PSL) is defined in this standard. PSL is a
formal notatie K cification of electronic system behavior, compatible with multiple electronic
system design languages, including IEEE Std 1076™ (VHDL®), IEEE Std 1364™ (Verilog®), IEEE
P1666™ (System and IEEE P1800™ (SystemVerilog®), thereby enabling a common
specification and verification flow for multi-language and mixed-language designs. PSL captures
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

standards.ieee.org/reading/ieee/updates/errata/index.html.
errata periodically.

Interpretations

Current interpretations can be accessed at the follo
index.html.

Patents

validity of any pa
patents or patent ap i ich™q _license may be required to implement an IEEE standard or for

i H scope of those patents that are brought to its attention. A patent
ent of assurance that it will grant licenses under these rights

[ 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 Scope

L){ which formal scribes electronic system

This standard defines the property specification language (P
S[@d alsq clarifies how PSL interfaces

1.2 Purpose

The purpose of this standard{is guage for formal specification of electronic
system behavior, one thatNs compatit ith mlt ectronic system design languages, including IEEE
Std 1076™ (VHDL), IER 3 (i F, P1800™! (SystemVerilog®), and IEEE P1666™
(SystemC), to facilifate a pecification and verification flow for multi-language and mixed-
language designs.

1.2.1 Background

The complexi & e Integration (VLSI) has grown to such a degree that traditional

L their limitations, and verification costs have reached 60%-70% of
development resqurces~\Lhe neged for advanced verification methodology, with improved observability of
design behavior and improved controllability of the verification process, has become critical. Over the last
decade, a methodotegy based on the notion of “properties” has been identified as a powerful verification
paradigm that can assure enhanced productivity, higher design quality and, ultimately, faster time to market
and higher value to engineers and end-users of electronics products. Properties, as used in this context, are
concise, declarative, expressive and unambiguous specifications of desired system behavior, that are used to
guide the verification process. IEEE 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.
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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

create a rigorous and machine-executable design specification.

1.2.3 Goals

requirements:

— Easy to learn, write, and read
— Concise syntax

— Rigorously well-defined formal semag
— Expressive power, permitting specificatio
— Known efficient under)yig algori in

of real-world design properties
ell as formal verification

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

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

A PSL specification consists of assertions regarding properties of a design under a set of assumptions. A
property is built from three kinds of elements: Boolean expressions, which describe behavior 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
temporal operators always and | => to these expressions,

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

means that always (that is, in every cycle), if the sequence {req;ack; en‘tither ena

or enb is asserted one cycle after the sequence ends. Adding the dir

expectation needs to be verified.

1.3.2 Functional verification

follow.

1.3.2.1 Simulation
A PSL specification
done, for example, b
a testbench automdti
alongside the desi
For instap

Property 1: (reg -> next !req)
states that signal req is a pulsed signal, i.e., if it is high in some cycle, then it is low in the following cycle.

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

req

'req

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)

[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |
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Figure 3—A trace that satisfies Property 3

1.3.2.2 Formal verification

PSL is an extension of the standard temporal logics Linear-Time Femp ' ) and Computation
Tree Logic (CTL). A specification in the PSL Foundation L3 gu e ke PSL Optional Branch-
ing Extension) can be compiled down to a formula of % i (
auxiliary HDL code, known as a satellite.

N
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