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Abstract: The e functional verification language is an application-specific programming laz 2guage,
aimed at automating the task of verifying a hardware or software design with respect to its
specification. Verification environments written in e provide a model of the environnicr * in which the
design is expected to function, including the kinds of erroneous condition= the des jn needs to
withstand. A typical verification environment is capable of generating vzar-carrolled test inputs
with statistically interesting characteristics. Such an environment cai. che :k the validity of the
design responses. Functional coverage metrics are used to control the ver. :cation effort and gauge
the quality of the design. e verification environments can be usec th oughout the design cycle, from
a high-level architectural model to a fully realized system. A defniti.n of the e language syntax and
semantics and how tool developers and verification enginzers shoi'ld use them are contained in this
standard.

Keywords: assertion, concurrent programming, ' constraint, dynamic verification, functional
coverage, functional verification, IEEE 1647 ™, simula.on, temporal logic, test generation

The Institute of Electrical and . lectronics Engineers, Inc.
3 Park Avenue, New York; MY 11016-5997, USA

Copyright © 2019 by The 'nsti ute of Electrical and Electronics Engineers, Inc.
All rights reserved. Publishc 1 9 August 2019. Printed in the United States of America.

Java is a frade > ark ¢ © Sun Microsystems, Inc.

Microsoft ari ' Exc 2l are registered trademarks of Microsoft Corporation in the United States and/or other countries.
Perl is a registe =d trademark of Perl, Inc.

POSIX i a trademark of The Institute of Electrical and Electronics Engineers, Incorporated.

Juster. T s a registered trademark of Open SystemC Initiative.

Ve 'ag is ¢« registered trademark of Cadence Design Systems, Inc.

.~EFE 1s a registered trademark in the U.S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics
Enyineers, Incorporated.

PDF: ISBN 978-1-5044-5977-8 STD23758
Print: ISBN 978-1-5044-5978-5 STDPD23758

IEEE prohibits discrimination, harassment, and bullying.

For more information, see http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html.

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior
written permission of the publisher.


http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://www.stdhive.com/standards/ieee-1647-2019-pdf/

Important Notices and Disclaimers Concerning IEEE Standards
Documents

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-usc. arc
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Sta:dails
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standar(s i roug a
consensus development process, approved by the American National Standards Institute (“Alv"1”), . hich
brings together volunteers representing varied viewpoints and interests to achieve the final produst. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Inttitute . nd participate
without compensation from IEEE. While IEEE administers the process and estailishc . rul.s to promote
fairness in the consensus development process, IEEE does not independertly c.lua:c, test, or verify the

accuracy of any of the information or the soundness of any judgments containc.! in 1 s standards.

IEEE Standards do not guarantee or ensure safety, security, health, ¢ e1 vironmental protection, or ensure
against interference with or from other devices or networks. Impl=mei. ers and users of IEEE Standards
documents are responsible for determining and complying 'with® all appropriate safety, security,
environmental, health, and interference protection practices . nd 'l appiicable laws and regulations.

IEEE does not warrant or represent the accuracy or cont:nt of t.ie material contained in its standards, and
expressly disclaims all warranties (express, implied an!. s.atutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and.qu. lity, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any.anc ai; :onditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “/> 'S" cad “WITH ALL FAULTS.”

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

In publishing and m. -ing 'ts standards available, IEEE is not suggesting or rendering professional or other
services for, or on beha. " of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person cr ey tity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own inlependent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, . >ek the advice of a competent professional in determining the appropriateness of a given IEEE
standai 1.

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

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

Official statements

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

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested paty, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting ini>rmat on or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents.sho.!d be in the form of a
proposed change of text, together with appropriate supporting comments. Sine > IEi'E standards represent a
consensus of concerned interests, it is important that any responses to comments :ud questions also receive
the concurrence of a balance of interests. For this reason, IEEE a>d “he members of its societies and
Standards Coordinating Committees are not able to provide an inst2nt i\ sponse to comments or questions
except in those cases where the matter has previously been acdres ted. Tor the same reason, IEEE does not
respond to interpretation requests. Any person who wou.d I = tu participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working gronn.

Comments on standards should be submitted to the follow1..5address:

Secretary, IEEE SA Standard: Bcard
445 Hoes Lane
Piscataway, NJ 08854 TSz,

Laws and regulations

Users of IEEE Standards docv me.its should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE {tarn ‘ar<s document does not imply compliance to any applicable regulatory
requirements. Implementer.. of the standard are responsible for observing or referring to the applicable
regulatory requiremeits. 1 “EE does not, by the publication of its standards, intend to urge action that is not
in compliance with app'‘cable laws, and these documents may not be construed as doing so.

Copyrights

IEEE ('raft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
The,war» made available by IEEE and are adopted for a wide variety of both public and private uses. These
inc'ude toth use, by reference, in laws and regulations, and use in private self-regulation, standardization,
ond tne promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to
photocopy portions of any individual standard for educational classroom use can also be obtained through
the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at an; tin.»
by the issuance of new editions or may be amended from time to time through the issuance of amendme. ts,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition ¢ € the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document i: more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its van ents, although
still of some value, do not wholly reflect the present state of the art. Users are cactione! to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and wh ‘ier it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEL= 2 plore at http://ieeexplore.ieee.org
or contact IEEE at the address listed previously. For more informatic 1 about the IEEE SA or IEEE’s
standards development process, visit the IEEE SA Website at http: /standards.ieee.org.

Errata

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

Patents

Attention is called to the possibility’ ‘har ‘mplementation of this standard may require use of subject matter
covered by patent rights. By publicatic n of this standard, no position is taken by the IEEE with respect to the
existence or validity of any puter.c rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurince vie. an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http./standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether th= Su.mitter is willing or unwilling to grant licenses under patent rights without
compensation or under “susonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair dise.w ination o applicants desiring to obtain such licenses.

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

‘ This introduction is not part of IEEE Std 1647-2019, IEEE Standard for the Functional Verification Language e.

The e functional verification language is an application-specific programming language aimed at the
problem of verifying functional correctness of hardware and software designs. Simply stated, functional
verification attempts to provide a quantitative answer to the question: How well does the design match the
functional specification?

Functional correctness of chip designs grew in criticality from the mid-1980s. As design complexity kept
growing, ad hoc testing methods ran out of steam and a more systematic verification approach wus
necessary. Manually constructed test suites, the early method of choice, became both uneconomical nd
ineffective when scaled up. As a result, many companies supplemented manual test suites with pscudo
random generation of input stimulus. Such test generation programs were typically built fc:a porticuiar
project or a particular architecture. They turned out to be expensive to develop and maintain, but once
functional, they would clean up the design in a very thorough way.

A key observation made by Yoav Hollander, the creator of e, was that verification envi »amer *s of different
projects have a lot in common and yet each verification environment is structured to match a particular
design specification. Hollander’s solution was to create a language that had . -rific ‘tion-specific constructs
as primitives and the full capabilities of a high-level language for customiza. ~u. In particular, pseudo-
random test generation became a built-in capability of the language. Farly prototypes of the language were
experimented with as early as 1993, showing significant productivitv ga.'s.

The e language was productized by Verisity, Ltd., in 1996, <= pa.* o1 = {unctional verification tool suite. The
proliferation of the e language and the growing investment in »-based intellectual property (IP) compelled
the creation of the e steering committee in June of 2002, comnosed of individuals from Texas Instruments,
Rambus, ST Microelectronics, Cisco, Intel, Axis System, “TARC, and Verisity. The e steering committee
recommended the e language be standardized through The Institute of Electrical and Electronics Engineers
(IEEE). Accepting the recommendation, Verisitv rcleascd the rights to the language to the IEEE in June of
2003.

The e language, in its current form, brings oer ther concepts from many domains.

— e has a basic object-orientec. (OC) programming model, with implicit memory management and
single inheritance. In thic_e iz« imilar to Java™.?

— Beyond objects, e sup rorts’ aspects, which can be viewed as layers cutting across multiple objects.
Adding an aspect v an existing program refines the program by introducing a coherent change to a
plurality of objec.:.

— e supports col *raints as object features. Constraints are used to refine object modeling. The

execut’u. model ¢f the language involves resolving constraint systems and picking random values
that wonld satisfy constraint systems.

— _eisa . trongly typed language, like Pascal and Modula.

-— » has concurrency constructs and modeling blocks for hierarchical composition, similar to hardware
w *scription languages like Verilog® b(see IEEE Std 1364™)¢ and VHDL (see IEC/IEEE 61691-1-1).
Concurrency in e is synchronous, like in Esterel.

— e contains a temporal language that borrows from Linear Temporal Logic and Interval Temporal
Logic.

2 Java is a trademark of Sun Microsystems, Inc. in the United States and other countries.
b Verilog is a registered trademark of Cadence Design Systems, Inc.
¢ Information on references can be found in Clause 2.
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— e has many built-in constructs aimed at simplifying common programming tasks; built-in support for
lists and hashes; and pattern matching and string- and file-manipulation features, which are
borrowed from Perl®.4

— The e syntax is extendable with a powerful macro capability.

This combination of concepts caters directly to the needs of verification engineers, removing the need to
cobble together multiple components in different languages.

As with any programming language, the source of ingenuity is with the programmer. Verification engineers

need sound methodologies, creativity, an inquisitive mind, and a keen eye for poorly specified aspects. Yet
experience with e shows that when put to good use, the e language fosters productivity and quality resul-.

4Perlis a registered trademark of Perl, Inc.
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IEEE Standard for the
Functional Verification Language ¢

1. Overview

1.1 Introduction

This clause explains the scope and purpose of this standard; gives an overview of the basic concepts, major
semantic components, and conventions used in this standard; and summarizes its contents.

1.2 Scope

This standard defines the e functional verification language. This standard aims to serve as an authoritative
source for the definition of (a) syntax and semantics of e language constructs (b) the e language interaction
with standard simulation languages (c) e language libraries.

1.3 Purpose

This standard serves the community involved with functional verification of electronic designs using the e
language. It provides an implementation independent definition of the e language and facilitates the
development of e language based design automation tools.

1.4 Verification environments

Electronic systems are integrated circuits (ICs), boards, or modules combining multiple ICs together, along
with optional embedded processors and software components. Electronic systems are built to specifications
that anticipate the environment in which such systems are expected to function and define the expected
system functionality. Functional verification measures how well a system meets its specification. Even with
moderately complex systems this question cannot be answered by inspection. For all modern electronic
systems, a sophisticated verification process needs to accompany the design process to ensure compliance
with the specification.

Many electronic design automation (EDA) tools are used to carry out the functional verification process.
The most prominent functional verification method, used to verify virtually all system designs, is called
dynamic verification or simulation-based verification. Simulation-based verification makes use of a
functional model of the system being designed. The functional model is simulated in the context of a mock-
up of the anticipated system environment. This mock-up is called the verification environment.
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