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SystemVerilog —

Part 2: Universal Verification Methodology Language Reference Manual

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical
Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC document(s)"). Their
prepa ation is entrusted to technical r\r\mmiHnnc; =TalVi IEC National Committee interested inthe cuhlinr\f dealt with
may participate in this preparatory work. International, governmental and non-governmental arggnizations
liaising with the IEC also participate in this preparation.

IEEE Ptandards documents are developed within IEEE Societies and Standards Coordinating Committges of the
IEEE [Standards Association (IEEE SA) Standards Board. IEEE develops its standards through a cpnsensus
development process, approved by the American National Standards Institute, which bripgs together vplunteers
repregenting varied viewpoints and interests to achieve the final product. Volunteers arerhothecessarily members
of IEHE and serve without compensation. While IEEE administers the process and establishes rules tq promote
fairneps in the consensus development process, IEEE does not independently-‘evaluate, test, or yerify the
accuracy of any of the information contained in its standards. Use of IEEE.Standards documents |is wholly
volunflary. IEEE documents are made available for use subject to important,notices and legal disclaimers (see
https:{/standards.ieee.org/ipr/disclaimers.html for more information).

IEC cpllaborates closely with IEEE in accordance with conditions determined by agreement between the two
organ|zations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under fthe terms
of that agreement.

The formal decisions of IEC on technical matters express, as_nearly as possible, an international congsensus of
opinign on the relevant subjects since each technical committee has representation from all intergsted IEC
Natiomal Committees. The formal decisions of IEEE on techpical matters, once consensus within IEEE [Societies
and Standards Coordinating Committees has been reaeched, is determined by a balanced ballot of materially
interepted parties who indicate interest in reviewing the(proposed standard. Final approval of the IEEE $tandards
document is given by the IEEE Standards Association(IEEE SA) Standards Board.

IEC/IEEE Publications have the form of recommeghndations for international use and are accepted by IE¢ National
Comnyittees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the [technical
contept of IEC/IEEE Publications is accurate; I[EC or IEEE cannot be held responsible for the way in which they
are uged or for any misinterpretation by any-end user.

In order to promote international upiformity, IEC National Committees undertake to apply IEC Publications
(incluging IEC/IEEE Publications)(transparently to the maximum extent possible in their national and regional
publigations. Any divergence between any IEC/IEEE Publication and the corresponding national of regional
publigation shall be clearly indicated in the latter.

IEC aphd IEEE do not provide any attestation of conformity. Independent certification bodies provide donformity
assesfsment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not regponsible
for anly services carriéd out by independent certification bodies.

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

No ligbility shal.attach to IEC or IEEE or their directors, employees, servants or agents including {ndividual
experfs and~-members of technical committees and IEC National Committees, or volunteers of IEEE [Societies
and the Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, for
any pgfsonal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or
for costsT(imctudimgtegatfees)anmdexXpenses arisimg out of the pubiicatiom, use of, or rettance upom, this 1EC/IEEE
Publication or any other IEC or IEEE Publications.

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

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.
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IEC 62530-2/IEEE Std 1800.2 was processed through IEC technical committee 91: Electronics
assembly technology, under the |IEC/IEEE Dual Logo Agreement. It is an International
Standard.

The text of this International Standard is based on the following documents:

IEEE Std

FDIS

Report on voting

1800.2 (2020)

91/1872/FDIS

91/1886/RVD

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

The language used for the development of this International Standard 1s English.

The IEQ

under w
will be

e [ecCg

Technical Committee and IEEE Technical Committee have decided that'the g
of this document will remain unchanged until the stability date indicated on(the IEC
ebstore.iec.ch in the data related to the specific document. At this date, the dg

nfirmed,

e withdrawn, or

e reviged.

ontents
website
cument
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Grateful acknowledgment is made for permission to use the following source material:

Accellera Systems Initiative—The Universal Verification Methodology (UVM) Pre-
IEEFE Class Reference.

Abstract: The Universal Verification Methodology (UVM) that can improve interoperability, reduce
the cost of using intellectual property (IP) for new projects or electronic design automation (EDA)
tools, and make it easier to reuse verification components is provided. Overall, using this standard
will lower verification costs and improve design quality throughout the industry. The primary
audiences for this standard are the implementors of the UVM base class library, the implementors of
tools supporting the UVM base class library, and the users of the UVM base class library.

Keywprds: agent, blocking, callback, class, component, consumer, driver, event, export, f;lactory,
functign, generator, IEEE 1800.2™, member, method, monitor, non-blocking, phase, porty/register,
resoufce, sequence, sequencer, transaction-level modeling, verification methodology
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed—withinHEEE—Seeteties—and—the—Standards—Coerdinating—Committees—etf—theHEEEStandards
Associgtion (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a,conjsensus
development process, approved by the American National Standards Institute (“ANSI”), which bfings tpgether
voluntgers representing varied viewpoints and interests to achieve the final product. IEEE Standards are
documgents developed through scientific, academic, and industry-based technical working groups. Volungeers in
IEEE working groups are not necessarily members of the Institute and participate withput.compensatidn from
IEEE. |While IEEE administers the process and establishes rules to promote fairn€ss in the corfsensus
development process, IEEE does not independently evaluate, test, or verify thelaccuracy of any|of the
information or the soundness of any judgments contained in its standards.

IEEE $tandards do not guarantee or ensure safety, security, health, or environmental protection, or|ensure
agains{ interference with or from other devices or networks. Implementers and users of IEEE Stdndards
documents are responsible for determining and complying with all@ppropriate safety, security, environmental,
health,|and interference protection practices and all applicable faws and regulations.

IEEE dloes not warrant or represent the accuracy or content”of the material contained in its standargls, and
expresply disclaims all warranties (express, implied and-statutory) not included in this or any other do¢ument
relating to the standard, including, but not limited to, the'warranties of: merchantability; fitness for a pafticular
purpose; non-infringement; and quality, accuracys-effectiveness, currency, or completeness of material. In
additign, IEEE disclaims any and all condition§ ré€lating to: results; and workmanlike effort. IEEE stqndards
documkents are supplied “AS IS” and “WITHYALL FAULTS.”

Use of]an IEEE standard is wholly veluntary. The existence of an IEEE standard does not imply that tHere are
no oth¢r ways to produce, test, measure, purchase, market, or provide other goods and services related to the
scope ¢f the IEEE standard. Fusthermore, the viewpoint expressed at the time a standard is approved and issued
is subjgct to change brought-about through developments in the state of the art and comments receivgd from
users df the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional dr other
servicgs for, or gn"behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other plerson er-entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her owp independent judgment in the exercise of reasonable care in any given circumstances or, as apprpriate,
seek theadvice of a competent professional in determining the appropriateness of a given IEEE standard.

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

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

Offici

al 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, svmposia, semi

ars, or

educat
views

Comments on standards

Comm
membyq
pertain
propos
conser
concu]
Coord
cases

interpr|
to join

Comm

Laws and regulations

Users
provis
requirg
regulat
compli

onal courses, an individual presenting information on IEEE standards shall make it clear thathi
thould be considered the personal views of that individual rather than the formal position.of1H

ents for revision of IEEE Standards documents are welcome from any interésted party, regard
rship affiliation with IEEE. However, IEEE does not provide consulting information or
ing to IEEE Standards documents. Suggestions for changes in documents should be in the foy
ed change of text, together with appropriate supporting comments."Sirice IEEE standards repi]
sus of concerned interests, it is important that any responses to comiments and questions also recs
rence of a balance of interests. For this reason, IEEE and thé members of its societies and St3
nating Committees are not able to provide an instant response to comments or questions except i
vhere the matter has previously been addressed. For the same reason, IEEE does not resp
ptation requests. Any person who would like to participate in revisions to an IEEE standard is wi
the relevant IEEE working group.

ents on standards should be submitted to the following address:

Secretary, TEEE SA Standards Board
445 Hogs.Lane
Piscataway, NJ 08854 USA

fIEEE Standards.decuments should consult all applicable laws and regulations. Compliance \

ons of any IEEE-Standards document does not imply compliance to any applicable reg
ments. Implementers of the standard are responsible for observing or referring to the app
ory requiremients. [IEEE does not, by the publication of its standards, intend to urge action that i
ance with'applicable laws, and these documents may not be construed as doing so.

Copyrights
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IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption by

public

authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

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

Updating of IEEE Standards documents

Users ¢f IEEE Standards documents should be aware that these documents may be superseded at any. fime by
the isspance of new editions or may be amended from time to time through the issuance of amefidments,
corriggnda, or errata. An official IEEE document at any point in time consists of the current)editior] of the
documkent together with any amendments, corrigenda, or errata then in effect.

Every |EEE standard is subjected to review at least every 10 years. When a documentds,more than 10 ygars old
and hap not undergone a revision process, it is reasonable to conclude that its conténts, although still df some
value, flo not wholly reflect the present state of the art. Users are cautioned to checkto determine that th¢y have
the latgst edition of any IEEE standard.

In ordgr to determine whether a given document is the current edition and whether it has been amended through
the issyance of amendments, corrigenda, or errata, visit IEEE Xplorelat http://iecexplore.ieee.org/ or ¢ontact
IEEE ht the address listed previously. For more informationjabout the IEEE SA or IEEE’s stgndards
development process, visit the IEEE SA Website at http://standatds.ieee.org.

Errata

Errata fif any, for IEEE standards can be accessedia https://standards.ieee.org/standard/index.html. Sedrch for
standafd number and year of approval to access-the web page of the published standard. Errata links are Jocated
under | the Additional Resources Details section. Errata are also available in IEEE Xplore:
https:/fieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically chick for
errata.

Patents

Attentjon is called to the possibility that implementation of this standard may require use of subject| matter
coverefl by patent pights. By publication of this standard, no position is taken by the IEEE with respect to the
existerjce or validity-of any patent rights in connection therewith. If a patent holder or patent applicant has filed
a statement of-assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE SA
Websife at\hftps://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may ipdicate
whethgrthe’Submitter is willing or unwilling to grant licenses under patent rights without compensgtion or
under reasonable rafes, with reasonable terms and conditions that are demonsirably free of any unfair
discrimination to applicants desiring to obtain such licenses.

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

This introduction is not part of IEEE Std 1800.2™-2020, IEEE Standard for Universal Verification Methodology Language
Reference Manual.

Verification has evolved into a complex project that often spans internal and external teams, but the
discontinuity associated with multiple, incompatible methodologies among those teams can limit productivity.
The Universal Verification Methodology (UVM) Language Reference Manual (LRM) addresses verification
complexity and interoperability within companies and throughout the electronics industry for both novice and
advanced teams while also providing consistency. While UVM is revolutionary, being the first verification
methodology to be standardized, it is also evolutionary, as it is built on the Open Verification Methodology

(OVM
Metho
concef
knowl{
metho
develo
implen

T winchcombimed—the—Advanced—Verifeatiom Methodotogy (A Vivh—with—the—Smversat
Hology (URM) and concepts from the e Reuse Methodology (eRM). Furthermore, UVM also
ts and code from the Verification Methodology Manual (VMM), plus the collective eXperier]

lology. Finally, the transaction-level modeling (TLM) facilities in UVM are based on w
ped by Open SystemC Initiative (OSCI) for SystemC, though they are not an exaet replicatio
hentation of the SystemC TLM library.

dge of the over 300 members of the Accellera UVM Working Group to help standardize veri{ﬁcation

Reuse
nfuses
ce and

at was
or re-
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IEEE Standard for Universal
Verification Methodology Language
Reference Manual

1. Overview

1.1 Scope

This standard establishes the Universal Verification Methodology (UVM), a set of application prograjming
interfages (APIs) that defines a base class library (BCL) definition{used to develop modular, scalable, and
reusable components for functional verification environments. The APIs and BCL are based on th¢ IEEE
standafd for SystemVerilog, IEEE Std 1800™.!

1.2 Purpose

Verifidation components and environments are curtently created in different forms, making interopefability
among]verification tools and/or geographically dispersed design environments both time consuming to develop
and ertor prone. The results of the UVM standardization effort will improve interoperability and reduce the cost
of repyrchasing and rewriting intellectual property (IP) for each new project or electronic design automation
(EDA)jtool, as well as make it easier to reuse verification components. Overall, the UVM standardizatiop effort
will loper verification costs and itaprove design quality throughout the industry.

1.3 Word usage

The word shall indicates'mandatory requirements strictly to be followed in order to conform to the standard and
from which no deviation is permitted (shall equals is required t0).> >

The word skould indicates that among several possibilities one is recommended as particularly suitable, without
mentignifig or excluding others; or that a certain course of action is preferred but not necessarily r¢quired
(ShOl/ll ool oo yaandod ¢l o\

Hequalsisrecommendedthat):

The word may is used to indicate a course of action permissible within the limits of the standard (may equals is
permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

! Information on references can be found in Clause 2.

2 The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe
unavoidable situations.

3 The use of will is deprecated and cannot be used when stating mandatory requirements, wi/l is only used in statements of fact.
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1.4 Conventions used

The conventions used throughout the document are as follows:

UVM is case-sensitive.

Any syntax examples shown in this standard are informative. They are intended to illustrate the usage

of UVM constructs in a simple context and do not define the full syntax.

1.4.1 Visual cues (meta-syntax)

Bold s

ows required keywords and/or special characters, e.g.. uvim_component

Italics

Couri
implen

The as
a serie

1.4.2

a)

b)

¢)
d)

e)

shows variables or definitions, e.g., name or Globals.

r shows SystemVerilog examples, external command names, directories and files, etc., ¢
hentation needs to call super.do copy.

erisk (*) symbol, when combined with a prefix and/or postfix denoting a patt.ofthe construct, repy
5 of construct names with exactly this prefix and/or postfix, e.g., clas§ yvm_* port.

Return values

Equivalent terms:

1) “TRUE,” “True,” and “true” are equivalent to each~other and used interchangeably thro
this document.

2)  “FALSE,” “False,” and “false” are equivalefit to each other and used interchangeably thrg
this document.

A bit value of 1 is treated as TRUE and«0ds treated as FALSE.
Conversely, TRUE refers to 1 and,FALSE refers to 0 for return values.
Datatypes returned:

1) Forabit or integer, 1\or 1 'b1) or 0 (1'b0) is acceptable.

2)  For an enumerated‘type, TRUE or FALSE is acceptable.

For functions thdt return TRUE/FALSE, if only one returned value is defined (e.g., for TRUE), t
opposite returnvalue shall be inferred (for all other possibilities).

1.4.3 Inheritance

Class

Jeclarations shown in this document may be of the form class A extends B. These declarations

imply

.g., an

resents

ughout

ughout

hen the

do not

las$ A and class B are adjacent in the inheritance tree; implementations are free to have other

classes

between 4 and B in the inheritance tree, e.g.,

class X extends B;

// body of class X

endclass

class A extends X;

// body of class A

endclass

would

comply.
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The API and the semantics of the API from a base class shall be present in any derived classes, unless that API
is overridden by an explicitly documented API within the derived class.

1.4.4 Operation order on equivalent data objects
The functionality described in this document typically operates on a set of data objects. An implementation
and/or the underlying run-time engine may choose any operation order or sorting order for “equivalent data”

objects within the specified semantics.

As a result of this policy, results returned and/or sequential behavior and/or produced output may differ
between implementations and/or different underlying engines.

It is u) to the user to establish an operation order if necessary.
1.4.5 yvm_pkg

All properties of UVM, including classes, global methods, and variables, are exported via the uvin _pkg
packagde. They may be accessed via import or via the Scope Resolution Operator ().

UVM {loes not require any specific time unit precision for uvm pkg.

All UYM methods that operate on values of type time, such as uvm_printer::print_time (see 16.2.3.11), are
subject to the time scaling defined in IEEE Std 1800™.

1.4.6 Random stability

Any APIs that result in user code being executed are not-guaranteed to be random stable. All other APIs are
guaranteed to be random stable, unless otherwise spegified.
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2. Normative references

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

IEEE Std 1800™, IEEE Standard for SystemVerilog—Unified Hardware Design, Specification, and
Verification Language.* 3

3. Definitions acronyms _and abbreviations

For thd purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Onlind should be consulted for terms not defined in this clause.®

3.1 Definitions
agent:|An abstract container used to emulate and verify device under test (DUT) devices; agents encapgulate a
driver} sequencer, and monitor.

blockipg: An interface where tasks block execution until they complete.sSee also: non-blocking.
compdnent: A piece of verification intellectual property (VIP) thatiprovides functionality and interfaces.
consumer: A verification component that receives transactions{from another component.

driverf A component responsible for executing or otherwisg'processing transactions, usually interacting with
the deyice under test (DUT) to do so.

environment: The container object that defines the testbench topology.

exporf: A transaction-level modeling (TLM) interface that provides an implementation of methods used for
commymication. Used in Universal Verification Methodology (UVM) to connect to a port.

factory method: A classic software design pattern used to create generic code by deferring, until run tijne, the
exact gpecification of the object to be:created.

hook: A method that enables users to customize certain behaviors of a component.

genergtor: A verification component that provides transactions to another component. Also referred to as a
produder.

monitr: A passive entity that samples device under test (DUT) signals, but does not drive them.
non-blocking: A call that returns immediately. See also: blocking.
policy| A collgetion of settings used to apply an operation to a class.

port: A transaction-level modeling (TLM) interface that defines the set of methods used for communilcation.
Used in Universal Verification Methodology (UVM) to connect to an export.

proxy: A class functioning as an interface to another component or class.
request: A transaction that provides information to initiate the processing of a particular operation.

response: A transaction that provides information about the completion or status of a particular operation.

4 IEEE publications are available from the Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/).

i The LEEltE Csltandards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
ncorporated.

¢ JEEE Standards Dictionary Online is available at: http://ieeexplore.icee.org/.
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scoreboard: The mechanism used to dynamically predict the response of the design and check the observed
response against the predicted response. Usually, refers to the entire dynamic response-checking structure.

sequence: A Universal Verification Methodology (UVM) object that procedurally defines a set of transactions
to be executed and/or controls the execution of other sequences.

sequencer: An advanced stimulus generator that executes sequences that define the transactions provided to
the driver for execution.

singleton: A design pattern where the creation of the class only has one instance of that class.

test: Specific customization of an environment to exercise required functionality of the device under test

(DUT)

testbench: The structural definition of a set of verification components used to verify a device undler test

(DUT

transafction: A class instance that encapsulates information used to communicate between! two o

compd
user: §

NOTE

3.2A

API
BCL
DPI
DUT
EDA
FIFO
HDL
1P
RTL
TLM
UvM
VIP

. Also referred to as a verification environment.

nents.
omeone that uses the Universal Verification Methodology (UVM) base class/library (BCL).

LIn this standard, user uses the classes, functions, methods, or macros defined herein,/

cronyms and abbreviations

application programming interface
base class library

direct programming interface
device under test

electronic design automation
first-in, first-out

hardware description language
intellectual property:

register transfer level
transactipon-level modeling
Uniyersal Verification Methodology

yerification intellectual property

[ more

7 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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4. Universal Verification Methodology (UVM) class reference

The UVM base class library provides the building blocks needed to quickly develop well-constructed and
reusable verification components and test environments in SystemVerilog. All UVM application programming
interface (API) should maintain random stability.

The UVM classes and utilities are divided into the following categories pertaining to their role or function. The
subsequent clauses of this standard give a more detailed overview of each category—and the classes that
comprise them.

Base—Thebasicbuitding biocks forattenvirommentsare compornents, wiicirdo the actual work; ransgctions,
which [convey information between components, and ports, which provide the interfaces used+to)¢onvey
transadtions. The UVM’s core base classes provide these building blocks. See Clause 5.

Reporting—The reporting classes provide a facility for issuing reports (messages) with consiStent foripatting
and cqnfigurable side effects, such as logging to a file or exiting simulation. Repétts-can also filter out
messages based on their verbosity, unique ID, or severity. See Clause 6.

Recording—The recording classes provide a facility to record transactions into a database using a consistent
API. Users can configure what gets sent to the back-end database without knowing exactly how the conpection
to that|database is established. See Clause 7.

Factoy—As the name implies, the UVM factory is used to{manufacture (create) UVM obje¢ts and
compopents. A factory can be configured to produce an object of a given type on a global or instanc¢ basis.
Factorjes allow dynamically configurable component hierarchies and object substitutions without haying to
modify their code or break encapsulation. See Clause 8.

Phasing—This category defines the phasing capability provided by UVM. See Clause 9.

Synchionization—These event and barrier synehronization classes can be used for process synchronizatipn. See
Clausg] 10.

Contatners—These classes are type-parameterized data structures that provide queue and pool servicgs. The
class-Hased queue and pool types-allow for efficient sharing of the data structures compared with their
SystemVerilog built-in countefparts. See Clause 11.

UVM TLM—The UVM fransaction-level modeling (TLM) library defines several abstract, transactiop-level
interfages, and the portsand exports that facilitate their use. Each UVM TLM interface consists of one ¢r more
methodls used to transport data, typically whole transactions (objects) at a time. Component designs that use
UVM ['LM ports and exports to communicate are inherently more reusable, interoperable, and modular. See
Clause| 12.

Companents—Components form the foundation of UVM. They encapsulate the behavior of drivers,
scoreboards, and other objects in a testbench. The UVM base class library provides a set of predefined
component types, all derived directly or indirectly from uvm_component. See Clause 13.

Sequences—Sequences encapsulate user-defined procedures that generate multiple uvm_sequence_item—based
transactions (see 14.1). Such sequences can be reused, extended, randomized, and combined sequentially and
hierarchically in interesting ways to produce realistic stimulus to a device under test (DUT). See Clause 14.

Sequencers—The sequencer serves as an arbiter for controlling transaction flow from multiple stimulus

generators. More specifically, the sequencer controls the flow of uvm_sequence_item—based transactions (see
14.1) generated by one or more uvm_sequence #(REQ,RSP)-based sequences (see 14.3). See Clause 15.
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Policies—Each of UVM’s policy classes performs a specific task for uvm_object—based objects: printing,
comparing, recording, packing, and unpacking (see 5.3). They are implemented separately from uvm_object to
allow for different ways to print, compare, etc., without modifying the object class being utilized; e.g., a user
can simply apply a different printer or compare policy to change how an object is printed or compared. See
Clause 16.

Register layer—The register abstraction classes, when properly extended, abstract the read/write operations to
registers and memories in a design under test (DUT) . See Clause 17.

Macros—UVM provides several macros to help increase user productivity. See Annex B.

Configpration-and—resomces—These—classes-provide-a—configuration-database—which-is-used-to-store and

retrievg both configuration time and run-time properties. See Annex C.

Package scope—This category defines a small list of types, variables, functions, and tasks defined in the
uvm_plkg scope. These items are accessible from any scope that imports the uvm pkg. See Annex F.

Commpnd line processor—This a general interface to the command line arguments that Were provided|for the
given dimulation. See Annex G.

5. Bdse classes

5.1 Overview

The UVM base class library defines a set of base classes ‘and utilities that facilitate the design of mpdular,
scalable, and reusable verification environments. The“basic building blocks for all environmefits are
compopents and the transactions they use to communicate.

a) | uvm_object—All components and transactions derive from uvm_object (see 5.3), which defjnes an
interface of core class-based operations: create, copy, compare, print, sprint, record, etc. It also defines
interfaces for instance identification (name, type name, unique id, etc.) and random seedipg. All
derivatives of uvm_object are'factory enabled, unless otherwise specified.

b) | uvm_component—The uvm_component class (see 13.1) is the base class for all UVM compgpnents.
Components are quasi-static objects that exist throughout simulation. This allows them to egtablish
structural hierarchy much like modules and program blocks. Components participate in a phaged test
flow during the ¢ourse of simulation. Each phase—build, connect, run, etc.—is defined by a callback
that is executed in precise order. Finally, the uvm_component also defines any configyration,
reporting, transaction recording, and factory interfaces.

c) | uvmtransaction—The uvm_transaction (see 5.4) is the root base class for UVM transgctions,
which} unlike uvm_components (see 13.1), are transient in nature. It extends uvm_object (sed 5.3) to
igclude a timing and recording interface. Simple transactions can derive directly] from
uvm_transaction, while sequence-enabled transactions derive irom uvim_sequence_item (sce 14.1).

5.2 uvm_void

The uvm_void class is the abstract base class for all UVM classes. It is an abstract class with no data members
or functions. It allows for creation of generic containers of objects, similar to a void pointer in the C
programming language. User classes derived directly from uvm_void inherit none of the UVM functionality,
but such classes may be placed in uvm_void-typed containers along with other UVM objects.
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Class declaration

virtual class uvm_void

5.3 uvm_obiject

The uvm_object class is the abstract base class for all UVM data and hierarchical classes. Its primary role is to
define a set of methods for such common operations as create (see 5.3.5.1), copy (see 5.3.8.1), compare (see
5.3.9.1), print (see 5.3.6.1), and record (see 5.3.7.1). Classes deriving from uvm_object need to implement the
pure virtual methods, such as create (see 5.3.5.1) and get_type_name (see 5.34.7).

5.3.1 Ctassdectaration
virtual class uvm object extends uvm void
5.3.2 Common methods

new
fynction new ( string name = "" )

Createp a new uvm_object with the given instance name. If name is not supplied, the object is unnanped.
5.3.3 Peeding
5.3.3.1 get_uvm_seeding

sflatic function bit get uvm seeding()

Helperqmethod for retrieving the UVM seeding enable value via uvm_coreservice_t::get uvm_seeding (see
F.4.1.4.25).

5.3.3.2 set_uvm_seeding
sflatic function void sgtMivm seeding (bit enable)

Helper] method for setting the UVM seeding enable value via uvm_coreservice t::set_uvm_seeding (see
F.4.1.4.26).

5.3.3.3 reseed
function\void reseed()

This mlethod sets the seed of the object ensuring all objects have unique seeding values.

If the get uvm_seeding method (see 5.3.3.1) returns 0, then reseed does not perform any function.
5.3.4 Identification
5.3.4.1 set_name

virtual function void set name ( string name )

Specifies the instance name of this object, overwriting any previously given name from new (see 5.3.2) or
set_name.
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5.3.4.2 get_name
virtual function string get name ()

Returns the name of the object, as provided by the name argument in the new constructor (see 5.3.2) or
set_name method (see 5.3.4.1).

5.3.4.3 get_full_name

virtual function string get full name ()

1.2), as
uvm_gbjects do not inherently possess hlerarchy

Objectk possessing hierarchy, such as uvm_components (see 13.1), override the default implementation. Other
objecty might be associated with component hierarchy, but are not themselves components. For efample,
uvin_gequence #(REQ,RSP) (see 14.3) classes are typically associated with a uvm_ sequencer.

#(REQ,RSP) (see 15.5). In this case, it is useful to override get_full_name to return the sequencer’s fu]l name
concatpnated with the sequence’s name. This provides the sequence a full Context, which is usefu] when
debugging.

5.3.4.4 get_inst_id

virtual function int get inst id()
Returng a distinct integer for each distinct UVM object. At the time an object is created, an object identifier is
assigne¢d to it, implicitly or explicitly, depending on:which API creates the object. The ID of an object is
guaranteed to be unique to that object for the object’s lifetime. An implementation may reuse the ID of a
previofisly garbage collected object.
5.3.4.5 get_type

sflatic function uvm objec€t wrapper get type()

Returns the type-proxy (wrapper) for this object. The uvm_factory’s type-based override and creation njethods
(see 8.P.1) take arguments ©Ofjuvm_object_wrapper (see 8.3.2).

This method provides.a'common API for extensions of uvm_object to use when providing factory support. If
an ext¢nsion of uvm-'object supports factory creation, that extension should implement a static gqt _type
methodl that returns the appropriate uvm_object_wrapper (see 8.3.2).

This methed”is pr0V1ded automatlcally when using the ° uvm _object utlls uvm obJect paralr_utils,
‘uvm | 2 3
See B.2.1 ZandBZ 1.3.

5.3.4.6 get_object_type
virtual function uvm object wrapper get object type()

Returns the type-proxy (wrapper) for this object. The uvm_factory’s type-based override and creation methods
(see 8.3.1) take arguments of uvm_object_wrapper (see 8.3.2). This method, if implemented, can be used as
convenient means of supplying those arguments. This method is the same as the static get_type method (see
5.3.4.5), but it uses an already allocated object to determine the type-proxy to access (instead of using the static
object).
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The default implementation of this method does a factory lookup of the proxy using the return value from
get_type_name (see 5.3.4.7). If the type returned by get_type_name is not registered with the factory, then a
null handle is returned.

5.3.4.7 get_type_name
virtual function string get type name ()
This function returns the type name of the object, which is typically the type identifier enclosed in quotes. It is

used for various debugging functions in the UVM base class library and it is used by the factory for creating
objects.

This fynction shall be defined in every derived class.
5.3.5 Creation
5.3.5.1 create
virtual function uvm object create ( string name = "" )

The crpate method allocates a new object of the same type as this object and4eturns it via a base uvm _|object
handle] Every class deriving from uvm_object, directly or indirectly, shall implement the create method.

The ddfault implementation of the create method returns null. Every class deriving from uvm_obje¢t shall
implerment the create method to return the newly allocated object of the same type as the derived clags.

5.3.5.2 clone
virtual function uvm object clone ()

The clpne method creates and returns an exact-copy of this object.
5.3.6 Printing

The printing methods, print (see 5.3:6.1) and sprint (see 5.3.6.2), initiate a new print operation on thisfobject.
To promote correct printing Qperation and a consistent output format, the user shall use a uvm_printer{ policy
class (§ee 16.2). That is, instead of using $display or string concatenations directly, the do_execute pp (see
5.3.13) and do_print (se€ 5.3.6.3) implementations shall use the policy’s APIs to print fields. See 16.2 for more
information on printer output formatting.

5.3.6.1 print

fynéfion void print ( uvm printer printer = null )

Prints this object to the target specified by the policy.

The printer argument provides the policy class to be used for this operation. If no printer is provided (or the
value provided is null), the method shall use the default printer policy, as returned by get_default_printer (see
F.4.1.4.13).

The following steps occur in order:

a) Ifthe policy’s active object depth (see 16.1.3.4) is 0, then flush (see 16.2.4.2) is called on the printer
policy.

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
-22 - IEEE Std 1800.2™-2020

b) print_object (see 16.2.3.1) is called on the printer policy, the name sent to print_object is determined
using get_root_enabled (see 16.2.5.8).
¢) The value returned by the printer policy’s emit method (see 16.2.4.1) shall be directed to the
printer’s current File (see 16.2.5.1).
5.3.6.2 sprint

function string sprint ( uvm printer printer = null )

The sprint method works just like the print method (see 5.3.6.1), except the output of the printer policy’s emit
method (see 16.2.4.1) is returned in a string rather than displayed.

5.3.6.3 do_print

virtual function void do print ( uvm printer printer )
The dg_print method is a user-definable hook that allows users customization over whatis printed beypnd the
information provided by the field macros (see B.2.2) or do_execute_op method (see5.3.13).
5.3.6.4 convert2string

virtual function string convert2string/()
This virtual function has a default implementation that returns dn empty string ("), but may be extepded in
derivedl classes to provide object information in the form of a\string. The format of the string is user-defined.
5.3.7 Recording
To promote correct recording operation, the user shall use a uvm_recorder policy class (see 16.4). That is,
instead of using implementation-specific API ditectly, the do_execute_op (see 5.3.13) and do_recofd (see
5.3.7.2) implementations shall use the policy/’s, APIs to record fields. See Clause 7 for more informatior] on the
recordfng classes.
5.3.7.1 record

function void recerd ( uvm recorder recorder = null )
The refcord method initiat€s a new record operation on this object.
The regorder argument provides the policy class to be used for this operation. If no recorder is provided (or the
value grovided-is null), the call is silently ignored. Otherwise, the object shall pass itself to the record |[object
methodl (see.16.4.6.4) of the recorder.
5.3.7.2 do_record

virtual function void do_record ( uvm recorder recorder )

The do_record method is a user-definable hook that allows users customization over what is recorded beyond
the information provided by the field macros (see B.2.2) or do_execute_op method (see 5.3.13).
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5.3.8 Copying

5.3.8.1 copy

function void copy (

)

uvm_object rhs,
uvm_copier copier = null

The copy method copies the field values from rAs into this object.

rovided is null), the method shall use the default copier policy, as returned by get_default .cop

4.19).

The fo
a)

b)
5.3.8.]
v

The dd
overrig

Animj
type bg

5.3.9

To pro
instead
5.3.9.2
5.3.9.

fu

lowing steps occur in order.

If the policy’s active object depth (see 16.1.3.4) is 0, then flush (see 16.2.4:2).is called on the
policy.

P do_copy
rtual function void do copy ( uvm object £hs"Y)

_copy method is the user-definable hook called by the‘copy method (see 5.3.8.1). A derived cl
e this method to include its fields in a copy operation.

lementation in a derived class should call super.do copy and Scast the rhs argument to the
fore copying.

Comparing
Inote correct comparing operation, the user shall use a uvm_comparer policy class (see 16.3).
) implementations shall-use the policy’s APIs to compare fields.
compare
nction (bit compare (

uvm object rhs,
uyfiseomparer comparer = null

)

copy_object (see 16.6.4.1) is called on the copier policy, with thisbject as /hs and rhs as rhj.

(or the
er (sce

copier

fASS can

Herived

[hat is,

of using implementation-specific API directly, the do_execute_op (see 5.3.13) and do_compajre (see

Compares the current object to rks.

The comparer argument provides the policy class to be used for this operation. If no comparer is provided (or
the value provided is null), the method shall use the default comparer policy, as returned by
get_default_comparer (see F.4.1.4.16).

The following steps occur in order:

a)

If the policy’s active object depth (see 16.1.3.4) is 0, then flush (see 16.2.4.2) is called
comparer policy.
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compare_object (see 16.3.3.4) is called on the comparer policy, with [hs set to this object and name set
to the return value of this object’s get_name method (see 5.3.4.2).

The value returned by compare_object (see 16.3.3.4) shall be returned by compare.

5.3.9.2 do_compare

vi

)

rtual function bit do compare (
uvm_object rhs,
uvm_comparer comparer

The d¢_compare method is a user-definable hook that allows users customization over what isrecorded
beyond the information provided by the field macros (see B.2.2) or do_execute_op method (se¢ 5:3[13). A
derivedl class can override this method to include its fields in a compare operation. It shall@etarn 1| if the
compafison succeeds, 0 otherwise.

NOTE+The rhs argument is provided as a generic uvm_object. Thus, the derived class-implementatipn may

need t

5.3.10

5.3.10

fu

fu

fu

fu

)

Packing

nction int pack (
ref bit bitstream|[],
input uvm packer packer = null

nction int pack bytes (
ref byte unsigned bytestreamfl\,
input uvm packer packer = wull

nction int pack ints™“«
ref int unsigned_intstream|[],
input uvm packé€rypacker = null

nction ing=pack longints (

inpdt ,\uvm packer packer = null

Scast rhs to the type of this object before comparing.

.1 pack, pack_bytes, pack_ints, and pack longints

ref longint unsigned longintstream[],

The pack_* methods bitwise-concatenate this object’s properties into an array of bits, bytes, ints, or longints.
The methods are not virtual and shall not be overloaded. To include additional fields in a pack operation,
derived classes can override the do_pack method (see 5.3.10.2).

The optional packer argument specifies the packing policy. If this is not provided, the default as returned by
get_default_packer (see F.4.1.4.15) is used. See 16.5 for more information.

If the policy’s active object depth (see 16.1.3.4) is 0, then flush (see 16.5.2.2) is called on the packer policy
prior to packing any fields. After processing the object’s fields, the packer’s state is copied to the stream array
using the state retrieval method (see 16.5.3.2) of the same stream type.
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The return value is the number of bits packed into the packer, as determined via
uvm_packer::get_packed_size (see 16.5.3.3).

NOTE—As stream may contain metadata and/or compressed data, the return value may not be the same as the size of
stream.

5.3.10.2 do_pack
virtual function void do_pack ( uvm packer packer )

The do_pack method is the user-definable hook called by the pack methods (see 5.3.10.1). A derived class can

override_this method to inclide its fields in a pack npemfinn

The pdcker argument is the policy object for packing, which is responsible for generating the final afrray of
packed data from the fields provided. It shall be an error to pass a value of null to the packer,arguthent of
do_pagk, an implementation of uvm_object::do_pack shall generate an error message if anull value is
detectqd.

While [the unpacking order needs to match the packing order, the packing order!does not need to| match
declargtion order itself.

5.3.11 Unpacking
5.3.11..1 unpack, unpack_bytes, unpack_ints, and unpack, longints

fynction int unpack (
ref bit bitstream|[],
input uvm packer packer = null

fynction int unpack bytes (
ref byte unsigned bytestream|],
input uvm packer packer _ =rnull

function int unpack \ints (
ref int unsignéd)intstreaml],
input uvm packer packer = null

functigom\dnt unpack longints (
ref(longint unsigned longintstream[],
Bnput uvm packer packer = null

)

The unpack_* methods extract this object’s property values from an array of bits, bytes, ints, or longints. The
object shall unpack fields in the same order in which they were originally packed.

The unpack_* methods are fixed (non-virtual) entry points that are directly callable by the user. To include
additional fields in the unpack operation, derived classes can override the do_unpack method (see 5.3.11.2).

The optional packer argument specifies the unpacking policy. If this is not provided, the default as returned by
get_default_packer (see F.4.1.4.15) is used. See 16.5 for more information.
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Prior to unpacking any fields, the object shall set the internal state of the packer using the state assignment
method (see 16.5.3.1) of the same stream type.

The return value is the actual number of bits unpacked from the given array.
5.3.11.2 do_unpack
virtual function void do unpack ( uvm packer packer )

The do_unpack method is the user-definable hook called by the unpack method (see 5.3.11.1). A derived class
can override this method to include its fields in an unpack operation.

The packer argument is the policy object for unpacking, which is responsible for generating field yalugs from
an array of packed data. See 16.5 for more information.

It shal] be an error to pass a value of null to the packer argument of do_unpack, an implementation of
uvm_dbject::do_unpack shall generate an error message if a null value is detected!

NOTE+As the underlying storage format of the uvm_packer (see 16.5) is unspecified, it is"unsafe for users tolunpack
fields uping different types than the fields with which they were packed or to unpack(fields in a different order than the
fields ifp which they were packed.
5.3.12 Configuration

set_local

virtual function void set local ( uvm régource base rsrc )
This meethod provides write access to member propertics by using a UVM resource (see C.2). The returh value
of get [name (see 5.3.4.2) for rsrc is used to determine the name of the property being accessed. The object

designgr can choose which, if any, properties ar¢é@ccessible and override this method.

5.3.13 Field operations

In addftion to explicit printing (se¢ 5,3.6), recording (see 5.3.7), copying (see 5.3.8), comparing (see|5.3.9),
packing (see 5.3.10), unpacking (see 5.3.11), and configuration (see 5.3.12) support, uvm_object provide} a field
operatfon mechanism that allews for a centralized definition of all operations that are supported for an gbject’s
fields.

do_executétop

virtual fuhction void do_execute op( uvm field op op )

The dd_execute_op method is the user-definable hook called by the policy class. A derived class may ojverride
this method tomctude s fietds Trthe executionrof the operation. The fietd mmacros (see B-2-2) provide @ default
implementation of the do_execute_op method that is available to the user.

5.3.14 Active policy
The active policy methods are used to track which policy object (see 16.1) is presently operating on an object.
5.3.14.1 push_active_policy

virtual function void push active policy( uvm policy policy )
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Pushes policy on to the internal policy stack for this object, making it the current active policy, as retrieved by
get_active_policy (see 5.3.14.3). An implementation shall generate an error message if policy is null, and the
request will be ignored.

5.3.14.2 pop_active_policy

virtual function uvm policy pop active policy ()

Pops the current active policy off of the internal policy stack for this object. If the internal policy stack for this
object is empty when pop_active_policy is called, then null is returned.

5.3.143-get—active—poliey
virtual function uvm policy get active policy ()

Returns the head of the internal policy stack for this object. If the internal policy stack for.thisobject is pmpty,
null is returned.

5.4 uym_transaction

The uym_transaction class is the root base class for UVM transactions. Inheriting all the metods of
uvm_gbject (see 5.3), uvm_transaction adds a timing and recording interface.

5.4.1 Class declaration
virtual class uvm transaction extends uvm“~object
5.4.2 Methods

5.4.2.1 new

fynction new (
string name = ""
uvm_component initiatokr = null

)

Initialipes a new transactionobject. The name is the instance name of the transaction. If not supplied, then the
object fis unnamed. Thenitiator is described in set_initiator (see 5.4.2.14).

5.4.2.2 accept(_tr

fynetien void accept tr ( time accept time = 0 )

Calling accept_tr indicates the transaction item has been received by a consumer component.

“Accept” refers to the consumer receiving an item, whereas “begin” (see 5.4.2.4) refers to the consumer acting
on an item. Those may or may not be coincident.

This function shall perform the following actions:
a) The transaction’s internal accept time is set to the current simulation time, or to accept_time if provided

and non-zero. The accept_time may be any time, past or future. The default value of accept_time shall
be 0.
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b) accept tr(0) istreated asifitis accept tr($time).

c) The event at key accept in the transaction’s event pool (see 5.4.2.13) is triggered. Any processes
waiting on the this event resume in the next delta cycle.

d) Thedo_accept_tr method (see 5.4.2.3) is called to allow for any post-accept action in derived classes.
5.4.2.3 do_accept_tr
virtual protected function void do_accept tr()

This user-definable callback is called by accept_tr (see 5.4.2.2) just before the accept event is triggered.

5.4.2.4 begin_tr

fynction int begin tr (
time begin time = 0,

int parent handle = 0
)

This fynction indicates the transaction has been started. Generally, a consumer'component begins execyition of
a transhctions it receives.

See 5.4.2.2 for more information on how the begin-time may differ from when the transaction itgm was
receivgd.

This fynction shall perform the following actions:

a) | The transaction’s begin time (see 5.4.2.16) is$ét'to the current simulation time, or to begin_time non-
zero. A non-zero begin_time may be any time, past or future, but shall not be less than the accept time
(see 5.4.2.2). The default value of begin (dime shall be 0.

b) | Ifrecording is enabled (see 5.4.2.11);a new database transaction is started with the samebegin_fime via
acall touvm_tr_stream::open. recorder (see 7.2.5.1). The record method inherited from uvm |object
(see 5.3) is then called, which records the current property values to this new transaction. If
parent_handle is non-zero, the newly started transaction is linked to the parent transaction given by
parent_handle using auvm_parent_child_link (see 7.3.2). The default value of parent hand|e shall
be 0.

¢) | The do_begin_tr method (see 5.4.2.5) is called to allow for any post-begin action in derived ¢lasses.

d) | The event,at key begin in the transaction’s event pool (see 5.4.2.13) is triggered. Any processes
waiting Onythis event resume in the next delta cycle.

This finctiofi returns 0 if recording is not enabled or returns the uvm_recorder::get_handle (see 16.4|5.1) of
the recprder,opened in step b).

5.4.2.5 do_begin_tr

virtual protected function void do begin tr()

This user-definable callback is called by begin_tr (see 5.4.2.4) just before the event at key begin in the
transaction’s event pool (see 5.4.2.13) is triggered.
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5.4.2.6 end_tr

function void end tr (

)

time end time = 0,
bit free handle =1

This function indicates the transaction execution has ended. Generally, a consumer component ends execution

of the t

ransactions it receives.

begin_tr (see 5.4.2.4) shall have been previously called for this call to be successful.

This fy
a)

b)

©)

d)
5.4.2.
v

This |
transad

5.4.2.8 get_tr_handle

fu

Return
transaq
get_tr

nction shall perform the following actions:

The transaction’s internal end time is set to the current simulation time, or to end_time ifprovig
non-zero. The end time may be any non-negative time. The default value of end-time shall bg

Ifrecording is enabled and a database transaction is currently active, the record-method inheritd

value of free_handle shall be 1.
The do_end_tr method is called to allow for any post-end action in derived classes.

The event at key end in the transaction’s event pool (se€ 3.4.2.13) is triggered. Any processes
on this event resume in the next delta cycle.

f do_end_tr
rtual protected function void deé~end tr()

ser-definable callback is called by @nd_tr (see 5.4.2.6) just before the event at key end
tion’s event pool (see 5.4.2.13) isjtriggered.

nction int get stvvhandle ()

s the handle associated with the transaction, as specified by a previous call to begin_tr (see 5.4.2
tion recordifig enabled. If begin_tr has not been called, or if is_active (see 5.4.2.12) returns
| handle rfeturns 0.

5.4.2.T enable_recording

ed and
0.

d from

uvm_object (see 5.3) is called, which records the final property values. The uwvm_recorder asspciated
with this transaction is closed via a call to uvm_recorder::close (see 16:4.42). If free handlg = 1,
the recorder is released and can no longer be linked (if supported by anr-implementation). The default

vaiting

in the

4) with
D, then

function void enable recording ( uvm tr stream stream )

Turns on recording to the stream specified. Only one stream is tracked within the transaction, so further calls to
enable_recording overwrite the internally stored value.

If transaction recording is on (the default), then a call to record (see 5.3.7.1) is made when the transaction is

ended.

An error shall be generated if enable_recording is called after accept_tr (see 5.4.2.2) or after begin_tr (see
5.4.2.4) but before end_tr (see 5.4.2.6).
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5.4.2.10 disable_recording
function void disable recording()

Turns off recording that has been enabled by a call to enable_recording (see 5.4.2.9). This is effectively
identical to passing null to enable_recording.

An error shall be generated if disable_recording is called after accept_tr (see 5.4.2.2) or after begin_tr (see
5.4.2.4) but before end_tr (see 5.4.2.6).

5.4.2.11 is_recording_enabled

fynction bit is recording enabled()
Returns 1 if recording is currently on, 0 otherwise.
5.4.2.12 is_active

fynction bit is active()

Returns 1 ifthe transaction has been started, but has not been ended. Returhs'o” if the transaction has npt been
started|or has ended.

5.4.2.13 get_event_pool

fuynction uvm event pool get event pool ()
Returnk the event pool associated with the transaction(see 10.4.1).
5.4.2.14 set_initiator

fynction void set initiator (“uvm component initiator )
Specifies initiator as the initiator of the transaction. The meaning of initiator is up to the user, e.g., the ipitiator
can be the component that produces the transaction. An implementation shall include the initiator when printing
(see 5.B.6) or recording (see §.3v7).
5.4.2.15 get_initiator

fynction savim component get initiator()

Returng the(component that produced or started the transaction, as specified by a previous call to set_initiator
(see 5.4:244).

5.4.2.16 get_accept_time, get_begin_time, and get_end_time
function time get accept time ()
function time get begin time ()

function time get end time()

Returns the time at which this transaction was accepted, begun, or ended, as by a previous call to accept_tr (see
5.4.2.2), begin_tr (see 5.4.2.4), or end_tr (see 5.4.2.6).
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5.4.2.17 set_transaction_id
function void set transaction id( int id )

Specifies this transaction’s numeric identifier to id. If not specified via this method, the transaction ID defaults
to -1.

5.4.2.18 get_transaction_id

function int get transaction id()

id (see

5.4.2.1]7). -1 is not allowed as an id.

5.5 uym_port_base #(IF)

Transaction-level communication between components is handled via its ports, expofts; Tmps, and socKets, all
of whith derive from this class.

The uym_port_base extends IF, which is the type of the interface implémented by derived port, pxport,
implerhentation, or socket. IF is also a type parameter to uvm_port_base.

IF—The interface type implemented by the subtype to thi§ base port.

uvm_port_base possesses the properties of components in-that they have a hierarchical instance pgth and
parent

5.5.1 Class declaration

virtual class uvm port base #(~tiype IF = uvm void ) extends IF
The dgfault value of /F shall be uvm_vdid.
5.5.2 Methods

5.5.2.1 new

fynction newe

string name,

uvm_compoenent parent,
uvm/port type e port type,

iA¥ min size = 0,
ot —m E =

)
name and parent are the uvm_component (see 13.1) constructor arguments.
port_type can be one of UVM_PORT, UVM_EXPORT, or UVM_IMPLEMENTATION (see F.2.3).
min_size and max_size specify the minimum and maximum number of implementation (imp) ports to be
connected to this port base by the end of elaboration. Setting max_size to -1 specifies no maximum, i.e., an

unlimited number of connections are allowed. The default value of min_size shall be 0. The default value of
max_size shall be 1.
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5.5.2.2 get_name
function string get name ()
Returns the leaf name of this port.
5.5.2.3 get_full_name
virtual function string get full name ()

Returns the full hierarchical name of this port.

5.5.2.4 get_parent

virtual function uvm component get parent())
Returns the handle to this port’s parent, or null if it has no parent.
5.5.2.5 get_type_name

virtual function string get type name ()

Returns the type name to this port. Derived port classes can implemefitthis method to return the concrefe type.
Othervise, only a generic "uvm _port", "uvm export", or "uvm implementation" is returned.

5.5.2.6 min_size
fynction int min size ()

Returnk the minimum number of implementation{orts to be connected to this port prior to resolve_bindings
being ¢alled (see 5.5.2.15).

5.5.2.7 max_size
fynction int max size()

Returns the maximum number of implementation ports to be connected to this port prior to resolve_bipdings
being ¢alled (see 5.5.2.15)

5.5.2.8 is_unbounded

fynction bit is unbounded()

Returns T 1f This port ias 10 Maximuin on the number of ImpleMmentation ports this port can connect. A port is
unbounded when the max_size argument (see 5.5.2.1) in the constructor is specified as -1.

5.5.2.9 get_connected_to
pure virtual function void get connected to(

ref uvm port base# (IF) list [string]
)

For a port or export type, this function intends to fill a list with all of the ports, exports and implementations
that this port is connected to.
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5.5.2.10 get_provided_to

pure virtual function void get provided to(

)

ref uvm port base# (IF) list [string]

For an implementation or export type, this function intends to fill a list with all of the ports, exports, and
implementations to which this port has provided its implementation.

5.5.2.11 is_port, is_export, and is_imp

fy

f

f
Return
5.5.2.

fu

Return|
end o

5.5.2.

£y
Specifi
called
size (sq
5.5.2.

v

Conne

a)
b)

NCCtIon DIT lS_pOrt ()

nction bit is export()

nction bit is imp ()

5 1 if this port is of the type given by the method name, 0 otherwise.
2 size

nction int size ()

5 the number of implementation ports connected to this port.~Fhe value is not valid bef
f elaboration phase, as port connections have not yet beén'resolved.

3 set_default_index
nction void set default index ( int index )
es the default implementation port to use when calling an interface method. This method should
bn UVM_EXPORT types. The value shall netbe specified before the end of elaboration pha
e 5.5.2.12) to retrieve the valid range for index. If set_default_index is not called, the default shs
4 connect
rtual function void connect ( uvm port base #(IF) provider )

Cts this port to the given provider port. The ports shall be compatible in the following ways:

The types of their /F parameters shall be identical.

uvp-blocking put port #(T) 1is compatible with an uvm put export # (T
uvm, blocking put imp #(T) because the export and imp provide the interface required

The provider’s interface type (blocking, non-blocking, analysis, etc.) shall be compatible, ¢

re the

bnly be
se. Use
1l be 0.

.g., an
and
by the

wrm blocking oyt wort
b

<)
d)

Ports of type UVM_EXPORT (see F.2.3) shall only connect to other exports or imps.

Ports of type UVM_IMPLEMENTATION (see F.2.3) shall not be connected, as they are bound to the

component that implements the interface at the time of construction.

In addition to type-compatibility checks, the relationship between this port and the provider port is also checked
if the port’s check_connection_relationships configuration has been specified. By default, the parent/child
relationship of any port being connected to this port is not checked.

This functionality can be disabled using the configuration and resources classes (see Annex C). The port
check for a field named check connection relationships of the resource type

shall
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uvm_resource# (uvm_bitstream t) withascope matching the port’s full name (see 5.5.2.3). A value of 0
disables the check, any other value enables the check.

Relationships, when enabled, are checked as follows:
— Ifthis portisan UVM_PORT type (see F.2.3), the provider shall be a parent port, or a sibling export or

implementation port.

— If this port is an UVM_EXPORT type (see F.2.3), the provider shall be a child export or
implementation port.

If any relationship check is violated, a warning shall be issued.

5.5.2.15 resolve bindings

virtual function void resolve bindings ()
This method is automatically called just before entering the end _of elaboration phdse: It recurses through
each pprt’s fanout to determine all the imp destinations. It then checks against the réquired minimym and
maxinfum connections. After resolution, size (see 5.5.2.12) returns a valid value and'get_if (see 5.5.2.]6) can
be useql to access a particular imp.
5.5.2.16 get_if

fynction uvm port base # (IF) get if ( int index = 0 )
Returng an implementation (imp) port at the given index from the array of imps to which this port is conpected.
Use sifge (see 5.5.2.12) to retrieve the valid range forzindex. This method should only be called at the

end off elaboration phase or after, as port connections are not resolved before then. The default vialue of
index ghall be 0.

5.6 uym_time
Canonjcal time type that can be used\in-different time scales.

This time type is used to represeént time values in a canonical form that can bridge different time scales apd time
precisipns.

5.6.1 Class declaration
class uvm fime

5.6.2 Common methods

5.6.2.1 new

function new(
string name = "uvm time",
real res = 0

)

Initializes a new canonical time object.

The canonical time value of the object is initialized to 0. If a resolution is not specified, the default resolution,
as specified by set_time_resolution (see 5.6.2.2), is used.
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5.6.2.2 set_default_time_resolution
static function void set default time resolution( real res )
res specifies the default canonical time resolution; this shall be a power of 10.
By default, the default resolution is 1.0e-12 (ps).
5.6.2.3 get_name

function string get name ()

Returnk the name of this instance.
5.6.2.4 reset

fuynction void reset ()
Resets|the canonical time value to 0.
5.6.2.5 get_realtime

fynction real get realtime(
time scaled,
real secs = 1.0e-9

Returnks the current canonical time value, scaled for the.caller’s time scale.

scaled|shall be a time literal value that corresponds to the number of seconds specified in secs (1ns by
defaulf); it has to be a time literal value thatis greater or equal to the current time scale.

5.6.2.6 incr

fuynction void incr (.real t,
time scaled,
real secs = Ll=0e~9

Increnjents the cUrrent canonical time value by the specified number of scaled time units.
t is a tjme value expressed in the scale and precision of the caller. scaled shall be a time literal value that

corresponds to the number of seconds specified in secs (1ns by default); it has to be a time literal valug that is
greater or equal to the current time scale.

5.6.2.7 decr

function void decr( real t,
time scaled,
real secs = 1.0e-9

)

Decrements the current canonical time value by the specified number of scaled time units.
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t is a time value expressed in the scale and precision of the caller. scaled shall be a time literal value that
corresponds to the number of seconds specified in secs (1ns by default); it has to be a time literal value that is
greater or equal to the current time scale.

5.6.2.8 get_abstime
function real get abstime( real secs )

Returns the current canonical time value, in the number of specified time units, regardless of the current time
scale of the caller.

secs is tllC 11u1u1u51 Uf bC\.«Ulldb ill tllC dCbilUd tilllc uuit, C.s., 1S=7 fUl lldllUbeUlldb.
5.6.2.9 set_abstime

fynction real set abstime(
real t,

real secs

)

Specifies the current canonical time value, in the number of specified time 0nits, regardless of the current time
scale of the caller.

secs is|the number of seconds in the desired time unit, e.g., 1e-9for nanoseconds.

5.7 uym_field_op

uvm_field_op is the UVM class for describing all operations supported by the do_execute_op functipn (see
5.3.13}.

5.7.1 Class declaration

class uvm field op extends”uvm object

5.7.2 Ilethods

uvm_ffield_op has the falloWing methods (see 5.7.2.1 to 5.7.2.9).
5.7.2.1 new

fynction new( string name="" )

Createkamew object of type uvm_field op with the given instance name If name is not supplied, the object is
unnamed.

5.7.2.2 set

virtual function void set(
uvm field flag t op type,
uvm _policy policy = null,
uvm object rhs = null

)

Sets the operation op_type, policy, and rhs values.
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The set method takes three arguments as follows:

a)

b)
<)

An error shall be generated if set is called twice without a flush call (see 5.7.2.9) between.

5.7.2.

virtual function string get op name ()

op_type—The operation type, as described using uvm_field flag_t(see F.2.1.2). Auvm_field_op can
only represent a single operation at a time; it shall be an error if the reserved bits (see F.2.1.1) of the

op_type argument match more than one operation type.

policy—The policy class to be used for this operation. Operations that do not require a policy object

may set the policy to null. The default value is null.

rhs—The right-hand side value to be used for this operation. Operations that do not require a right-

hand side object may set the rAs to null. The default value is null.

B get_op_name

Based pn the operation type defined by set (see 5.7.2.2), returns the associated name as.showin in Tabld 1. The
return palue for types that are not listed in Table 1 is undefined.
get_op_name shall generate an error message if set (see 5.7.2.2) has never beenrealled on this uvm_field_op or

if flush (see 5.7.2.9) has been called more recently than set on this uvme field_op.

5.7.2.4

v

Return

Table 1—Type names returned

Type of operation Name returned
UVM_PRINT print
UVM_RECORD record
UVM_PACK pack
UVM_UNPACK unpack
UVM_COPY copy
UVM_COMPARE compare
UVM.SET set

L get_op_type

rtualifunction uvm field flag t get op type()

5 the'type of operation.

get_op_type shall generate an error message if set (see 5.7.2.2) has never been called on this uvm_field_op or
if flush (see 5.7.2.9) has been called more recently than set on this uvm_field_op.

5.7.2.5 get_policy

virtual function uvm policy get policy()

Return

s the policy object to be used when executing the operation.
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get_policy shall generate an error message if set (see 5.7.2.2) has never been called on this uvm_field_op or if
flush (see 5.7.2.9) has been called more recently than set on this uvm_field_op.

5.7.2.6 get_rhs
virtual function uvm object get rhs()
Returns the right-hand side object to be used when executing the operation.

get_rhs shall generate an error message if set (see 5.7.2.2) has never been called on this uvm_field_op or if
flush (see 5.7.2.9) has been called more recently than set on this uvm_field_op.

5.7.2.7 user_hook_enabled
fynction bit user hook enabled()

Returng the current value of the user hook enabled bit. The value defaults to 1 and can only-be set to 0 v{a a call
to disable_user_hook (see 5.7.2.8).

The uspr hook enabled bit indicates whether the policy class should call the do_* method associated yvith its
operatfon after calling the do_execute_op method (see 5.3.13). For example,auvm_printer (see 16.2) will not
call do|_print (see 5.3.6.3) if user_hook_enabled returns 0 after the printer has called do_execute_¢p.
5.7.2.8 disable_user_hook

fynction void disable user hook()
Disablgs the call to the user hook by setting the return‘value of user_hook_enabled (see 5.7.2.7) to (.
5.7.2.9 flush

virtual function wvoid flush ()

Resets|the uvm_field_op, allowing'it to be reused. Future calls to uvm_field op::get * (see 5.7.2.3t03.7.2.6)
shall gpnerate errors unless set (see™5.7.2.2) is called again.

6. Rgporting classes

6.1 Overview

The reporting tlasses provide a facility for issuing reports with consistent formatting. Users can configufe what
actionq to take and what files to send output to based on report severity, ID, or both severity and ID. Usgrs can
also filter messages based on their verbosity settings.

The primary interface to the UVM reporting facility is the uvm_report_object (see 6.3) from which all
uvm_components extend (see 13.1.1). The uvm_report_object delegates most tasks to its internal
uvm_report_handler (see 6.4). If the report handler determines the report is not filtered based on the
configured verbosity setting, it sends the report to the central uvm_report_server (see 6.5.1) for formatting and
processing.
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6.2 uvm_report_message

The uvm_report_message is the basic UVM object message class. It provides the fields that are common to all
messages. The report message object can be initialized with the common fields (see 6.2.2) and passes through
the whole reporting system (i.e., report object, report handler, report server, report catcher) as an object. The
additional elements can be added/deleted to/from the message object anywhere in the reporting system, and can
be printed or recorded along with the common fields.

6.2.1 Class declaration

class uvm_report message extends uvm object

6.2.2

6.2.2.

£

Create

6.2.2.]

s

)
Create
metho
thread
6.2.2.

v

The
uvm_x

6.2.3 Infrastructure reférences

6.2.3.

v

Common methods
new
nction new( string name = "uvm report message" )
f a2 new uvim_report_message object.
P new_report_message
atic function uvm report message new report m&ssage (

string name = "uvm report message"

5 a new uvim_report_message object. This function' is the same as new (see 6.2.2.1), howey
| will preserve the random stability of the calling‘thread. While it is legal to call this method from
context, the random stability of the non-thread context is not guaranteed.

B do_print

rtual function void do, ptint ( uvm printer printer )

uvm_report message implements uvm_object::do_print (see 5.3.6.3) such tha
eport_message::print.method provides a UVM printer formatted output of the message.

get_report_object and set_report_object

rtualy'function uvm report object get report object()

er this
anon-

t the

v

rtual Tunction void Set _report object  uvm report oObjecCct Iro )

Returns or specifies the uvm_report_object (see 6.3) that originated the message.

6.2.3.2 get_report_handler and set_report_handler

virtual function uvm report handler get report handler()

virtual function void set report handler( uvm report handler rh )
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Returns or specifies the uvm_report_handler (see 6.4) that is responsible for checking whether the message is
enabled, may be upgraded/downgraded, etc.

6.2.3.3 get_report_server and set_report_server

virtual function uvm report server get report server ()

virtual function void set report server( uvm report server rs )

Returns or specifies the uvm_report_server (see 60.5.1) that is responsible for servicing the message’s actions.

6.2.4 Message-fields

6.2.4.

v

v

Return

6.2.4.]

v

v

Return

6.2.4.

v

v

Return

6.2.4.4

v

v

get_severity and set_severity
rtual function uvm severity get severity()
rtual function void set severity( uvm severity sev )
5 or specifies the severity (UVM_INFO, UVM_WARNING, UVM ERROR, @1\UVM FATAL) of the me
P get_id and set_id
rtual function string get id()
rtual function void set id( string id Q)
s or specifies the id of the message. The value ofithis field is completely under user discretion. S
B get_message and set_message
rtual function string get message ()
rtual function void &ef* message( string msg )
5 or specifies a user miessage content string.
L get_verbosity'and set_verbosity
rtual fUnetion int get verbosity()

rtual) function void set verbosity( int ver )

bsage.

[¢]
[¢]
N
N

Returns or specifies the message verbosity threshold value. This value is compared against settings in the
uvm_report_handler (see 6.4) to determine whether this message is executed.

6.2.4.5 get_filename and set_filename

virtual function string get filename ()

virtual function void set filename( string fname )

Returns or specifies the file from which the message originates.
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6.2.4.6 get_line and set_line

virtual function int get line()

virtual function void set line( int 1n )

Returns or specifies the line in the file from which the message originates.

6.2.4.7 get_context and set_context

virtual function string get context ()

v

Return

rtual function void set context( string cn )

5 or specifies the optional user-supplied string that is meant to convey the context ofithe/messg

6.2.4.8 get_action and set_action

v

v

Return

rtual function uvm action get action()
rtual function void set action( uvm action act )

s or specifies the action(s) the uvm_report_server (see 6.5. 1) performs for this message.

6.2.4.9 get_file and set_file

v

v

Return

6.2.4.

v

rtual function UVM FILE get file()

rtual function void set file( UVMMFILE f1 )

5 or specifies the file to which the message is written when the message’s action is UVM_LOG.
0 set_report_message

rtual function void set report message (
uvm_severity seuverity,

string id,

string message;

int verbgsity,

string (filename,

int Isre,

string context name

Specifies all the common fields of the report message in one function call.

6.3 uvm_report_object

The uvm_report_object provides an interface to the UVM reporting facility. Through this interface, various
messages can be issued that occur during simulation. Users can configure what actions are taken and what file(s)
are output for individual messages from a particular report object or for all messages from all report objects in

the environment. Defaults are applied where there is no explicit configuration.
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Most methods in uvm_report_object are delegated to an internal instance of a uvm_report_handler (see 6.4),
which stores the reporting configuration and determines whether an issued message should be displayed based
on that configuration. Then, to display a message, the report handler delegates the actual formatting and
production of messages to a central uvm_report_server (see 6.5.1).

A report consists of the message fields described in 6.2.4. It may optionally include the filename and line
number from which the message came. If a report has a verbosity level greater than the configured maximum
verbosity level (see 6.3.4.1) of its report object, it is ignored. If a report passes the verbosity filter, in effect, the
report’s action is determined. If the action includes output to a file, the configured file descriptor(s) are
determined.

a) dcetions—These can be set for cowow’ﬁr, i/], and-the (cpwpw'ﬁ:) 1'/]) pm'r See 623520

b) | Default actions—The following list highlights the default actions assigned to each severity) These can
be overridden by any of the set_*_action methods.

1) UVM INFO—UVM DISPLAY

2) UVM_WARNING—UVM DISPLAY

3) UVM _ERROR—UVM DISPLAY |UVM COUNT
4) UVM FATAL—UVM DISPLAY|UVM EXIT

c) | File descriptors—These can be specified as (in increasing pridrity) default, severity level] id, or
(severity-id) pair. File descriptors are of UvM_FILE type (s€e F:2.8). It is the user’s responsifility to
open and close them.

d) | Default file handle—The default file handle is 0, whi¢h means reports are not sent to a file ev¢n if an
UVM_LOG attribute is specified in the action associated with the report. This can be overridden[by any
of the set_*_file methods.
6.3.1 Class declaration

class uvm report object extends uvm object

6.3.2 Common methods

new

fynction new( stfing name = "" )
Createp a new reportiobjéct with the given name.
6.3.3 Reporting

6.3.3.1 uvm_get_report_object

function uvm report object uvm get report object()
Returns this uvm_report_object. See also F.3.2.1.
6.3.3.2 uvm_report_enabled

function int uvm report enabled(

int verbosity,
uvm_ severity severity = UVM INFO,
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string id = ""

Returns 1 if the configured verbosity for this severity/id is greater than or equal to verbosity, else returns 0.
The default value of severity shall be UvM_INFO.

See also 6.3.4.1 and F.3.2.2.

6.3.3.3 uvm_report, uvm_report_info, uvm_report_warning, uvm_report_error, and
uvm_report_fatal

viTtual function void Uvm_TEpOTCT (
uvm_severity severity,

string id,

string message,

int verbosity = (severity == uvm_severity' (UVM_ERROR)) ? UVM\NONE
(severity == uvm_severity' (UVM FATAL)) ? JVM NONE
(severity == uvm_severity' (UVM WARNING)}) | ?* UVM_ NONE
UVM MEDIUM,

string filename = "",

int line = O,

string context name = "",

bit report enabled checked = 0

virtual function void uvm report info(
string id,

string message,

int verbosity = UVM MEDIUM,

string filename = "",

int line = 0,

string context name = "",

bit report enabled checked = 0

virtual function void uvin report warning(
string id,

string message,

int verbosity =-UVM NONE,

string filehmame = "",

int linedz.0,

string(context name = "",

bit report enabled checked = 0

virtuial function void uvm report error(

string id,
string message,
int verbosity = UVM NONE,
string filename = "",
int line = O,
string context name = "",
bit report enabled checked = 0
)
virtual function void uvm report fatal(
string id,
string message,
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int verbosity = UVM NONE,

string filename = "",

int line = O,

string context name = "",

bit report enabled checked = 0
)

These are the primary reporting methods in UVM. Using these instead of $display and other ad hoc
approaches promotes consistent output and central control over where output is directed and any actions that
result. All reporting methods have the following arguments, although each has a different default verbosity:

a) [Id—ZC SUINE COMANE e [d for e Teport oI TepoIt Sroup At cam be used for raemification and
therefore targeted filtering. An individual report’s actions and output file(s) can be configuted using
this id string.

b) | message—The message body as a single string.
¢) | verbosity—The verbosity of the message indicating its relative importance. If thishumber is lgss than
or equal to the maximum verbosity level (see 6.3.4.3), then the report is issuedy subject to the configured

action and file descriptor specifications. Verbosity is ignored for warningsyerfors, and fatals. Hqwever,
if a warning, error, or fatal is demoted to an info message, then the yerbosity is taken into acdount.

d) | filename/line (optional)}—A string containing filename and an integer for line number definjng the
location from which the report was issued. If specified, the lo¢ation is displayed in the outppt. The
default value of filename shall be an empty string ("") and~the default value of /ine shall be 0

e) | context name (optional)—The string context from wher&the message is originating. This can bg the $m
of'a module, a specific method, etc. The default valué,of context name shall be an empty strinjg ("").

f) | report_enabled checked (optional)—This bit_iddicates if the currently provided message hds been
checked as to whether the message should be processed. If it has not been checked, it will be checked
as part of the uvm_report function. The default value shall be 0.

6.3.3.4 uvm_process_report_message

virtual function void uwinprocess report message (
uvm_report message report message

)

This method takes a preformed uvm_report_message (see 6.2), populates it with the report object, and passes
it to thg report handlerifor processing; see 6.4.7.

6.3.4 Yerbosity configuration

6.3.4.1 get.report_verbosity_level

function int get report verbosity level (
uvm_severity severity = UVM INFO,
string id = ""

)

Returns the verbosity level in effect for this object. This function calls the underlying report handler
get_verbosity_level (see 6.4.3.1).

6.3.4.2 get_report_max_verbosity_level

function int get report max verbosity level()
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Returns the maximum verbosity level in effect for this report object.

6.3.4.3 set_report_verbosity_level

function void set report verbosity level ( int verbosity level )

Specifies the maximum verbosity level for reports for this component. This function calls the underlying report

handle

r set_verbosity_level (see 0.4.3.2).

6.3.4.4 set_report_id_verbosity and set_report_severity_id_verbosity

fymctior VvordTSetTEpor T IO VEIpoOSItyY ¢

string id,
int verbosity

fynction void set report severity id verbosity (

These
functiq

6.3.5 |
6.3.5.

£

Return
report

6.3.5.]

£

)

uvm_severity severity,
string id,
int verbosity

Action configuration
get_report_action

nction int get report action(
uvm_severity severity,
string id

5 the action associated with reports having the given severity and id. This function calls the und
handler get_action (see624.4.1).

nction sre@id set report severity action (
uvm sewerity severity,
uvmiaction action

methods associate the specified verbosity threshold with reports of the given id or severity-id pair. These
ns call the underlying report handler set_id_verbosity or set_severity id_verbosity, respectiv¢ly (see
6.4.3.3).

erlying

P set_report_severity_action, set_report_id_action, and set_report_severity_id_action

function void set report id action (

)

string id,
uvm_action action

function void set report severity id action (

uvm_severity severity,
string id,
uvm_action action
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These methods associate the specified action or actions with reports of the given severity, id, or severity-id pair.
These functions call the underlying report handler set severity action, set id_action, or
set_severity_id_action, respectively (see 6.4.4.2).

6.3.6 File configuration
6.3.6.1 get_report_file_handle
function int get report file handle(

uvm_severity severity,
string id

Returng the file descriptor associated with reports having the given severity and id. This fundtion calls the
underlying report handler get_file_handle (see 6.4.5.1).

6.3.6.2 set_report_default_file, set_report_id_file, set_report_severity_file;and
set_re¢port_severity_id_file

fynction void set report default file ( UVM FILE file \)
fynction void set report id file (

string id,

UVM FILE file

fynction void set report severity file (
uvm_severity severity,
UVM FILE file

fynction void set report severity.id file (
uvm_severity severity,

string id,

UVM FILE file

)

These methods configure the report handler to direct some or all of its output to the given file descriptpr (see
F.2.8).[These functions call the\inderlying report handler set_default_file, set_id_file, set_severity [file, or
set_seyerity_id_file, respectively (see 6.4.5.2).

6.3.7 Dverride configuration

set_report_severity_override and set_report_severity_id_override

fyndion void set report severity override(

v severity cur severit

uvm_ severity new severity
)
function void set report severity id override(
uvm_severity cur severity,
string id,
uvm_severity new_severity

)
These methods provide the ability to upgrade or downgrade a message in terms of severity given the severity and

id. These functions call the underlying report handler set_severity override or set_severity id_override,
respectively (see 6.4.6).
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6.3.8 Report handler configuration

6.3.8.1 get_report_handler

function uvm report handler get report handler ()

Returns the underlying report handler to which most reporting tasks are delegated.

6.3.8.2 set_report_handler

function void set report handler( uvm report handler handler )

Specifi
same T|

6.3.8.
fu

Resets
overrig

6.4 uy

The uy
uvm_x

6.4.1
c]
6.4.2
6.4.2,
fy
Create

6.4.2.]

v

es the report handler, overwriting the previous value. This allows more than one component+o’st
bport handler.

B reset_report_handler
nction void reset report handler ()

the underlying report handler to its default settings (see 6.4.2.1). This ¢lears any changes made
e configuration methods (see 6.3.7).

/m_report_handler

m_report_handler is the class to which most metheds in uvm_report_object (see 6.3) dg
eport_handler stores the maximum verbosity, actions; and files that affect the way reports are h

Class declaration
ass uvm report handler extends “uvm object
Common methods

new
nction new( string name = "uvm report handler" )
5 and initializes'a,new uvm_report_handler object.
P do_print

rfua¥ function void do print ( uvm printer printer )

\are the

ith the

legate.
hndled.

uvi_report_handler implements uvm_object::do_print (see  5.3.6.3) such that
uvm_report_handler::print method provides UVM printer formatted output of the current configuration.

6.4.3 Verbosity configuration

6.4.3.1 get_verbosity_level

function int get verbosity level (

uvm_severity severity = UVM INFO,
string id = ""
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Returns the verbosity level stored in this handler for the given id or severity-id pair. A verbosity associated with
a particular severity-id pair takes precedence over a verbosity associated with id, which takes precedence over
the maximum verbosity. The default value of severity shall be UvM_INFO.

6.4.3.2 set_verbosity_level

function void set verbosity level ( int verbosity level )

Specifies the maximum verbosity level for this handler. Any report whose verbosity exceeds this maximum is
ignored.

6.4.3.3-set—severity—id—verbosity-and-set—id—verbosity

fu

fu

These
associg
preced;

verbos|

6.4.4 |
6.4.4.

£

Return
An act|
takes pl

6.4.4.]

nction void set severity id verbosity (
uvm_severity severity,
string id, int verbosity

nction void set id verbosity (

string id,
int verbosity

methods associate the specified verbosity level with the given id or severity-id pair. A ve
ted with a particular severity-id pair takes precedence ovet a yverbosity associated with id, whic
ence over the maximum verbosity.

ity can be any integer, but is most commonly a predefined uvm_verbosity value (see F.2.2.4).

Action configuration
get_action
nction uvm action getsaction (

uvm_severity severit¥y,
string id

5 the action (wym, action, see F.2.2.3) stored in this handler for the given severity, id, or severity
fon associatédwith a particular severity-id pair takes precedence over an action associated with id
recedencé over an action associated with severity.

P set-severity_id_action, set_id_action, and set_severity_action

rbosity
h takes

id pair.
which

function void set severity id action (

)

uvm_severity severity,
string id,
uvm_action action

function void set id action (

)

string id,
uvm_action action

function void set severity action (

uvm_severity severity,

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
IEEE Std 1800.2™-2020 -49 —

uvm_action action

These methods associate the specified action with the given severity, id, or severity-id pair. An action
associated with a particular severity-id pair takes precedence over an action associated with id, which takes
precedence over an action associated with severity. action can take the value UVM_NO ACTION or it can be a
bitwise OR of any combination of the other uvm_action_types enum values, see F.2.2.2.

6.4.5 File configuration

6.4.5.1 get_file_handle

£

Return
severit
id, whi
descrif
6.4.5.]

£

£

£

)
fy

These
a mult

A file

nction UVM FILE get file handle (
uvm_severity severity,
string id

5 the file descriptor (UVM_FILE, see F.2.8) stored in the handler associated with the given severif]

-id pair. A file associated with a particular severity-id pair takes precedence over a file associat
ch takes precedence over a file associated with a severity, which takes precedence over the defg
tor.

P set_severity_id_file, set_id_file, set_severity_file, and set_default_file
nction void set severity id file (

uvm_severity severity,

string id,

UVM FILE file

nction void set id file (

string id,

UVM FILE file

nction void set sevetify file (

uvm_severity severity,

UVM FILE file

nction voidyset default file ( UVM FILE file )

-channeldescriptor (mcd) or a file id compatible with $fdisplay.

léscriptor can be associated with reports of the given severity, id, or severity-id pair. A file ass

, id, or
bd with
ult file

methods gonfigure this handler to direct some or all of its output to the given file descriptor, whete file is

bciated

with a particular severity-id pair takes precedence over a file associated with id, which takes precedence over a

file ass

ociated with a severity, which takes precedence over the default file descriptor.

When a report is issued and its associated action has the UvM_LOG bit specified, the report is then sent to its
associated f£ile descriptor. The user is responsible for opening and closing these files.

6.4.6 Override configuration

set_severity override and set_severity id override

function void set severity override (

uvm_severity cur severity,
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uvm_ severity new severity

function void set severity id override (

)

uvm_severity cur severity,
string id,
uvm_severity new_severity

These methods provide the ability to upgrade or downgrade a message in terms of severity (new_severity) given
the cur_severity and id. An upgrade or downgrade for a specific id takes precedence over an upgrade or
downgrade associated with cur_severity.

6.4.7 *Ilessage processing

v
)

This i
uvm_x

6.5R
This sy
6.5.1

Impler
6.4).

The uy

process_report_message

rtual function void process report message (
uvm_report message report message

the common handler method used by the core reporting methods (e.g., uvm_report_er
eport_object (see 6.3.3.3).

pport server
bclause covers the classes that define the UVM reportserver facility.
ivm_report_server

hentations of uvm_report_server processall of the reports generated by an uvm_report_hand

m_report_server is an abstractclass that declares many of its methods as pure virtual.UV]

the uvin_default_report_server class'(see 6.5.2) as its default report server implementation.

6.5.1.

v

6.5.1.]

uvm_tx

Class declaration
rtual classguvm report server extends uvm object
P Common‘methods

eporit_server has the following Methods.

For) in

er (see

M uses

6.5.1.2°Thew

function new(string name="base")

Initializes a new report server. The name argument is optional, but should generally be provided to aid in
debugging.

6.5.1.2.2 get_max_quit_count

pure virtual function int get max quit count ()
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Intended to return the currently configured max quit count.

6.5.1.

2.3 set_max_quit_count

pure virtual function void set max quit count(

)

int count,
bit overridable =1

Intended to set the currently configured max quit count.

count i§ T TITAXITITUNIT ITUITIDET Of UV UU T T actons e UVIT_TEePOTt_Server CalT toferate before imvoRing die

on the uvm_root (see F.7) instance returned by uvm_coreservice_t::get root (see F.4.1.A41)

overrfidable = 0 ispassed, the count cannot be changed again. The default value of overridable’'shgll be 1.

6.5.1.

pyre virtual function int get quit count ()
Intend¢d to return the current number of UVM_QUIT actions already passed through this server.
6.5.1.2.5 set_quit_count

pyre virtual function void set quit count( imb,/quit count )

Intend

6.5.1.2.6 get_severity_count

pyre virtual function int get seVerity count( uvm severity severity )

Intend

6.5.1.2.7 set_severity_count

pyre virtual functien void set severity count(

)

Intend

6.5.1.2.8'get_id_count

2.4 get_quit_count

bd to return the count of already passed messages with severity severity.

uvm_severity sewverity,
int count

bd to specify the count of already passed messages with severity severity to count.

When

bd to specify the current number of UvM_QUIT actionsialready passed through this uvm_report |server.

pure virtual function int get id count( string id )

Intended to return the count of already passed messages with id.

6.5.1.2.9 get_id_set

pure virtual function void get id set( output string gq[$] )

Intended to return the set of ids already used by this uvm_report_server. g shall be a queue.
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6.5.1.2.10 get_severity_set

pure virtual function void get severity set( output uvm severity q[$] )
Intended to return the set of severities already used by this uvm_report_server. g shall be a queue.
6.5.1.2.11 get_message_database

pure virtual function uvm tr database get message database()

Intended to return the uvm_tr_database (see 7.1) used for recording messages.

6.5.1.2.12 set_message_database
pyre virtual function void set message database( uvm tr databasedatabage )

Intend¢d to specify the uvm_tr_database (see 7.1) used for recording messages.

6.5.1.2.13 do_copy
virtual function void do_copy ( uvm object rhs )

Copieqd all message statistic severity, id counts to the destination uvmi_report_server. The copy is cumfilative:
items 1om the source are transferred, existing entries are not deletéd,/and existing entries/counts are ovefridden
when they exist in the source set. 74s shall be a uvm_report_sefver or derived from one.

6.5.1.2.14 process_report_message

pyre virtual function void processskeport message (
uvm report message report message

This fnethod is the main entry cpoint for the uvm_report_server, processing the provided
uvm_1eport_message (see 6.2). The report server shall take the following steps, in order:

a) | All report catchers (see~6.6) that are currently registered and active are processed. If any|call to
catch (see 60.6.5) réturns CAUGHT, process_report_message ends immediately.

b) | After processing all report catchers, if the message contains an action of UVM NO A¢TION,
process_réport_message ends immediately.

c) | Ifthemessage actions include one or both of UvM LOG or UvM_DISPLAY, compose_report_mnjessage
(se€ 635.1.2.15) is called.

d) | Finally, execute report message (see 6.5.1.2.16) is called.

6.5.1.2.15 compose_report_message

pure virtual function string compose report message (
uvm report message report message,
string report object name = ""

Intended to construct the actual string sent to the file or command line from the severity, component name,
report id, and the message itself. report object name can be specified to override the use of the
report handler full name inthe message. Users can overload this method to customize report formatting.
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6.5.1.2.16 execute_report_message

pure virtual function void execute report message (
uvm report message report message,
string composed message

)

Processes the provided report message per the actions contained within. composed message gets logged or
displayed if the report message calls for that action. Users can overload this method to customize action
processing.

6.5.1.2-4Freport—stmmarize

pyre virtual function void report summarize( UVM FILE file = UVM STDOUT ()

Intend¢d to output statistical information on the reports issued by this central report server., This informption is
sent to|the file descriptor file. The default value of file shall be UvM_STDOUT.

6.5.1.2.18 get_server
sflatic function uvm report server get server()
Returns the global report server used for reporting.

This tpethod is provided as a wrapper function to conveniently retrieve the report server yia the
uvm_doreservice_t::get report_server method (see F.4.4.4h4).

6.5.1.2.19 set_server

sflatic function void set server (\\0vm report server server )
Specifies the global report server to use forreporting.
This mpethod is provided as a mwrapper function to conveniently specify the report server yia the
uvm_doreservice_t::set_report. sérver method (see F.4.1.4.4). In addition to specifying the server, tlis also
copies|the severity/id counts{rom the current report server to the new one.
6.5.2 yvm_default_report_server

Default implementation of the UVM report server.

Class declaration

ClasSsS uvIl _aeraulC reporc crverl eEXLellds UVil Ireport crvel

uvm_default_report_server canbe extended (from uvm_report_server); it provides a full implementation of
all uvm_report_server’s methods (see 6.5.1).

6.6 uvm_report_catcher
The uvm_report_catcher is used to catch messages issued by the UVM report server. Catchers are

uvm_callbacks, so all facilities in the uvm_callback (see 10.7.1) and uvm_callbacks#(T,CB) (see 10.7.2)
classes are available for registering catchers and controlling catcher state.  The
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uvm_callbacks#(uvm_report_object,uvm_report_catcher) class is also aliased to uvm_report_cb (see
D.4.3).

Multiple report catchers can be registered with a report object. The catchers can be registered as default
catchers, which catch all reports on all uvm_report_object reporters (see 6.3), or catchers can be attached to
specific report objects (e.g., components).

User extensions of uvm_report_catcher shall implement the catch method (see 6.6.5.), in which the action to
be taken on catching the report is specified. The catch method can return CAUGHT, in which case further
processing of the report is immediately stopped, or return THROW, in which case the (possibly modified) report
is passed on to other registered catchers.

On catghing a report, the catch method can modify the severity, id, action, verbosity, or the report striri%r itself
before|the report is finally issued by the report server. The report can be immediately issued from Within the
catchef class by calling the issue method (see 6.6.6.6).
The catcher maintains a count of all reports with UVM_FATAL, UVM_ERROR, Or UVM_WARNING (see }{.2.2.1)
severity and a count of all reports with UVM_FATAL, UVM_ERROR, or UVM_WARNING, 'severity whose spverity
was loered. These statistics are reported in the summary of uvm_report_servéry(see 6.5.1).
6.6.1 Class declaration
virtual class uvm report catcher extends uvm callback

6.6.2 Common methods

new

fuynction new( string name = "uvm report catcher" )

Initialiges a new report catcher. The name argumient is optional, but should generally be provided tq aid in
debugging.

6.6.3 Current message state
6.6.3.1 get_client
fynction uvm repgrt object get client ()
Returns the uvm_report_object (see 6.3) that has generated the message currently being processed.

6.6.3.2 get_severity

fynetion uvm severity get severity()

Returns the uvm_severity (see F.2.2.1) of the message that is currently being processed. If the severity was
modified by a previously executed catcher object (which re-threw the message), the returned severity is the
modified value.

6.6.3.3 get_context

function string get context()
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Returns the context name of the message that is currently being processed. This is typically the full hierarchical
name of the component that issued the message. However, if user-defined context is specified in
uvm_report_message (see 6.2), the user-defined context is returned.

6.6.3.4 get_verbosity

function int get verbosity()

Returns the verbosity of the message that is currently being processed. If the verbosity was modified by a
previously executed catcher (which re-threw the message), the returned verbosity is the modified value.

6.6.3.5-get—id

fynction string get id()

Returng the string id of the message that is currently being processed. If the id was modified/by a preyiously
executpd catcher (which re-threw the message), the returned id is the modified value.

6.6.3.6 get_message
fynction string get message ()

Returnk the string message of the message that is currently being processed. If the message was modifipd by a
previopsly executed catcher (which re-threw the message), the refurned message is the modified valu.

6.6.3.7 get_action

fynction uvm action get action()
Returns the uvm_action (see F.2.2.3) of the méssage that is currently being processed. If the actipn was
modifipd by a previously executed catcher (which re-threw the message), the returned action is the mpdified
value.
6.6.3.8 get_fname

function string get \fname ()
Returnk the file name of'thé message.

6.6.3.9 get_line

fynctiom int get line()

Retur th\.« ]1;11\.« uuu;b\A uf th\.« MESSage:
6.6.3.10 get_report_message
function uvm report message get report message ()

Returns the report message object (see 6.2) for this report.
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6.6.4 Change message state

6.6.4.1 set_severity

protected function void set severity( uvm severity severity )

Changes the severity of the message to severity. Any other report catchers will see the modified value.

6.6.4.2 set_verbosity

protected function void set verbosity( int verbosity )

Chang
6.6.4.
p1
Chang
6.6.4.1
p1
Chang
6.6.4.
p1

Chang|

s the verbosity of the message to verbosity. Any other report catchers will see the modified V4
8 set_id

otected function void set id( string id )

s the id of the message to id. Any other report catchers will see the modified value.

Ll set_message

otected function void set message( string message )

s the text of the message to message. Any other report.catchers will see the modified value.

b set_action

otected function void set actionf{iuvm action action )

s the action of the message to action.. Any other report catchers will see the modified value.

6.6.4.6 set_context

johi
Chang|

6.6.5

ty

otected function void set context( string context str )
s the context of the\message to context str. Any other report catchers will see the modified v
Callback interface

catch

pedef enum {UNKNOWN ACTION, THROW, CAUGHT} action e

p

rewvirtual function action e catch()

lue.

lue.

This is the method that is intended to be called for each registered report catcher. There are no arguments to this
function. The interface methods in 6.6.3 can be used to access information about the current message being
processed.
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6.6.6 Reporting
6.6.6.1 uvm_report_fatal

protected function void uvm report fatal(
string id,
string message,
int verbosity,
string fname = "",
int line = 0,

string context name =
D1t report_enabled checked = U

nn
’

Genergtes a fatal message using the current message’s report object. This message bypasses‘any njessage
catching callbacks. The default values of line and report_enabled checked shall be 0. The default values of
fname pnd context name shall be an empty string ("").

6.6.6.2 uvm_report_error

pjotected function void uvm report error(
string id,

string message,

int verbosity,

string fname = "",
int line = 0,
string context name = "",

bit report enabled checked = 0

Genergtes an error message using the current message’s report object. This message bypasses any njessage
catchinjg callbacks. The default values of /ire and report _enabled checked shall be 0. The default values of
fname pnd context _name shall be an:émpty string ("").

6.6.6.3 uvm_report_warning

pjotected functAgn’void uvm report warning(
string id,

string megssage,

int vexbosity,

strifdg—fname = "",
int\ine = 0,
string context name = "",

bit report enabled checked = 0

Issues a warning message using the current message’s report object. This message bypasses any message
catching callbacks. The default values of /ine and report_enabled checked shall be 0. The default values of
fname and context_name shall be an empty string ("").

6.6.6.4 uvm_report_info

protected function void uvm report info(
string id,
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string message,
int verbosity,

string fname = "",
int line = 0,
string context name = "",

bit report enabled checked = 0
)

Issues an info message using the current message’s report object. This message bypasses any message catching
callbacks. The default values of /ine and report _enabled checked shall be 0. The default values of frame and
context_name shall be an empty string ("").

6.6.6.5 uvm_report

pjotected function void uvm report (
uvm_severity severity,

string id,

string message,

int verbosity,

string fname = "",
int line = O,
string context name = "",

bit report enabled checked = 0

Issues [a message using the current message’s report object./This message bypasses any message cgtching
callbadks. The default values of /ine and report _enabled(Ghecked shall be 0. The default values of frajne and
contex{ name shall be an empty string ("").

6.6.6.6 issue
pjotected function void issueq)

Immediately issues the message that'is currently being processed. This is useful if the message i§ being
CAUGH[T, but should still be emitted.

Issuing a message updates the report server stats, possibly multiple times if the message is not CAUGHT.

7. Regcording)classes

The re¢ording classes provide a facility to record transactions into a database using a consistent API. Uders can

configlréwhat gets sent to the back-end database, without knowing exactly how the connection to that database
is established.

The primary interface to the recording facility is the uvm_tr_database (see 7.1), which represents the
application-specific mechanism that is recording the transactions. Transactions within the database are grouped
logically within streams, which are represented by the uvm_tr_stream class (see 7.2). Finally, each transaction
in the database is represented by a uvm_recorder (see 16.4.1), which additionally serves as the policy that is
provided to the uvm_object::record method (see 5.3.7.1).
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7.1 uvm_tr_database

The uvm_tr_database class is pure virtual and needs to be extended with an implementation.

NOTE—The uvm_tr_database class is intended to abstract the underlying database implementation from the user, as the
details of the database are often specific to the database implementation.

7.1.1 Class declaration

virtual class uvm_tr database extends uvm object

71.2

fu

This i

The dd

71.3

7.1.3.
fy

Opens
Otherv

Common-methods

new

nction new( string name = "unnamed-uvm tr database" )
a constructor; it has the following parameter:
name—Instance name.
fault value of name shall be "unnamed-uvm_tr database".
Database API

open_db
nction bit open db ()

the back-end connection to the database.;If'the database is already open, this method retul
ise, it calls do_open_db (see 7.1.6.1) andreturns the result. A return value of '0' indicates the d

could fot be opened.

7.1.3.1

fy
Closes
the dat
Othery
7.1.3.

fu

P close_db

nction bit close db ()

the back-end conmection to the database. Closing a database closes and frees all uvm_tr_streams
abase. If the database is already closed, i.c., is_open (see 7.1.3.3) returns '0', this method rety

ise, it callsido>close_db (see 7.1.6.2) and returns the result.

B is_open

ms '1'.
itabase

within
ms 'l'.

nation bit is open|()

Returns the open/closed status of the database. This method returns '1' if the database has been successfully
opened, but not yet closed. A return value of '0' indicates the database is not currently open.

7.1.4 Stream API

7.1.4.1 open_stream

function uvm tr stream open stream/(

string name,
string scope = "",
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string type name = ""

)
Provides a reference to a stream within the database; it has the following parameters:

name—A string name for the stream. This is the name associated with the stream in the database.
scope—An optional scope for the stream.
type_name—An optional name describing the type of records to be created in this stream.

This method returns a reference to a uvm_tr_stream object (see 7.2) if successful, null otherwise.

This fnethod also calls do_open_stream (see 7.1.6.3); if a non-null stream is returped
uvm_tr_stream::do_open (see 7.2.7.1) is called.

, then
Streanis can only be opened if the database is open (per is_open [see 7.1.3.3]); otherwise, thé tequest is ignored
and nufll is returned.
7.1.4.2 get_streams

fynction unsigned get streams( ref uvm tr stream q[S${,)
Providpgs a queue of all streams within the database; it has the following parameters:
q—A reference to a queue of uvm_tr_streams (see 7.2).

The g¢t streams method returns the size of the queue, ‘such that the user can conditionally procgss the
elemerfts.

7.1.5 Link API

establish_link

fynction void establish link( uvm link base link )
Establishes a link between two elements in the database.
This nfethod also calls do_(establish_link (see 7.1.6.4).
7.1.6 Implementation‘agnostic API

7.1.6.1 do_open’_db

pYyré/virtual protected function bit do open db ()

Intended to be the back-end implementation of open_db (see 7.1.3.1). A return value of '1' indicates the
database was successfully opened. A return value of '0' indicates the database could not be opened.

7.1.6.2 do_close_db
pure virtual protected function bit do close db()

Intended to be the back-end implementation of close_db (see 7.1.3.2). A return value of '1' indicates the
database was successfully closed; whereas, a return value of '0' indicates the database could not be closed.
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7.1.6.3 do_open_stream

pure virtual protected function uvm tr streamdo open stream(

)

string name,
string scope,
string type name

Intended to be the back-end implementation of open_stream (see 7.1.4.1).

7.1.6.4 do_establish_link

Py

Intend

7.2 u
The uy
The uy

NOTEA
the dat3

7.21
v

7.2.2

£

This i}

re virtual protected function voiddo establish link( uvm link baseyli

bd to be the back-end implementation of establish_link (see 7.1.5).

/m_tr_stream
m_tr_stream base class is a representation of a stream of records withiia,uvm_tr_database (s
m_tr_stream class is abstract and needs to be extended with an implementation.

—The record stream is intended to abstract the underlying databas¢ implementation from the user, as the d|
base are often specific to the database implementation.

Class declaration
rtual class uvm tr stream extends, uwm object
Common methods

new

nction new( string namg‘= "unnamed-uvm_ tr stream" )
a constructor; it has the\following parameter:

name—Stream instance name.

7.2.3 Introspection API

7.2.3.

get_db

e 7.1).

ttails of

furctiomr T Mt databdse getl _dbt)

Returns a reference to the database that contains this stream.

A warning shall be issued if get_db is called prior to the stream being initialized via do_open (see 7.2.7.1).

7.2.3.2 get_scope

function string get scope()

Returns the scope supplied when opening this stream.
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A warning shall be issued if get_scope is called prior to the stream being initialized via do_open (see 7.2.7.1).
7.2.3.3 get_stream_type_name

function string get stream type name ()
Returns a string with the type name.

A warning shall be issued if get_stream_type_name is called prior to the stream being initialized via do_open
(see 7.2.7.1).

7.2.4 Stream-APt

Once 4 stream has been opened via uvm_tr_database::open_stream (see 7.1.4.1), the user Can’'clpse the
stream|

The act of freeing a stream is a signal from the user to the database developer that it may release any ipnternal
refererfces to the stream, as the user will not be accessing it again.

A link can be established within the database any time between open and free{ however it shall be an ¢rror to
establigh a link after freeing the stream.

7.2.4.1 close
fuynction void close ()
Closes|the stream.

Closing a stream closes all open recorders in the stteam. This method triggers a do_close call (see 7|2.7.2),
followpd by uvm_recorder::close (see 16.4.4.2)7on all open recorders within the stream.

7.2.4.2 free

fynction void free()
Frees this stream.
Freeing a stream indicates)that the database can free any references to the stream (including referefces to
record$ within the stregam). This method triggers a do_free call (see 7.2.7.3), followed by uvm_recorder::free

(see 1¢4.4.4.3) on allrecorders within the stream.

7.2.4.3 is_open

fun o on it o e
E32 +o—+ + ety

Returns true if this uvm_tr_stream was opened on the database, but has not yet been closed; otherwise
returns false.

7.2.4.4 is_closed
function bit is closed()

Returns true ifthis uvm_tr_stream was closed on the database, but has not yet been freed; otherwise returns
false.
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7.2.5 Transaction recorder API

New recorders can be opened prior to the stream being closed. Once a stream has been closed, requests to open
a new recorder are ignored (open_recorder [see 7.2.5.1] returns null).

7.2.5.1 open_recorder

function uvm recorder open recorder (

string name,
time open time = 0,
string type name = ""

)

Marks

The de
If open

This m
uvm_I

Transa
Othery

7.2.5.]
fu

Provid

The g¢
elemer

7.2.6

7.2.6.

the opening of a new transaction recorder on the stream; it has the following parameters;

name—A name for the new transaction.
open_time—The optional time to record as the opening of this transaction.
type_name—The optional type name for the transaction.

fault value of open_time shall be 0.
time is omitted (or specified as '0"), the stream uses the currentfimie.

ethod triggers a do_open_recorder call (see 7.2.7.4). If do) open_recorder returns a non-nu/l vaj
ecorder::do_open method (see 16.4.7.1) is called in the recorder.

ction recorders can only be opened if the stream (8, 0pen on the database (per is_open [see 7.]
rise, the request is ignored and null is returned:

P get_recorders

nction unsigned get recqrders( ref uvm recorder g[$] )

es a queue of all transaction§ within the stream; it has the following parameter:
g—A reference to the'queue of uvm_recorders (see 16.4.1).

t_recorders method returns the size of the queue, such that the user can conditionally proc
ts.

Handles

lue, the

p.4.3]).

ess the

get’ handle

function int get handle()

Return:

A valu

s a unique ID for this stream.

e of 0 indicates the recorder has been frreed and no longer has a valid ID.

7.2.6.2 get_stream_from_handle

static function uvm tr stream get stream from handle( int id )
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Static accessor, returns a stream reference for a given unique id.

If no stream exists with the given id or the stream with that id has been freed, then nul// is returned.

7.2.7 Implementation agnostic API
7.2.7.1 do_open
protected virtual function void do_ open (

uvm_tr database db,
string scope,

string stream type name

)

Callbagk triggered via uvm_tr_database::open_stream (see 7.1.4.1); it has the following parameterf:

db—Database to which the stream belongs.
scope—The optional scope.
stream_type_name—The optional type name for the stream.

The d¢_open callback can be used to initialize any internal state within‘the stream, as well as provjding a
location to record any initial information about the stream.

7.2.7.2 do_close
pgotected virtual function void do cloge (
Callbagk triggered via close (see 7.2.4.1).

The dd_close callback can be used to specify airinternal state within the stream, as well as providing a Ipcation
to recard any closing information.

7.2.7.3 do_free
pgotected virtual £uhction void do free(
Callbagk triggered via free/(see 7.2.4.2).

The dq_free callbackcan be used to release the internal state within the stream, as well as providing a lpcation
to recard any “freeing” information.

7.2.7.4 do_open_recorder

protected virtual function uvm recorder do open recorder (
string name,
time open time,
string type name

)

Marks the beginning of a new record in the stream. This is a back-end implementation of open_recorder (see
7.2.5.1).
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A null return value implies that the recorder could not be opened (for whatever reason). Users should do a null
check on the return value of open_recorder (see 7.2.5.1).

7.3 UVM links

The uvm_link _base class (see 7.3.1), and its extensions, are provided as a mechanism to improve compile-time
safety when trying to establish links between records within uvm_tr_databases (see 7.1).

7.3.1 uvm_link_base

The uvm link base class presents a simple API for defining a link between any two objects.

Using
withou

7.3.1.
v

7.3.1.]

fu

This i

7.31.
7.31.

fy
Return
Trigge|
7.3.1.

fu

extensions of this class, a uvm_tr_database (see 7.1) can determine the type of links béing'j
t relying on any arbitrary string names.

Class declaration
rtual class uvm _link base extends uvm object
P Common methods

new

nction new( string name = "unnamed-uvm_ link\base" )

a constructor; it has the following parameter:

name—Instance name. The default value of n@me shall be "unnamed-uvm link base".
8 Accessors

8.1 get_lhs

nction uvm object gef Mis()

5 the left-hand side oftheilink.

's the do_get_lhs'callback (see 7.3.1.4.1).

8.2 set_lhs

nction void set lhs( uvm object lhs )

bassed,

Specifi

TS the teft=hamd sideof the ik

Triggers the do_set_lhs callback (see 7.3.1.4.2).

7.3.1.3.3 get_rhs

function uvm object get rhs()

Return:

s the right-hand side of the link.

Triggers the do_get_rhs callback (see 7.3.1.4.2).
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7.3.1.3.4 set_rhs

function void set rhs( uvm object rhs )

Specifi

es the right-hand side of the link.

Triggers the do_set_rhs callback (see 7.3.1.4.4).

7.3.1.3.5 set

function void set (

IEEE Std 1800.2™-2020

)
This i}
Trigge|
7.3.1.1
7.3.1.

pU
Intend
7.3.1.1

pU
Intend
7.3.1.
pU
Intend

7.3.1.4

Py

TVMm_ODJeCt I3,
uvm_object rhs

a convenience method for setting both sides in one call.

L Inplementation hooks

1.1 do_get_lhs

re virtual function uvm object do get lhs ()

bd to be the callback for retrieving the left-hand side.

1.2 do_set_lhs

re virtual function void do séfdlhs( uvm object lhs )
bd to be the callback for setting the left-hand side.

1.3 do_get_rhs

re virtual funct&on uvm object do get rhs()

bd to be the callbaekl for retrieving the right-hand side.

L.4 do_setrhs

re, yirtual function void do_set rhs( uvm object rhs )

I's both the do_set_rhs (see 7.3.1.4.4) and do_set_lhs (see 7.3.1.4.2) callbacks.

Intended To be the cattback for setting the right-nand side.

7.3.2 uvm_parent_child_link

The uvm_parent_child_link class is used to represent a parent/child relationship between two objects.

7.3.2.1 Class declaration

class uvm parent child link extends uvm link base
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7.3.2.2 Common methods
7.3.2.2.1 new
function new( string name = "unnamed-uvm parent child link" )

This is a constructor; it has the following parameter:

7.3.2.

name—Instance name. The default value of name shall
"unnamed-uvm parent child link".

ol L
AH-QEI._IIIII\

sflatic function uvm parent child link get link(

uvm_object lhs,
uvm_object rhs,
string name = "pc link"

Constrcts a prefilled link; it has the following parameters:

lhs—Left-hand-side reference.
rhs—Right-hand-side reference.

name—Optional name for the link object. The defaultyvalue of name shall be "pc_1ink".

This allows for simple one-line link creations, e.g.,

my

7.3.3

The uy

7.3.3.

cl

~db.establish link(uvm parent (¢hild link::get link(recordl, record2))
ivm_cause_effect_link
m_cause_effect_link is usedto represent a cause/effect relationship between two objects.

Class declaration

ass uvm_cauge effect link extends uvm link base

7.3.3.2 Common methods

7.3.3.2:1hew
function new( string name = "unnamed-uvm cause effect 1link" )
This is a constructor; it has the following parameter:

name—Instance name. The default value of name shall be
"unnamed-uvm cause effect link".
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7.3.3.2.2 get_link

static function uvm cause effect link get link(
uvm_object lhs,
uvm_object rhs,
string name = "ce link"

)
Constructs a prefilled link; it has the following parameters:

lhs—Left-hand-side reference.

rhs—Right-hand-side reference.
name—Optional name for the link object. The default value of name shall be "ce Aink".
This allows for simple one-line link creations, e.g.,

my db.establish link(uvm cause effect link::get link(recérdl, record?2))

7.3.4 yvm_related_link

The uym_related_link is used to represent a generic “is related”dink between two objects.

7.3.4.1 Class declaration

class uvm related link extends uvm IMnk base

7.3.4.2 Common methods
7.3.4.2.1 new

fynction new( string name = "unnamed-uvm related link" )
This is|a constructor; it has'the following parameter:

name—Instancé\name. The default value of name shall be "unnamed-uvm_related link"

7.3.4.2.2 get_link

sfjati¢ function uvm related link get link(

uvm_object lhs,
uvm object rhs,
string name = "ce link"
)
Constructs a prefilled link; it has the following parameters:

lhs—Left-hand-side reference.

rhs—Right-hand-side reference.
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This al

name—Optional name for the link object. The default value of name shall be "ce 1ink".

lows for simple one-line link creations, e.g.,

my db.establish link(uvm cause effect link::get link(recordl, record2))

8. Fa

ctory classes

8.1 Overview

As thd
compo)

User-d
see 8.3

When
uvm_f]
config

8.2 Factory component and object wrappers

8.2.1 Introduction

This sy
creatin|
or pro:
represg

8.2.2 1

Allcla
as typ¢

This ty

where

name implies, the uvm_factory (see 8.3.1) is used to manufacture (create) UVM objedts and
nents. Only one instance of the factory is present in a given simulation.

efined object and component types are registered with the factory via typedef orm@cro invocation,
.1.8. The factory generates and stores lightweight proxies to the user-defined objects and comppnents.

the wuser requests a new object or component from the | factory (e.g., | using

bctory: :create object by type), the factory determines what type ofobject to create basad on its
iration, then asks that type’s proxy to create an instance of the type, avhieh is returned to the uger.

bcelause defines the proxy component and object classes used by the factory. To avoid the overhead of
o an instance of every component and object that(are registered, the factory holds lightweight wrappers,
fies. When a request for a new object is made, the factory calls upon the proxy to create the opject it
nts.

ype_id

bses derived from uvm_objeet(see 5.3) within the UVM package (see 1.3.5) shall have a proxy declared
_id, unless explicitly stated‘etherwise.

pe_id declaration takes-the form of
typedef proxytype type_id
proxy_typeis one of the following:

uvm, component registry # (TYPE, "TYPE") (see8.2.3)—Fornon-abstract, non-paramgterized

derivatives of uvm component (see 13 ])

uvm_abstract component registry #(TYPE, "TYPE") (see 8.2.5.1)—For abstract, non-
parameterized derivatives of uvm_component (see 13.1).

uvm_component registry # (TYPE) (see8.2.3)—For non-abstract, parameterized derivatives of
uvm_component (see 13.1).

uvm_abstract component registry #(TYPE) (see 8.2.5.1)—For abstract, parameterized
derivatives of uvm_component (see 13.1).

uvm_object registry #(TYPE, "TYPE") (see 8.2.4)—For non-abstract, non-parameterized
derivatives of uvm_object (see 5.3) that do not derive from uvmm_component (see 13.1).
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f) uvm abstract object registry #(TYPE, "TYPE") (see 8.2.5.2)—For abstract, non-
parameterized derivatives of uvm_object (see 5.3) that do not derive from uvim_component (see

13.1).

g) uvm object registry #(TYPE) (see 8.2.4)—For non-abstract, parameterized derivatives of
uvm_object (see 5.3) that do not derive from uvm_component (see 13.1).

h) uvm abstract object registry #(TYPE) (see8.2.5.2)—For abstract, parameterized derivatives
of uvm_object (see 5.3) that do not derive from uvm_component (see 13.1).

8.2.3 uvm_component_registry #(T,Tname)

The u lll_LUllll.lUllCllt_l Cg;ﬂtl .y IVl dds a 11511twb15}1t Pl UA_)’ fUl d bUlllPUllbllt Uft_yl)b Taud t}’l)b 1arriv ’T'name,
a string. The proxy enables efficient registration with the uvm_factory (see 8.3.1). Without it, regidtration
would require an instance of the component itself.

8.2.3.1 Class declaration
class uvm_component registry # (
type T = uvm component,
string Tname = "<unknown>"
) |[extends uvm object wrapper
The dgfault value of Tname shall be "<unknown>".
8.2.3.2 Methods
8.2.3.2.1 create_component
virtual function uvm component create component (

string name,
uvm_component parent

Createp a component of type 7 usingsthe provided name and parent. This is an override of the method in
uvim_dgbject_wrapper (see 8.3.2). Ifis called by the factory after determining the type of object to crepte and
the usdr can then implement it.

NOTE-{Users should not call this method directly, they should use create instead (see 8.2.3.2.4).
8.2.3.2.2 get_type-name

virtuéal,function string get type name ()

Returns-the-vatuegrvenby-thestring parameter; Frrameby-default:
8.2.3.2.3 get
static function uvm component registry #(T,Tname) get ()
Returns a singleton instance.
The singleton instance is registered for initialization via uvm_init (see F.3.1.3) during static initialization. If

uvm_init has been called prior to this registration occurring, the instance’s initialize method (see 8.2.3.2.7) is
called automatically during static initialization.
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8.2.3.2.4 create

st

)

atic function T create(
string name,

uvm component parent,
string contxt = ""

Returns an instance of the component type T, represented by this proxy, subject to any factory overrides based
on the context provided by contxt if it is not an empty string ("") or otherwise provided by the parent’s full
name. The new instance uses the given leaf name and parent.

8.2.3.2.5 set_type_override

s

)

This s
whene
overri

set_type _override by _type (see 8.3.1.4.2). The default value of réplace shall be 1.

8.2.3.]

s

)

Config
made
type T

If paré
to be sj
the paj
path th
contex

8.2.3.]

atic function void set type override (
uvm_object wrapper override type,
bit replace =1

a pass-through; it configures the factory to create an object of the type.represented by overrid

e applies. The original type T shall be a super class of the override~type. replace is a pass-throug]

.6 set_inst_override

atic function void set inst override(
uvm object wrapper override type,
string inst path,

uvm_component parent = null

ures the factory to create a component of the type represented by override type whenever a reqg
o create an object of the typ€ 7} represented by this proxy, with matching instance paths. Thed
shall be a super class of the override_type.

it is not specified, inst)path is interpreted as an absolute instance path, which enables instance oy
ecified outside the.ecomponent classes. If parent is specified, inst_path is interpreted as being rel
ent’s hierarchical instance path, i.e., {parent.get full name(),".", inst path} isthei
at is registeted with the override. inst path may contain wildcards for matching against n
[S.

p Tdnitialize

e_type

er a request is made to create an object of the type 7, represented, by this proxy, provided no ifistance

h to the

[uest is
riginal

errides
htive to
hstance
ultiple

virtual function void initialize()

Registers this proxy object with the current factory (see F.4.1.4.2) via uvm_factory::register (see 8.3.1.3).

8.2.4 uvm_object_registry #(T,Tname)

The uvm_object_registry serves as a lightweight proxy for an uvm_object (see 5.3) of type 7 and type name
Tname, a string. The proxy enables efficient registration with the uvm_factory (see 8.3.1). Without it,
registration would require an instance of the object itself.
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8.2.4.1 Class declaration
class uvm_object registry #(
type T = uvm object,
string Tname = "<unknown>"
) extends uvm object wrapper
The default value of Tname shall be "<unknown>".
8.2.4.2 Methods
8.2.4.2ttreate_object
virtual function uvm object create object ( string name = "" )

Createp a component of type 7 and returns it as a handle to uvm_object (see 5.3). This iscealléd by the factory
after determining the type of object to create and the user can then implement it.

NOTE-{Users should not call this method directly, they should use create instead (see 8.24)2.4).
8.2.4.2.2 get_type_name
virtual function string get type name ()

Returnk the value given by the string parameter 7Tname by _default. This method overrides the method in
uvim_gbject_wrapper (see 8.3.2).

8.2.4.2.3 get

sflatic function uvm object registsy # (T, Tname) get ()
Return a singleton instance.

The sipgleton instance is registeredfor initialization via uvm_init (see F.3.1.3) during static initialization. If
uvm_ipit has been called prior to.this registration occurring, the instance’s initialize method (see 8.2.312.7) is
called putomatically during static initialization.

8.2.4.2.4 create

sflatic funcfion T create(
string\prame = "",

uvm( component parent = null,
stfing contxt = ""

)
Returns an instance of the object type 7, represented by this proxy, subject to any factory overrides based on the
context provided by the parent’s full name. The contxt argument, if supplied, supersedes the parent’s context.
The new instance uses the given leaf name and parent.

8.2.4.2.5 set_type_override

static function void set type override (
uvm object wrapper override type,
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)

bit replace =1

Configures the factory to create an object of the type represented by override type whenever a request is made
to create an object of the type represented by this proxy, provided no instance override applies. The original

type T

is typically a super class of the override type. The default value of replace shall be 1.

8.2.4.2.6 set_inst_override

static function void set inst override (

uvm_object wrapper override type,

)

Config
to crea

STring 1Inst_pach,
uvm_component parent = null

ures the factory to create an object of the type represented by override type whenever drequest i
te an object of the type represented by this proxy, with matching instance paths’ Fhe original ty

typically a super class of the override type.

If pare
to be sj
the pa

path th
contex

8.2.4.]

v
Regist
8.2.5 |

UvM

classes
factory
constri

The al
types,

v

it is not specified, inst_path is interpreted as an absolute instance pathy which enables instance oy
ecified outside the component classes. If parent is specified, inst_pathas interpreted as being rel
ent’s hierarchical instance path, i.e., {parent.get full name ()3¥.", inst path} isthei
at is registered with the override. inst path may contain wildcards for matching against n
[S.

.7 initialize

rtual function void initialize ()

Abstract registries

hdditionally supports registration of abstract objects and components with the factory. Since reg
are abstract, they cannot be constructed directly via a call to new. As such, the user needs to pr

jct an abstract class for which no overrides have been declared.

stract registries-should only be used with objects and components that have been declared as
.2,

rtualymy component base extends uvm component

s made
pe T'is

errides
htive to
fistance
ultiple

1S this proxy object with the current factory (see F.4.1.4.2) via uvm_factory::register (see 8.5.1.

istered
bvide a

override for any abstract-classes that are registered with the factory. It shall be an error to attgmpt to

virtual

For std

registries should be used (see 8.2.3 and 8.2.4).

8.2.5.1 uvm_abstract_component_registry

1 1 + 11 Rl +1 — 1 1 - +1 1 1 . +1 4
IIUAIU COIITPUTICIILS - dlIt UUJTULS (1T, UHIUST HHUT UTTIAICU USIITE  UIT KTy WUITU VI T LUa L), UIT dendard

This serves as a lightweight proxy for an abstract component of type 7 and type name Tname, a string. The
proxy enables efficient registration with uvm_factory (see 8.3.1). Without it, registration would require an
instance of the component itself.
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8.2.5.1.1 Class declaration

class uvm_abstract component registry # (type T=uvm_ component,
string Tname="<unknown>")
extends uvm object wrapper
The default value of the parameter Tname shall be "<unknown>".

This class has the following Methods.

8.2.5.1.2 create_component

virtual function uvm component create component (
string name,
uvm_component parent
)
As absfract classes cannot be constructed, this method shall generate an error and feturn null.
8.2.5.1.3 get_type_name
This is{the same as uvm_component_registry::get type name (sce §:2:3.2.2).
8.2.5.1.4 get
This is[the same as uvm_component_registry::get (see 82.3.2.3).
8.2.5.1.5 create
This is[the same as uvm_component_registry::€reate (see 8.2.3.2.4).
8.2.5.1.6 set_type_override
This is[the same as uvm_component registry::set_type_override (see 8.2.3.2.5).
8.2.5.1.7 set_inst_override
This is[the same as uvm\component_registry::set_inst_override (see 8.2.3.2.6).

8.2.5.1.8 initialize

This is{the same as uvm_component_registry::initialize (see 8.2.3.2.7).

8.2.5.2uvm_abstract_object_reyistry
This serves as a lightweight proxy for an abstract object of type 7 and type name Tname, a string. The proxy

enables efficient registration with uvm_factory (see 8.3.1). Without it, registration would require an instance of
the object itself.

8.2.5.2.1 Class declaration

class uvm_abstract object registry # (type T=uvm object,
string Tname="<unknown>")
extends uvm object wrapper
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The default value of the parameter Tname shall be "<unknown>".
This class has the following Methods.

8.2.5.2.2 create_object

virtual function uvm object create object (
string name,
uvm_object parent

)

As absJTact CIasSes Aot be COMSITTed, UIiS Method Sttt generate al eITor and TSturTT Al
8.2.5.2.3 get_type_name

This is{the same as uvm_object_registry::get_type_name (see 8.2.4.2.2).
8.2.5.2.4 get

This is{the same as uvm_object_registry::get (see 8.2.4.2.3).

8.2.5.2.5 create

This is|the same as uvm_object_registry::create (see 8.2.4.2.4),

8.2.5.2.6 set_type_override

This is{the same as uvm_object_registry::set_type soverride (see 8.2.4.2.5).
8.2.5.2.7 set_inst_override

This is{the same as uvm_object_registry:iset inst_override (see 8.2.4.2.2).
8.2.5.2.8 initialize

This is{the same as uvm_object: registry::initialize (see 8.2.4.2.7).

8.3 UVM factory,

This sybclause.covers the classes that define the UVM factory facility.

8.3.1 uvm factory

As the name implies, uvm_factory is used to manufacture (create) UVM objects and components. Object and
component types are registered with the factory using lightweight proxies to the actual objects and components
being created. The uvm_object_registry #(T,Tname) (see 8.2.4) and uvm_component_registry #(T,Tname)
(see 8.2.3) classes are used to proxy uvm_objects (see 5.3) and uvm_components (see 13.1), respectively.

The factory provides both name-based and type-based interfaces:

type-based—These interfaces are far less prone to typographical errors in usage. When errors do occur,
they are caught at compile-time.
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name-based—These interfaces are dominated by string arguments that can be misspelled and provided
in the wrong order. Errors in name-based requests might only be caught at the time of the call, if at all.
That being said, a name-based factory is required when crossing language boundaries, such as direct
programming interface (DPI) or the command line.

A uvm_factory is an abstract class that declares many of its methods as pure virtual.

See 8.3.1.8 for details on configuring and using the factory.

8.3.1.1 Class declaration

v irtrectess—vm—faTtoTy
8.3.1.2 Retrieving the factory
8.3.1.2.1 get

sflatic function uvm factory get()
This is|the static accessor for uvm_factory.

The sjatic accessor is provided as a convenience wrapper arouynd retrieving the factory ¥ia the
uvm_doreservice t::get factory method (see F.4.1.4.2).

8.3.1.2.2 set
sflatic function void set ( uvm factory f )

Sets tle factory instance to be f. This is a convenience wrapper around setting the factory yia the
uvm_doreservice_t::set_factory method (see £@:1.4.3).

8.3.1.3 Registering types

register
pyre virtual functien woid register ( uvm object wrapper obj )
Intend¢d to register the givenproxy object, obj, with the factory. The proxy object is a lightweight substifute for

the coponent or objegt it tepresents. When the factory needs to create an object of a given type, it calls the
proxy’p create_object (see 8.3.2.2.1) or create_component (see 8.3.2.2.1) method to do so.

When Hoing name-based operations, the factory calls the proxy’s get_type name method (see 8.3.2|2.2) to
match pgainst/the requested type name argument in subsequent calls to create_component_by_namne and
create| objéct_by_name (see 8.3.1.5). If the proxy object’s get_type_name method returns " <unknov1‘:1> " or
the empty string (" "), name-based lookup is effectively disabled.

8.3.1.4 Type and instance overrides
8.3.1.4.1 set_inst_override_by type and set_inst_override_by name
pure virtual function void set inst override by type (
uvm object wrapper original type,

uvm object wrapper override type,
string full inst path
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pure virtual function void set inst override by name (
string original type name,
string override type name,
string full inst path

These methods are intended to configure the factory to create an object of the override’s type whenever a
request is made to create an object of the original type using a context that matches full inst path.

When overriding by type, original type and override type are handles to the types’ proxy objects.
Preregistration is not required.

When pverriding by name, the original type name typically refers to a preregistered type in the factory: (It may,
howevgr, be any arbitrary string. Future calls to any of the create_* methods with the same stringland' matching
instande path produce the type represented by override_type name, which needs to be preregistered with the
factoryf.

The fudl inst pathis matched against the concatenation of {parent inst path, ¢4%¥, name} proyidedin
future ¢reate requests. full inst_path may include wildcards (* and ?) such that a§ingle instance overtide can
be applied in multiple contexts. A full inst path of "*"iseffectively atype override (see 8.3.1.4.2), as it
matchgs all contexts.

When the factory processes instance overrides, the instance queue is processed in order of override regisfrations
and thq first override match prevails. Thus, more specific override$.should be registered first, followed Hy more
genera] overrides.

8.3.1.4.2 set_type_override_by_type and set_type ‘override_by name

pyre virtual function void set typeloverride by type (
uvm object wrapper original type),

uvm object wrapper override_t¥ype,

bit replace =1

pyre virtual function yohd set type override by name (
string original type name,

string override_type name,

bit replace =.1

These methods are<intended to configure the factory to create an object of the override’s type whenever a
requesf is made'to-Create an object of the original type, provided no instance override applies. The origifal type
shall b a super class of the override type.

When overrding by type, original 1ypeand override 1ype arc hamdies to the types  proxy objects.
Preregistration is not required.

When overriding by name, the original type name typically refers to a preregistered type in the factory. It may,
however, be any arbitrary string. Future calls to any of the create_* methods with the same string and matching
instance path produce the type represented by override_type name, which needs to be preregistered with the
factory.

When replace is 1, a previous override on original_type name is replaced; otherwise, a previous override, if
any, remains intact. The default value of replace shall be 1.
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8.3.1.5 Creation

create_object by _type, create_component_by_type, create_object_by name, and
create_component_by name

pure virtual function uvm object create object by type (
uvm object wrapper requested type,
string parent inst path = "",
string name = ""

)

pure virtual function uvm component create component by type (

Uvm_oObjecL _wrapper requested Ctype,
string parent inst path = "",
string name,

uvm_component parent

pyre virtual function uvm object create object by name (
string requested type name,

string parent inst path = "",

string name = ""

pyre virtual function uvm component create componént by name (
string requested type name,

string parent inst path = "",

string name,

uvm_component parent

These methods are intended to create and return a~¢omponent or object of the requested type, which fnay be
specified by type or by name. A requested component shall be derived from the uvm_component bade class
(see 13.1), and a requested object shall be detived from the uvm_object base class (see 5.3).

When fequesting by type, requested .type'is a handle to the type’s proxy object. Preregistration is not refquired.
When fequesting by name, requést type name is a string representing the requested type, which shalll have
been rggistered with the facfory with that name prior to the request. If the factory does not recognfize the
requesfed_type name, an-error shall be generated and a null handle returned.
If the optional parent\inst_path is provided, the concatenation {parent inst path,".",name} fgrmsan
instande path (context) that is used to search for an instance override. parent _inst_path is typically obtajned by

callinguvm_component::get full name (see 13.1.3.2) on the parent.

If no ipstance override is found, the factory then searches for a type override.

Once the final override is found, an instance of that component or object is returned in place of the requested
type. New components use the given name and parent. New objects use the given name, if provided.

Override searches are recursively applied, with instance overrides taking precedence over type overrides. If foo
overrides bar, and xyz overrides foo, then a request for bar produces xyz. Recursive loops result in an error,
in which case the type returned is the one that formed the loop. Using the previous example, if bar overrides
xyz, then bar is returned after the error is generated.
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8.3.1.6 Name aliases

8.3.1.6.1 set_type_alias

pure virtual function void set type alias(

stringalias_ type name,
uvm_object wrapper original type)

Intended to allow overrides by type to use the alias_type name as an additional name to refer to original _type.

8.3.1.6.2 set_inst_alias

Py

Intend
in the

8.3.1.

8.3.1.

Py

Py

These
full in
1e.,

8.3.1.

ot

re virtual function void set inst alias(
stringalias type name,

uvm object wrapper original type,

string full inst path)

bd to allow overrides by name to use the alias_type name as an additional name o refer to origin
ontext referred to by full inst _path.

f Introspection

.1 find_override_by_type and find_override_by_name

re virtual function uvm object wrapper find override by type (
uvm_object wrapper requested type,

string full inst path

re virtual function uvm object wkapper find override by name (

string requested type name,
string full inst path

methods are intended to return the proxy to the object that would be created given the argy
t path is typically derived from the parent’s instance path and the leaf name of the object to be d
parent.get £ul name(), ".", name }.
.2 find_wrapper_by_name

re, ¢irtual function uvm object wrapper find wrapper by name (
stxing type name

al type

ments.
reated,

Intended to return the uvm_object_wrapper (see 8.3.2) associated with a given type _name.

8.3.1.7.3 is_type_name_registered

virtual function bit is_ type name registered (string type name)

This method checks if the given type _name was registered in the factory as the name for a type and returns 1 in
this case.
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8.3.1.7.4 is_type_registered
virtual function bit is_ type registered (uvm object wrapper obj)

This method checks if the given uvm_object_wrapper (see 8.3.2) obj was registered in the factory for a type
and returns 1 in this case.

8.3.1.7.5 print
pure virtual function void print ( int all types =1 )

Intend T — - T ) - rdes;and type
overrides.

When k11 types is 0, only type and instance overrides are displayed. Whenall types As 1//(the default),
all regfstered user-defined types are printed as well, provided they have names associated,with them| When
all tlypes is 2, any UVM types (prefixed with uvm_) are included in the list of registered types.
8.3.1.8 Usage

Using fhe factory involves the following three basic operations:

a) | Registering objects and components types with the factory.
b) | Designing components to use the factory to create objects or components.

¢) | Configuring the factory with type and instance overrides, both within and outside components.

More fleference information can be found in B.2.1, 8:233; 8.2.4, and 13.1.

8.3.2 yvm_object_wrapper

The uym_object_wrapper provides an abstract interface for creating object and component proxies. Instances
of thege lightweight proxies, representing every uvm_object—based (see 5.3) and uvm_componentt-based
object [see 13.1) available in the tegt environment, are registered with the uvm_factory (see 8.3.1). When the
factoryf is called upon to create an object or component, it finds and delegates the request to the apprppriate

proxy.
8.3.2.1 Class declaration
virtual cdass uvm object wrapper

8.3.2.2 Methods

8.3.2.‘!:1-create_ubjeut

virtual function uvm object create object ( string name = "" )

Creates a new object with the optional name. An object proxy (see 8.2.4) implements this method to create an
object of a specific type T.

8.3.2.2.2 create_component

virtual function uvm component create component (
string name,
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)

uvm_component parent

Creates new component, passing to its constructor the given name and parent. A component proxy (see 8.2.3)
implements this method to create an object of a specific type 7.

8.3.2.2.3 get_type_name

virtual function string get type name ()

Derived classes implement this method to return the type name of the object created by create_component (see

8 3 2 Y ~ ) ~ Qa0 1
e Ryen 7} Ul \,lCalC_UIJJCLI, WLCLU 6.0.2.2.1).

8.3.3

ivm_default_factory

Default implementation of the UVM factory.

Class declaration

class uvm default factory extends uvm factory

uvm_lefault_factory can be extended (from uvm_factory); it provides a full implementation

uvm_

ctory’s methods (see 8.3.1).

9. Phasing

9.10

verview

UVM fmplements an automated mechanism for,phasing the execution of the various components in a tes

9.2 Implementation

The API described here provides a general purpose testbench phasing solution, consisting of a phaser nj
that trgverses a master schedule\graph. This machine is built by the integrator from one or more insta
templajte schedules provided by UVM or by third-party verification intellectual property (VIP), and it s

implic

t or explicit synchronization, run-time control of threads, and jumps.

Each schedule node“refers to a single phase compatible with that VIP’s components and that execy
requirdd behavior via an IMP (see F.2.5.1).

9.21

Classhierarchy

of all

bench.

achine
hces of
ipports

tes the

A single class represents the definition, state, and context of a phase. It is instantiated once as a singleton TMP
(see F.2.5.1) and one or more times as nodes in a graph that represent serial and parallel phase relationships and
store the current state as the phaser progresses, and also as the phase implementation that specifies required
component behavior (by extension into the component context if non-default behavior required).

9.2.2 Phasing related classes

The fo

a)

llowing classes are part of phasing:

uvm_phase—The base class for defining a phase’s behavior, state, and context. See 9.3.1.
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uvm_domain—A phasing schedule node representing an independent branch of the schedule. See 9.4.

uvm_bottomup_phase—A phase implementation for bottom-up function phases. See 9.5.
uvm_topdown_phase—A phase implementation for top-down function phases. See 9.7.

uvm_task phase—A phase implementation for task phases. See 9.6.

9.2.3 Common and run-time phases

The common phases to all uvm_components (see 13.1) are described in 9.8.

The run-time phases are described in 9.8.2.

93P
The fo
9.3.1

This b
To def]
the ph
graph g
its lifet
UVvM
NOTE-
9.3.1.
9.3.1.
To cre

differe
(see 9.

a)

hasing definition classes

lowing classes are used to specify a phase and its implied functionality.

ivm_phase

ise class defines everything about a phase: its behavior, state, and context.

ne behavior, UVM or the user extends it to create singleton objeets-that capture the definition

1se does and how it does it. These are then cloned to produc€ multiple nodes that are hooked

tructure to provide context—which phases follow which—=and to hold the state of the phase thro

ime.

provides default extensions of this class for the standard run-time phases.

-Users may likewise extend this class to define the phase proxy for a particular component context as re
Phase definition, context, and state

.1 Phase definition

ate custom phases, use one“of the three predefined extended classes that encapsulate behay
ht phase types: uvm_task. phase (see 9.6), uvm_bottomup_phase (see 9.5), and uvm_topdown

/).

Extend one«.of ‘these classes as appropriate to create a uvm YOURNAME phase clg
YOURPREFIX NAME phase class) for each phase; this new class contains the default impleme
of thesnew phase, is a uvm_component-compatible delegate (see 13.1), and may be
implementation.

b)

f what
up in a
ughout

fuired.

ior for
| phase

ss (or
ntation
a null

red.

Tastantiate a singleton instance of that class for user-code to use when a phase handle is requi

¢)

If this custom phase depends on methods that are not in uvm_component, but are within an extended
class, then extend the base YOURPREFIX NAME phase class with parameterized component class
context as required to create a specialized proxy that calls the user-defined extended component class

methods.

This scheme improves compile safety for any user-defined extended component classes while providing
homogeneous base types for APIs and underlying data structures.
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9.3.1.1.2 Phase context

A schedule is a coherent group of one or mode phase/state nodes linked together by a graph structure, allowing
arbitrary linear/parallel relationships to be specified, and executed by stepping through them in the graph order.
Each schedule node points to a phase, holds the execution state of that phase, and has optional links to other
nodes for synchronization.

The main operations are: construct, add phases, and instantiate hierarchically within another schedule.

Each graph structure is a directed acyclic graph (DAG). Each instance is a node connected to others to form the

graph.

Also, {
nodes

9.3.1.

A give
feature
phases

Phase
node W
progre
Jump (

UVM_P
jump (

9.3.1.]

c]
9.3.1.
9.3.1.

fu

)

e a dfrom L one-node-h ero-bredece ors—Thicic the o0t o do

ince the graph is acyclic, following the forward arrows never lead back to the starting point
n the graph; but, eventually this leads to a node with no successors.

.3 Phase state

h phase may appear multiple times in the complete phase graph, due to the multiple independent
and the ability for different VIP to customize their own phase schedules (perhaps reusing ¢
. Each node instance in the graph maintains its own state of execution,

tate is represented by a value of uvm_phase_state (see F.2.5.2). Aphase object that is not a sched
ithin a schedule has the phase state value UvM PHASE UNINITIALIZED. Other phase objec
bs through the states in the order shown for uvm_phase‘state, with the exception of respondi
see F.2.5.2).

[HASE ENDED transitions to UVM PHASE CLEANUP ifnojump or UVM PHASE JUMPING ifth|
kee F.2.5.2). Each transition of phase state triggers a callback (see 9.3.3).

P Class declaration

ass uvm phase extends uym-object
8 Methods

8.1 new

nction new

string name = "uvm phase",

uvm_phase type phase type = UVM PHASE SCHEDULE,
uvm/phase parent = null

Each node in the graph has zero or more successors, and zero or more predecessors. No nodes are
complgtely e othe is-is-the

for any

lomain

xisting

ule ora
ts may
ngtoa

ere is a

Creates a new phase node, with a name and phase type (one of UVM PHASE IMP, UVM PHASE NODE,
HASE SCHEDULE, or UVM PHASE DOMAIN). The default value of phase type shall be

UVM_P
UVM_P

HASE SCHEDULE.

9.3.1.3.2 get_phase_type

function uvm phase type get phase type()

Returns the phase type as defined by uvm_phase_type (see F.2.5.1).
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9.3.1.3.3 set_max_ready_to_end_iterations

virtual function void set max ready to end iterations(int max)

Sets the maximum number of iterations of ready to_end. A raise and drop of objection while this phase is in
phase_ready_to_end causes a new iteration of phase_ready_to_end if the new iteration count is less than this
value (see 13.1.4.3.2). The default value is the value returned from get max_ready_to_end_iterations (see
9.3.1.3.6).

9.3.1.3.4 get_max_ready_to_end_iterations

Return

9.3.1.

s

Sets th
value 1

9.3.1.

s

Return

9.3.1.4

9.3.1.4

£

This i}

9.3.1.4

fu

This i

9.3.1.4

rtoar  fUrnctIonr Tt et MaxX_ eady Lo end fterattomnst)

5 the maximum number of iterations of ready to_end (see 9.3.1.3.3).
8.5 set_default_max_ready_to_end_iterations
atic function void set default max ready to end iteratiéhs/{int max)

e global default maximum number of iterations of phase_ready_to end (see 9.3.1.3.3). The
5 20.

8.6 get_default_max_ready_to_end_iterations

atic function int get max ready to end iterations()

5 the default maximum number of iterations of ready to end (see 9.3.1.3.5).
L State

1.1 get_state

nction uvm phase state. get state()

an accessor to return the current state of this phase.

1.2 get_run_count

nction ip&\get run count ()

an accessor to return the integer number of times this phase has executed.

l.3€ind_by_name

default

function uvm phase find by name (

)

string name,
bit stay in scope =1

Locates a phase node with the specified name and returns its handle. When stay in _scope is set to 1, this only
searches within this phase’s schedule and domain. The default value of stay_in_scope shall be 1.
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9.3.1.4.4 find

function uvm phase find(
uvm_phase phase,
bit stay in scope =1

)

Locates the phase node with the specified phase IMP and returns its handle. When stay_in_scope is setto 1, this
only searches within this phase’s schedule and domain. The default value of stay_in_scope shall be 1.

9.3.1.45is

fynction bit is( uvm phase phase )
Returng 1 if the containing uvm_phase refers to the same phase as the phase argument, 0 ptherwise.
9.3.1.4.6 is_before

fynction bit is before( uvm phase phase )
Returng 1 if the containing uvm_phase refers to a phase that is earlier than'the phase argument, 0 othprwise.
9.3.1.4.7 is_after

function bit is after( uvm phase phase )
Returng 1 if the containing uvm_phase refers to a phase(that is later than the phase argument, 0 otherjwise.
9.3.1.5 Callbacks
9.3.1.5.1 exec_func

virtual function void exgc¢ufunc (
uvm_component comp,

uvm_phase phase

)

Implerhents the proxy functionality for a function phase type comp—the component to execute the functjonality
upon phase—the phase' schedule that originated this phase call.

9.3.1.95.2 exeextask

virtwal task exec task(

uvm_component comp,
uvm_phase phase

)

Implements the proxy functionality for a task phase type comp—the component to execute the functionality
upon phase—the phase schedule that originated this phase call.
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9.3.1.6 Schedule

9.3.1.6.1 add

function void add(
uvm_phase phase,
uvm phase with phase =
uvm_phase after phase =
uvm_phase before phase
start_with ph

end with phas

uvm_phase
uvm_phase

— 86—

null,
null,
= null,
ase = null,

e = null
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)

Adds
UVM_P
how tH

domainp. If no optional phases are specified, phase is appended to the schedule or domain:

Ifwith
asasu
start_V
end w
after
with_p
null.

9.3.1.6.2 get_parent

£

Return

9.3.1.6.3 get_full_name

v

Return
hierard

9.3.1.6.4 get_schedule

£

phase to the schedule or domain. add shall be called only from a phase with”th
[HASE SCHEDULE or UVM PHASE DOMAIN. Optionally, one or more phases may be specified to
e new phase aligns with existing phases. The optional phases shall already exist, in’the sche

| phase is not null, phase is added in parallel with with_phase. If after_phaseis not null, phase i
Ceessor to after_phase. If before_phase is not null, phase is added as a prédecessor to before p.
ith_phase is not null, phase is added as a successor to the predecessor(s) of start with_ph
th_phase is not null, phase is added as a predecessor to the successer(s) of end _with_phase. with |
hase, and start_with_phase specify the predecessor of phase; only one of these shall be ng
hase, before_phase, and end_with_phase specify the successor of phase; only one of these shall

nction uvm phase get parent ()

5 the parent schedule node, if any, for the hierarchical graph traversal.

rtual function string get full name ()

5 the full path from the enclosing domain down to this node. The singleton IMP phases h|
hy.

nction string get schedule( bit hier = 0 )

e type
specify
{ule or

added
hase. If
ase. If
\phase,
n-null.
be non-

Ave no

Returr

+] + 4 4 1 11 1 L FASESIIDE, TN P 1 1 1 171 kA V1 1
UIC TUPIIIOST PalTIIt SCIITUUIT TIOUC, 11 dIly, TOT UIT IIICTdICIITAD E1dpIridversdl. THTUCTault valul

shall be 0.

9.3.1.6.5 get_schedule_name

function string get schedule name( bit hier = 0 )

of hier

Returns the schedule name associated with this phase node. An implementation calls get_schedule (kier) (see
9.3.1.6.4) and then constructs a hierarchical name including any schedule names above the returned schedule.
The default value of Zier shall be 0.
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9.3.1.6.6 get_domain
function uvm domain get domain ()
Returns the enclosing domain or null if there is none.

9.3.1.6.7 get_imp

function uvm phase get imp ()

Returns the phase implementation for this node. Returns nu/l if this phase type is not a UvM_PHASE IMP.

9.3.1.15.8 get_domain_name

fynction string get domain name ()
Returns the domain name associated with this phase node or "unknown" if no domain‘found.
9.3.1.6.9 get_adjacent_predecessor_nodes

fynction void get adjacent predecessor nodes( ref uvm¥phase pred[] )
Providgs an array of nodes that are predecessors to this phase node. A\predecessor node is defined as an,
node that lies prior to this node in the phase graph; an adjacent predecessor node has no nodes betwe
node ahd the predecessor node.
9.3.1.6.10 get_adjacent_successor_nodes

fynction void get adjacent success@®r nodes( ref uvm phase succ[] )

Providgs an array of nodes that are successors to this phase node. A successor node is defined as any
node that lies after this node in the phase graph, with no nodes between #his node and the successor nj

9.3.1.7 Phase done objections
Task-Yased phase nodes within\the phasing graph provide a uvm_objection-based interface (see 10.]
prolonging the execution of the phase. All other phase types do not contain an objection and shall re
error {f the user attempts to use raise_objection (see 9.3.1.7.2), drop_objection (see 9.3.1.7
get_oljjection_count(see 9.3.1.7.4).
9.3.1.7.1 get_“objection

fynction uvm objection get objection()

y phase
en this

phase
pde.

b.1) for
port an
.3), or

Returns the uvm_objection (see 10.5.1) that gates the termination of the phase.

9.3.1.7.2 raise_objection

virtual function void raise objection (
uvm_object obj,
string description = "",
int count =1

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
- 88 - IEEE Std 1800.2™-2020

Raises an objection to ending this phase, which provides components with greater control over the phase flow
for processes that are not implicit objectors to the phase. The default value of count shall be 1. For more details,
refer to the uvm_objection version of this function (see 10.5.1.3.3).

9.3.1.7.3 drop_objection

virtual function void drop objection (
uvm_object obj,
string description = "",
int count = 1

Drops jan objection to ending this phase. The default value of count shall be 1. For more details,refef to the
uvm_gbjection version of this function (see 10.5.1.3.4).

9.3.1.7.4 get_objection_count

virtual function int get objection count( uvm object obj £)null )
This is|a pass through to the get objection_count on the objection returned by'gét objection. See 10.§.1.5.3.
9.3.1.8 Synchronization

The fupctions sync (see 9.3.1.8.1) and unsync (see 9.3.1.8.2) add'relationships between nodes, such that the
node’s|start and end are synchronized.

9.3.1.8.1 sync

fynction void sync(
uvm_domain target,

uvm phase phase = null,
uvm_phase with phase = null

)
Synchfonizes two domains, fully or partially.

a) | target—Handle of'target domain for synchronizing this one.
b) | phase—Optional single phase in this domain to synchronize; otherwise, sync all.

c) | with_phasé~—Optional different target-domain phase with which to synchronize; otherwise, us¢ phase
in the farget domain.

9.3.1.13.2 unsync

function void unsync(
uvm_domain target,
uvm phase phase = null,
uvm phase with phase = null

)
Removes synchronization between two domains, fully or partially.

a) target—Handle of target domain from which to remove synchronization.

b)  phase—Optional single phase in this domain to unsynchronize; otherwise, unsync all.
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¢)

with_phase—Optional different target-domain phase with which to unsynchronize; otherwi
phase in the target domain.

9.3.1.8.3 wait_for_state

task wait for state(

)

uvm _phase state state,
uvm wait op op = UVM EQ

Waits until this phase compares with the given state and op operands.

To wa

9.3.1.9 Jumping

Phase
phase
phases

uvim_(
using the following functions.

9.3.1.9.1 jump

£

Jumps

9.3.1.

fu

Specif
does (s

9.3.1.9.3 end_prematurely

fu

se, use

4it for state(UVM PHASE STARTED, UVM GTE)

All acIve phases that share phase as a common'stccessor or predecessor shall also be affected.

t for the phase to be at the started state or afterward:

fumping refers to a change in the normal process of a phase ending and the successor phase(s) staj
an be made to end prematurely and/or which phase is started next cdw b€ changed. To jump al
within a domain that are predecessors or successors, directly of;indirectly, of the jump targ
omain::jump (see 9.4.2.4). Phase jumping can also be specifiedfor an individual phase instq

nction void jump( uvm phase phase )

to the specified phase. The phase shall be in-the set of predecessors or successors of the current

.2 set_jump_phase
nction void set jump\phase( uvm phase phase )

es which phase to transition to when this phase completes. Note that this function is part of wha
ee 9.3.1.9.1); unlike jump, this does not set the flag to terminate the phase prematurely.

nctidn-void end prematurely ()

Specif

ting. A

active
et, use
nce by

phase.

t jump

essaflag to cause the phase to end prematurely. Note that this function is part of what jump do

es (see

9.3.1.9.1); unlike jump, this does not set a jump_phase to go to after the phase ends.

9.3.1.9.4 get_jump_target

function uvm phase get jump target()

Returns a handle to the target phase of the current jump or nu/l, if no jump is in progress. It is valid from the
time jump (see 9.3.1.9.1) or set_jump_phase (see 9.3.1.9.2) is called until the jump occurs. There is also a
callback for UvM PHASE JUMPING that contains a valid return from this function.
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9.3.2 uvm_phase_state_change

This is a phase state transition descriptor, which is used to describe the phase transition that caused a
uvm_phase cb::state changed callback to be invoked.

9.3.2.1 Class declaration

class uvm _phase state change extends uvm object

9.3.2.2 Methods

9.3.2.2-tget—state

virtual function uvm phase state get state()

Returnk the state to which the phase just transitioned. This is functionally equivalent to uyim, phase::get state
(see 9.p.1.4.1).

9.3.2.2.2 get_prev_state

virtual function uvm phase state get prev state()
Returns the state from which the phase just transitioned.
9.3.2.2.3 jump_to

fynction uvm phase jump to()

Ifthe current state is UvM_PHASE ENDED or UVM RHASE JUMPING because of a phase jump, this retyrns the
phase fhat is the target of jump. Otherwise, it returns null.

9.3.3 tvm_phase_cb
This clpss defines a callback method that is invoked by the phaser during the execution of a specific node in the
phase graph or for all phase nodes. User-defined callback extensions can be used to integrate data types that are
not nafively phase-aware with. the UVM phasing.
9.3.3.1 Class declaration

class uvm~phase cb extends uvm callback

9.3.3.2 Methods

9.3.3.2:tnew

function new( string name = "unnamed-uvm phase cb" )
This is a constructor. The default value of name shall be "unnamed-uvm_phase cb".
9.3.3.2.2 phase_state_change

virtual function void phase state change(
uvm_phase phase,
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)

uvm_phase state change change

Called whenever a phase changes state. The change descriptor describes the transition that was just completed.
The callback method is invoked immediately after the phase state has changed, but before the phase
implementation is executed.

An extension may interact with the phase, such as raising the phase objection to prolong the phase, in a manner
that is consistent with the current phase state.

By default, this callback method does nothing. Unless otherwise specified, modifying the phase transition

descriy

9.4 u

This i
assign

9.4.1

cl

s L £t 4+l L. : Lbadial 41
OT IS O CTTICCT O e pPrrasTiT S SUTICOUTCOT UATTTTTOTIT

ym_domain

a phasing schedule node representing an independent branch of the schedule, It is a handle
domains to components or hierarchies in the testbench.

Class declaration

ass uvm_domain extends uvm phase

9.4.2 Methods

hsed to

the list

t of all

ains a
entry

9.4.2.1 new

fynction new( string name )
Createp a new instance (type =UVM PHASE DOMAIN) ofaphase domain. The new instance is added to
of all Jomains indexed by name. It shall be an'\error to call new with a name that is already in thelig
domaips.
9.4.2.2 get_domains

sflatic function void get domains( output uvm domain domains[string] )
Provides a list of all domains for the domains argument. The list of all domains always con
domaijns ["common" henfry that contains the UVM common phases (see 9.8) and a domains ["uvm" ]
that coptains the UVM run-time phases (see 9.8.2).
9.4.2.3 add.“uvm_phases

sflatd’c function void add uvm phases ( uvm phase schedule )

Appends the built-in UVM phases to the given schedule.

9.4.2.4 jump

function void jump( uvm phase phase )

Jumps all active phases of this domain to phase if there is a path between the active phases of this domain and

phase.
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9.5 uvm_bottomup_phase

This is a virtual base class for function phases that operate bottom-up. The virtual function execute (see 9.5.2.3)
is called for each component. A bottom-up phase invokes the delegate function first on components without any
children; once finished, the delegate function is invoked on each of the first sets’ parents, etc. A bottom-up
function phase completes when the execute method has been called and returned on all applicable components
in the hierarchy.

9.5.1 Class declaration

virtual class uvm bottomup phase extends uvm phase

9.5.2 blethods

9.5.2.1 new

fynction new( string name )
Initialiges a new instance (type = UVM_PHASE IMP) of a bottom-up phase.
9.5.2.2 traverse

virtual function void traverse (
uvm_component comp,

uvm_phase phase,
uvm_phase state state

Traverpes the component tree in bottom=up order and, depending on the state,| calls
comp.phase started(phase), execute (cemp, phase), or comp.phase ended (phase).

9.5.2.3 execute

virtual function void éxgcute (
uvm_component comp,
uvm_phase phase

Calls yvm_phase yséxec func (comp, phase) .

9.6 uym_task_phase

This id-+the-base-elassfor-al-taskphases—ttforksaeallto-wvm—phaserexee—task(see 93150 for each
component in the hierarchy.

The completion of these tasks does not imply, nor is it required for, the end of phase. Once the phase completes,
any remaining forked uvm_phase::exec_task threads are forcibly and immediately killed.

By default, the way for a task phase to extend over time is if there is at least one component that raises an
objection, e.g.,

class my comp extends uvm component

task main phase (uvm phase phase)
phase.raise objection(this, "Applying stimulus")
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phase.drop objection(this, "Applied enough stimulus")
endtask
endclass

There is however one scenario wherein time advances within a task-based phase without any objections to the
phase being raised. If two (or more) phases are synched, or they share a common successor, such as the
uvm_run_phase (see 9.8.1.5) and the uvm_post _shutdown_phase (see 9.8.2.12) sharing the
uvm_extract_phase (see 9.8.1.0) as a successor, then phase advancement is delayed until all predecessors of
the common successor are ready to proceed. Because of this, it is possible for time to advance between the
uvm_component::phase_started (see 13.1.4.3.1) and uvm_component::phase_ended (see 13.1.4.3.1) ofa

t k 1, 1tla. s biad tetia-tla L s v
ask phase-withetnt-any-partetpantsiathe-phaseratsinganobjeeton:

A task phase shall not share a successor with a topdown phase orbottomup phase, as that setup could try
to makie the topdown_phase or bottomup phase consume time.

9.6.1 Class declaration
virtual class uvm task phase extends uvm phase
9.6.2 Methods

9.6.2.1 new

fynction new( string name )
Initialiges a new instance (type = UVM_PHASE IMP) ofa task-based phase.
9.6.2.2 traverse

virtual function void traverse(
uvm_component comp,

uvm_phase phase,
uvm phase state statgé

Traverpes the component.tree and, depending on the state, calls comp.phase started(phase),
execuyte (comp, phase)y comp.phase ready to end (phase), Or comp.phase ended (phase).

9.6.2.3 execute

virtual) function void execute (

uvmfcomponent comp,

uvm_phase phase

ForkSuvm_phase::exec_task(comp,phase).

9.7 uvm_topdown_phase

This is a virtual base class for function phases that operate top-down. The virtual function execute (see 9.7.2.3)
is called for each component.
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A top-down function phase completes when the execute method has been called and returned on all applicable
components in the hierarchy.

9.7.1 Class declaration
virtual class uvm topdown phase extends uvm phase
9.7.2 Methods

9.7.2.1 new

fyrmctior TTEw Sty T )
Initialiges a new instance (type = UVM_PHASE IMP) of a top-down phase.
9.7.2.2 traverse

virtual function void traverse (
uvm_component comp,

uvm_phase phase,
uvm phase state state

Traverpes the component tree in top-down order ,and! depending on the state,| calls
comp.phase started(phase), execute (comp, phase),\0r'comp.phase ended (phase).
9.7.2.3 execute

virtual function void execute (

uvm_component comp,
uvm_phase phase

Calls yvm phase::exec_ func (€omp, phase) .

9.8 Predefined phases
UVM {lefines some phases. The user is free to create more phases.
The names of the VM predefined phases (which are returned by get_name for a phase instance) match the

class npmesSpecified in this subclause with the "uvm_"and " phase" terms removed. Each UVM pregdlefined
phase 1mp1ements the following method.

get
static function TYPE get()
which returns the singleton phase handle for each phase. The return value of get is of the same type as the phase
itself, such that uvm build phase::get hasareturntype of uvm build phase,uvm_run phasehasa
return type of uvm_run_phase, and so on.
The UVM predefined phases are classified as common phases and run-time phases. The common phases are the

set of function and task phases that all uvin_components (see 13.1) execute together. All uvm_components
are always synchronized with respect to the common phases. The run-time phases execute in a predefined
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phase schedule that runs concurrently to the common phase uvm_run_phase (see 9.8.1.5). By default, all
uvm_components (see 13.1) using the run-time schedule are synchronized with respect to the predefined
phases in the schedule. It is possible for components to belong to different domains in which case their
schedules can be unsynchronized with a call to unsync (see 9.3.1.8.2).

9.8.1 Common phases

The common phases are described in the order of their execution. All of the phases before uvm_run_phase
(see 9.8.1.5) shall execute at simulation time 0.

9.8.1.1 uvm_build_phase

class uvm build phase extends uvm topdown phase

This is|a uvm_topdown_phase (see 9.7) whose exec_func calls the uvm_component::build_phase method
(see 14.1.4.1.1).

9.8.1.2 uvm_connect_phase
class uvm connect phase extends uvm bottomup phase

This i§ a uvm_bottomup_phase (see 9.5) whose exec_func calls thesuvmm_component::connect| phase
methodl (see 13.1.4.1.2).

9.8.1.3 uvm_end_of_elaboration_phase
class uvm _end of elaboration phase extends uvm bottomup phase

This is a uvm_bottomup_phase (see 9.5) whose exec_ func calls the
uvin_domponent::end_of elaboration_phase.method (see 13.1.4.1.3).

9.8.1.4 uvm_start_of_simulation_phase
class uvm start of simglation phase extends uvm bottomup phase

This is a uvm_bettomup_phase (see 9.5) whose exec_ func calls the
uvm_domponent::start_of simulation_phase method (see 13.1.4.1.4).

9.8.1.% uvm_run_phase

class uvm-run phase extends uvm task phase

This islauym_task phase (see 9.6) whose exec_task calls the uvm_component::run_phase virtual method
(Seel..... e et . s TS; [T Pre_Te —plrase nrough
uvm_post_shutdown_phase (see 9.8.2). The uvm_run_phase shall always be running when time is
advancing, so when this phase starts, simulation time is still 0, and the time when this phase ends shall be the
same time that the uvm_final_phase ends (see 9.8.1.9).

. pIld U pdrd O C Ur- pIa ) A% ) [ C [)

The run phase starts a global timeout counter thread. The expiration time of the counter shall be
implementation-specific, unless set via uvim_root::set_timeout (see F.7.2.3) prior to uvm_run_phase starting.
If the counter expires before uvm_run_phase ends, it shall generate a fatal error.

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
- 96 - IEEE Std 1800.2™-2020

9.8.1.6 uvm_extract_phase
class uvm _extract phase extends uvm bottomup phase

This is a uvm_bottomup_phase (see 9.5) whose exec_func calls the uvm_component::extract_phase
method (see 13.1.4.1.6).

9.8.1.7 uvm_check_phase

class uvm _check phase extends uvm bottomup phase

This i

u 1phase
methodl (see 13.1.4.1.7).

9.8.1.8 uvm_report_phase

class uvm report phase extends uvm bottomup phase

This i a uvm_bottomup_phase (see 9.5) whose exec_func calls the uvin_¢omponent::report| phase
methodl (see 13.1.4.1.8).

9.8.1.9 uvm_final_phase
class uvm_ final phase extends uvm topdown phase

This isla uvm_topdown_phase (see 9.7) whose exec_funie salls the uvm_component::final_phase method
(see 13.1.4.1.9).

9.8.2 UVM run-time phases

The rup-time phases shall include the following task phases, shown in their default order of execution. Uders and
implementations may add run-time phases betfore or after any of these specified phases. The run-time|phases
shall npt start before the end of uvm (start of simulation_phase (see 9.8.1.4). uvm_extract_phake (see
9.8.1.¢)) shall not start before the run-time phases have ended. These specified phases shall not overlap| within
an instpnce of uvm_domain.

9.8.2.1 uvm_pre_reset (phase
class uvm pxe~reset phase extends uvm task phase

This is|a uvm.task phase (see 9.6) whose exec_task calls the uvin_component::pre_reset_phase method
(see 14.1.4.0.1).

9.8.2.2uvm_reset_phase

class uvm reset phase extends uvm task phase

This is auvm_task phase (see 9.6) whose exec_task calls the uvm_component::reset_phase method (see
13.1.4.2.2).

9.8.2.3 uvm_post_reset_phase

class uvm post reset phase extends uvm task phase
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Thisisauvm_task phase (see 9.6) whose exec_task calls the uvm_component::post_reset_phase method
(see 13.1.4.2.3).

9.8.2.4 uvm_pre_configure_phase
class uvm _pre configure phase extends uvm task phase

This is a uvm_task_phase (see 9.6) whose exec_task calls the uvm_component::pre_configure_phase
method (see 13.1.4.2.4).

9.8.2.5 uvm_configure_phase

class uvm_configure phase extends uvm_task phase

This isla uvm_task phase (see 9.6) whose exec_task calls the uvm_component::configure_phase method
(see 13.1.4.2.5).

9.8.2.6 uvm_post_configure_phase
class uvm post configure phase extends uvm_ task phasg

This isla uvm_task_phase (see 9.6) whose exec_task calls the uvm_component::post_configure| phase
methodl (see 13.1.4.2.6).

9.8.2.7T uvm_pre_main_phase
class uvm pre main phase extends uvm_task phase

This isla uvm_task phase (see 9.6) whose exec_task calls the uvm_component::pre_main_phase method
(see 13.1.4.2.7).

9.8.2.8 uvm_main_phase
class uvm main phase ektgnds uvm task phase

This isja uvm_task phase (see9.60) whose exec_task calls the uvm_component::main_phase method (see
13.1.4.8).

9.8.2.9 uvm_post main_phase

class uwvin, post main phase extends uvm_ task phase

This is|a'uvin_task _phase (see 9.6) whose exec_task calls the uvin_component::post_main_phase method
(see 13 T479).

9.8.2.10 uvm_pre_shutdown_phase
class uvm pre shutdown phase extends uvm task phase

This is a uvm_task_phase (see 9.60) whose exec_task calls the uvin_component::pre_shutdown_phase
method (see 13.1.4.2.10).
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Thisisauvm_task phase (see 9.6) whose exec _task calls the uvm_component::shutdown_phase method
1.4.2.11).

(see 13
9.8.2.1

cl

This isTUVIT_tasK_pITase (Ste 9-0) WIOSE eXec_CTask Calls tc UVIN_COMpPONENt: T poSt_SITutdowW]

methodl (see 1_3.1.4._2.12).

10. Synchronization classes

UVM provides event and barrier synchronization classes for managing concurrent.processes, as follo

a)

b)

d)

10.1 Event classes

This sy

10.1.1

The uym_event_base\class is an abstract wrapper class around the SystemVerilog event const
providps some additienal services, such as setting callbacks and maintaining the number of waiters.

2 uvm_post_shutdown_phase

ass uvm post shutdown phase extends uvm task phase

uvm_event#(T)—UVM’s event class (see 10.1.2) augments the SystetnVerilog event dataty,
such services as setting callbacks and data delivery.

uvm_barrier—A barrier is used to prevent a pre-configured number of processes from con
until all have reached a certain point in simulation (see 10.3)¢

uvm_pool #(string, T) (see 11.2) used to storecollections of uvm_events (see 10.|
uvm_barriers (see 10.3), respectively, indexed by string name. Each pool class contains 2
“global” pool instance for sharing across all precesses (see 10.4).

uvm_event_callback—The event callback:is used to create callback objects that may be atta
uvim_events (see 10.2).

bclause defines the uvm_event_base class (see 10.1.1) and its derivative uvm_event#(T) (see |

uvm_event_base

| phase

WS:

be with

inuing

uvm_event_pool and uvm_barrier_pool—The event and barrier pool classes are specializations of

1) and
static,

thed to

0.1.2).

ruct. It

10.1.1.1 Class declaration

vilctual cla nrm_aranf_ha e oxtend 1 m_mhﬁahf
10.1.1.2 Methods
10.1.1.2.1 new

function new ( string name = "" )

Creates a new event object.
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10.1.1.2.2 wait_on
virtual task wait on ( bit delta = 0 )

Waits for the event to be activated for the first time.

Ifthe event has already been triggered, this task returns immediately. Ifa delta value is specified, the caller is
forced to wait a single delta #0 before returning. This prevents the caller from returning before previously
waiting processes have had a chance to resume. The default value of delta shall be 0.

Once a

10.1.1
v

If the g
(see 1(

Ifthe €
is forc
waitin
10.1.1

v
Waits
If one
10.1.2
If the ¥
and, th|
10.1.1

v
Waits
persist

trigger|

10.1.1

n event has been triggered, it will be remain “on” until the event is reset (see 10.1.1.2.8).
.2.3 wait_off
rtual task wait off ( bit delta = 0 )

vent has already triggered and is “on,” this task waits for the event to be turned “off” via a call ¢
1.1.2.8).

vent has not already been triggered, this task returns immediately. Ifde lta value is specified, th
d to wait a single delta #0 before returning. This prevents the callerfrom returning before prej
b processes have had a chance to resume. The default value of deffa shall be 0.

.2.4 wait_trigger

rtual task wait trigger ()

for the event to be triggered.

process calls wait_trigger in the same dglta as another process calls uvm_event#(T)::trigg
2.4), arace condition occurs. If the call to'wait occurs before the trigger, this method returns in th
ait occurs after the trigger, this method does not return until the next trigger, which may neve
us, cause a deadlock. This race ean be avoided by using wait_ptrigger (see 10.1.1.2.5).

.2.5 wait_ptrigger

rtual task waif_ptrigger()

for a persistefit-trigger of the event. Unlike wait_trigger (see 10.1.1.2.4), this views the trig
bnt withina.given time-slice and, thus, avoids certain race conditions. If this method is called a

but within‘the same time-slice, the caller returns immediately.

.2.6 get_trigger_time

D reset

e caller
biously

er (see
s delta.
I occur

boer as
fter the

virtual function time get trigger time ()

Returns the time that this event was last triggered. If the event has not been triggered or the event has been
reset, the trigger time is 0.

10.1.1

.2.7 is_on

virtual function bit is on()

Indicates whether the event has been triggered since it was last reset.
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A return of 1 indicates the event has triggered.
10.1.1.2.8 reset
virtual function void reset ( bit wakeup = 0 )

Resets the event to its off state. If wakeup is set, all processes currently blocked waiting on wait_trigger (see
10.1.1.2.4) or wait_ptrigger (see 10.1.1.2.5) for the event are activated before the reset. The default value of
wakeup shall be 0.

No callbacks are called during a reset.

10.1.1.2.9 cancel
virtual function void cancel ()
Decrethents the number of waiters on the event.
This islused if a process that is waiting on an event is disabled or activated by some other means.
10.1.1.2.10 get_num_waiters
virtual function int get num waiters()
Returng the number of processes waiting on the event.
10.1.2 uvm_event#(t)
The uym_event class is an extension of the abstractiuvm_event_base class (see 10.1.1).
The optional parameter 7 allows the user to define a data type that can be passed during an event trigger.
10.1.2.1 Class declaration
class uvm _event#( type T = uvm object ) extends uvm event base
10.1.2.2 Methods
10.1.2.2.1 new
fynction\néw ( string name = "" )

Createp a'tiew event object.

10.1.2.2.2 wait_trigger_data

virtual task wait trigger data ( output T data )

This method calls uvm_event_base::wait_trigger (see 10.1.1.2.4) followed by get trigger data (see
10.1.2.2.5).

10.1.2.2.3 wait_ptrigger_data

virtual task wait ptrigger data ( output T data )
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This method calls uvm_event_base::wait_ptrigger (see 10.1.1.2.5) followed by get trigger data (see

10.1.2.

10.1.2

2.5).

.2.4 trigger

virtual function void trigger ( T data = get default data )

Triggers the event, resuming all waiting processes.

An optional data argument can be supplied with the enable to provide trigger-specific information. If no data is
provided, then get_trigger data (see 10.1.2.2.5) shall return the default data (see 10.1.2.2.6).

10.1.2

v

Return

10.1.2

v
v

.2.5 get_trigger_data

rtual function T get trigger data()

s the data, if any, provided by the last call to trigger (see 10.1.2.2.4).
.2.6 default data

rtual function void set default data (T data)
rtual function T get default data()

Default trigger data to be used when trigger (see 10.1.22.4) is called without passing i data.
get_default data shall return the most recent data assigned'via set _default data. The value r¢gturned
by gef] default data prior to calling set default data is the uninitialized value of type T.
10.2 yvm_event_callback
The uym_event_callback class is an abstract class that is used to create callback objects that may be aftached
to uvn)_event#(T)s (see 10.1.2). To do so,simply derive a new class and override pre_trigger (see 1(.2.2.2)
and/or[post_trigger (see 10.2.2.3).
Callbagks are an alternative to usingprocesses that wait on events. When a callback is attached to an evgnt, that
callbadk object’s callback function is called each time the event is triggered.
10.2.1 Class declaration
virtual cldgs* uvm event callback#( type T = uvm object)

extends_uvm callback
10.2.2 Methods
10.2.2.1 new

function new ( string name = "" )

Initializes a new callback object.

10.2.2.2 pre_trigger

virtual function bit pre trigger (

uvm_event# (T) e,
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T data
)

This callback is called just before triggering the associated event. In a derived class, override this method to
implement any pre-trigger functionality.

If the callback returns 1, the event does not trigger and the post-trigger callback is not called. This provides a
way for a callback to prevent the event from triggering.

In this function, e is the uvm_event#(T) (see 10.1.2) that is being triggered and data is the optional data
associated with the event trigger.

10.2.2.3 post_trigger
virtual function void post trigger (
uvm_event# (T) e,

T data
)

This cpllback is called after triggering the associated event. In a derived cldss, override this method to
implement any post-trigger functionality.

In this|function, e is the uvm_event#(T) (see 10.1.2) that is being triggered and data is the optional data
associgted with the event trigger.

10.3 yvm_barrier
The uym_barrier class provides a multi-process synchronization mechanism. It enables a set of procdsses to
block yntil the desired number of processes reach.the synchronization point, at which time all of the prgcesses
are relgased.
10.3.1| Class declaration

class uvm barrier extends uvm object

10.3.2 Methods

10.3.2.1 new

fynction new (
string hame = "",
it “threshold = 0

)

Creates a new barrier object. The default value of threshold shall be 0.
10.3.2.2 wait_for
virtual task wait for ()
Blocks until the number of blocked wait_for calls matches the current threshold.

The number of processes to wait for can be specified by using the set_threshold method (see 10.3.2.6).
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10.3.2.3 reset

virtual function void reset ( bit wakeup = 1 )

Resets

the barrier. This sets the waiter count back to zero (0).

The threshold is unchanged. After reset, the barrier forces any processes to wait for the threshold again.

If the wakeup bit is set to 1, any currently waiting processes shall be activated. The default value of wakeup

shall be 1.
10.3.24set_auto_rteset
virtual function void set auto reset ( bit value =1 )
Deternpines if the barrier should reset itself after the threshold is reached.
The dgfault is on, so when a barrier hits its threshold it resets and new processes bloek until the threg
reachefl again.

If auto

reset is off, then once the threshold is achieved, new processes pass thretigh without being block

the barrier is reset. The default value of value shall be 1.

10.3.2
v
Return
10.3.2
v
Specifi

This d
thresh

If thre
waitin

10.3.2

.5 get_threshold

rtual function int get threshold()

5 the current threshold setting for the barrier.

.6 set_threshold

rtual function void set threshold ( int threshold )
es the process threshold.

ptermines how many processes are waiting on the barrier before the processes may proceed. O
Id is reached, all waiting processes are activated.

hold is set to*a-value less than the number of currently waiting processes, the barrier is reset
b processes-ate activated.

.7 gét,num_waiters

hold is

ed until

hce the

and all

virtual function 1Nt get Num waiters ()

Returns the number of processes currently waiting at the barrier.

10.3.2.8 cancel

virtual function void cancel ()

Decrements the waiter count by one. This is used when a process that is waiting on the barrier is killed or
activated by some other means.
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10.4 Pool classes

10.4.1 uvm_event_pool

An object used to store collections of uvm_events (see 10.1).

By default, the event pool contains the events: begin, accept, and end. Events can also be added by derivative
objects. An event pool is a specialization of an uvm_pool #(KEY,T) (see 11.2), e.g., a uvm_pool

# (uvm_event).

10.4.1.1 Class declaration

class uvm_event pool extends uvm pool #(string,uvm_event# (uvm_objecty))
10.4.1.2 Common methods
10.4.11.2.1 new
fynction new ( string name = "" )
Createp a new event pool object.
10.4.1.2.2 get_global_pool
sflatic function uvm event pool get global gool ()
Returnk the singleton global event pool.
10.4.1.2.3 get_global
sflatic function uvm event poold, get global ( string key )
Returng the item instance specified by &e¢y from the global item pool.
10.4.11.2.4 get
virtual functiom'uvm event get ( string key )
Returnk the item withithe given string key.
If no item exists.by that key, a new item is created with that key and returned.

10.4.2 uvin_barrier_pool

An object used to store collections of uvm_barriers (see 10.3).

10.4.2.1 Class declaration

class uvm _barrier pool extends uvm pool #(string,uvm barrier)
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10.4.2.2 Common methods

10.4.2.2.1 new

function new ( string name = "" )

Initializes a new barrier pool object.

10.4.2.2.2 get_global_pool

static function uvm barrier pool get global pool()

Return
10.4.2

st
Return
10.4.2

v
Return

If no it

10.5 ¢
This sy

10.5.1

s the singleton global barrier pool.

.2.3 get_global
atic function uvm barrier pool get global ( string key )
5 the item instance specified by key from the global item pool.

.2.4 get
rtual function uvm barrier get ( string key )
5 the item with the given string key.

em exists by that key, a new item is created with that key and returned.

Dbjection mechanism
bclause defines the objection mechafiism.

uvm_objection

Objections provide a facilitysfor coordinating status information between two or more partic|

comp

ents, objects, or even,module-based IP.

10.5.1].1 Class declaration

class uvm_objection extends uvm report object

10.5.1.2.Common methods

ipating

new

function new ( string name = "" )

Creates a new objection instance.

10.5.1

10.5.1

.3 Objection control

.3.1 get_propagate_mode

function bit get propagate mode ()
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Returns the propagation mode for this objection, as specified by set_propagate_mode (see 10.5.1.3.2). If
set_propagate_mode has not been called since this objection was created, then get_propagate_mode shall
return 1.

10.5.1.3.2 set_propagate_mode

function void set propagate mode ( bit prop mode )

Specifies the propagation mode for this objection. By default, objections support hierarchical propagation for
components.

When JlUPdEdtiUll lllUdC ib th tU ‘U ,, d‘ll illtCllllCdidtC bd‘ll‘UdL«}\b ‘L)CtWCCll t‘llC SOUUrce dlld lUp Dlldl‘l ‘UC N Llpped.
Since the propagation mode changes the behavior of the objection, it can only be changed if there|are no
objections raised or draining. Any attempts to change the mode while objections are raised or drainirlg shall
result in an error.

10.5.1.3.3 raise_objection

virtual function void raise objection (

uvm_object obj = null,
string description = "",
int count =1

)
Raises|the number of objections for the source object by count,swhich defaults to 1. The object is usually the this
handle|of the caller. If object is not specified or null, the impligit top-level component, uvm_root (seelF.7), is
choser.

Raising an objection causes the following to occur:

— | The source and total objection counts for object are increased by count. description is a string that
marks a specific objection and is used in tracing/debug.

— | The objection’s raised _vittial method (see 10.5.1.4.1) is called, which «calls the
uvm_component::raised ‘méthod (see 13.1.6.1) for all of the components up the hierarchy.

10.5.1.3.4 drop_objection

virtual function void drop objection (

uvm_objedf.obj = null,
stringldescription = "",
intceunt = 1

)

Drops the number of objections for the source object by count, which defaults to 1. The object is usually the this
handle of the caller. If object is not specified or null, the implicit top-level component, uvm_root (see F.7), is
chosen.

Dropping an objection causes the following to occur:
a)  The source and total objection counts for object are decreased by count. description is a string that

marks a specific objection and is used in tracing/debug. It is error to drop the objection count for object
below zero (0).
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b)

The objection’s dropped virtual method (see 10.5.1.4.2) is called, which calls the
uvm_component::dropped method (see 13.1.6.2) for all of the components up the hierarchy.

If the total objection count has not reached zero (0) for object, the drop shall be propagated up the
object hierarchy as with raise_objection (see 10.5.1.3.3). Then, each object in the hierarchy shall
update their source counts, objections that they originated, and fotal counts, the total number of
objections by them and all their descendants.

If the total objection count reaches zero (0), propagation up the hierarchy is deferred until a configurable drain

time (s

ee 10.5.1.3.7) has passed and the uvm_component::all_dropped callback (see 13.1.6.3) for the current

hierarchy level has returned. The following process occurs for each instance up the hierarchy from the source

caller:

As an
skippe

10.5.1

v
Immed
(with ¢

10.5.1

The ofj

A process is forked in a non-blocking fashion, allowing the drop call to return. The forked proegss then
does the following.

1) Ifadrain time was specified for the given object, the process waits for that amount of time.

2) The objection’s all dropped virtual method (see 10.5.1.4.3) is calledy which calls the
uvm_component::all_dropped method (see 13.1.6.3) (if object is a component).

3)  The process then waits for the all_dropped callback to complete.

4)  After the drain time has elapsed and the all_dropped callback has completed, propagdtion of
the dropped objection to the parent proceeds as described n raise_objection (see 10.51.3.3),
except as described in the next item.

If a new objection for this object or any of its descendants is raised during the drain time or|during
execution of the all_dropped callback (see 10.5.1.4.3) at.any point, the hierarchical chain preyiously
described is terminated and the dropped callback.does not go up the hierarchy. The rais¢d (see
10.5.1.4.1) objection propagates up the hierarchy,but the number of raised propagated up is redyiced by
the number of drops that were pending, waitingfor the all_dropped/drain time completion. Thus, if
exactly one objection caused the count to go.to zero (0), and during the drain exactly one new ofjjection
comes in, no raises or drops are propagateéd up the hierarchy.

ptimization, if the object has no setdrain time and no registered callbacks, the forked process ghall be
1 and propagation proceeds immediately to the parent as described.

.3.5 clear
rtual function(void clear( uvm object obj = null )
iately clears the\objection state. All counts are cleared and any processes waiting on a call to wait_for

bjt_event UV~ ALL DROPPED and obj the implicit top-level component [see F.7]) are releaspd (see
5.2).

effect

does not result in the standard : dropped callback (see lO S5.1. 4 2) being executed

/ is ava1lable for an 1mplementat10n to use for debug purposes only, its Value shall have no functional
i ; : reb Ae pped-and-therefore,

10.5.1.3.6 get_drain_time
function time get drain time ( uvm object obj = null )
Returns the current drain time of the given object (default: 0 ns).
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10.5.1.3.7 set_drain_time

function void set drain time (
uvm_object obj=null,
time drain

)
Specifies the drain time on the given object to drain.

Sets the drain time, which is the amount of time between the last remaining objection being dropped and the
all_dropped callback (see 10.5.1.4.3) being called. If an objection is raised before this drain time expires,

ll I - e d b ot —
a _dl Il.ll.lcu 15 11U CallICU 10T UIlS TCT atlUIl.

10.5.1.4 Callback hooks
10.5.1.4.1 raised

virtual function void raised (
uvm_object obj,

uvm_object source obj,
string description,

int count

)

Objectjon callback that is called when a raise_objection (see 10.5.1.3.3) has reached obj. The default
implementation attempts to cast obj to a component, and, if suceessful, calls the uvm_component::rais¢d hook
(see 13.1.6.1).

10.5.1.4.2 dropped

virtual function void dropped..(
uvm_object obj,

uvm_object source obj,

string description,

int count

)

Objection callback that‘is’ called when a drop_objection (see 10.5.1.3.4) has reached obj. The default
implermentation attefiipts to cast obj to a component, and, if successful, calls the uvm_component::difopped
hook ($ee 13.1.62)

10.5.1.4.3@ll>dropped

virtual task all_dropped (
uvm_object obj,
uvm_object source obj,
string description,
int count

)

Objection callback that is called when a drop_objection (see 10.5.1.3.4) has reached obj, and the total count for
obj goes to zero (0). This callback is executed after the drain time associated with obj. The default
implementation attempts to cast obj to a component, and, if successful, calls the
uvm_component::all_dropped hook (see 13.1.6.3).
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10.5.1.5 Objection status
10.5.1.5.1 get_objectors
function void get objectors( ref uvm object list[$] )

Returns the current list of objecting objects (that raised an objection, but have not dropped it). /ist shall be a
queue.

10.5.1.5.2 wait_for

tgskwart_fort
uvm objection event objt event,
uvm object obj = null

)
Waits for the raised (see 10.5.1.4.1), dropped (see 10.5.1.4.2), or all_dropped (see LO°5:14.3) event tp occur
in the given obj. If 0bj is null, the implicit top-level component (see F.7) is usedcThe task returns dfter all
corresponding callbacks for that event have been executed.

10.5.1.5.3 get_objection_count

fynction int get objection count ( uvm object dbj = null )

Returng the current number of objections raised by the given object.
10.5.11.5.4 get_objection_total

fynction int get objection total (suvm object obj = null )
Returng the current number of objections raised'by the given object and all descendants.
10.5.2 uvm_objection_callback
This is|the callback type that definesthe callback hooks for an objection callback.
NOTE-+-Users may use uvm (objection_cbs_t (see D.4.2) to add callbacks to specific objections.
10.5.2.1 Class declaration

class uvm~objection callback extends uvm callback

10.5.2.2‘Methods

10.5.2.2.1 raised

virtual function void raised (
uvm objection objection,
uvm_object obj,
uvm_object source obj,
string description,
int count
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Objection raised callback function. Called by uvm_objection::raised (see 10.5.1.4.1).

10.5.2.2.2 dropped

virtual function void dropped (
uvm_objection objection,
uvm_object obj,
uvm_object source obj,
string description,
int count

)

Objectlon dropped callback function. Called by uvm_objection::dropped (see 10.5.1.4.2).
10.5.2.2.3 all_dropped

virtual task all dropped (
uvm_objection objection,
uvm_object obj,
uvm_object source obj,
string description,

int count

)

Objectjon a1l dropped callback function. Called by uvm_abjéction::all_dropped (see 10.5.1.4.3)

10.6 yvm_heartbeat

Heartbeats provide a way for environments to easily verify their descendants are alive. A uvm_heartpeat is
associgted with a specific objection object. A component that is being tracked by the heartbeat object shqll raise
(or drgp) the synchronizing objection during-the heartbeat window.

The uym_heartbeat object has a list of participating components. The heartbeat can be configured so [that all
compopnents (UVM_ALL ACTIVE), eXactly one (UVM_ONE ACTIVE), or any component (UVM_ANY AGTIVE)
trigger|the objection in order.to satisfy the heartbeat condition.
10.6.1| Class declaration

class uvm-hédartbeat extends uvm object

10.6.2 Methods

function new(
string name,
uvm_component cntxt,
uvm_objection objection = null

)
Creates a new heartbeat instance associated with cntxt. The context is the hierarchical location where the

heartbeat objections flow through and are monitored. The objection associated with the heartbeat is optional, if it
is left null, but it needs to be specified before the heartbeat monitor will activate.
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10.6.2.2 set_mode

function uvm heartbeat modes set mode (
uvm_heartbeat modes mode = UVM NO HB MODE
)

Specifies or retrieves the heartbeat mode. The current value for the heartbeat mode is returned. If an argument
is specified to change the mode, then the mode is changed to the new value. The default value of mode shall be
UVM_NO_HB_ MODE.

10.6.2.3 set_heartbeat

fynction void set heartbeat (
uvm_event# (uvm object) e,
ref uvm_component comps/[$]
)
Establishes the heartbeat event and assigns a list of components to watch. The monitoring is started as $oon as
this mdthod is called. Once the monitoring has been started with a specific event, providing a new monitqr event
results|in an error. To change trigger events, first stop (see 10.6.2.7) the monitor and then start (see 10.§.2.0) it
with a pew event trigger.

If the frigger event e is null and there was no previously set trigger event, the monitoring is not started.
Monitgring can be started by explicitly calling start (see 10.6.2.6). ¢comps shall be a queue.

10.6.2.4 add

fynction void add ( uvm_component comp")
Adds ¢ single component to the set of componénts to be monitored. This does not cause monitoring to be
started] If monitoring is currently active, this component is immediately added to the list of componentp and is
expectpd to participate in the currently active’event window.
10.6.2.5 remove

fynction void remowe™( uvm component comp )

Remoyes a single componeht to the set of components being monitored. Monitoring is not stopped, even if the
last component has been removed (an explicit stop (see 10.6.2.7) is required).

10.6.2.6 start

fynction void start ( uvm_event# (uvm object) e = null )

Starts the heartbeat monitor. If e is null, then whatever event was previously set is used. If no event was
previously set, a warning shall be issued. It is an error if the monitor is currently running and e is specifying a
different trigger event than the current event.

10.6.2.7 stop
function void stop ()

Stops the heartbeat monitor. The current state information is reset so that if start (see 10.6.2.6) is called again
the process waits for the first event trigger to start the monitoring.
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10.7 Callbacks classes

This subclause defines the classes used for callback registration, management, and user-defined callbacks.

10.7.1 uvm_callback
The uvm_callback class is the base class for user-defined callback classes. Typically, the component developer
defines an application-specific callback class that extends from this class. In it, one or more virtual methods are

defined (callback interfaces) that represent the hooks available for user override.

10.7.1.1 Class declaration

class uvm callback extends uvm object
10.7.1.2 Methods
10.7.1.2.1 new

fynction new( string name = "uvm callback" )
Initialiges a new uvm_callback object, giving it an optional name.
10.7.11.2.2 callback_mode

fynction bit callback mode( int on = -1 )

Enablgs/disables callbacks: on==0 disables, on==1 enables. Any value for on other than 0 or 1 hasnp effect
on the enable state of the callback. The default value of on shall be 1.

This rdturns the value of 1 if the callback was-enabled before any change or 0 if the callback was disgbled.
It also produces log messages if callbackitracing is on.
10.7.11.2.3 is_enabled

fynction bit is enabled()
Returnps 1 if the callback is enabled, 0 otherwise.

10.7.2 uvm_callbacks #(T,CB)

The uymd eallbacks class prov1des abase class for 1mp1ement1ng callbacks, which are typlcally used to modify

the component class deﬁnes a set of “hook” methods that enable users to customize certain behaviors of the
component in a manner that is controlled by the component developer. The integrity of the component’s overall
behavior is intact, while still allowing certain customizable actions by the user.

To improve compile-time type-safety, the class is parameterized on both the user-defined callback interface
implementation as well as the object type associated with the callback. The object type-callback type pair is
associated using the ‘uvm_register_cb macro (see B.4.1) to define a valid pairing; valid pairings are checked
when a user attempts to add a callback to an object.
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10.7.2

.1 Class declaration

class uvm_callbacks # (

)

10.7.2

10.7.2

subtyp|
(see 1(

10.7.2

10.7.2

s

)

Regist
“type-)
UVM_ Al
execut|
callbad

10.7.2

s

type T = uvm object,
type CB = uvm callback
extends uvm_object

.2 Common parameters

21T

e parameter specifies the base callback type to be managed by this callback class; The callback]

es. This type shall be a derivative of uvm_callback (see 10.7.1). When accessing the add/delete if
.7.2.3), the CB parameter is optional.

.3 Add/delete interface

.3.1 add

atic function void add(

T obj,

uvm_callback cb,

uvm_apprepend ordering = UVM APPEND

brs the given callback object, b, withithe given obj handle. Callbacks without a specified cont
vide,” meaning they are called for all objects, as opposed to called for specific instances. If ord4
PPEND (the default), the callback is executed after previously added callbacks; otherwise, the cal
ed ahead of previously added callbacks. The cb is the callback handle; it shall be non-null an
k has already been added\to the object instance then a warning shall be issued.

.3.2 add_by_name

atic fumction void add by name (
string\nréame,

uvm( callback cb,

uviycomponent root,

type is
y a interface class, which defines one or more virtual method prototypes that users can ovefride in

terface

ext are
ring is
back is
l if the

)

uvin_dapprepend ordering = UVIM AFPFLND

Registers the given callback object, cb, with one or more uvm_components (see 13.1). The components need
to already exist and be type T or a derivative. root specifies the location in the component hierarchy to start the
search for name. The default value of ordering shall be UvM_APPEND. See F.7.4.1 for more details on searching
by name.
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10.7.2.3.3 delete

static function void delete(
T obj,
uvm_callback cb

)

Deletes the given callback object, cb, from the queue associated with the given obj handle. The obj handle can
be null, which allows de-registration of callbacks without an object context. The cb is the callback handle; it
shall be non-null and if the callback has already been removed from the object instance then a warning shall be
issued.

10.7.2.3.4 delete_by_name

sflatic function void delete by name (
string name,

uvm_callback cb,

uvm_component root

)

Removes the given callback object, cb, associated with one or more uym_‘ecomponent (see 13.1) cpllback
queueq. root specifies the location in the component hierarchy to start the-search for name. See F.7.4.1 for more
details|on searching by name.

10.7.2.4 lterator interface

This sdt of functions provide an iterator interface for callback queues. A facade class, uvm_callback_iter (see
D.1) ifalso available; it is the generally preferred way(to iterate over callback queues.

10.7.2.4.1 get_first

sflatic function CB get first’\X
ref int itr,
input T obj

)
Return the first enabled callback of type CB that resides in the queue for obyj. If 0bdj is null, the type wid¢ queue
for T ip searched. itr is the iterator; it shall be updated with a value that can be supplied to get nefxt (see

10.7.24.3) to retrieve:the next callback object.

If the queue is empty, null is returned.

10.7.2.4:2 get_last

static function CB get last (
ref int itr,
input T obj

)

Returns the last enabled callback of type CB that resides in the queue for 0bj. If 0bj is null, the type wide queue
for T is searched. itr is the iterator; it shall be updated with a value that can be supplied to get prev (see
10.7.2.4.4) to retrieve the previous callback object.

If the queue is empty, null is returned.
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10.7.2

st

)

4.3 get_next

atic function CB get next (
ref int itr,
input T obj

Returns the next enabled callback of type CB that resides in the queue for obj, using itr as the starting point. If
obj is null, the type wide queue for 7 is searched. itr is the iterator; it shall be updated with a value that can be
supplied to get_next (see 10.7.2.4.3) to retrieve the next callback object.

If no ng
get_fir

10.7.2

s

)
Return|
Ifobji
supplig

Ifno nj
get_la

10.7.2

s

)

This fy
(wheth
typewi
callbad

11. G

st (see 10.7.2.4.1) has been used to reset the iterator.
.4.4 get_prev

atic function CB get prev (
ref int itr,
input T obj

5 the previous enabled callback of type CB that resides in the queue,for ob, using itr as the startin,
b null, the type wide queue for T'is searched. ifr is the iterator; itshall be updated with a value tha
d to get_prev (see 10.7.2.4.4) to retrieve the previous callba¢k object.

ore callbacks exist in the queue, null is returned. gete prev shall continue to return nu// in this ca
it (see 10.7.2.4.2) has been used to reset the iteratoer.

.5 get_all

atic function void get all [(
ref CB all callbacks[$],
input T obj=null

nction populates the end\of the all_callbacks queue with the list of all registered callbacks of ty
er they are enabled.or disabled). If 0bj is null, then all _callbacks shall be populated with all reg
de callbacks. If pbjiis not null, then all_callbacks shall be populated with both the typewide and i
ks (if any) registered for obj.

ontainer classes

se until

b point.
canbe

be until

'pe CB
istered
hstance

11.1

verview

The container classes are type parameterized data structures. The uvm_queue #(T) class (see 11.3) implements
a queue data structure similar to the SystemVerilog queue construct. And the uvm_pool #( KEY,T) class (see
11.2) implements a pool data structure similar to the SystemVerilog associative array. The class-based data
structures allow the objects to be shared by reference; e.g., passing a uvm_pool as an input to a function copies
only the class handle into the function, not the entire associative array.

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
- 116 — IEEE Std 1800.2™-2020

11.2 uvm_pool #(KEY,T)

Implements a class-based dynamic associative array. Allows sparse arrays to be allocated on demand, and
passed and stored by reference.

11.2.1 Class declaration

class uvm_pool # (
type KEY = int,
T = uvm void

) extends uvm object

11.2.2 Methods
11.2.2.1 new
fynction new ( string name = "" )
Createp a new pool with the given name.
11.2.2.2 get_global_pool
sflatic function uvm pool # (KEY,T) get global poddl ()
Returng the singleton global pool for the item type T.
This allows items to be shared among components throughout the verification environment.
11.2.2.3 get_global
sflatic function T get global A KEY key )
Returnk the specified item instance frofythe global item pool.
11.2.2.4 get
virtual functiom\Iget ( KEY key )
Returnk the item withithe given key.

If no itpm exists'by that key, a new item is allocated with that key, with a value as defined by Table 7-1 df IEEE
Std 18p0-2012:3

11.2.25add

virtual function void add (
KEY key,
T item

)

Adds the given (key, item) pair to the pool. If an item already exists at the given key it is overwritten with the
new item.

8 Information on references can be found in Clause 2.
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11.2.2.6 num

virtual function int num()
Returns the number of uniquely keyed items stored in the pool.
11.2.2.7 delete

virtual function void delete ( KEY key )

Removes the item with the given key from the pool.

11.2.2.8 exists
virtual function int exists ( KEY key )
Returng 1 if an item with the given key exists in the pool, 0 otherwise.
11.2.2.9 first
virtual function int first ( ref KEY key )
Returns the key of the first item stored in the pool.
If the gool is empty, then key is unchanged and 0 is returned.
If the pgool is not empty, then key is the key of the first item and 1 is returned.
11.2.2.10 last
virtual function int last ( ref KEY key )
Returnk the key of the last item stored ify'the pool.
If the gool is empty, then 0 is returned and key is unchanged.
If the gool is not empty, then’key is set to the last key in the pool and 1 is returned.
11.2.2.11 next

virtualefunction int next ( ref KEY key )

Returnk thie’key of the next item in the pool.

If the input key is the last key in the pool, then key is left unchanged and 0is returned.
If a next key is found, then key is updated with that key and 1 is returned.
11.2.2.12 prev

virtual function int prev ( ref KEY key )

Returns the key of the previous item in the pool.
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If the input key is the first key in the pool, then key is left unchanged and 0is returned.

If a previous key is found, then key is updated with that key and 1 is returned.

11.3 uvm_queue #(T)

Implements a class-based dynamic queue. Allows queues to be allocated on demand, and passed and stored by
reference.

11.3.1 Class declaration

class uvm_queue #( type T = int ) extends uvm object
11.3.2 Methods
11.3.2.1 new
fynction new ( string name = "" )
Createp a new pool with the given name.
11.3.2.2 get_global_queue
sflatic function uvm queue #(T) get global gleue ()
Returnk the singleton global queue for the item type T.
This allows items to be shared among components throughout the verification environment.
11.3.2.3 get_global
sflatic function T get globald ( int index )
Returnk the specified item instancesfrom the global item queue.
11.3.2.4 get
virtual functien T get ( int index )
Returns the itemwwith the given index.
Ifindey isequal to or greater than the size of the queue (see 11.3.2.5), an implementation shall issue a warning

message and return the value for a non-existent array entries nf‘fvpp T as defined by Table 7-1 of IEEFE Std

1800-2012.

11.3.2.5 size

virtual function int size()

Returns the number of items stored in the queue.
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11.3.2.6 insert

virtual function void insert (

)

int index,
T item

Inserts the item at the given index in the queue. If index is equal to or greater than the current size of the queue
(see 11.3.2.5), the method call shall have no effect on the queue and an implementation shall issue a warning

message.
11.3.2-Fdetete
virtual function void delete ( int index = -1)
Remoyes the item at the given index from the queue; if index is not provided, the entire contents’of the qu
deleted. The default value of index shall be -1.
11.3.2.8 pop_front

v
Return
warnin
1IEEE §
11.3.2

v

Return

a warnfing message and return the value fora non-existent array entries of type T, as defined by Tablg

IEEE §

11.3.2

v

Inserts

11.3.2

v

rtual function T pop_ front()

s the first element in the queue ( index = 0 ). Ifthe queueds'empty, an implementation shall
g message and return the value for a non-existent array entries of type T, as defined by Tablg
btd 1800-2012.

.9 pop_back

rtual function T pop back()
s the last element in the queue (index=size () -1). If the queue is empty, an implementation shg
btd 1800-2012.

.10 push_front

rtual function'vdid push front( T item )
the given itemrat the front of the queue.

.11 push~back

rtudl function void push back( T item )

cuc arc

issue a
7-1 of

11 issue
7-1 of

Inserts

11.3.2

the given item at the back of the queue.

.12 wait_until_not_empty

virtual task wait until not empty ()

If this queue is empty, blocks until not empty. If the queue is not empty, returns immediately.
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12. UVM TLM interfaces

12.1 Overview

UVM provides a collection of classes and interfaces for transaction-level modeling (TLM). These objects
enable transaction-level communication between entities, meaning requests are sent and responses received by
transmitting transaction objects through various interfaces. The UVM TLM facility consists of two parts. UVM
TLM 1 (see 12.2) is concerned with passing messages of arbitrary types through ports and exports. UVM
TLM 2 (see 12.3) is concerned with modeling protocols and is based on sockets and a standardized transaction
object called a generic payload. Sockets are constructed from ports and are connected in a similar manner (see
12.3.5). Sockets provide both blocking and non-blocking style of communication as well as forward and
backwhrd paths.

12.2 UVM TLM 1
12.2.1 General
Each YVM TLM 1 interface is either blocking, non-blocking, or a combination of’the two, as follows:

a) | blocking—A blocking interface conveys transactions in blocking fashion; its methods do nof return
until the transaction has been successfully sent or retrieved. Because delivery may consume fime to
complete, the methods in such an interface are declared as fasks.

b) | non-blocking—A non-blocking interface conveys transactions in a non-blocking fashion; the npethods
return immediately regardless of success. Its methods'are declared as functions. Because delivary may
fail (e.g., the target component is busy and cannot‘accept the request), the methods may retufn with
failed status.

¢) | combination—A combination interface contains both the blocking and non-blocking variants

UVM TLM 1’s port and export implementationis allow connections between ports whose interfaces arg not an
exact thatch. For example, an uvm_blocking get port can be connected to any port, export, or ifhp port
that pfovides, at a minimum, an implementation of the blocking get interface, which includes the
uvm_get_ * ports, exports, and imps;'the uvm _blocking get peek * ports, exports, and imps; gnd the
uvm_get peek * ports, exports; and imps.

UVM provides unidirectional (see 12.2.2) and bidirectional (see 12.2.3) ports, exports, and implemeptation
ports fpr connecting components via the UVM TLM 1 interfaces.

1) | ports—Instantiated in components that require, or use, the associate interface to initiate tranpaction
requests.

2) | exports—Instantiated by components that forward an implementation of the methods defined in the
associated interface. An implementation is typically provided by an imp port in a child compgnent.

3) imps—Instantiated by components that provide an implementation of or directly implement the
methods defined in the associated interface.

Finally, the analysis interface is used to perform non-blocking broadcasts of transactions to connected

components. It is typically used by components, such as monitors, to publish transactions observed on a bus to
its subscribers, which are typically scoreboards and response/coverage collectors. See 12.2.10.
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12.2.2 Unidirectional interfaces and ports

-121 -

The unidirectional UVM TLM 1 interfaces consist of blocking, non-blocking, and combined blocking and non-
blocking variants of the put (see 12.2.2.1), get, and peek (see 12.2.2.2) interfaces, plus a non-blocking analysis
interface (see 12.2.10).

12.2.2.1 put

The put interfaces are used to send, or put, transactions to other components. Successful completion of a put
guarantees its delivery, not its execution.

12.2.2
The ge
same p
object,
12.2.2
A sum

c]

cl

cl

where

bl
ng
Pu

bl
ng
gq

bl

2-get-and-peek
. eek

Combined get _peek interfaces also can be

.3 ports, exports, and imps

ass uvm_* export # (type T=int)
ass uvm_* port #(type T=int)

ass uvm_* imp # (type T=int)

ocking put
nblocking put
t

ocking get
nblocking get
t

ocking peek

y interfaces are used to retrieve transactions from other components. The peek interfaces areused
urpose, except the retrieved transaction is not consumed; successive calls to peek shallreturn th

used.

mary of the unidirectional port, export, and imp declarations is as follgws:

extends uvm port base #(tlm if base #(T,T))
extends uvm port base #(tlm if base #(T,T)Y
extends uvm port base #(tlm if base #(T,T))

the asterisk (*) can be any of the following:

for the
e same

nqnblocking\peek
pgek
blocking get peek
nonblocking get peek
get peek

analysis

12.2.3 Bidirectional interfaces and ports

The bidirectional interfaces consist of blocking, non-blocking, and combined blocking and non-blocking

variants of the #ransport (see 12.2.3.1) and master and slave interfaces (see 12.2.3.2).

Bidirectional interfaces involve both a transaction request and response.
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12.2.3.1 transport

The transport interface sends a request transaction and returns a response transaction in a single task call,
thereby enforcing an in-order execution semantic. The request and response transactions can be different types.

12.2.3.2 master and slave

The primitive, unidirectional put, get, and peek interfaces (see 12.2.2) are combined to form bidirectional
master and slave interfaces. The master puts requests and gets or peeks responses. The slave gets or peeks
requests and puts responses. Because the put and the get come from different function interface methods, the
requests and responses are not coupled as they are with the transport interface (see 12.2.3.1).

12.2.3.3 ports, exports, and imps
A summary of the bidirectional port, export, and imp declarations is as follows:

class uvm_* port #(type REQ=int, RSP=int)

extends uvm_port base #(tlm if base #(REQ, RSP))
class uvm_* export #(type REQ=int, RSP=int)
extends uvm_port base #(tlm if base #(REQ, RSP))
class uvm * imp # (type REQ=int, RSP=int)

extends uvm _port base #(tlm if base #(REQ, RSP))

where fhe asterisk (*) can be any of the following:

tgansport
blocking transport
nqnblocking transport

blocking master
nqnblocking master
mgster

blocking slave
nqnblocking slave
slave

12.2.4 uvm_tim_if_base #(T1,T2)

This clpss declares all of the methods of the UVM TLM API. Various subsets of these methods are combined to
form primitive\BVM TLM interfaces, which are then paired in various ways to form more gbstract
“combjfnatién’’ UVM TLM interfaces. Components requiring a particular interface use ports to convey that
requirgment: Components providing a particular interface use exports to convey its availability.

Communication between components is established by connecting ports to compatible exports, much like
connecting module signal-level output ports to compatible input ports. The difference is UVM TLM ports and
exports bind interfaces (groups of methods), not signals and wires. The methods of the interfaces so bound pass
data as whole transactions (e.g., objects). The set of primitive and combination UVM TLM interfaces afford
many choices for designing components that communicate at the transaction level.

12.2.4.1 Class declaration

virtual class uvm tlm if base #(
type Tl = int,
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)

12.2.4

1224

type T2 = int

.2 Methods

.2.1 put

virtual task put( input Tl t )

Sends a user-defined transaction of type T1.

Compgt

12.2.

v

Provid|

The ca]ling thread is blocked if the requested transaction cannot be provided.immediately. The new tran|
ned in the provided output argument. An implementation of get'needs to regard the transaction as

Is retu
consui]

12.2.4.2.3 peek

v
Obtain|
Ifatra

calling
get (s¢

12.2.4.2.4 try_put

v

Sends

If the

.2.2 get
rtual task get( output Tl t )

Es a new transaction of type T1.

hed. Subsequent calls to get shall return a different transactiotrinstance.

rtual task peek( output Tl t )
5 a new transaction without consuming it.
hsaction is available, it is written to the provided output argument. If a transaction is not availal

e 12.2.4.2.2) shall return the sameransaction.

rtual functionlbit try put( input Tl t )

h transaction.of-type T1, if possible.

12.2.41.2.5 can_put

accept

saction

ble, the

thread is blocked until one is available:The returned transaction is not consumed. A subsequent peek or

omponent1s ready to accept the transaction argument, it does so and returns 1; otherwise, it returns 0.

virtual function bit can put()

Returns 1 if the component is ready to accept the transaction; otherwise, it returns 0.

12.2.4.2.6 try_get

virtual function bit try get( output T2 t )

Provides a new transaction of type T2.
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If a transaction is immediately available, it is written to the output argument and 1 is returned. Otherwise, the
output argument is not modified and 0 is returned.

12.2.4.2.7 can_get
virtual function bit can get()
Returns 1 if a new transaction can be provided immediately upon request; otherwise, it returns 0.

12.2.4.2.8 try_peek

virtual function bit try peek( output TZ Tt )
Providgs a new transaction without consuming it.
If availlable, a transaction is written to the oufput argument and 1 is returned. A subsequent pe¢k (see
12.2.4P.3) or get (see 12.2.4.2.2) shall return the same transaction. If a transaction is notavailable, theloutput
argument is unmodified and 0 is returned.
12.2.4.2.9 can_peek

virtual function bit can peek()
Returng 1 if a new transaction is available; otherwise, it returns 0y

12.2.4.2.10 transport

virtual task transport (
input T1 req,
output T2 rsp

Execufes the given request and returns(the response in the given oufput argument.
The callling thread may block until the operation is complete.

12.2.4.2.11 nb_transport

virtual fupgtion bit nb transport (
input T1l\req,
output=T2 rsp
)

Executes the given request and returns the response in the given oufput argument.

Completion of this operation needs to occur without blocking. If the operation cannot be executed immediately,
a 0 shall be returned; otherwise, it returns 1.

12.2.4.2.12 write

virtual function void write( input T1 t )

Broadcasts a user-defined transaction of type T1to any number of listeners.
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The operation needs to complete without blocking.

12.2.5 Port classes

The following classes define the UVM TLM 1 port classes.

12.2.5.1 uvm_*_port #(T)

These unidirectional ports are instantiated by components that require, or use, the associated interface to
convey transactions. A port can be connected to any compatible port, export, or imp port. Unless itsmin size
is 0, a port shall be connected to at least one implementation of its associated interface.

The as

bl
ng
ot

bl
ng
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bl
ng
PS

bl
ng

g9

Typep

Ports 4
indirea

uvm_

fu

erisk (*) in uvm_*_port is any of the following:

ocking put
nblocking put
t

ocking get
nblocking get
t

ocking peek
nblocking peek
ek

ocking get peek
nblocking get peek
t peek

rameter

T—The type of transaction te. be‘communicated by the export. The type 7 is not restricted f
handles and may be a valué type such as int, enum, struct, or something similar.

re connected to interface implementations directly via uvm_*_imp #(T,IMP) ports (see 12.2

tly via hierarchical-connections to uvm_*_port #(T) and uvm_*_export #(T) ports (see 12.2.
_port #(T) has;the following methods:

new

netdion new (

o class

7.1) or
O.1).

)

string name,
uvm_component parent,
int min size=1,

int max size=1

name and parent are the standard uvin_component constructor arguments (see 13.1). min_size and max_size
specify the minimum and maximum number of interfaces that shall have been connected to this port by the end
of elaboration. The default value of both min_size and max_size shall be 1.
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12.2.5.2 uvm_*_port #(REQ,RSP)

These bidirectional ports are instantiated by components that require, or use, the associated interface to convey
transactions. A port can be connected to any compatible port, export, or imp port. Unless itsmin_sizeis 0,a
port shall be connected to at least one implementation of its associated interface.

The asterisk (*) in uvm_*_port is any of the following:
blocking transport

nonblocking transport
transport

blocking master
nqnblocking master
mgster

blocking slave
nqnblocking slave
slave

Type purameters

REQ—The type of request transaction to be communicated by the export.
RSP—The type of response transaction to be communicated by the export.

Ports are connected to interface implementations directly via uvm_[*_imp
#(REQ,RSP,IMP,REQ_IMP,RSP_IMP) ports (see 12:2.7.2) or indirectly via hierarchical connections to
uvi_*1_port # REQ,RSP) and uvm_*_export #(REQ,RSP) ports (see 12.2.6.2).

uvm_7_port #( REQ,RSP) has the following méthods:
new

fynction new (

string name,
uvm_component patkent,
int min size=l,

int max size=1t

name gnd parentare the standard uvm_component (see 13.1) constructor arguments. min_size and mfix_size
specify the minimum and maximum number of interfaces that shall have been connected to this port by the end
of elaboration. The default value of both min_size and max_size shall be 1.

12.2.6 Export classes

The following classes define the UVM TLM 1 export classes.

12.2.6.1 uvm_*_export #(T)

This is a unidirectional port that forwards or promotes an interface implementation from a child component to

its parent. An export can be connected to any compatible child export or imp port, and shall ultimately be
connected to at least one implementation of its associated interface.
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The interface type represented by the asterisk (*) is any of the following:

blocking put

nonblocking put

put

blocking get

nonblocking get
get

blocking peek

ng
g

bl
ng

Typep

Export
indireq

uvm_

fu

name g
specify
of elab
12.2.6

This is

nblocking peek

ek

ocking get peek
nblocking get peek
t peek

rameter

T—The type of transaction to be communicated by the export.

s are connected to interface implementations directly via uvm*_imp #(T,IMP) ports (see 12.2
tly via hierarchical other uvm_*_export #(T) exports.

_export #(T) has the following methods:
new

nction new (

string name,
uvm_component parent,
int min size=1,

int max size=1

nd parent are the standard uvm_component (see 13.1) constructor arguments. min_size and m
the minimum and maximum number of interfaces that shall have been supplied to this port by
oration. The-default value of both min_size and max_size shall be 1.

.2 uvm-*_export #(REQ,RSP)

a bidirectional port that forwards or promotes an interface implementation from a child compone

7.1) or

X_size

he end

nt to its

parent. An export can be connected to any compatible child export or imp port, and shall ultimately be
connected to at least one implementation of its associated interface.

The interface type represented by the asterisk (*) is any of the following:

blocking transport

nonblocking transport

transport

blocking master

nonblocking master

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
-128 — IEEE Std 1800.2™-2020

master

blocking slave

nonblocking slave

slave

Typep

arameters:
REQ—The type of request transaction to be communicated by the export.

RSP—The type of response transaction to be communicated by the export.

Export
#(RE(
#(RE(

uvm_’

fu

name &
specify
of elab
12.2.7
The fo
12.2.7
This is
conneq
implen

to othg

The as

S are connected to interface implementations directly via uvm)|
),RSP,IMP,REQ_IMP,RSP_IMP) ports (see 12.2.7.2) or indirectly via other uvim“’*_|
),RSP) exports.

_export #( REQ,RSP) has the following methods:
new

nction new (

string name,
uvm_component parent,
int min size=1,

int max size=1

nd parent are the standard uvm_component (s¢e"13.1) constructor arguments. min_size and m
the minimum and maximum number of interfaces that shall have been supplied to this port by
oration. The default value of both min_size/and max_size shall be 1.

Implementation (imp) classes

lowing classes define the UVM'TLM 1 implementation (imp) classes.

.1 uvm_*_imp #(T,IMP)

a unidirectional imp port that provides access to an implementation of the associated interfac
ted ports andtexports. Each imp port instance shall be connected to the component instan
hents the associated interface, typically the imp port’s parent. All other connections are prohibitg

r ports_and-exports.

erisk-(*) in uvm_*_imp is any of the following:

*_imp
export

X_size

he end

e to all
ce that
d,e.g.,

blocking put

nonblocking put
put

blocking get

nonblocking get
get

blocking peek

nonblocking peek
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peek

blocking get peek

nonblocking get peek

get peek

Typep

The in
constry

uvm_’

fu

)

Create
associg

12.2.7

This iS
conned
implen
to othg

The in

bl
ng
t1

bl
ng

mg

arameters.:

T—The type of transaction to be communicated by the export.

IMP—The type of the component implementing the interface, i.e., the class to which this imp delegates.

terface methods are implemented in a component of type /MP, a handle to which is passq
ictor argument. The imp port delegates all interface calls to this component.

_imp #(T,IMP) has the following methods:
new

nction new (
string name,
IMP parent

5 a new unidirectional imp port with the given name and\parent. The parent shall implement the i1
ted with this port. Its type shall be the type specified.in'the imp’s type-parameter /MP.

.2 uvm_*_imp #(REQ, RSP, IMP, REQ_IMP, RSP_IMP)

a bidirectional imp port that provides aceess to an implementation of the associated interfac
ted ports and exports. Each imp port instance shall be connected to the component instan
nents the associated interface, typically’the imp port’s parent. All other connections are prohibitg
r ports and exports.

erface represented by the asterisk (*) is any of the following:

ocking transpoxrt
nblocking transport
ansport

ockingihmaster
nblocking master
ster

blocking slave

nonblocking slave

slave

Type parameters:

REQ—Request transaction type.
RSP—Response transaction type.

d in a

terface

e to all
ce that

d,e.g.,

IMP—Component type that implements the interface methods, typically the parent of this imp port.
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REQ IMP—Component type that implements the request side of the interface. Defaults to IMP. For

master and slave imps only.

RSP _IMP—Component type that implements the response side of the interface. Defaults to 1Mp. For

master and slave imps only.

The interface methods are implemented in a component of type IMP, a handle to which is passed in a
constructor argument. The imp port delegates all interface calls to this component.

The master and slave imps have two modes of operation.

A single component of type IMP implements the entire interface for both requests and responses.

uvim

Create
IMP ty

12.2.7

fu

)
12.2.7
The op
reques

underl

£

)

Two sibling components of type REQ IMP and RSP _IMP implement the request andrg
interfaces, respectively. In this case, the IMP parent instantiates this imp port and both the REQ. 1
RSP_IMP components.

This second mode is needed when a component instantiates more than one imp) port, as
uvm_tlm_req_rsp_channel #(REQ,RSP) channel (see 12.2.9.1).

| imp #(REQ, RSP, IMP, REQ _IMP, RSP_IMP) has the following methods:

new

[pe parameter, shall implement the interface associated with this port.
.2.1 Transport imp constructor

nction new (
string name,
IMP imp

.2.2 Master and slave imp constructor

tional req imp and rsp _imp arguments, which are available to master and slave imp ports, all
s and responses to be handled by different subcomponents. If they are specified, they shall poin
ing component that implements the request and response methods, respectively.

nction new

string namfey

IMP impy

REQ IME-feq imp=imp,
RSP(IMP rsp imp=imp

sponse
MP and

for the

5 a new unidirectional imp port with the given name and parent. The parent, whose type is speciffied by

ow the
t to the

12.2.8 FIFO classes

The following classes define the UVM TLM 1-based FIFO (first-in, first-out) classes.

12.2.8.1 uvm_tim_fifo_base#(T)

This class is the base for uvm_tlm_fifo#(T) (see 12.2.8.2). It defines the UVM TLM 1 exports through which
all transaction-based FIFO operations occur. It also defines default implementations for each interface method
provided by these exports.
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The interface methods provided by put_export (see 12.2.8.1.3) and get_peek_export (see 12.2.8.1.4) are
detailed in 12.2.2. See also Clause 12 for a general discussion of UVM TLM 1 interface definition and usage.

Type parameter

12.2.8.

T—The type of transaction to be stored by this FIFO.

1.1 Class declaration

virtual class uvm_tlm fifo base#( type T = int) extends uvm_component

12.2.1.—1724‘0«&

uvim_tlm_fifo_base#(T) has the following ports (see 12.2.8.1.3 to 12.2.8.1.6).
12.2.8.1.3 put_export

This pfovides both the blocking and non-blocking put interface methods to any attached port:

t3
£
fu

Any pyit port variant can connect and send transactions to the EHFQJvia this export, provided the tran
types rpatch. See 12.2.2 for more information on each of the above interface methods.

12.2.8.1.4 get_peek_export

This p

£y
£y
tg
£y
£y

Any gg

the trapsaction types tatch. See 12.2.4 for more information on each of the above interface methods.
12.2.8.1.5 put.ap

Transactions passed viaput or try put (viaany portconnected to the put_export [see 12.2.8.1.3])

sk put (input T t)
nction bit can put()
nction bit try put (input T t)

ovides all the blocking and non-blocking get and peek interface methods:

sk get (output T t)

nction bit can get ()

nction bit try get (output T t)
sk peek (output T t)

nction bit can peegk’()

nction bit try peek (output T t)

t orpeek poit variant can connect to and retrieve transactions from the FIFO via this export, pi

baction

ovided

hre sent

out this port via its write method.

function void write (T t)

All connected analysis exports and imps shall receive put transactions. See 12.2.2 for more information on the

write

12.2.8

method.

.1.6 get_ap

Transactions passed via get, try get, peek,or try peek (viaany portconnected to the get peek_export
[see 12.2.8.1.4]) are sent out this port via its write method.
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function void write (T t)

All connected analysis exports and imps shall receive get transactions. See 12.2.2 for more information on the
write method.

12.2.8.1.7 Methods

new

function new(
string name,
uvi _component parent = pull

)

name dnd parent are the standard uvm_component (see 13.1) constructor arguments. The parendishould|be null
if the yvm_tlm_fifo (see 12.2.8.2) is going to be used in a statically elaborated construct (elg:, a module).

12.2.8.2 uvm_tim_fifo#(T)

This clpss provides storage of transactions between two independently running’processes. Transactions|are put
into th¢ FIFO via put_export (see 12.2.8.1.3). Transactions are fetched from the FIFO in the order they prrived
via get_peek_export (see 12.2.8.1.4). The put_export and get peek ‘export are inherited frqm the
uvm_tlm_fifo_base #(T) super class (see 12.2.8.1.5), and the interface methods provided by these expprts are
noted in 12.2.2.

uvm_#lm_fifo #(T) has the following methods.

12.2.8.2.1 new

fynction new(
string name,
uvm_component parent = nullf
int size =1

name dnd parent are the standatd uvm_component (see 13.1) constructor arguments. The parent should|be null
if the ivm_tlm_fifo#(T) is~going to be used in a statically elaborated construct (e.g., a module). The size
indicates the maximum size of the FIFO; a value of zero (0) indicates no upper bound. The default valudof size
shall bp 1.

12.2.8.2.2 size

virtual¥ function int size ()

Returns the capacity of the FIFO, i.e., the number of entries the FIFO is capable of holding. A return value of 0
indicates the FIFO capacity has no limit.

12.2.8.2.3 used

virtual function int used()

Returns the number of entries put into the FIFO.
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12.2.8

.2.4 is_empty

virtual function bit is_empty ()

Returns 1 when there are no entries in the FIFO, 0 otherwise.

12.2.8

2.5 is_full

virtual function bit is_ full()

Return:

s 1 when the number of entries in the FIFO is equal to its size (see 12.2.8.2.2), 0 otherwise.

12.2.8
v

Remox
returng

12.2.8
This cl
place

12.2.1

12.2.8

This p
£y

Typica
noted 1

12.2.8

fu

)

.2.6 flush

rtual function void flush ()

es all entries from the FIFO, after which used (see 12.2.8.2.3) returns 0 and is- ‘empty (see 12.3.8.2.4)

1.
.3 uvm_tim_analysis_fifo#(T)
pss is a uvm_tlm_fifo#(T) (see 12.2.8.2) with an unbounded size and a write interface. It can be u

1 uvm_analysis_imp (see 12.2.10.2) is used, e.g., as a buffer between a uvm_analysis_po|
).1) in an initiator component and a UVM TLM 1 target eemponent.

.3.1 Ports

analysis_export #(T)

ovides the write method to all connected ajialysis ports and parent exports:
nction void write (T t)

lly, access via ports bound to.this-export is used for writing to an analysis FIFO. See the write
n 12.2.2 for more information/

.3.2 Methods

new

nction arew (
stringiitame,
uvm\cbmponent parent = null

bed any
It (see

method

name and parent are the standard uvm_component (see 13.1) constructor arguments. name is the local name of
this component. The parent should be left unspecified when this component is instantiated in statically
elaborated constructs and needs to be specified when this component is a child of another UVM component.

12.2.9 Channel classes

The following classes define the built-in UVM TLM 1 channel classes.
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12.2.9.1 uvm_tim_req_rsp_channel #(REQ,RSP)

This contains a request FIFO of type REQ and a response of type RSP. These FIFOs can be of any size. This
channel is particularly useful for dealing with pipelined protocols where the request and response are not tightly
coupled.

Type parameters:

REQ—The type of request transactions conveyed by this channel.

RSP—The type of response transactions conveyed by this channel.

12.2.9.1.1 Class declaration

class uvm_tlm req rsp channel # (
type REQ = int,

type RSP = REQ

) |lextends uvm_component

12.2.1.1.2 Ports

uvim

m_req_rsp_channel # REQ,RSP) has the following ports (see-[2.2.9.1.3 to 12.2.9.1.10).
12.2.9.1.3 put_request_port
This pfovides both the blocking and non-blocking put interface methods to the request FIFO:

tdsk put (input T t)
fynction bit can put()
fynction bit try put (input T t)

Any ppt port variant can connect and send”transactions to the request FIFO via this export, providled the
transadtion types match.

12.2.9.1.4 get_peek_response_export
This pyovides all the blocking and non-blocking get and peek interface methods to the response FIFPD:

tdsk get (ouEput T t)

fynction it can _get ()
fynctionibit try get (output T t)
tdsk, peek (output T t)

fynctfon bit can peek()

function bit try peek (output T t)

Any get orpeek port variant can connect to and retrieve transactions from the response FIFO via this export,
provided the transaction types match.

12.2.9.1.5 get_peek_request_export
This provides all the blocking and non-blocking get and peek interface methods to the request FIFO:

task get (output T t)
function bit can get()
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function bit try get (output T t)
task peek (output T t)
function bit can peek()

function bit try peek (output T t)

Any get orpeek portvariant can connect to and retrieve transactions from the request FIFO via this export,

provid

ed the transaction types match.

12.2.9.1.6 put_response_export

This provides both the blocking and non-blocking put interface methods to the response FIFO:

t3
fu
fu

Any p
transaq

12.2.9

Transa
are ser

fu

All copnected analysis exports and imps shall receive these transactions.

12.2.9.1.8 response_ap

Transa
12.2.9

fu

All copnected analysis exports-and imps shall receive these transactions.

12.2.9

Export
of put|

sk put (input T t)
nction bit can put ()
nction bit try put (input T t)

Lt port variant can connect and send transactions to the response FIFO via this export, provi
tion types match.

.1.7 request_ap

ctions passed viaput ortry put (viaany portconnected to theput_request_export [see 12.2
t out this port via its wr ite method.

nction void write (T t)

ctions passed via put or try pugy (via any port connected to the put_response_expo
1.6]) are sent out this port via its,wr ite method.

nction void write (TLt)

.1.9 master_export

s a singlednterface that allows a master to put requestsand get orpeek responses. Itis acomb
| requestaexport (see 12.2.9.1.3) and get_peek_response_export (see 12.2.9.1.4).

12.2.9.1.10 slave_export

led the

9.1.3])

I't [see

ination

Exports a single interface that allows a slave to get or peek requests and to put responses. It is a
combination of put_response_export (see 12.2.9.1.6) and get_peek_request_export (see 12.2.9.1.5).

12.2.9.1.11 Methods

new

function new (

string name,
uvm_component parent = null,
int request fifo size = 1,
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int response fifo size =1

name and parent are the standard uvm_component (see 13.1) constructor arguments. The parent shall be null
if this component is defined within a static component such as a module, program block, or interface. The last
two arguments specify the request and response FIFO sizes, which have default values of 1.

12.2.9.2 uvm_tim_transport_channel # REQ,RSP)

Auvm_tlm_transport_channelisauvm_tlm_req rsp_channel #(REQ,RSP) (see 12.2.9.1) that implements
the transport interface. It is useful when modeling a non-pipelined bus at the transaction level. Because the

reques
both sg

12.2.9

cl

)

12.2.9.2.2 Ports

This p

t3
£

| 1 VB M | lad 4 lote 1o 4+l 4+ d Al A Ay
S—AITUTUSPUTISUS TIA VU atIEINT y COUPTUT OTIC=TO=UTIC TUTATTOTISTITPS HICTCHUUS TAIT T TS DUIISTT T O™S

tto 1.

.2.1 Class declaration

ass uvm_tlm transport channel # (
type REQ = int,

type RSP = REQ
extends uvm_tlm req rsp channel #(REQ, RSP)

transport_export
ovides both the blocking and non-blocking t ranspoent interface methods to the response FIF

sk transport (REQ request, output RSR'response)
nction bit nb transport (REQ requé&st, output RSP response)

jzes are

154

ovided

be null

bck, or

Any tyansport port variant can connect to-and send requests and retrieve responses via this export, pj
the trafpsaction types match. Upon return, the response argument carries the response to the request.
12.2.9.2.3 Methods
new
fynction new (
string name,
uvm_compémreht parent = null,
)
name gndparent are the standard uvm_component (see 13.1) constructor arguments. The parent shall
if this komponent is defined within a statically elaborated construct such as a module, program bl
interface.

12.21

0 Analysis ports

This subclause defines the port, export, and imp classes used for transaction analysis.

12.2.1

0.1 uvm_analysis_port

Broadcasts a value to all subscribers implementing a uvm_analysis_imp (see 12.2.10.2).
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12.2.10.1.1 Class declaration

class uvm_analysis port # ( type T = int )
extends uvm_port base # (uvm tlm if base #(T,T))

12.2.10.1.2 Methods

uvm_analysis_port has the following methods (12.2.10.1.3 and 12.2.10.1.4).

12.2.10.1.3 new

fymcTIom Tew ¢t
string name,
uvm_component parent

)
Initialiges the port with the given leaf instance name and handle to its parent.

The port type, min_size, and max_size of the underlying uvm_port_base (s€¢5.5.2.1) shall be| set to
UVM [PORT (see F.2.3), 0, and —1 (unbounded), respectively.

12.2.10.1.4 write
fynction void write ( input T t )

Sends fhe specified value to all connected interfaces.

12.2.10.2 uvm_analysis_imp
Receivfes all transactions broadcasted by a uvm\analysis_port (see 12.2.10.1). This serves as the termjnation

point ¢f an analysis port/export/imp confiection. The component attached to the imp class—cglled a
subscrfber—implements the analysis interface.

This infvokes the write (T) method.in the parent component. An implementation of the write (T) inethod
shall npt modify the value passed to it.

12.2.10.2.1 Class declaration

class uvm &nalysis imp #( type T = int,type IMP = int)
extends_uvm _port base #(uvm_tlm if base #(T,T))

12.2.10.2.2-Methods

new

function new (
string name,
IMP imp

)

Initializes the imp with the given leaf instance name and handle to its parent implementation imp.

The port type, min_size, and max_size of the underlying uvm_port_base (see 5.5.2.1) shall be set to
UVM_IMPLEMENTATION (see F.2.3), 1, and 1, respectively.
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12.2.10.3 uvm_analysis_export
Exports a lower-level uvm_analysis_imp (see 12.2.10.2) to its parent.

12.2.10.3.1 Class declaration

class uvm_analysis export # ( type T = int )
extends uvm_port_base # (uvm _tlm if base #(T,T))

12.2.10.3.2 Methods

JLLvAL

fynction new (
string name,
uvm_component parent = null

)
Instantjiates the export with the given leaf instance name and handle to its parent:

The port type, min_size, and max_size of the underlying uvm_port_base (see 5.5.2.1) shall be| set to
UVM [EXPORT (see F.2.3), 1, and —1 (unbounded), respectively.

12.3 UVM TLM 2
12.3.1 General

UVM TLM 2 defines a generic payload (see 12.3.4), which is the base type for transport interfaces thatmay be
blockipg or non-blocking. The interface is categorized as a port (see 12.3.6), export (see 12.3.7), or
implerhentation (see 12.3.8). The interface may.also be implemented in sockets (see 12.3.5), which provide
both a[forward and a backward path.

12.3.2 uvm_tim_if: transport interfaces
UVM T'LM 2 provides the following two transport interfaces (see 12.3.2.2):

a) | Blocking (b_transport)—completes the entire transaction within a single method call.

b) | Non-blocking (nb_transport)—describes the progress of a transaction using multiple nb_trapsport
method calls going back-and-forth between initiator and target.

In gengral, any~component might modify a transaction object during its lifetime (subject to the ruleq of the
protocpl). Significant timing points during the lifetime of a transaction (e.g., start-of-response phake) are
indicatedby calling nb_transport in either forward or backward direction, the specific timing poinf being
given By-thephasearsumentProtocel-speeifierilesforreadingorwriting the-attributesofa-transaetion can be
expressed relative to the phase. The phase can be used for flow control, and for that reason might have a
different value at each hop taken by a transaction; the phase is not an attribute of the transactionobject.

A call to nb_transport (see 12.2.4.2.11) always represents a phase transition. However, the return from
nb_transport might or might not do so; the choice being indicated by the value returned from the function
(UVM_TLM_ACCEPTED versus UVM_TLM_UPDATED [see 12.3.3.2]).

Generally, the completion of a transaction over a particular hop is shown by using the value of the phase
argument. As a shortcut, a target might indicate the completion of the transaction by returning a special value of
UVM_TLM_COMPLETED (see 12.3.3.2). However, this is optional.
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The transaction object itself does not contain any timing information by design or even events and the status
from the API. Delays can be passed as arguments to b_transport/nb_transport (see 12.3.2.2); this pushes the
actual realization of any delay in the simulator kernel downstream and defers it (for simulation speed).

uvm_tlm_if is the base class type to define the transport methods (see 12.3.2.2).

12.3.2.1 Class declaration

class uvm_tlm if #(

type T = uvm tlm generic payload,
type P = uvm tlm phase e

)
12.3.2
Each o
a refer
phase.
12.3.2

v

)
This is
to this
allows
timing
or a syl

See 12

12.3.2

v

)

.2 Transport methods

fthe interface methods (see 12.3.2.2.1 to 12.3.2.2.3) take a handle to the transaction.to, be'transpor
ence argument for the delay. In addition, the non-blocking interfaces take a refefenee argument

.2.1 nb_transport_fw

rtual function uvm tlm sync e nb transport fw(
T t,

ref P p,

input uvm tlm time delay

a forward path call. The first call to this method\fora transaction marks the initial timing point. Ev}
method may mark a timing point in the execution of the transaction. The timing annotation arg
the timing points to be offset from the sifdulation times at which the forward path is used. T}

bsequent call to nb_transport_fw.

3.2 for more details on the semantics and rules of the non-blocking transport interface.
.2.2 nb_transport_bw

rtual function/uvm tlm sync e nb transport bw(

T t,

ref P py
input wvm tlm time delay

ted and
for the

ery call
rument
le final

point of a transaction may be marked bya'call to nb_transport_bw (see 12.3.4) or areturn from this call

Thls it dll i[IlplC[IlC[lLdLiU[l Uf d ‘Udkadld pdlh. Thib leIlLLiU[l bhdu bC illlpiCIIICIILCd iIl LhC INLIT

compo

nent class.

IATOR

Every call to this method may mark a timing point, including the final timing point, in the execution of the
transaction. The timing annotation argument allows the timing point to be offset from the simulation times at
which the backward path is used. The final timing point of a transaction may be marked by a call to
nb_transport_fw (see 12.3.2.2.1) or a return from this call or a subsequent call tonb_transport_bw.

See 12.3.2 for more details on the semantics and rules of the non-blocking transport interface.

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
—-140 - IEEE Std 1800.2™-2020

12.3.2.2.3 b_transport

virtual task b_transport(
T t,
uvm _tlm time delay

)

This executes a blocking transaction. Once this method returns, the transaction is presumed to have been
executed. Whether that execution is successful or not shall be indicated by the transaction itself.

The callee may modify or update the transaction object, subject to any constraints imposed by the transaction

class. Fhremmtratormay reuseatransactromrobject fronronecattto-themextamdacrosscatts to-b—transport.

The ca]l to b_transport shall mark the first timing point of the transaction. The return from b_transpoyt shall
mark the final timing point of the transaction. The timing annotation argument allows the timing poinfs to be
offset from the simulation times at which the task call and return are executed.

12.3.3 Enumerations
12.3.3.1 uvm_tim_phase_e
Desigrlates non-blocking transport synchronization state values betweenian initiator and a target.

UNINITIALIZED PHASE—Defaults for the constructor.
BEGIN REQ—Beginning of the request phase.

END REQ—End of the request phase.

BEGIN RESP—Beginning of the response phase.
END_RESP—End of the response phase:

12.3.3.2 uvm_tim_sync_e

These pre the predefined phase state valtes for the non-blocking transport base protocol between an ihitiator
and a thrget.

UVM _TLM ACCEPTED—The transaction has been accepted.
UVM _TLM _UPDATED—The transaction has been modified.
UVM_TLM/€OMPLETED—Execution of the transaction is complete.

12.3.4 Generic payload and extensions

The geueric payload transaction represents a generic bus read/write access It is used as the default trankaction

in UVM TLM 2 blocking and non-blocking transport interfaces.

12.3.4.1 Globals

Defines constants and enums.

12.3.4.1.1 uvm_tim_command_e

This specifies the command attribute type definition.

UVM _TLM READ COMMAND—Bus read operation.

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530

-2:2023 © |IEC 2023

IEEE Std 1800.2™-2020 -141 -

UVM _TLM WRITE COMMAND—Bus write operation.
UVM _TLM IGNORE COMMAND—No bus operation.

12.3.4.1.2 uvm_tIm_response_status_e

This specifies the response status attribute type definition.

UVM TLM OK RESPONSE—Bus operation completed successfully.
UVM TLM INCOMPLETE RESPONSE—Transaction was not delivered to target.
UVM TLM GENERIC ERROR RESPONSE—Bus operation had an error.

12.34

This ¢
intend

from uym_sequence_item (see 14.1), which enables it to be generated in sequences and transported to
h sequencers.

throug

12.3.4.2.1 Class declaration

cl

12.3.4.2.2 Common methods
uvim_tlm_generic_payload has the following common methods (see 12.3.4.2.3 to 12.3.4.2.5).

12.3.4.2.3 new

fu

Create

12.3.4.2.4 do_pack

£

UVM _TLM ADDRESS ERROR RESPONSE—Invalid address specified.

UVM_TLM COMMAND ERROR RESPONSE—Invalid command specified.

UVM _TLM BURST ERROR RESPONSE—Invalid burst specified.

UVM_TLM BYTE ENABLE ERROR RESPONSE—Invalid byte enabling specified.

.2 uvm_tlm_generic_payload

ass provides a transaction definition commonly used in memory-niapped bus-based system
d to be a general purpose transaction class that lends itself to many applications. The class is ¢

ass uvm_tlm generic payload extend§)uvm sequence item

nction new( strines name = "" )

5 a new instance.of'the generic payload. This also initializes all the members to their default v

nctionh void do pack( uvm packer packer )

s. It is
lerived
drivers

lues.

Packs

he fields of the payload in packer.

Field values are packed in the following order:

get_address (see 12.3.4.2.22)
get_command (see 12.3.4.2.16)
get_data_length (see 12.3.4.2.20)
is_dmi_allowed (see 12.3.4.2.35)
get_data (see 12.3.4.2.24)

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
—-142 - IEEE Std 1800.2™-2020

— get_response_status (see 12.3.4.2.36)
— get_byte_enable_length (see 12.3.4.2.32)
— get_byte_enable (see 12.3.4.2.30)
— get_streaming_width (see 12.3.4.2.28)
Only get_data_length bytes of the get_data array, and get_byte enable_length bytes of the get_byte enable

array, shall be packed. A fatal message shall be generated if the size of the array is less than the associated
length value.

NOTE**T‘UU UA‘LCUD;UUD arc llUi, yaukcd ‘U_y dcfauli.
12.3.4.2.5 do_unpack

fynction void do_unpack( uvm packer packer )
Unpacks the fields of the payload in packer.

Field vjalues are unpacked and set in the following order:

— | set_address (see 12.3.4.2.23)

— | set_command (see 12.3.4.2.17)

— | set_data_length (see 12.3.4.2.27)

— | set_dmi_allowed (see 12.3.4.2.34)

— | set_data (see 12.3.4.2.25)

— | set_response_status (see 12.3.4.2.37)

— | set_byte_enable_length (see 12.3.4:2.33)
— | set_byte_enable (see 12.3.4.23})

— | set_streaming_width (see.12.3.4.2.29)

NOTE+The extensions are notunpacked by default.
12.3.4.2.6 Member variables

uvm_tlm_generic) payload has the following member variables (see 12.3.4.2.7 to 12.3.4.2.14).

NOTE-{These‘member variables are provided for use during randomization. When not randomizing, the Accessprs (see
12.3.4.3.19)%hould be used to provide compatibility with derivations of uvm_tlm_generic_payload.

12.3.4.2.7 m_address
rand bit [63:0] m address

This is the address for the bus operation. It should be specified or read using the set_address (see 12.3.4.2.22)
and get_address (see 12.3.4.2.22) methods. This variable should be used only when constraining.

For a read or write command, the target shall interpret the current value of the address attribute as the start
address in the system memory map of the contiguous block of data being read or written. The address
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associated with any given byte in the data array depends on the address attribute, the array index, the streaming
width attribute, the endianness, and the width of the physical bus.

Ifthe target is unable to execute the transaction with the given address attribute (because the address is out-of-
range, for example) it shall generate a standard error response. The recommended response status is
UVM TLM ADDRESS ERROR RESPONSE.

12.3.4.2.8 m_command

rand uvm tlm command e m command

This is eratton-type—ttsho speetfred-using-the-set—eo atrd-see 1224217 );setres

12.3.4P.19), or set_write (see 12.3.4.2.21) methods and read using the get_command (see 12!3:4.2.16),
is_reafl (see 12.3.4.2.18), or is_write (see 12.3.4.2.20) methods. This variable should be uséd\onhly when
constrgining.

If the farget is unable to execute a read or write command, it shall generate a standardetror responge. The
recommended response status is UvM_TLM COMMAND ERROR RESPONSE.

On the receipt of a generic payload transaction where the comfnand attribute is eqpal to
UVM_T[LM IGNORE COMMAND, the target shall not execute a write command'or'a read command that dpes not
modify any data. The target may, however, use the value of any attribute in.the generic payload, including any
extensjons.

The cqgmmand attribute shall be specified by the initiator and shall not be overwritten by any intercornect.

12.3.4.2.9 m_data

rgnd byte unsigned m datal]

This if data read or to be written. It should be specified and read using the set_data (see 12.3.4.2|25) or
get_ddqta (see 12.3.4.2.24) methods. The variable should be used only when constraining.

For a ffead command or a write comiand, the target shall copy data to or from the data array, respegtively,
honorihg the semantics of the remaining attributes of the generic payload.

For a write command or UVM )TLM IGNORE COMMAND, the contents of the data array shall be specified by the
initiatdr, and shall not be overwritten by any interconnect component or target. For a read commahd, the
contenfs of the data array shall only be overwritten by the target (honoring the semantics of the byte enable).

Arbitrgry data types may be converted to and from a byte array using the streaming operator and uvm _|object
objecty (seen 5.3) may be further converted wusing the uvm_object::pack byte§ and
uvim_dgbjeet:iunpack bytes methods (see 5.3.10.1). Simply use a consistent mechanism to both fill the
payloai data arrav and later extract data from it

12.3.4.2.10 m_length

rand int unsigned m length

This is the number of bytes to be copied to or from the m_data array (see 12.3.4.2.9), inclusive of any bytes
disabled by the m_byte_enable attribute (see 12.3.4.2.12).

The data length attribute shall be specified by the initiator and shall not be overwritten by any interconnect
component or target.
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The data length attribute shall not be set to 0. In order to transfer zero bytes, the m_command attribute (see
12.3.4.2.8) should be specified as UvM_TLM IGNORE COMMAND.

12.3.4.2.11 m_response_status

rand uvm_tlm response status e m response status
This is the status of the bus operation. It should be specified using the set_response_status method (see
12.3.4.2.37) and read using the get_response_status (see 12.3.4.2.36), get_response_string (see 12.3.4.2.40),

is_response_ok (see 12.3.4.2.38), or is_response_error (see 12.3.4.2.39) methods. This variable should be
used only when constraining.

The regponse status attribute shall be specified to UvM_TLM INCOMPLETE RESPONSE by the initiator ahd may
be ov itten by the target. The response status attribute should not be overwritten by any interdonnect
compomnent, because the default value UvM _TLM INCOMPLETE RESPONSE indicates the transaction was not
deliveted to the target.

The tafget may specify the response status attribute as UVM_TLM OK_RESPONSE(to-indicate it was pble to
executp the command successfully or specify one of the five error responses to indicate an error. The¢ target
should|choose the appropriate error response depending on the cause of the errdr. If a target detects an erfor, but
is unpble to select a specific error response, it may specify the response status as
UVM_T[LM GENERIC ERROR RESPONSE.

The tafget shall be responsible for specifying the response status aftribute at the appropriate point in the lifetime
of the fransaction. In the case of the blocking transport interface, this means before returning contrql from
b_transport (see 12.3.2.2.3). In the case of the non-blocking transport interface and the base protocpl, this
means |before sending the BEGIN_RESP phase or returning'a value of UvM_TLM COMPLETED.

It is re¢ommended that the initiator always checks thie response status attribute on receiving a transitiof to the
BEGIN RESP phase or after the completion of the’transaction. An initiator may choose to ignore the response
status if it is known in advance the value will b6 UvM TLM OK RESPONSE—say it is known this initiator|is only
connedted to targets that always return UVM{PLM OK RESPONSE—but, in general, this will not be the ¢ase. In
other Words, the initiator can only ignore:the response status at its ownrisk.

12.3.4.2.12 m_byte_enable

rgnd byte unsignéd)m byte enable[]
Indicafes valid m_data\(see 12.3.4.2.9) array elements. Should be specified and read using the set_byte [enable
(see 13.3.4.2.31).0r get_byte_enable (see 12.3.4.2.30) methods. The variable should be used only when

constrgining.

The elements in the byte enable array shall be interpreted as follows. A value of 8 h00 indicafes the

21 laata <o A laladd | 1 L aori oo o 10 4 4] P loxita o laladd
corres Ullullls UylwL IS ulsavitU alild d valuL UL o 11D D HIUILAtvs tiv bUllbD})Ullulllé U ytL IS5 LilaUICU.

Byte enables may be used to create burst transfers where the address increment between each beat is greater
than the number of significant bytes transferred on each beat, or to place words in selected byte lanes of a bus.
At a more abstract level, byte enables may be used to create “lacy bursts” where the data array of the generic
payload has an arbitrary pattern of holes punched in it.

The byte enable mask may be defined by a small pattern applied repeatedly or by a large pattern covering the

whole data array. The byte enable array may be empty, in which case byte enables shall not be used for the
current transaction.

Published by IEC under licence from IEEE. © 2020 IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
IEEE Std 1800.2™-2020 —145 -

The byte enable array shall be specified by the initiator and shall not be overwritten by any interconnect
component or target.

If the byte enable pointer is not empty, the target shall implement the semantics of the byte enable defined as
follows or generate a standard error response. The recommended response status is
UVM TLM BYTE ENABLE ERROR RESPONSE.

In the case of a write command, any interconnect component or target should ignore the values of any disabled

bytes in the m_data array (see 12.3.4.2.9). In the case of a read command, any interconnect component or
target should not modify the values of disabled bytes in the m_data array.

12.3.4213-m—byte—enable—_length

rgnd int unsigned m byte enable length
This is|the number of elements in the m_byte_enable array (see 12.3.4.2.12).
It shall be specified by the initiator, and shall not be overwritten by any interconneet’component or target.

12.3.4.2.14 m_streaming_width

rgnd int unsigned m_streaming width

This is the number of bytes transferred on each beat. Should be specified and read using the
set_steaming_width (see 12.3.4.2.29) or get_streaming_width (see 12.3.4.2.28) methods. This vfariable
should|be used only when constraining.

Strean]ing affects the way a component should interpret’the data array. A stream consists of a sequence|of data
transfefrs occurring on successive notional beats, each béat having the same start address as given by the generic
payload address attribute. The streaming width atttibute shall determine the width of the stream, i.e., the fumber
of bytds transferred on each beat. In other wordsy streaming affects the local address associated with eagh byte
in the dlata array. In all other respects, the efganization of the data array is unaffected by streaming.

The bytes within the data array havéa’ corresponding sequence of local addresses within the component
access|ng the generic payload transaction. The lowest address is given by the value of the address attribyte. The
highes} address is given by the'forinula address_attribute + streaming width - 1. The address to, ¢r from
which,[each byte is being copied in the target shall be specified as the value of the address attribute at the start
of eacl) beat.

With respect to thelinterpretation of the data array, a single transaction with a streaming width shall be
functidnally equivalent to a sequence of transactions each having the same address as the original trangaction,
each hgvingadata length attribute equal to the streaming width of the original, and each with a data array that is
a diffefent subset of the original data array on each beat. This subset effectively steps down the origirjal data
array rhaintaining the sequence of bytes.

A streaming width of 0 indicates a streaming transfer is not required. This is equivalent to a streaming width
value greater than or equal to the size of the m_data array (see 12.3.4.2.9).

Streaming may be used in conjunction with byte enables, where the streaming width would typically be equal to
the byte enable length. It would also make sense to have the streaming width be a multiple of the byte enable
length. Having the byte enable length be a multiple of the streaming width implies different bytes were enabled
on each beat.

If the target is unable to execute the transaction with the given streaming width, it shall generate a standard
error response. The recommended response status is TLM BURST ERROR RESPONSE.
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12.3.4.2.15 Accessors

The accessor functions (see 12.3.4.2.16 to 12.3.4.2.40) can specify and retrieve each of the members of the
generic payload. All of the accessor methods are virtual.

12.3.4.2.16 get_command
virtual function uvm tlm command e get command ()
Returns the value of the m_command variable (see 12.3.4.2.8).

12.3.4-24Fset—ecommand

virtual function void set command( uvm tlm command e command )
Specifies the value of the m_command variable (see 12.3.4.2.8).
12.3.4.2.18 is_read

virtual function bit is read()
Returng true if the current value of the m_command variable (see 12.3-4:2.8) is UVM TLM READ COMMAND.
12.3.4.2.19 set_read

virtual function void set read()
Speciffes the current value of the m_command variable*(see 12.3.4.2.8) to UvM_TLM READ COMMAND.
12.3.4.2.20 is_write

virtual function bit is writed)
Returng true if the current value of the' m_command variable (see 12.3.4.2.8) UVM TLM WRITE CONMAND.
12.3.4.2.21 set_write

virtual function’void set write()
Speciffes the current value of the m_command variable (see 12.3.4.2.8) to UVM_TLM WRITE COMMAND.

12.3.4.2.22 get_address

virtual function bit [63:0] get address()
Returns the value of the m_address variable (see 12.3.4.2.7).
12.3.4.2.23 set_address

virtual function void set address( bit [63:0] addr )

Specifies the value of the m_address variable (see 12.3.4.2.7).
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12.3.4.2.24 get_data

virtual function void get data ( output byte unsigned p [] )
Returns the value of the m_data array (see 12.3.4.2.9).
12.3.4.2.25 set_data

virtual function void set data ( ref byte unsigned p [] )

Specifies the value of the m_data array (see 12.3.4.2.9).

12.3.J.2.26 get_data_length
virtual function int unsigned get data length ()
Returns the current size of the m_data array (see 12.3.4.2.9).
12.3.4.2.27 set_data_length
virtual function void set data length( int unsigned™“length )
Speciffes the value of the m_length (see 12.3.4.2.10).
12.3.4.2.28 get_streaming_width
virtual function int unsigned get streaming width ()
Returng the value of the m_streaming_width array(see 12.3.4.2.14).
12.3.4.2.29 set_streaming_width
virtual function void set(Streaming width( int unsigned width )
Specifies the value of the m_streaming_width array (see 12.3.4.2.14).
12.3.4.2.30 get_byte_enable
virtual fune€ion void get byte enable( output byte unsigned p[] )

Returns the value-0f the m_byte_enable array (see 12.3.4.2.12).

12.3.4‘.2.31 set_byte_enable

virtual function void set byte enable( ref byte unsigned p[] )
Specifies the value of the m_byte_enable array (see 12.3.4.2.12).
12.3.4.2.32 get_byte_enable_length

virtual function int unsigned get byte enable length ()

Returns the current size of the m_byte_enable array (see12.3.4.2.12).
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12.3.4.2.33 set_byte_enable_length
virtual function void set byte enable length( int unsigned length )

Specifies the size m_byte_enable_length (see 12.3.4.2.13) of the m_byte_enable array (see 12.3.4.2.12), i.e.,
m byte enable.size.

12.3.4.2.34 set_dmi_allowed

virtual function void set dmi allowed( bit dmi )

This isfa DVt hmtTtattows Divitaccess:
12.3.].2.35 is_dmi_allowed

virtual function bit is dmi allowed()
This isla DMI hint. It queries to see if DMI access is allowed.
12.3.4.2.36 get_response_status

virtual function uvm tlm response status e get regponse status()
Returng the current value of the m_response_status variable (se¢\]2.3.4.2.11).
12.3.4.2.37 set_response_status

virtual function void set response status(uvm tlm response status e stafus)
Speciffes the current value of the m_response_:status variable (see 12.3.4.2.11).
12.3.4.2.38 is_response_ok

virtual function bit i§ pesponse ok()

Returns frue if the current value of the m_response status variable (see 12.3.4.2.]1) is
UVM_T[LM OK_RESPONSE.

12.3.4.2.39 is_response_error

virtual-filhction bit is_ response error ()

Returns« #zue if the current value of the m_response_status variable (see 12.3.4.2.11) [is not
UVM_TLM OK_RESPONGSE.

12.3.4.2.40 get_response_string
virtual function string get response string()
Returns the current value of the m_response_status variable (see 12.3.4.2.11) as a string.

12.3.4.2.41 Extension mechanism

uvm_tlm_generic_payload has the following extension mechanisms (see 12.3.4.2.42 to 12.3.4.2.46).
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12.3.4.2.42 get_num_extensions
function int get num extensions()
Returns the current number of instance specific extensions.

12.3.4.2.43 get_extension

function uvm tlm extension base get extension(
uvm_tlm extension base ext handle

Returnk the instance specific extension bound under the specified key. If no extension is bound under fhat key,
null is freturned.

12.3.4.2.44 set_extension

fynction uvm tlm extension base set extension(
uvm_tlm extension base ext

)
Adds qn instance-specific extension. Only one instance of any given extension type is allowed. If thefe is an
existing extension instance of the type of ext, ext replaces it and_its handle is returned. Otherwise,|null is
returngd.
12.3.4.2.45 clear_extension

fynction void clear extension( uvm tdm'extension base ext handle )
Remoyes the instance-specific extension bound.under the specified key.
12.3.4.2.46 clear_extensions

fynction void clear exfensions ()
Removes all instance-specifie-extensions.
12.3.4.3 uvm_tim_gp

This typedef provides a short, more convenient name for the uvm_tlm_generic_payload type (see 12{3.4.2).

Class declaration

typeder uvm_tlm_generic_payload uUvm_tlm _gp
12.3.4.4 uvm_tim_extension_base
This is the non-parameterized base class for all generic payload extensions. The pure virtual function
get_type_handle (sece 12.3.4.4.4) returns a unique handle that represents the derived type, which is

implemented in derived classes.

This class shall never be extended by user classes; such user classes shall extend from uvm_tlm_extension (see
12.3.4.5).
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12.3.4.4.1 Class declaration
virtual class uvm _tlm extension base extends uvm object
12.3.4.4.2 Methods

uvm_tlm_extension_base has the following methods (see 12.3.4.4.3 to 12.3.4.4.5).

12.3.4.4.3 new

function new( string name = "" )

The negw constructor is only given as a pass-through mechanism to call uvm_object::new. This class is’gbstract
and capnot be constructed itself.

12.3.4.4.4 get_type_handle

pyre virtual function uvm tlm extension base get type handleA)
Intend¢d to be an interface to polymorphically retrieve a handle that uniquely,identifies the type of the sybclass.
12.3.4.4.5 get_type_handle_name

pyre virtual function string get type handle~name ()

Intend¢d to be an interface to polymorphically retrieve theyhame that uniquely identifies the type| of the
subclass.

12.3.4.5 uvm_tim_extension
This issa UVM TLM 2 extension class. This_class is parameterized with an arbitrary type that represdnts the
type of the extension. An instance of the generic payload can contain one extension object of each fype; it
cannot|contain two instances of the sameextension type.

The extension type can be identified“using the ID method (see 12.3.4.5.4).

To impglement a generic payload extension, simply derive a new class from this class and specify the name of
the degfived class as the exténsion parameter.

12.3.4.5.1 Class‘declaration

class(uym_tlm extension #( type T = int ) extends uvm tlm extension basg

12.3.4:5:

uvm_tlm_extension has the following methods (see 12.3.4.5.3 to 12.3.4.5.4).

12.3.4.5.3 new
function new( string name = "" )

Creates a new extension object.
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12.3.4.54 1D
static function uvm tlm extension #(T) ID()

Returns the unique ID of this UVM TLM 2 extension type. This method is used to identify the type of the
extension to retrieve from a wuvm_tlm_generic_payload instance (see 12.3.4.2), using the
uvm_tlm_generic_payload::get_extension method (see 12.3.4.2.43).

12.3.5 Sockets

Sockets group together all the necessary core interfaces for transportation and binding. A socket is like a port or
cxportrfaetitis-dertvedfromthesante-baseelassasportandexpertnamely- wvm—port—baseH see 5.5).
Howeyer, unlike a port or export, a socket provides both a forward and backward path. Thus asynchironous
(pipeliped) bidirectional communication can be enabled by connecting sockets together. A socketcontaipns both
a port and an export.

Sockets have three orthogonal attributes: Each socket is either an initiator or a target, is eithera pass-throygh or a
terminfitor, and implements either the blocking interfaces or the non-blocking interfaces. Components that
initiatd transactions are called initiators and components that receive transactions@ent’by an initiator ar¢ called
targety. Initiators have initiator sockets and targets have target sockets. Términator sockets are used on
initiatdrs and targets as well as interconnect components. Pass-through sockets-are used to enable conngctions
to crogs hierarchical boundaries. Initiator sockets can connect to target sockets. Initiator terminator ockets
cannot{be connected to other initiator terminator sockets, and target terminator sockets cannot be conngcted to
other thrget terminator sockets.

There fire eight socket types: the cross of blocking or non-blo¢King, pass-through or termination, and tgrget or
initiatdr.

Sockets are specified based on what they are (1s-2) and'what they contain (HAS-2). I1S-A and HAS-A ate types
of objgct relationships. IS-A refers to the inhetitance relationship and HAS-A refers to the owfership
relatiopship. For example, the statement D IS2A B means D is derived from base B. Given that, the|phrase
object|pr HAS-A Bthen means B is a membeépof A.
12.3.5.1 uvm_tim_b_target_socket

15-A fprward imp; has no backward path except via the payload contents.

The clgss implementing this socket shall implement a b_transport method (see 12.3.2.2.3) with the following
signatyre:

tgsk b _tramsport (T t, uvm tlm time delay)

12.3.9.1¢) Class declaration

class uvm_tlm b target socket #(
type IMP = int,
type T = uvm tlm generic payload
) extends uvm _port base #(uvm tlm if #(T))

12.3.5.1.2 Methods

uvm_tlm_b_target_socket has the following methods (see 12.3.5.1.3 to 12.3.5.1.4).
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12.3.5.1.3 new

function new (

)

string name,

uvm component parent,

IMP imp = null

Constructs a new instance of this socket. The imp argument is a reference to the class implementing the
b_transport method (see 12.3.2.2.3). If not specified, it is presumed to be the same as parent.

The p
UVM |

12.3.9.1.4 connect

fu

Itisill

12.3.5

IS-Af

12.3.5.2.1 Class declaration

cl

12.3.5.2.2 Methods

uvm_tlm_b_initiator_socket has the following methods (see 12.3.5.2.3 to 12.3.5.2.4).

12.3.5

£

)
Constr

The p

peal to call connect on a target termination socket. Calling this method shdll result in an error.
.2 uvm_tim_b_initiator_socket

brward port; has no backward path except via the payload cofnitents.

IMPLEMENTATION (see F.2.3), 1, and 1, respectively.

nction void connect (uvm_port base# (uvm_ tlm if#(T)) provider)

ass uvm_tlm b initiator socket #( type T = uvm tlm generic_payload )
extends uvm_port base #(uvm_tlm 1£#(T))

.2.3 new

nction new (

string name,

uvm componepnt-parent,

Licts a newinstance of this socket.

rt<type, min_size, and max_size of the underlying uvm_port_base (see 5.5.2.1) shall be|

UVM _PORT (5cc [-2.3), 1, and I, respectively.

12.3.5.2.4 connect

function void connect (uvm port base# (uvm tlm if#(T)) provider)

Connects this socket to the specified provider, which shall be of one of the following types:

a)
b)
¢)

uvim_tlm_b_target socket (see 12.3.5.1)
uvm_tlm_b_passthrough_initiator_socket (see 12.3.5.7)

uvm_tlm_b_passthrough_target socket (see 12.3.5.8).
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12.3.5

.3 uvm_tim_nb_target_socket

15-A forward imp; HAS-A backward port.

The class implementing this socket shall implement a nb_transport_fw method (see 12.3.2.2.1) with the
following signature:

function uvm tlm sync e nb transport fw(

T t,
ref P p,
input uvm tlm time delay

12.3.5

cl

)

12.3.5

12.3.

fu

)

Constr
nb_trs

The p
UVM |

12.3.5

£

.3.1 Class declaration

ass uvm_tlm nb target socket #(

type IMP = int,

type T = uvm_tlm generic payload,

type P = uvm tlm phase e

extends uvm_port base #(uvm_tlm if #(T,P))

.3.2 Methods

uvm_Jm_nb_target_socket has the following methods (see 12:3v5!3.3 to 12.3.5.4).

.3.3 new
nction new (
string name,

uvm_component parent,
IMP imp = null

licts a new instance of this(socket. The imp argument is a reference to the class implement
nsport_fw method (see 12,3.2.2.1). If not specified, it is presumed to be the same as parent.

rt_type, min_sizes-and max_size of the underlying uvm_port_base (see 5.5.2.1) shall be
IMPLEMENTATION (see F.2.3), 1, and 1, respectively.

.3.4 connect

nctioh void connect (uvm port base# (uvm tlm if# (T)) provider)

It is illegal to call connect on a target termination socket. Calling this method shall result in an error.

12.3.5.4 uvm_tIm_nb_initiator_socket

15-A forward port; HAS-A backward imp.

12.3.5.4.1 Class declaration

class uvm tlm nb initiator socket #(

type IMP = int,
type T = uvm_tlm generic payload,
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type P = uvm tlm phase e
extends uvm_port base #(uvm tlm if #(T,P))

12.3.5.4.2 Methods

uvm_tlm_nb_initiator_socket has the following methods (see 12.3.5.4.3 to 12.3.5.4.4).

12.3.5.4.3 new

function new (

string name,

)

Constr
nb_trs

The p
UVM |

12.3.9.4.4 connect

f
Conne
a)
b)
c)
12.3.5

1s5-Af

12.3.9.5.1 Class declaration

cl

)

TUvIl_Component parenc,
IMP imp = null

licts a new instance of this socket. The imp argument is a reference to the class implement
nsport_bw method (see 12.3.4). If not specified, it is presumed to be the samé€ asparent.

rt_type, min_size, and max_size of the underlying uvm_port_base (s€¢°5.5.2.1) shall be
PORT (see F.2.3), 1, and 1, respectively.

nction void connect (uvm_port base# (uvm_ tlm~3f£4% (T)) provider)
bts this socket to the provider, which shall be of one ofjthe following types:
uvm_tlm_nb_target_socket (see 12.3.5.3),

uvm_tlm_nb_passthrough_initiator :socket (see 12.3.5.5)

uvm_tlm_nb_passthrough_target_socket (see 12.3.5.6)
.5 uvm_tIm_nb_passthrough_initiator_socket

prward port; HAS-A backward export.

ass uvm_fdm nb passthrough initiator socket #(
type R's/uvm tlm generic payload,

typg" B = uvm_tlm phase e

eXgends uvm port base# (uvm tlm if# (T, P))

ng the

set to

12.3.5

.5.2 Methods

uvm_tlm_nb_passthrough_initiator_socket has the following methods (12.3.5.5.3 and 12.3.5.5.4).

12.3.5

.5.3 new

function new (string name, uvm_component parent)

Initializes the socket with the given leaf instance name and handle to its parent.
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The port _type, min_size, and max_size of the underlying uvm_port_base (see 5.5.2.1) shall be set to
UVM_PORT (see F.2.3), 1, and 1 respectively.

12.3.5.5.4 connect

function void connect ( uvm port base(uvm tlm if#(T)) provider)

Connects this socket to the provider, which shall be of one of the following types:

a)

b)

9]
12.3.5
1S5-Af

12.3.5

cl

)

12.3.5

12.3.

fu

)

uvim_tlm_nb_target_socket (see 12.3.5.3)

ngl_illiﬁafun _DU\,;\Ct (DCC 12375 =y
uvm_tlm_nb_passthrough_target_socket (see 12.3.5.6)

.6 uvm_tim_nb_passthrough_target_socket
prward export; HAS-A backward port.

.6.1 Class declaration

ass uvm_tlm nb passthrough target socket #(
type T = uvm_tlm generic payload,

type P = uvm tlm phase e
extends uvm_port base# (uvm tlm if(T,P))

.6.2 Methods

uvm_JIm_nb_passthrough_target_socket has the\folowing methods (12.3.5.6.3 and 12.3.5.6.4).

.6.3 new

nction new (
string name,
uvm_component parent

Initialiges the socket with the given leaf instance name and handle to its parent.

The p
UVM |

rt_type, min~size, and max_size of the underlying uvm_port_base (see 5.5.2.1) shall be
EXPORT (see F.2.3), 1, and 1 respectively.

12.3.ﬂ.6.4 connect

function void connect (uvm _port base# (uvm tlm if#(T)) provider)

Connects this socket to the provider, which shall be of one of the following types:

a)
b)

uvm_tlm_nb_target_socket (see 12.3.5.3)

uvm_tlm_nb_passthrough_target _socket (see 12.3.5.6)

12.3.5.7 uvm_tim_b_passthrough_initiator_socket

15-A forward port.
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.7.1 Class declaration

class uvm_tlm b passthrough initiator socket #(

)

12.3.5

type T = uvm_tlm generic payload
extends uvm _port base #(uvm_tlm if #(T))

.7.2 Methods

uvm_tlm_b_passthrough_initiator_socket has the following methods (12.3.5.7.3 and 12.3.5.7.4).

12.3.5

.7.3 new

fu

)

Initialiges the socket with the given leaf instance name and handle to its parent.

The p
UVM |

12.3.9.7.4 connect

fu

Conne

a)
b)

¢)

12.3.5.8 uvm_tim_b_passthrough_target_socket

IS-Af

12.3.9.8.1 Class declaration

cl

)

nction new (
string name,
uvm_component parent

rt_type, min_size, and max_size of the underlying uvm_port_base _(see 5.5.2.1) shall be
PORT (see F.2.3), 1, and 1 respectively.

nction void connect ( uvm port base# (uvm. tlm if#(T)) provider)
Cts this socket to the provider, which shall be of one of the following types:
uvm_tlm_nb_target_socket (see 12.3.5:3)

uvm_tlm_nb_passthrough_initiator Socket (see 12.3.5.5)

uvm_tlm_nb_passthrough_target socket (see 12.3.5.6)

prward export.

ass uvin.£1lm b passthrough target socket # (
typg = uvm tlm generic payload
eXtfends uvm port base# (uvm_tlm if# (T))

12.3.5.8.2 Methods

uvm_t

Im_b_passthrough_target_socket has the following methods (12.3.5.8.3 and 12.3.5.8.4).

12.3.5.8.3 new

function new (

)

string name,
uvm_component parent
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Initializes the socket with the given leaf instance name and handle to its parent.

The port _type, min_size, and max_size of the underlying uvm_port_base (see 5.5.2.1) shall be set to
UVM_EXPORT (see F.2.3), 1, and 1 respectively.

12.3.5.8.4 connect

fu

nction void connect (uvm port base# (uvm tlm if#(T)) provider)

Connects this socket to the provider, which shall be of one of the following types:

a)
b)

12.3.6
This sy

12.3.6

This clpss provides a blocking transport port, which can be bound to oneexport. There is no backward
the blocking transport.

Class declaration

c]
)
12.3.6
This cl|
forwar

can be

Class d

cl

)

uvm_tlm_nb_target_socket (see 12.3.5.3)
uvm_tlm_nb_passthrough_target_socket (see 12.3.5.6)
Port classes

bclause defines the UVM TLM 2 port classes.

.1 uvm_tim_b_transport_port

ass uvm_tlm b transport port # (
type T = uvm tlm generic payload
extends uvm_port base #(uvm_tlm _I&f #(T))

.2 uvm_tim_nb_transport_fw_port

ass provides a non-blocking backward transport port. Transactions received from the producer
 path, are sent back to the producer on the backward path using this non-blocking transport port
bound to one export.

Jeclaration

ass uvm_tlmnb transport fw port # (

type T mUuvm tlm generic payload,

type PA="uvm tlm phase e

extends uvm port base #(uvm tlm if #(T,P))

12.3.6

-3 uvm_tim_nb_transport_bw_port

ath for

on the
which

This class provides a non-blocking backward transport port. Transactions received from the producer, on the
forward path, are sent back to the producer on the backward path using this non-blocking transport port, which

can be

bound to one export.

Class declaration

class uvm_tlm nb transport bw port #(

type T = uvm tlm generic payload,
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type P = uvm tlm phase e
) extends uvm _port base # (uvm tlm if #(T,P))

12.3.7 Export classes
This subclause defines the export classes for connecting UVM TLM 2 interfaces.
12.3.7.1 uvm_tim_b_transport_export

This is a blocking transport export class.

CILZSS #ecturation

class uvm_tlm b_transport_export #( type T = uvm_tlm generic_payload))
extends uvm_port base #(uvm_tlm if #(T))

12.3.7.2 uvm_tim_nb_transport_fw_export
This is|a non-blocking forward transport export class.
Class dleclaration

class uvm_tlm nb transport fw export # (

type T = uvm tlm generic payload,

type P = uvm tlm phase e

) |extends uvm_port base # (uvm tlm if # (E,P))

12.3.7.3 uvm_tim_nb_transport_bw_export
This isla non-blocking backward transport export'¢lass.
Class dleclaration

class uvm _tlm nb transport bw export #(
type T = uvm_tlm generic payload,

type P = uvm tlmiphase e

) |extends uvm _pent/base # (uvm tlm if #(T,P))

12.3.§ Implementation (imp) classes imps
This sybclause defines the implementation classes for connecting UVM TLM 2 interfaces.

UVM TEM2 imps bind a UVM TLM 2 interface with the object that contains the interface implementation. In
addition to the transaction type and the phnase type, the imps are parameterized with the type ot the object that
provides the implementation. Typically, this is the type of the component where the imp resides. The
constructor of the imp takes as an argument an object of type /MP and installs it as the implementation object.
The imp constructor argument is usually "this".

The following subclauses show the IMP binding classes.
12.3.8.1 uvm_tim_b_transport_imp

Used like exports, except an additional class parameter specifies the type of the implementation object. When
the imp is instantiated, the implementation object is bound.
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Class declaration

class uvm_tlm b transport imp # (

)

type T =uvm _tlm generic payload,
type IMP = int
extends uvm _port base #(uvm_tlm if #(T))

12.3.8.2 uvm_tim_nb_transport_fw_imp

Used like exports, except an additional class parameter specifies the type of the implementation object. When
the imp is instantiated, the implementation object is bound.

Class ¢

cl

)
12.3.8

Used 1
the imj

Class

cl

)
12.3.9
ty

The uy

b_transport (see }23:2.2.3), nb_transport_fw (see 12.3.2.2.1), and nb_transport_bw (see 12.]

metho

Veclaration

ass uvm_tlm nb transport fw imp #(

type T =uvm tlm generic payload,

type P = uvm_tlm phase e,

type IMP = int

extends uvm_port base #(uvm_tlm if #(T,P))

.3 uvm_tim_nb_transport_bw_imp

ke exports, except an additional class parameter specifies the fype of the implementation object
b is instantiated, the implementation object is bound.

Jeclaration

ass uvm_tlm nb transport bw imp # (

type T =uvm _tlm generic payload,

type P = uvm tlm phase e,

type IMP = int

extends uvm_port base # (yvmvtlm if #(T,P))
uvm_tim_time

pedef uvm time u¥m tlm time

m_tlm time ¢ype’is the argument type used to represent delays in UVM TLM 2, such as

Is.

13. Ijredefined component classes

When

in the
2.2.2)

Components form the foundation of UVM. They encapsulate behavior of drivers, scoreboards, and other
objects in a testbench. The UVM base class library provides a set of predefined component types, all derived
directly or indirectly from uvin_component (see 13.1).

13.1 uvm_component

The uvm_component class is the common base class for UVM components. In addition to the features
inherited from uvm_object (see 5.3) and uvm_report_object (see 6.3), uvm_component provides the
following interfaces:

a)

Hierarchy—Provides methods for searching and traversing the component hierarchy.
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b)  Phasing—Defines a phased test flow that all components follow, with a group of standard phase
methods and an API for custom phases and multiple independent phasing domains to mirror DUT

behavior, e.g., power.

¢)  Hierarchical reporting—Provides a convenience interface to the uvm_report_handler (see 6.4). All
messages, warnings, and errors are processed through this interface.

d)  Transaction recording—Provides methods for recording the transactions produced or consumed by the
component to a transaction database (application specific).

e) Factory—Provides a convenience interface (see D.2.1) to the uvm_factory (see 8.3.1). The factory is
used to create new components and other objects based on type-wide and instance-specific
configuration.

13.1.1| Class declaration
virtual class uvm component extends uvm report object
13.1.2 Common methods

13.1.2.1 new

fuynction new (
string name,
uvm_component parent

)

Initialiges a new component with the given leaf instance name and handle to its parent.

The ndme shall be provided such that the full hierarchical name is unique and the leaf name is compos¢d only
from the characters A through Z, a through z, 0 thtough 9, or the special characters: _-[] () {}.

The cqmponent is inserted as a child of theparent object, if any. If parent already has a child by th¢ given
name, pn error shall be generated.

If pardnt is null, the component shallybecome a child of the implicit top-level component (see F.7).
All clagses derived from uym:-e¢omponent shall call super.new (name, parent).
13.1.2.2 print_enabled

bit print &habled = 1

This bit deterrhines if this component should automatically be printed as a child of its parent compongnt.

By default, print_enabled shallbe 1 and all children are printed. However, this bit allows a parent component
to disable the printing of specific children.

13.1.2.3 do_execute_op
virtual function void do_execute op( uvm field op op )
The do_execute_op method is the user-definable hook called by the policy class (see 5.3.13).

When processing an op with an operation type of UvM_PRINT (see 5.7.2.4), the component shall automatically
print all children components whose print_enabled bit (see 13.1.2.2) is set to 1.
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13.1.3 Hierarchy interface

These methods provide user access to information about the component hierarchys, i.e., topology.

13.1.3.1 get_parent

virtual function uvm component get parent ()

Returns a handle to this component’s parent or null if it has no parent.

13.1.3.2 get_full_name

v
Return|
the pa
separa
13.1.3

£

This fy

be a qyeue.

13.1.3
fu
fu

£

These
a)

b)

rtual function string get full name ()

s the full hierarchical name of this object, which is formed by concatenating the full hierarchical 1
ent, if any, with the leaf name of this object (as given by uvm_object::get_name [see 5.
ed by a period (.).

.3 get_children
nction void get children( ref uvm component childhk&n(S] )

nction populates the end of the children array with the list of this component’s children. Childré

.4 get_child, get_next_child, and get_first_child

nction uvm_ component get child ( stiing name )
nction int get next child ( ref sfiring name )
nction int get first child ( zef) string name )

ethods are used to iterate through’this component’s children, if any:

get_child—Returns a reference to the child which has name. If no child exists with the given
then null is returned.

get_first_child—Iteration method for the internal array of children components. If the array
empty, get_first/child sets name to the name of the first child in the array and returns 1. If the
empty, name 1%.]Jeft unchanged and the method returns 0.

get_next-child—Iteration method for the internal array of children components. If the array
empty,'get’ next_child sets name to the name of the next child in the array and returns 1. If therg
mofe children in the array, name is left unchanged and the method returns 0.

ame of
8.4.2]),

n shall

name,

iS non-
prray is

IS non-
are no

13.1.3

A lailal
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function int get num children()

Return:

13.1.3

s the number of this component’s children.

.6 has_child

function int has child ( string name )

Return:

s 1 if this component has a child with the given name, 0 otherwise.
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13.1.3.7 lookup

function uvm_ component lookup ( string name )
Looks for a component with the given hierarchical name relative to this component. If the given name is
preceded with a . (dot), the search begins relative to the top level (absolute lookup). The handle of the

matching component is returned, if none, nu/l is returned. The name shall not contain wild cards.

13.1.3.8 get_depth

function int unsigned get depth()

Returns the component’s depth from the root level. The implicit top-level component (see F.7) has adegth of 0.
The test and any other top-level components have a depth of 1, and so on.

13.1.4 Phasing interface
These methods implement an interface that allows all components to step through a standard schedule offphases
(see Clause 9) or a customized schedule, and also an API to allow independent pliase domains that cap jump
like stdte machines to reflect behavior, e.g., power domains on the DUT in differént portions of the tesfbench.
The pHase tasks and functions are the phase name plus the phase suffix,‘e’g., the build phase fun¢tion is

build| phase

All phgse tasks have the property that forked tasks are killed whenthe phase ends and they do not influgnce the
overall phase with the presence or absence of returning.

13.1.4.1 UVM common phases
13.1.4.1.1 build_phase
virtual function void build phaSe( uvm phase phase )

The uym_build_phase phase implementation method (see 9.8.1.1). This phase gives components a defined
time tq create and configure the testbench.

If automatic configuration is.ehabled (see 13.1.5.2), the component shall call apply_config_settings (see
13.1.5{1) when super.build phase (phase) is called.

13.1.4.1.2 connect.phase
virtual function void connect phase( uvm phase phase )

The uym €onnect_phase phase implementation method (see 9.8.1.2). This phase gives components a ¢lefined
time tocstabtishreross=comporment comectiors:

13.1.4.1.3 end_of_elaboration_phase
virtual function void end of elaboration phase( uvm phase phase )
The uvm_end_of_elaboration_phase phase implementation method (see 9.8.1.3).

The list of connected imps within each port and export is populated and the port’s minimum and maximum
connection limits are enforced.
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13.1.4.1.4 start_of_simulation_phase

virtual function void start of simulation phase( uvm phase phase )
The uvm_start_of simulation_phase phase implementation method (see 9.8.1.4).
13.1.4.1.5 run_phase

virtual task run phase( uvm phase phase )

The uvm_run_phase phase implementation method (see 9.8.1.5).

Whethpr this task returns or not does not indicate the end or persistence of this phase. Thus; thd phase
automgtically ends once all objections are dropped using phase.drop objection.

13.1.4.1.6 extract_phase

virtual function void extract phase( uvm phase phase )
The uym_extract_phase phase implementation method (see 9.8.1.6).
13.1.4.1.7 check_phase

virtual function void check phase( uvm phase~phase )
The uym_check_phase phase implementation method (see%8.1.7).
13.1.4.1.8 report_phase

virtual function void report phas@( uvm phase phase )
The uym_report_phase phase implementation method (see 9.8.1.8).
13.1.4.1.9 final_phase

virtual function veid final phase( uvm phase phase )

The uym_final_phase phase implementation method (see 9.8.1.9).

13.1.4.2 UVM run-time phases

Whethpr eaCh of these tasks returns or not does not indicate the end or persistence of the particular phage. It is
nce all
t raises

an objection, the phase is ended.

All processes associated with a task-based phase are killed when the phase ends, see 9.6.
13.1.4.2.1 pre_reset_phase
virtual task pre reset phase( uvm phase phase )

The uvm_pre_reset_phase phase implementation method (see 9.8.2.1).
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13.1.4.2.2 reset_phase

virtual task reset phase( uvm phase phase )
The uvm_reset_phase phase implementation method (see 9.8.2.2).
13.1.4.2.3 post_reset_phase

virtual task post reset phase( uvm phase phase )

The uvm_post_reset_phase phase implementation method (see 9.8.2.3).

13.1.J.2.4 pre_configure_phase

virtual task pre configure phase( uvm phase phase )
The uym_pre_configure_phase phase implementation method (see 9.8.2.4).
13.1.4.2.5 configure_phase

virtual task configure phase( uvm phase phase )
The uym_configure phase phase implementation method (see 9.84%5).
13.1.4.2.6 post_configure_phase

virtual task post configure phase( uvmgghase phase )
The uym_post_configure_phase phase implementation method (see 9.8.2.6).
13.1.4.2.7 pre_main_phase

virtual task pre main phage{ uvm phase phase )
The uym_pre_main_phase phase implementation method (see 9.8.2.7).
13.1.4.2.8 main_phase

virtual taskSmdin phase( uvm phase phase )

The uym_main. phase phase implementation method (see 9.8.2.8).

13.1.4‘.2.9 post_main_phase

virtual task post main phase( uvm phase phase )
The uvm_post_main_phase phase implementation method (see 9.8.2.9).
13.1.4.2.10 pre_shutdown_phase

virtual task pre shutdown phase( uvm phase phase )

The uvm_pre_shutdown_phase phase implementation method (see 9.8.2.10).
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1314

.2.11 shutdown_phase

virtual task shutdown phase( uvm phase phase )

The uvm_shutdown_phase phase implementation method (see 9.8.2.11).

1314

.2.12 post_shutdown_phase

virtual task post shutdown phase( uvm phase phase )

The uvm_post_shutdown_phase phase implementation method (see 9.8.2.12).

13.1.4.3 phase_* methods

Any threads spawned in these callbacks are not affected when the phase ends.

13.1.
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13.1.4.3.2 phase_ready_to_end
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v

.3.1 phase_started
rtual function void phase started( uvm phase phase )

d at the start of each phase. The phase argument specifies the phase.being started.

rtual function void phase ready to end (. uvm phase phase )

d when all objections to ending the given phase andall sibling phases have been dropped, thus ind
se is ready to begin a clean exit. Sibling phases’are phases who share any adjacent successor noq
10).

ise’s objection, €.g., phase.raisélobjection (this, "Reason"). It is the responsibility
nent to drop the objection once itisTeady for this phase to end (and processes killed). If no obje
en phase or sibling phases age'raised, the phase state (see 9.3.1.1.3) shall proceed to UvM_PHASE
objection is raised, when all*objections to ending the given phase and siblings are dropped, 4

3.3) is called after aly iterations returned by phase.get max_ready_to_end_iterations (see 9.]
ess of whether a previous iteration lead to any objections being raised.

rtual,Mfunction void phase ended( uvm phase phase )

icating
les (see

nents needing to consume delta cycles or‘advance time to perform a clean exit from the phase may raise

of this
tion to
ENDED.
inother

n of phase_ready_to .end is called. To prevent endless iterations due to coding error, phase_ended (see

1.3.4)

=
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13.1.4.4 *_domain methods

13.1.4.4.1 set_domain

function void set domain (

uvm_domain domain,
int hier =1
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Applies a phase domain to this component and, if kier is non-zero, recursively to all its children. The default
domain (before set_domain is called) is the uvm domain (see 13.1.4.4.2). The default value of hier shall be 1.

Calls the virtual define_domain method (see 13.1.4.4.3), which derived components can override to augment
or replace the domain definition of its base class.

13.1.4.4.2 get_domain
function uvm domain get domain ()

Returns a handle to the phase domain specified for this component.

13.1.44.4.3 define_domain

virtual protected function void define domain( uvm domain domains-)

Builds|phase schedules into the provided domain handle. The default implementation adds a copy of the uvm
phasing schedule to the given domain, if one does not already exist, and only if the domain is currently empty.

This nfethod is called by set_domain (see 13.1.4.4.1), which integrators may.use to specify this component
belongs in a domain apart from the default "uvm" domain.

Custorp component base classes requiring a custom phasing schedule can augment or replace the domain
definitjon they inherit by overriding their define domain.

Alterngtively, the integrator can attempt to define the schedule'by setting up a new domain and setting|it onto
the copponent, and the component can override that schedule by overriding this method.

13.1.4.5 Suspending and resuming a component
These fasks can be used to suspend and resume‘a component.
13.1.4.5.1 suspend

virtual task suspend (9
Suspernjds this component,
This nmjethod needs to-be implemented by the user to suspend the component according to the proto¢ol and

functignality it jmplements. A suspended component can be subsequently resumed using resunpe (see
13.1.415.2).

13.1.11.5.2 resume

virtual task resume ()
Resumes this component.

This method needs to be implemented by the user to resume a component that was previously suspended using
suspend (see 13.1.4.5.1).

13.1.4.6 pre_abort

virtual function void pre abort ()
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This callback is executed when the message system is executing a UVM_EXIT action (see F.2.2.2). The exit
action causes an immediate termination of the simulation, but the pre_abort callback hook gives components
an opportunity to provide additional information to the user before the termination happens.

The pre_abort callback hooks are called in a bottom-up fashion.

13.1.5 Configuration interface

Components can be designed to be user-configurable in terms of their topology (the type and number of
children it has), mode of operation, and run-time parameters (knobs). The configuration interface

accommodates this common need, allowing a component’s composition and state to be modified without
havingrte-derivene e e ie ies foreuve ’ : .

13.1.5.1 apply_config_settings

virtual function void apply config settings ( bit verbose = 0 )
Searches for all configuration settings matching this component’s instance path.
For ea¢h resource with a scope matching the return of get_full name (see 13(13.2) as follows:

a) | do_execute_op (see 5.3.13) is passed a uvm_field_op (see 5.7) with op_type UVM_SET and ris set to
the resource.

b) | If user_hook_enabled (see 5.7.2.7) returns 1, the resoutce-shall be passed to set_local (see §.3.12).

When the verbose bit is set to 1, all settings are printed as theyare applied. apply_config_settings can plso be
overlofded to customize automated configuration. The.default value of verbose shall be 0 or not set.

If automatic configuration is enabled (see 13.1.5.2);this function is called by uvimm_component::build| phase
(see 14.1.4.1.1).

13.1.5.2 use_automatic_config
virtual function bit us& automatic config()

Returns 1 if the component should call apply_config_settings in the build phase (see 13.1{4.1.1);
otherwise, returns 0.

By ddfault, use-automatic_config returns 1. If the user wishes to disable the automatic gall to
apply [config_settings (see 13.1.5.1), this method needs to be overloaded to return a 0.

When finextended component extends use_automatic_config and returns a 0, wherein the base class r¢turned
1, the extended component iS aSSUMINE responsidility Tor any contiguration that would iave occurred within the
apply_config_settings call in the base class.

13.1.6 Objection interface
These methods provide component level hooks into the uvm_objection mechanism (see 10.5.1).

13.1.6.1 raised

virtual function void raised (
uvm_objection objection,
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uvm_object source obj,
string description,
int count

)
Hook called by the default implementation of uvm_objection::raised (see 10.5.1.4.1).

13.1.6.2 dropped

virtual function void dropped (
uvm_objection objection,

uvm_object source obj,
string description,
int count

Hook ¢alled by the default implementation of uvm_objection::dropped (see 10.5.1.42)

13.1.6.3 all_dropped

virtual function void all dropped (
uvm objection objection,
uvm_object source obj,

string description,

int count

)
Hook ¢alled by the default implementation of uvm_objection::all_dropped (see 10.5.1.4.3).
13.1.7 Recording interface

These methods comprise the component-based transaction recording interface (see also Clause 7). They can be
used tq record the transactions that this’component “sees,” i.e., produces or consumes.

13.1.7.1 accept_tr

fynction void aecept tr (
uvm_transaction tr,
time accepbitime = 0

)

This fyinction)marks the acceptance of a transaction, #r, by this component. Specifically, it performs the
follow|nig‘actions:

a)  If tris null, then return immediately; otherwise continue to b).

b) Calls the #’s uvm_transaction::accept_tr method (see 5.4.2.2), passing to it the accept time
argument. The default value of accept time shall be 0.

c) Calls this component’s do_accept_tr method (see 13.1.7.2) to allow for any post-begin action in
derived classes.

d)  Triggers the component’s accept tr event if it has added such an event to the event pool. Any
processes waiting on this event shall resume in the next delta cycle.
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13.1.7.2 do_accept_tr

virtual protected function void do_accept tr ( uvm transaction tr )

The accept_tr method (see 13.1.7.1) calls this function to accommodate any user-defined post-accept action.

13.1.7.3 begin_tr

function int begin tr (

uvm_transaction tr,
string stream name = "main",

)

This fi

actiony:

a)
b)

d)

A han
argum

13.1.7

v

String label = 7
string desc = "",
time begin time = 0,
int parent handle = 0

nction marks the start of a transaction, ¢r, by this component. Specifically(it performs the fol

If tr is null, return 0 immediately; otherwise continue to b).
Calls #’s uvm_transaction::begin_tr method (see 5.42.4), forwarding the begin_tin
parent_handle arguments. begin_time should be either 00r\greater than or equal to the accey

The default value of parent handle shall be 0.

If get_recording_enabled (see 13.1.7.14) returns\I, a new database transaction is started
component’s transaction stream given by the stream name argument (see 13.1.7.9). The defau
of stream_name shall be "main".

No transaction properties are recorded atthis time.

Calls the component’s do_begin_trmethod (see 13.1.7.4) to allow for any post-begin action in
otherwise the tr_handle argument shall be the return from get_handle (see 16.4.5.1) for the rg
associated with the stream(from b).

Triggers the component’s internal begin_trevent if one was added to the pool.

lle to the transaction_is returned. The meaning of this handle, as well as the interpretation|
ents stream_nameylabel, and desc are application specific.

.4 do_begin_tr

rtual) protected function void do begin tr (

uvfu/transaction tr,

Jowing

e and
t time.

When begin_time is 0, the current simulation time is uséd. The default value of begin_time shall be 0.

on the
t value

Herived

classes. If get_recording_enabled-returns 0, the t# handle argument for do_begin_tr shalll be 0;

corder

of the

)

string stream name,
int tr handle

The begin_tr (see 13.1.7.3) method calls this function to accommodate any user-defined post-begin action.

13.1.7

Send_tr

function void end tr (

uvm_transaction tr,
time end time = 0,
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bit free handle =1
)

This function marks the end of a transaction, ¢, by this component. Specifically, it performs the following
actions:

a)  Ifris null, return immediately; otherwise continue to b).

b) Calls ##’s uvm_transaction::end_tr method (see 5.4.2.0), passing to it the end time and free_handle
arguments. end time shall be greater than the begin time. When end time = 0, the current
simulation time is used.

c) rEaftsthecomponentsdo—end—trmethod(see 376 toaccommodateanypostendactiotrirgerived
classes. If get_recording_enabled (see 13.1.7.14) returns 0, the t»_handle argument for,do)pnd_tr
shall be 0; otherwise the t»_handle argument shall be the return from get_handle (see 16.4,5.1) for the
recorder associated with the stream from step b) in begin_tr (see 13.1.7.3).

d) | If get_recording_enabled returns 1, the transaction’s properties are recordeéd to the database
transaction on which it was started and then the transaction is ended. Only tha$e properties hangled by
the transaction’s do_record method (and optional ‘uvm_*_field macros) ‘ate recorded.

e) | Triggers the component’s internal end_tr event if such an event has\been added.

An implementation shall free (see 16.4.4.3) the recorder associated with the transaction if free_handle s set to
1. If fipe_handle is set to 0, the implementation shall close (see 16.4.4.2) the recorder, but not call fr¢e. The
defaulq value of firee handle shall be 1.

13.1.7.6 do_end_tr

virtual protected function void do end<r (
uvm_transaction tr,

int tr handle

)

The erd_tr (see 13.1.7.5) method calls:this function to accommodate any user-defined post-end actiqn.
13.1.7.7 record_error_tr
fynction int recofdverror tr (

string stream name = "main",
uvm_object _info = null,

string label = "error tr",
string'desc = "",
timg~error time = 0,

bilr Keep active = 0

This function marks an error transaction by a component. Properties of the given uvm_object, info, are
recorded to the transaction database, as implemented in its uvm_object::do_record (see 5.3.7.2) and
uvm_object::do_execute_op (see 5.3.13) methods.

An error_time of 0 indicates to use the current simulation time. The keep _active bit determines if the handle

should remain active; if 0, then a zero-length error transaction is recorded. The default value of error_time shall
be 0. The default value of keep _active shall be 0.
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A handle to the transaction is returned. The interpretation of this handle, as well as the strings stream name,
label, and desc, are application specific. The default value of stream_name shall be "main". The default value
of label shall be "error tr".

13.1.7.8 record_event_tr
function int record event tr (

string stream name = "main",
uvm_object info = null,

string label = "event tr",
string desc = "",
Time event time = O,

bit keep active = 0

)

This fynction marks an event transaction by a component.

An evdnt_time of 0 indicates to use the current simulation time. The keep_active bifjdetermines if the handle
may bp used for other application-specific purposes (0 means no; 1 means ‘yes). The default value of
event_fime shall be 0. The default value of keep_active shall be 0.

A handle to the transaction is returned. The interpretation of this handle;as well as the strings stream| name,
label, 4nd desc, are application specific. The default value of streamname shall be "main". The default value
of labql shall be "event tr".

13.1.7.9 get_tr_stream

virtual function uvm tr stream get tkrstream(
string name,
string stream type name = ""
Returnk a tr stream with this component’s full name as a scope.
If get_fr_stream has not been called on this component with the given name and stream_type name pdir, or if
the strgam returned by the pridr-call with the given name and stream_type name has been freed (see 13.1.7.10),
then get_tr_stream shall-return the value of open_stream (see 7.1.4.1) with a name of name, a sqope of
get_full _name (see 13.1:372), and a type name of stream_type _name. Otherwise, the call shall return the same
value gs the prior call'to get_tr_stream on this component with the given name and stream_type name pair.

13.1.7.10 freeytr_stream

virtual function void free tr stream( uvm tr stream stream )

Frees any internal references caused by a call to this API. This method is an indication by the user that the
implementation should remove any references it has to stream.

The next call to get_tr_stream (see 13.1.7.9) results in a newly created uvm_tr_stream (see 7.2).

13.1.7.11 set_tr_database

virtual function void set tr database(uvm tr database db)
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Specifies the uvm_tr_database object (see 7.1) to use for begin_tr (see 13.1.7.3) and other methods in this
subclause (see 13.2). The default object is uvm_coreservice_t::get default_tr_database (see F.4.1.4.6).

13.1.7.12 get_tr_database
virtual function uvm tr database get tr database()
Returns the uvm_tr_database object sct by set_tr_database or the default (see 13.1.7.11).

13.1.7.13 set_recording_enabled

viTtoar furnction void Set_IEeCOoraing _enapiedtprt enapred)
Speciffes whether recording is enabled. A value of 1 indicates this component is enabled for récordinjg.
13.1.7.14 get_recording_enabled
virtulpl function bit get recording enabled()

Returns 1 if recording is enabled for this component, otherwise returns 0, If set recording_enabled (see
13.1.7]13) has never been called for this component, the default is 0.

13.1.§ Other interfaces
uvm_domponent also provides the following convenience interfaces:

a) | Factory—Provides a convenience interface (see D.2.1) to the uvm_factory (see 8.3.1).

b) | Hierarchical reporting—Provides a convenience interface (see D.2.2) to set_report_* methods in the
uvm_report_object base class (see 6.3),

13.2 yvm_test

This clpss is the virtual base class for any user-defined tests; using it provides the ability to select whiclj test to
executg via the UM TESTNAME comimand line (see G.2.1) or as an argument to the uvm_root::run_t¢st task
(see E.J.3.1).

Derivipg from uvm_test) allows distinguishing tests from other component types that inherif from
uvm_domponent (see\13.1) directly. Such tests also automatically inherit features that may be added to

uvm_test in the fiitdre.

13.2.1| Class declaration

| 2 2 3
VITCUOaL CTIdss avil CesC eXcella UVIIT COIPOUIIEITT

13.2.2 Methods

new

function new (
string name,
uvm_component parent

)
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Initializes an instance of this class using the following constructor arguments for uvm_component: name is the
name of the instance, and parent is the handle to the hierarchical parent, if any (see 13.1).

13.3 uvm_env

This is the base class for hierarchical containers of other components that together comprise a complete
environment. The environment may initially consist of the entire testbench. Later, it can be reused as a sub-
environment in even larger system-level environments.

13.3.1 Class declaration

virtual class uvm env extends uvm component
13.3.2 Methods

new

fuynction new (
string name = "env",
uvm_component parent = null

)

Initialiges an instance of this class using the following constructor arguments for uvm_component: nante is the
name ¢f the instance, and parent is the handle to the hierarchical\parent, if any (see 13.1).

13.4 yvm_agent

The uym_agent virtual class should be used as the base class for the user-defined agents. Deriving from
uvm_ggent enables distinguishing agents from other component types also using its inheritance.

13.4.1| Class declaration
virtual class uvm agent.'extends uvm component
13.4.2 Methods

13.4.2.1 new

function néw-"(
string \name,
uvmgscomponent parent

)

Initializes an instance of this class using the following constructor arguments for uvm_component: name is the
name of the instance, and parent is the handle to the hierarchical parent, if any (see 13.1).

13.4.2.2 get_is_active

virtual function uvm active passive enum get is active()

Returns the is_active status for this agent (see F.2.1.7).
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The configuration parameter is_active is used to identify whether this agent should be acting in active or
passive mode. The parameter should be set as a uvm_active passive enum, however it additionally
supports uvm_config_string (see C.4.2.3.2) to allow for command line overrides.

Example

+uvm_set config string=<path.to.agent>,is active,UVM ACTIVE
uvm_config db# (uvm active passive enum):: (this,
"<relative.path.to.agent>", "is active", UVM ACTIVE)

The default implementation shall return UvM_ACTIVE, unless overridden via the configuration database. An
agent prevetoper mmay override this—betavior f = morecomptexatgorithm s reededtodetermmine  the
active/passive nature of the agent.

13.5 yvm_monitor
This class should be used as the base class for user-defined monitors.
Derivipig from uvm_monitor allows distinguishing monitors from other component types inheriting from
uvim_domponent (see 13.1). Such monitors automatically inherit features thiat may be added to uvm_mnjonitor
in the future.
13.5.1 Class declaration

virtual class uvm monitor extends uvm comperent

13.5.2 Methods

new

function new (
string name,
uvm_component parent

Initialiges an instance of this elass using the following constructor arguments for uvm_component: nante is the
name ¢f the instance, and.parent is the handle to the hierarchical parent, if any (see 13.1).

13.6 uvm_scoreboard

This class should be used as the base class for user-defined scoreboards.

Derivit p ing from
uvm_component (see 13. 1) Such scoreboards automatlcally inherit features that may be added to
uvm_scoreboard in the future.

13.6.1 Class declaration

virtual class uvm_scoreboard extends uvm_ component

13.6.2 Methods

Use the new method as detailed in 13.5.2.
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13.7 uvm_driver #(REQ,RSP)

This is the base class for drivers that initiate requests for new transactions via a uvm_seq_item_pull_port (see
15.2.2.1). The ports are typically connected to the exports of an appropriate sequencer component.

This driver operates in a pull mode. Its ports are typically connected to the corresponding exports in a pull
sequencer as follows:

driver.seq item port.connect (sequencer.seq item export)
driver.rsp port.connect (sequencer.rsp export)

The rsp_porttsee 13-7-2-2) onty reeds conmecting If the driver uses it to write Tesporses to - the amatysiy export

in the §equencer.
13.7.1| Class declaration
class uvm driver #(
type REQ = uvm sequence item,
type RSP = REQ
) |extends uvm_ component
The type of REQ and RSP shall be derived from uvm_sequence_item (s¢e 14.1).
13.7.2 Ports
13.7.2.1 seq_item_port

uym seq item pull port# (REQ,RSP) sedgitem port

Derived driver classes should use this port to réquést items from the sequencer. They may also use it fo send
responges back.

13.7.2.2 rsp_port
uym analysis port# (RSP) rsp port

This p¢rt provides an alternate way of sending responses back to the originating sequencer. Which port to use
depends on which exportthe sequencer provides for connection.

13.7.3 Methods

Use th¢ new method as detailed in 13.5.2.

13.8 uvm_push_driver #(REQ,RSP)
This is the base class for a driver that passively receives transactions, i.e., it does not initiate requests for
transactions. This is also known as push mode. Its ports are typically connected to the corresponding ports in a

push sequencer as follows:

push sequencer.req port.connect (push driver.req export)
push driver.rsp port.connect (push sequencer.rsp export)

The rsp_port (see 13.8.2.2) only needs connecting if the driver uses it to write responses to the analysis export
in the sequencer.
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13.8.1 Class declaration

class uvm push driver #(
type REQ = uvm sequence item,
type RSP = REQ

) extends uvm_ component

The type of REQ and RSP shall be derived from uvm_sequence_item (see 14.1).

13.8.2 Ports

13.8.2-treq—export
uym_blocking put imp# (REQ,
yvm_push driver# (REQ, RSP))
geq export
This export provides the blocking put interface whose default implementation pfoduces an error. Iperived
driverd shall override put with an appropriate implementation (and not call supet) put). Ports conndcted to
this export shall supply the driver with transactions.
13.8.2.2 rsp_port
uym analysis port# (RSP) rsp port
This afalysis port is used to send response transactions back to the originating sequencer.

13.8.3 Methods

Use th¢ new method as detailed in 13.5.2.

13.9 uvm_subscriber

This clpss provides an analysis export for receiving transactions from a connected analysis export. Makipg such
a connpction “subscribes” this‘component to any transactions emitted by the connected analysis port.

Subtyples of this class shallydefine the write method to process the incoming transactions.
13.9.1| Class declaration

virtuglihclass uvm subscriber #( type T = int) extends uvm_ component

13.9.2 Ports

analysis_export

uvm analysis imp #(T, uvm subscriber# (T)) analysis export

This export provides access to the write method, which derived subscribers shall implement.
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13.9.3 Methods
13.9.3.1 new
Use the new method as detailed in 13.5.2.

13.9.3.2 write

pure virtual function void write( T t )

14. Sequence classes

Sequences encapsulate user-defined procedures that generate multiple uvm_sequence_item-based trans
(see 14.1). Such sequences can be reused, extended, randomized, and combined sequéntially and hierard
in intefesting ways to produce realistic stimulus to a DUT.
With lj;(fm_sequence objects (see 14.3), users can encapsulate DUT initialization code, bus-based stref

netwotk protocol stacks—anything procedural—then have them all execute in specific or random order
quickly reach corner cases and coverage goals.

14.1 yvm_sequence_item
The bage class for user-defined sequence items and also the base class for the uvm_sequence class (seq
The uym_sequence_item class provides the basic funetionality for objects, both sequence items and seq
to opetate in the sequence mechanism.
14.1.1| Class declaration
class uvm_sequence item exXtends uvm transaction
14.1.2 Common fields
14.1.2.1 new

fynction new\{ string name = "uvm sequence item" )

The constructorumethod for uvm_sequence_item.

actions
hically

S tests,
0 more

14.3).
lences,

14.1.2.2 set_item_context

function void set item context(
uvm_sequence_base parent_seq,
uvm_sequencer base sequencer = null

)

Specifies the sequence and sequencer execution context for a sequence item.
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14.1.2.3 get_use_sequence_info and set_use_sequence_info

function bit get use sequence info()
function void set use sequence info( bit value )

These methods are used to specify and return the status of the use sequence info bit. When
use_sequence_info is set to 1, the sequence information is printed, copied, and recorded. When
use_sequence_info has the default value of 0, the sequence information is not used.

14.1.2.4 set_id_info

fynction void set _1d 1nfo( uvm _sequence ltem 1tem )

Copieq the internal sequence id, as well as the transaction id (see 5.4.2.18), from the referencedutem into the
calling item. This routine should always be used by drivers to initialize responses for futuge, compatiljility.

14.1.2.5 get_sequencer
fynction uvm_ sequencer base get sequencer ()
Returng a reference to the item’s sequencer, as set by set_sequencer (see 11.2.6).
14.1.2.6 set_sequencer
virtual function void set sequencer( uvm_seqguencer base sequencer )

Specifies the sequencer for this item to sequencer. This takes effect immediately, so it shall not be callefl while
the sequence is actively communicating with the sequéncer.

14.1.2.7 get_parent_sequence
fynction uvm sequence base get parent sequence ()
Returns a reference to the parent s¢quence of any sequence item on which this method was called
14.1.2.8 set_parent_sequelice
function voidyset parent sequence( uvm sequence base parent )
Specifies the parenfisequence of this item. This is used to identify the source sequence of an item.

14.1.2.9 get ) depth

function int get depth()
Returns the value set by the most recent set_depth call (see 14.1.2.10) orif set_depth has never been called, 1+
the number of recursive calls to get_parent_sequence (see 14.1.2.7) that can be done without returning null. A
root sequence has a depth of 1, its child has a depth of 2, and its grandchild has a depth of 3.
14.1.2.10 set_depth

function void set depth( int value )
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The depth of any sequence is calculated automatically. However, this method may be used to specify the depth
of a particular sequence. This method overrides the automatically calculated depth, even if it is incorrect.

14.1.2.11 is_item

virtual function bit is item()

This function may be called on any sequence_item or sequence. It returns 1 for items and 0 for sequences
(which derive from this class).

14.1.2.12 get_root_sequence_name

fy
Provid|
14.1.2
fy
Provid|
14.1.2
fy

Provid|
betwed

14.1.3

Sequet
sequer

uvm_sequence_base::start_item [sce*[4.2.6.2] or uvin_sequence_base::start [sec_14.2.3.1]), then th

reportg
14.1.3
fy

Return
F.4.1.4

nction string get root sequence name ()

es the name of the root sequence (the top-most parent sequence).
.13 get_root_sequence

nction uvm sequence base get root sequence ()

es a reference to the root sequence (the top-most parent sequence).
.14 get_sequence_path

nction string get sequence path()

es a string of names of each sequence in the full hierarchical path. A dot (.) is used as the se
n each sequence.

Reporting interface

ce items and sequences use the sequencer that they are associated with for reporting messagg
cer has been specified for the atem/sequence using set_sequencer (see 14.1.2.6) (or indire

r is used.
.1 uvm_get_report)object
nction uvniiseport object uvm get report object ()

5 the sequencer (see 14.1.2.5) if non-null; otherwise, returns the implicit top-level compone)

1),

parator

s. If no
ctly via
c global

nt (see

14.1.3

hlael
- _ o NVICU

function int uvm report enabled(

)

int verbosity,
uvm_severity severity = UVM INFO,
string id = ""

Returns 1 if the configured verbosity for this severity/id is greater than or equal to verbosity, else returns 0.
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The default implementation shall forward this call to uvm_report_enabled (see 6.3.3.2) on the report object
returned by uvm_get_report_object (see 14.1.3.1) and return the result of that call.

14.1.3.3 uvm_report, uvm_report_info, uvm_report_warning, uvm_report_error,and
uvm_report_fatal

virtual function void uvm report (
uvm_severity severity,
string id,
string message,

int verbosity = (severity == uvm severity' (UVM ERROR)) ? UVM NONE
(SCVETITY == UV _Severity (UVM FATALJ)) ¢ UVM _NONE
(severity == uvm severity' (UVM WARNING)) ? UVM NONE
UVM MEDIUM,
sfring filename = "",
it line = 0,
sfiring context name = "",

bit report enabled checked = 0

virtual function void uvm report info(
string id,

string message,

int verbosity = UVM MEDIUM,

string filename = "",

int line = 0,

string context name = "",

bit report enabled checked = 0

virtual function void uvm report warning(
string id,

string message,

int verbosity = UVM NONE,

string filename = "",

int line = 0,

string context name = "",

bit report enabded checked = 0

virtual functhon void uvm report error(
string id,

string (meéssage,

int ar€rbosity = UVM NONE,

stpirg filename = "",

int line = 0,

string context name = "",
bit report enabled checked = 0
)
virtual function void uvm report fatal(
string id,
string message,
int verbosity = UVM NONE,
string filename = "",
int line = 0,
string context name = "",
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)

bit report enabled checked = 0

These are the primary reporting methods in UVM, implemented in this class. If uvm_report_enabled (see
14.1.3.2) returns a 0, these return with no action. Otherwise, they create a new report message populated
according the argument values and pass that message to uvm_process_report_message (see 14.1.3.4).

14.1.3.4 uvm_process_report_message

virtual function void uvm process report message (

uvm report message report message

)

This njethod takes a preformed uvm_report_message (see 6.2), populates it with the report objedt from

get_re
return
report

14.2 y

The uy
sequen

A sequ
‘uvm_|

14.21
v
14.2.2
14.2.2
£y
The cq

14.2.2

v

port_object (see 6.2.3.1), ifthe uvm_report_message context is an empty string (" ') theh sets
from get_sequence_path (see 14.1.2.14), and finally passes it to the designated gepett handler
bbject for processing; see 6.4.7.

ivm_sequence_base

m_sequence_base class provides the interfaces needed to create streams of sequence items and/
ces.

ence is executed by calling its start method (see 14.2.3.1),&ither directly or via invocation of an
do_* macros (see B.3).

Class declaration

rtual class uvm_sequence base extends uvm_ sequence item
Common methods

.1 new

nction new ( strifig name = "uvm_ sequence" )

mstructor for uvm_séquence_base.

.2 get_randomize_enabled

rtuad\function bit get randomize enabled

tto the
for the

r other

y of the

14.2.2

.3 set_randomize_enabled

virtual function void set randomize enabled ( bit enable )

Sets the value of the randomize enabled bit. When set to 1, the sequence shall be randomized automatically
before being executed by the ‘'uvm_do* and 'uvm_rand_send* macros (see B.3), or as a default sequence.
When set to 0, the sequence shall not be automatically randomized.
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14.2.2.4 get_sequence_state

function uvm sequence state enum get sequence state()
Returns the sequence state as an enumerated value.
14.2.2.5 wait_for_sequence_state

task wait for sequence state( int unsigned state mask )

Waits until the sequence reaches one of the given states. state_mask can be a bitwise OR'ing of any of the
Seunl C SLldllS. If LilC SCHUCTICT ib dllt:ddy ill OIIC Uf LhC SLALCTS, Lhib lllCL‘[lUL‘l TCTULULIIS illllllCdidLCly.

14.2.3 Sequence execution

14.2.3.1 start

virtual task start (

uvm_sequencer_base sequencer,
uvm_sequence base parent sequence = null,
int this priority = -1,

bit call pre post =1

)

Execufes this sequence, returning when the sequence has completed.

The sefjuencer argument specifies the sequencer on whigeh to run this sequence.
If parept sequence is null, and no parent sequence has been assigned via set_parent_sequence (see 14{1.2.8),
then thiis sequence is a root sequence; otherwise;«itis a child of parent _sequence. When parent sequende is not
null, the parent _sequence’s pre_do (see 14.2.3°4), mid_do (see 14.2.3.5), and post_do (see 14.2.3.7) njethods
are called during the execution of this sequence.
By default, the priority of a sequence is the priority of its parent sequence. If it is a root sequenge, i.e.,
get_pdqrent_sequence (see 14.1.2.7)returns null, its default priority is 100. To change this, use a non-nggative

value Qf this_priority. Higher.niimbers indicate a higher priority.

If call [pre_post is set to\L(the default), the pre_body (see 14.2.3.3) and post_body (see 14.2.3.8) takks are
called pefore and afterthe sequence body (see 14.2.3.6) is called.

14.2.3.2 pre_start

vinttal task pre start()

This task is a user-definable hook that is called before the optional execution of pre_body (see 14.2.3.3).

14.2.3.3 pre_body
virtual task pre body ()

This task is a user-definable hook. The value of call pre post as passed into start (see 14.2.3.1) is in control.
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14.2.3.4 pre_do
virtual task pre do( bit is item )
This task is a user-definable hook task.

Although pre_do is a task, consuming simulation cycles may result in unexpected behavior on the driver.

14.2.3.5 mid_do

virtual function void mid do( uvm sequence item this item )

This finction is a user-definable hook function that is called after the sequence item has been randemiged and
just before the item is sent to the driver.

14.2.3.6 body
virtual task body ()
This is|the user-defined task where the main sequence code resides.
14.2.3.7 post_do
virtual function void post do( uvm sequence dftem this item )

This fgnction is a user-definable callback function that is.called after the driver has indicated that it has
compl¢ted the item, using either the item_done (see 15.2,1.2.3) or put (see 15.2.1.2.8) methods.

14.2.3.8 post_body

virtual task post body ()
This task is a user-definable hook. Thewalue of call pre post as passed into start (see 14.2.3.1) is in dontrol.
14.2.3.9 post_start

virtual task posf_start ()
This task is a user-définable hook that is called after the optional execution of post_body (see 14.2.3(8).

14.2.4 Run-time’phasing

14.2.41.1 get_starting_phase

function uvm phase get starting phase()

Returns the starting phase. If non-null, the starting phase specifies the phase in which this sequence was started.
The starting phase is set automatically when this sequence is started as the default sequence on a sequencer.

14.2.4.2 set_starting_phase
function void set starting phase( uvm phase phase )

Specifies the starting phase.
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14.2.4.3 get_automatic_phase_objection

function bit get automatic phase objection()

Returns (and locks) the value of the “automatically object to starting phase” bit.

IEC 2023
.2™-2020

If 1, the sequence automatically raises an objection to the starting phase (if the starting phase is not null)
immediately prior to pre_start (see 14.2.3.2) being called. The objection is dropped after post_start (see

14.2.3.

14.24

9) has executed or kill (see 14.2.5.11) has been called.

.4 set_automatic_phase_objection

£y
Specifi

The m
priort
kill [sq
functig

NOTE+-Do not set the automatic phase objection bit to 1 if a sequence runs with'a forever loop inside of the

the objg

14.2.5 Sequence control

14.2.8.1 get_priority

fu

This fy

14.2.5.2 set_priority

fu

The prf
sequen
sequen

The def
1S 100

nction void set automatic phase objection( bit value )
es the “automatically object to starting phase” bit.
executing the sequence and drop the objection after ending the sequence (eithetnaturally or via

e 14.2.5.11]). To simplify this interaction for the user, UVM provides\the ability to perfoi
nality automatically.

ction will never get dropped.

nction int get priority()

nction returns the current priority of the'sequence.

nction void set prior+¥ty ( int value )

ority of a sequence(may be changed at any point in time. value shall be >= 1. When the prior
ce is changed, the new priority is used by the sequencer the next time that it arbitrates b
ces.

fault prierity value is the value of the sequence’s parent’s priority. The default priority for root seq
Higherwalues result in higher priorities.

14.2.5.3is _relevant

virtual function bit is relevant()

The default is_relevant implementation returns 1, indicating that the sequence is always relevant.

st common interaction with the starting phase within a sequence is to simply raise-the phase’s ofjjection

call to
m this

ody, as

ty of a
ctween

uences

Users may choose to override this with their own virtual function to indicate to the sequencer that the sequence
is not currently relevant after a request has been made.

When the sequencer arbitrates, it will call is_relevant on each requesting, unblocked sequence to see if it is
relevant. If a 0 is returned, then the sequence is not used.
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If all requesting sequences are not relevant, the sequencer will call wait_for_relevant (see 14.2.5.4) on all
sequences and re-arbitrate upon its return.

Any sequence that implements is_relevant shall also implement wait_for_relevant so the sequencer has a way
to wait for a sequence to become relevant.

14.2.5.4 wait_for_relevant
virtual task wait for relevant()

This method is called by the sequencer when all available sequences are not relevant. When wait_for_relevant

4+ 44 4o 4 la ittt
returns;the-sequeneer-attempts—tore-arottrate:
> | 1Y

An implementation in a derived sequence should not return unless is_relevant is 1 (see 14.2.5.3 ) Ifa'sequence
defineg is_relevant, then the sequence shall also supply a wait_for_relevant method.

14.2.8.5 lock

tdsk lock( uvm sequencer base sequencer = null )
Requests a lock on the specified sequencer. When sequencer is null, the lockistequested on the current|default
sequericer (see 14.1.2.5). If sequencer is null and get_sequencer returns #u//, an implementation shall generate

a fatal message.

A locK| request is arbitrated the same as any other request. A lock is granted after all previously arlitrated
requesfs are completed and no other locks or grabs are blocking this sequence.

The logk call returns once the lock has been granted.
14.2.5.6 grab

tdsk grab( uvm sequencer base€“sequencer = null )
Requests a lock on the specified sequencer. If no argument is supplied, the lock is requested on the furrent
defaulf sequencer (see 14.1.2.5). If sequencer is null and get_sequencer returns null, an implementatign shall

generale a fatal message.

A gralf request is put infront of the arbitration queue and is arbitrated before any other requests. A [grab is
granted when no other\grabs or locks are blocking this sequence.

The grfab call returns once the grab has been granted.

14.2.9.7<untock

function void unlock( uvm sequencer base sequencer = null )
Removes any locks obtained by this sequence on the specified sequencer. When sequencer is null, the unlock is
done on the current default sequencer (see 14.1.2.5). If sequencer is null and get_sequencer returns null, an
implementation shall generate a fatal message.
NOTE—The unlock method removes any locks acquired from both lock (see 14.2.5.5) and grab (see 14.2.5.6).
14.2.5.8 ungrab

function void ungrab( uvm sequencer base sequencer = null )
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Convenience method for calling unlock (see 14.2.5.7).
14.2.5.9 is_blocked
function bit is blocked()
Returns a bit indicating whether this sequence is currently prevented from running due to another lock or grab.
A 1 isreturned if the sequence is currently blocked. A 0 is returned if no lock or grab prevents this sequence

from executing.

14.2.5.10 has_lock

fynction bit has lock()
Returns 1 if this sequence has a lock, 0 otherwise.

Note that even if this sequence does not have a lock, a child sequence may have a loek; in which chse the
sequeryce is still blocked from issuing operations on the sequencer.

14.2.5.11 kill

fynction void kill ()

This fynction kills the sequence and causes all current locks, grabs, or requests in the sequence’s default
sequericer to be removed. The sequence state changes to UvM .STOPPED, and the post_body (see 14.2.3.8) and
post_start (see 14.2.3.9) callback methods are executed.

14.2.5.12 do_kill

virtual function void do kill()

This fynction is a user hook that is called Whenever a sequence is terminated by using sequence.Xill or
sequejncer.stop sequences (Which effectively calls sequence.kill).

14.2.6 Sequence item execution
14.2.6.1 create_item

pgotected fumetion uvm sequence item create item(
uvm_object wrapper type var,

uvm_segllencer base 1 sequencer,

string name

)

This creates and initializes a sequence_item or sequence using the factory. The item or sequence’s sequencer is
set to /_sequencer via uvi_sequence_item::set_sequencer (see 14.1.2.6).

14.2.6.2 start_item

virtual task start item (
uvm_sequence item item,
int set priority = -1,
uvm_sequencer base sequencer = null
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This is a convenience method for initiating the execution of a sequence item request on a sequencer with a
specified priority.

a)

b)

If item is null, or if item can be cast to uvm_sequence_base (see 14.2) and is_item (see 14.

1.2.11)

returns 0, then the implementation shall generate an error message and return immediately.

The priority is determined by evaluating the set _priority argument. If the argument is greater
equal to 0, then priority is the set priority value; otherwise, the priority is set to the return v
get_priority (see 14.2.5.1).

The sequencer is determined by evaluating the sequencer argument.

1) If the sequencer argument is not null, then that sequencer value is used.

than or
alue of

d)

NOTE
14.2.6
v
This i}
a)

b)

2)  Ifthe sequencer argument is null and the item’s get_sequencer (see 14.1.2.5) returnvaly
null, then that return value is used.

3) If the sequencer argument is null, the item’s get_sequencer return valueTis.null, a
sequence’s get_sequencer return value is not null, then that return value iSwused.

4)  Otherwise, the implementation shall generate an error message and refurn immediately.
The implementation shall perform the following steps in order:

1) The set_item_context method (see 14.1.2.2) on item shall be-Called, and passed this sequ
a parent_seq and sequencer as determined in step c).

2) The wait_for_grant method (see 15.3.2.6) shall be called on the sequencer, with thissequ
sequence_ptr and the priority as determined in stepyb)as item_priority.

3) The pre_do method (see 14.2.3.4) on this sequenee is called, with is_item set to 1.

—While not strictly required, start_item is usually paired with a corresponding finish_item (see 14.2.6.3
.3 finish_item

rtual task finish item ( uvm_sequence item item, )

a convenience method for compléting the execution of a sequence item:

If item is null, or if item can be cast to uvm_sequence_base (see 14.2) and is_item (see 14|
returns 0, then the implémentation shall generate an error message and return immediately.

If the item’s get (sequencer (see 14.1.2.5) return value is null, then the implementation shall g
an error message-and return immediately.

The implementation shall perform the following steps in order:

1) ,~The mid_do method (see 14.2.3.5) on this sequence is called, with item as this_item.

E is not

hd this

PNce as

£nce as

) call.

1.2.11)

bnerate

bst and

2)» The send_request method (see 14.2.6.5) on this sequence is called, with item as requ

Terandonize Setto 0.

3) The wait_for_item_done method (see 14.2.6.6) on this sequence is called, with the return value

of item’s get_transaction_id method (see 5.4.2.18) as transaction_id.

4)  The post_do method (see 14.2.3.7) on this sequence is called, with item as this_item.

NOTE—finish_item returning indicates the driver has signaled that the item is done, either explicitly via item_done (see
15.2.1.2.3) or implicitly via a call to get (see 15.2.1.2.6); however, it does not strictly indicate that the driver has completed
all processing of the request.
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14.2.6.4 wait_for_grant

virtual task wait for grant(
int item priority = -1,
bit lock request = 0

)

This task calls sequencer.wait_for_grant (see 15.3.2.6) on the current sequencer (see 14.1.2.5).

When this method returns, the sequencer has granted the sequence, and the sequence shall call send_request
(see 14.2.6.5) without inserting any simulation delay other than delta cycles.

14.2.6.5 send_request

virtual function void send request (
uvm_sequence item request,
bit rerandomize = 0

This :lunction may only be called after a wait_for_grant call (see, 14.2.6.4). send_requesf calls
sequencer.send_request (see 15.3.2.20) on the current sequencer (see 142$275).
14.2.6.6 wait_for_item_done

virtual task wait for item done( int transaction id = -1 )

A sequence may optionally call wait_for_item_done. This task blocks until the driver indicates that thejitem is
done, gither explicitly via item_done (see 15.2.1.2.3)6r implicitly via a call to get (see 15.2.1.2.6).

If no tfansaction_id parameter is specified, or if¢ransaction_id is -1, the call returns the next time that the
driver falls item_done or get. When a specific'transaction id is specified, the call returns when thd driver
indicates completion of that specific item.

NOTE--Ifa specific transaction_id hasbeen specified and the driver has already signaled item_done for that tranfaction,
then thq¢ call will hang waiting for that specific transaction_id. Additionally, wait_for_item_done returning indidates the
driver Has signaled the item is done; however, it does not strictly indicate the driver has completed all processinf of the
request
14.2.7 Response API

14.2.7.1 use_reponse_handler

fynetlon void use response handler( bit enable )

When called with enable set to 1, responses are sent to the response handler. Otherwise, responses need to be
retrieved using get_response (see 14.3.3.3).

By default, responses from the driver are retrieved in the sequence by calling get_response.
14.2.7.2 get_use_response_handler
function bit get use response handler ()

Returns the state of the use_response_handler bit (see 14.2.7.1).
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14.2.7.3 response_handler

virtual function void response handler( uvm sequence item response )

When the use_response_handler bit is set to 1 (see 14.2.7.1), this virtual function is called by the sequencer
for each response that arrives for this sequence. No action is taken by this function unless it is extended.

14.2.7.4 get_response_queue_error_report_enabled

function bit get response queue error report enabled()

When fiti

bit is 0
14.2.7

£y
By def]
more r
0 disal
14.2.7

£y
Return
14.2.7

£y
The d¢
the res

that is

Setting
done.

14.2.7

v

, no such error reports are generated.

.5 set_response_queue_error_report_enabled

nction void set response queue error report enabled( bit wxalue )
hult, if the response queue overflows, an error shall be generated. The respénse queue overflow]
psponses are sent to this from the driver than get_response calls (see 14.3.3.3) are made. Setting
les these errors, while setting it to 1 enables them.

.6 get_response_queue_depth

nction int get response queue depth ()

5 the current depth setting for the response queue,

.7 set_response_queue_depth

nction void set response queue depth( int value )

fault maximum depth of the response queue is 8. This method is used to change the maximum d|
bonse queue. An implementdtion shall generate an error message if the maximum depth is set to

ess than the current number of responses in the queue.

the depth of the response queue to -1 indicates an arbitrarily deep response queue and no ched

.8 clear /response_queue

rtual) function void clear response queue ()

5 when
alue to

epth of
h value

king is

Empties the response queue Tor this sequence.

14.3 uvm_sequence #(REQ,RSP)

The uvm_sequence class provides the interfaces necessary to create streams of sequence items and/or other
sequences.

14.3.1

Class declaration

virtual class uvm_sequence # (

type REQ = uvm sequence item,
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type RSP = REQ
) extends uvm_ sequence base

The type of REQ and RSP shall be derived from uvm_sequence_item (see 14.1).
14.3.2 Variables

14.3.2.1 req

REQ req

The sefmmwmmm%swmrmeﬁmm field to
use. The default do print prints this field.

14.3.2.2 rsp
RYP rsp

The sefjuence contains a field of the response type called rsp. The user can use thisfield, if desired, of create
anothef field to use. The default do print prints this field.

14.3.3 Methods
14.3.3.1 new
function new ( string name = "uvm_ sequengcel” )
Createp and initializes a new sequence object.
14.3.3.2 get_current_item
function REQ get current itemd{)

Returns the request item currently being executed by the sequencer. If the sequencer is not currently ex¢cuting
an iten, this method returns null:

The sefjuencer is executing\an item from the time that get_next_item (see 15.2.1.2.1) or peek (see 12.2.10) is
called pntil the time that'get (see 15.2.1.2.6) or item_done (see 15.2.1.2.3) is called.

14.3.3.3 get_response

virtual)task get response(
output RSP response,

input 1nt transaction 1d = -1

)
By default, sequences retrieve responses by calling get_response. If no transaction_id is specified, this task
returns the next response sent to this sequence. If no response is available in the response queue, the method

blocks until a response is received.

Ifa transaction_id parameter is specified, the task blocks until a response with that transaction_id is received in
the response queue. -1 indicates wait for the next response.
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The get_response method needs to be called soon enough to avoid an overflow of the response queue to
prevent responses from being dropped. See also 14.2.7.6.

Ifaresponse is dropped in the response queue, an error shall be generated unless the error reporting is disabled
via set_response_queue_error_report_enabled (see 14.2.7.5).

14.4 uvm_sequence_library

The uvm_sequence_library is a sequence that contains a list of registered sequence types. It can be configured
to create and execute these sequences any number of times using one of several modes of operation (see

F.2.4.3), including a user-defined mode.
When tarted (as any other sequence), the sequence library randomly selects and executes a sequence fLom its
sequerfces queue. Ifin UVM_SEQ_LIB_RAND mode (see F.2.4.3), its select_rand property(see'14.4.4.7) is
randorhized and used as an index into sequences. When in UVM_SEQ_LIB_RANDC modg)(sce F.2.4.3), the
select [randec property (see 14.4.4.8) is used. When in UVM_SEQ_LIB_ITEM mod¢ (see F.2.4.3)), only
sequerice items of the REQ type are generated and executed—no sequences are executed. Finally, when in
UVM [SEQ_LIB_USER mode (see F.2.4.3), the select_sequence method (see 14.4.4.9) is called to obfain the
index for selecting the next sequence to start. Users can override this method insubtypes to implement fustom
selectipn algorithms.
Creatifjg a subtype of a sequence library requires invocation of the “uym__sequence_library_utils madro (see
B.3.2.2) in its declaration. The macro is needed to populate the sequénce library with any sequences that were
statically registered with it or any of its base classes.
14.4.1| Class declaration
class uvm_sequence library# (
type REQ = uvm sequence_ item,
RSP = REQ
) extends uvm_ sequence # (REQ;sRSP)
The type of REQ and RSP shall be derived from uvm_sequence_item (see 14.1).
14.4.2 Example
class my seq lilb ‘extends uvm sequence library # (my item)
‘uvm_objectqutils (my seq 1lib)
‘uvm_sequence library utils(my seq 1lib)
functidnnew (string name="")
super. new (name) ;
endfunction
endclass

14.4.3 Common methods

new

function new( string name = "" )

Creates a new instance of this class.
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14.4.4 Sequence selection
14.4.4.1 selection_mode

virtual function uvm sequence lib mode get selection mode ()
virtual function void set selection mode( uvm sequence lib mode m )

Specifies the mode used to select sequences for execution. If set_selection_mode has not been called since the
sequence library was constructed, then get_selection_mode shall return UvM SEQ LIB RAND.

14.4.4.2 min_random_count

virtual function int unsigned get min random count ()
virtual function void set min random count( int unsigned count )

Specifies the minimum number of sequences to execute. I[f set_min_random_count hasnot been called since
the sequence library was constructed, then get_min_random_count shall return 10,

14.4.4.3 max_random_count

virtual function int unsigned get max random count)
virtual function void set max random count( int unsigned count )

Specifies the maximum number of sequences to execute. If set_max_ /random_count has not been calldd since
the sequence library was constructed, then get_max_random. count shall return 10.

14.4.4.4 get_num_sequences_executed

fynction int unsigned get num sequences executed()
Returns the number of sequences executed, not including the currently executing sequence, if any.
14.4.4.5 sequences_executed

pgotected int unsigned sequences executed
Indicafes the number of sequences executed, not including the currently executing sequence, if any.
14.4.4.6 sequencé.count

rgnd inEalinsigned sequence count = 10
Specifies.the number of sequences to execute when this sequence library is started. This value is constrgined to

beinside { [min_random count:max_random count] ).l n UVM_SEQ_LIB_ITEM mode (see F.2.4.3),
specifies the number of sequence items to generate.

14.4.4.7 select_rand
rand int unsigned select rand
This is the index variable that is randomized to select the next sequence to execute when in

UVM_SEQ_LIB_RAND mode (see F.2.4.3). This variable is constrained to be a valid index into the array of
registered sequences.
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Extensions may place additional constraints on this variable.
14.4.4.8 select_randc
randc bit [15:0] select randc
This is the index variable that is randomized to select the next sequence to execute when in
UVM_SEQ_LIB_RANDC mode (see F.2.4.3). This variable is constrained to be a valid index into the array of

registered sequences.

Extensions may place additional constraints on this variable.

14.4.44.9 select_sequence

virtual function int unsigned select sequence( int unsigned max )
Implerpentation hook that returns the index used to select the next sequence(to-’execute when in
UVM [SEQ_LIB_USER selection mode (see F.2.4.3). Overrides shall return a valae between 0 and max,

inclusipe.

The dgfault implementation returns 0, incrementing on successive calls, wrapping back to 0 when rdaching
max. Hxtensions may use get_sequence (see 14.4.4.10) to assist in seleeting an index.

14.4.4.10 get_sequence
virtual function uvm object wrapper get (sgguence( int unsigned idx )

Returng the sequence registered with the sequence library at idx. An error message shall be generatedl if idx
exceeds the current number of sequences registered with the sequence library and null shall be returned.

14.4.5 Sequence registration
14.4.5.1 add_typewide_sequence
sflatic function void add typewide sequence( uvm object wrapper seq type|)
Registers the provided sequence type with this sequence library type. The sequence type is availaple for
selectipn by all instances\of'this class. Sequence types already registered are silently ignored. This meth¢d does
not haye any effect on.sequence libraries that have already been constructed.

14.4.5.2 add ‘typewide_sequences

sflatfe function void add typewide sequences (uvm object wrapper seq typeg([S])

Registers the provided sequence types with this sequence library type. The sequence types are available for
selection by all instances of this class. Sequence types already registered are silently ignored. This method does
not have any effect on sequence libraries that have already been constructed. seq_types shall be a queue.
14.4.5.3 add_sequence

function void add sequence( uvm object wrapper seq type )

Registers the provided sequence type with this sequence library instance. Sequence types already registered are
silently ignored.

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
—-194 - IEEE Std 1800.2™-2020

14.4.5.4 add_sequences
virtual function void add sequences( uvm _object wrapper seq types[$] )

Registers the provided sequence types with this sequence library instance. Sequence types already registered
are silently ignored. seq types shall be a queue.

14.4.5.5 remove_sequence

virtual function void remove sequence( uvm object wrapper seq type )

Remo - ly, the
sequerice queues of all instances of this sequence library are updated accordingly. A warning shallbe’idsued if
the sequence is not registered.

.5.6 get_sequences
virtual function void get sequences( ref uvm object wrapper .seq types[S$] )

Appenfls to the provided seq_types array the list of registered sequences. seq \types shall be a queue.
15. Sequencer classes

15.1 Overview

The sefjuencer serves as an arbiter for controlling transaction flow from multiple stimulus generatory. More
specifitally, the sequencer controls the flow of uvm_sequence_item—based transactions (see 14.1) geperated
by one|or more uvm_sequence #(REQ,RSP)-bas¢d sequences (see 14.3).

15.1.1| Sequencer variants
There fire two sequencer variants available as follows:

a) | uvm_sequencer #(REQ;RSP)—Requests for new sequence items are initiated by the driver (se¢ 15.5).
Upon such requests, the,sequencer selects a sequence from a list of available sequences to prodjice and
delivers the next.item to execute. This sequencer is typically connected to a user-extengion of
uvm_driver #(REQ,RSP) (see 13.7).

b) | uvm_push sequencer #( REQ,RSP)—Sequence items (from the currently running sequenges) are
pushed by)the sequencer to the driver, which blocks item flow when it is not ready to accept new
transactions (see 15.6). This sequencer is typically connected to a user-extension of uvm_push |driver
#(REQ,RSP) (see 13.8).

Sequm cer=drivercommumcatronfotows apm’t’ Or yu.)h bcumutiu, dcpcudiug omwiich sequencer typels used.
However, sequence-sequencer communication is always initiated by the user-defined sequence, i.e., it follows a
push semantic.

See Clause 14 for an overview on sequences and sequence items.

15.1.2 Sequence item ports

The uvm_sequencer #(REQ,RSP) (see 15.5) and uvm_driver # REQ,RSP) (see 13.7) pair uses a sequence
item pull port (see 15.2.2) to achieve the special execution semantic needed by the sequencer-driver pair.
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15.2 Sequencer interface

15.2.1

uvm_sqr_if_base #(T1,T2)

This class defines an interface for sequence drivers [uvm_driver #(REQ,RSP) (see 13.7)] to communicate
with sequencers. The driver connects to the interface be via a port, and the sequencer implements it and
provides it via an export.

This class provides timestamp properties, notification events, and transaction recording support. Its subtype,
uvm_sequence_item (see 14.1), shall be used as the base class for all user-defined transaction types.

Note th
trigger|
13.1.7
transag
timest3
15.2.1

Users

custon
the beg
In pipg
macro
uvm_(
54.2.1

15.2.1

v

The ty]
15.2.1
15.2.1

v

Return

Clt sct_llCAt_;tClll /;tcul_duuc Wll\/ll \,allud vlra uay lll_BCLl_;tClll_pu:}_PUl t (DU\/ ‘l 5 ." ." . ‘l } autuul
5 the event with the key begin or end in the event pool (see 5.4.2.13) via calls to begin)|
3) and end_tr (see 13.1.7.5). While convenient, it is generally the responsibility of driviersto
tion’s progress during execution. To allow the driver or layering sequence to control sequen
mps, events, and recording, uvm_sqr_if base#(T1,T2):: disable_auto_item recordin
2.10) needs to be called prior to the driver initiating its first request for an item:

an also use the transaction’s event pool, uvin_transaction::get_event_peol/(see 5.4.2.13), to
events for the driver to trigger and the sequences for waiting. Any in-b€tween events, such as 1
inning of the address and data phases of transaction execution, can be\iinplemented via the event|

[see B.3]) before the item has been completed. If the{diiver uses the begin_tr/end_tr
omponent (see 13.1), the sequence can wait on the event at key end in the item’s event po
3) to block until the item was fully executed.

.1 Class declaration

rtual class uvm_sqr if base #¢(

type Tl = uvm sequence item,

T2 = T1

be of 7'/ and 72 shall be derived from uvm_sequence_item (see 14.1).

.2 Methods

.2.1 get_next.item

rtual ‘task get next item( output Tl t )

5 the next available sequence_item, the call shall block until an item is available.

tically
tr (see
mark a
e item
b (see

define
jarking
s pool.

lined protocols, the driver can release a sequence (return fromfinish_item [see 14.2.6.3] or its “'upm_do

API in
ol (see

15.2.1

.2.2 try_next_item

virtual task try next item( output Tl t )

Returns immediately with the request ¢ set to the next available sequence item, if there is one available,
otherwise returns with the ¢ set to null.

15.2.1

.2.3 item_done

virtual function void item done( input T2 t = null )
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Indicates to the sequencer that the request is completed.

15.2.1.2.4 wait_for_sequences

vi

rtual task wait for sequences|()

Waits for a sequence to have a new item available. User-derived sequencers may override its
wait_for_sequences implementation to perform some other application-specific implementation.

15.2.1.2.5 has_do_available

rtoaotr—functiomr bt hasdo—avaTtab= O

Indicafes whether a sequence item is available for immediate processing. Implementations shall téturn

item i}

15.2.1

v

available, 0 otherwise.
.2.6 get

rtual task get( output Tl t )

Returng the next available sequence _item from a sequence, the call shall bloek until an item is availa

15.2.1

v

.2.7 peek

rtual task peek( output Tl t )

Returng the current request item if one is available.

15.2.1

v

Sends

15.2.1

v

Sends

15.2.1

v

.2.8 put

rtual task put( input T2 t )

h response back to the sequencethat issued the request. The put task shall be non-blocking.
.2.9 put_response

rtual function'\véid put response( input T2 t )

h response itefirto the sequence that issued the request.

.2.10 disable_auto_item_recording

rfudl function void disable auto item recording ()

1 ifan

ble.

Calling this function disables automatic recording of sequence_items by the sequencer. Once this function has
been called, automatic recording cannot be re-enabled.

15.2.1

.2.11 is_auto_item_recording_enabled

virtual function bit is auto item recording enabled()

Returns TRUE if automatic item recording is enabled for this port instance.
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15.2.2 Sequence item pull ports

This defines the port, export, and imp port classes for communicating sequence items between uvm_sequencer
#(REQ,RSP) (see 15.5) and uvm_driver # REQ,RSP) (see 13.7).

15.2.2.1 uvm_seq_item_pull_port #(REQ,RSP)

UVM provides a port, export, and imp connector for use in sequencer-driver communication. All have standard
port connector constructors.

Class declaration

class uvm_seq item pull port # (

type REQ = int,

type RSP = REQ

) |extends uvm _port base #(uvm sqr if base #(REQ, RSP))

The type of REQ and RSP shall be derived from uvm_sequence_item (see 14.1).
15.2.2.2 uvm_seq_item_pull_export #( REQ,RSP)

This export type is used in sequencer-driver communication. It has the standard constructor for expoits.
Class declaration

class uvm_seqg_item pull export #(

type REQ = int,

type RSP = REQ

) |extends uvm port base #(uvm sgr #f base #(REQ, RSP))

The type of REQ and RSP shall be derived from uvm_sequence_item (see 14.1).
15.2.2.3 uvm_seq_item_pull_imp#(REQ,RSP,IMP)
This imhp type is used in sequencer-driver communication. It has the standard constructor for imp-typ¢ ports.
Class declaration

class uvm_segittem pull imp #(
type REQ\% int,
type RSP REQ,

type IMP = int
) |[ex€ends uvm port base #(uvm sqr if base #(REQ, RSP))

The type of REQ and RSP shall be derived from uvm_sequence_item (see 14.1).

15.3 uvm_sequencer_base

Controls the flow of sequences, which generate the stimulus (sequence item transactions) that is passed on to
drivers for execution.

15.3.1 Class declaration

virtual class uvm_sequencer base extends uvm component
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15.3.2 Methods

15.3.2.1 new

function new (
string name,
uvm_component parent

Creates and initializes an instance of this class using the following constructor arguments for uvim_component:
name is the name of the instance, and parent is the handle to the hierarchical parent, if any (see 13.1).

15.3.2.2 is_child
fynction bit is child (

uvm_sequence_base parent,
uvm_sequence base child

Returnk 1 if the child sequence is a child of the parent sequence, 0 otherwise,
15.3.2.3 user_priority_arbitration

virtual function int user priority arbitrationg( int avail sequences[$]
When the sequencer arbitration mode is specified as UvM_SEQ)ARB USER (using the set_arbitration npethod)
(see 19.3.2.19), the sequencer calls this function each timethat any sequencer API arbitrates among sequences
(e.g., uvm_sqr_if base#(T1,T2)::get, see 15.2.1.2.6). This function is called even if there is only one sefquence
availaljle.
Derived sequencers may override this method to'perform a custom arbitration policy. The override shall return
one of]the entries from the avail sequencés-queue, which contains the index of each sequence availgble for
arbitrafion. The associated sequence for each index can be obtained via get arbitration_sequenge (see
15.3.214).
15.3.2.4 get_arbitration_sequence

virtual function/uvm sequence base get arbitration sequence( int index )

Returng the sequetniée available for the arbitration corresponding to index.

15.3.2.5 execute_item

virtual Task executeiltem ( uvmﬁsequenceiltem 1tem )
Executes the given transaction item directly on this sequencer.
15.3.2.6 wait_for_grant
virtual task wait for grant(
uvm_sequence_bage sgquence_ptr,

int item priority = -1,
bit lock request = 0
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This task issues a request for the specified sequence ptr sequence. If item_priority is not specified or is -1, the
current sequence priority is used by the arbiter. This is the default condition and ifem_priority shallbe -1. If a
lock request is made (lock request==1), the sequencer issues a lock immediately before granting the
sequence. (The lock may be granted without the sequence being grantedif is_relevant [see 14.2.5.3] forthe

sequen

ce is not asserted). The default value of lock_request shall be 0.

When this method returns, the sequencer has granted the sequence, and the sequence shall call send_request
(see 15.3.2.20) without inserting any simulation delay other than delta cycles. The driver will be waiting for the
next item to be sent via the send_request call.

15.3.2

.7 wait_for_item_done

v

A sequ
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transad
transa
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driver

NOTEA
indicatg

15.3.2
fu

Return
sequen

15.3.2
fu

Return

Note that even if'this sequence has a lock, a child sequence may also have a lock, in which case the sequ

still bl

rtual task wait for item done(
uvm_sequence_base sequence_ptr,
int transaction id

ence may optionally call wait_for_item_done. This task blocks until the driverindicates that thd
pither explicitly via item_done (see 15.2.1.2.3) or implicitly via a call té)get (see 15.2.1.2.4
tion issued by the specified sequence ptr sequence. If no transaction, id parameter is specified
tion_id is -1, the call returns the next time that the driver calls item _‘dene or get on a transaction
kpecified sequence ptr sequence. When a specific transaction_idaswsed, the call only returns w
ndicates it has completed that specific item.

—wait_for_item_done returning indicates the driver has signaled the item is done; however, it does not
the driver has completed all processing of the request.

.8 is_blocked
nction bit is blocked( uvm sequénce base sequence ptr )

s 1 if the sequence referred to by sequence ptr is currently locked out of the sequencer. It returns|

ce is currently allowed to issue pperations.
.9 has_lock
nction bit has(ldck( uvm sequence base sequence ptr )

5 1 if the sequence referred to in by sequence_ptr currently has a lock on this sequencer, 0 othg

ckedfrom issuing operations on the sequencer.

itemis
)) on a
or the
issued
hen the

strictly

0 ifthe

rwise.

ence is

15.3.2

40-leck

virtual task lock( uvm sequence base sequence ptr )

Requests a lock for the sequence specified by sequence_ptr.

A lock request is arbitrated the same as any other request. A lock is granted after all previously granted requests
are completed and no other locks or grabs are blocking this sequence.

The lock call returns once the lock has been granted.
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15.3.2.11 grab
virtual task grab ( uvm sequence base sequence ptr )
Requests a lock for the sequence specified by sequence ptr.

A grab request is put in the front of the arbitration queue. It is arbitrated before any other requests. A grab is
granted when no other grabs or locks are blocking this sequence.

The grab call returns once the grab has been granted.

15.3.2-12unloek

virtual function void unlock( uvm sequence base sequence ptr )
Remoyes any locks and grabs obtained by the specified sequence ptr.
15.3.2.13 ungrab

virtual function void ungrab( uvm sequence base sequence ptr )

Calls ynlock (see 15.3.2.12). Provided to give user code the symmetry-of calling grab (see 15.3.2.11) and
ungrab.

15.3.2.14 stop_sequences
virtual function void stop_ sequences ()

Tells tlte sequencer to kill all sequences and child sequences currently operating on the sequencer, and femove
all requests, locks, and responses that are currently’ queued. This essentially resets the sequencer to an ide state.

15.3.2.15 is_grabbed

virtual function bit ig” grabbed ()
Returng 1 if any sequence cusrently has a lock or grab on this sequencer, 0 otherwise.
15.3.2.16 current_grabber

virtual fagction uvm sequence base current grabber ()

Returnk a réference to the sequence that currently has a lock or grab on the sequence. If multiple hierarchical
sequeniceschave a lock, this returns the child that is currently allowed to perform operations on the seqyencer.

15.3.2.17 has_do_available

virtual function bit has do available()
Returns 1 if any sequence running on this sequencer is ready to supply a transaction, 0 otherwise. A sequence

isready if it is not blocked (via grab [see 15.3.2.11] orlock [see 15.3.2.10])and is_relevant (see 14.2.5.3)
returns 1.
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15.3.2

.18 get_arbitration

function uvm sequencer arb mode get arbitration()

Returns the current arbitration mode for this sequencer. See F.2.4.1 for a list of possible modes.

If the arbitration mode has not been set via a call to set_arbitration (see 15.3.2.19), thenUvM_SEQ ARB FIFO
shall be returned.

15.3.2

.19 set_arbitration
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Nnction void et _arbitratlon( uvil sedquelcer aro mode Vvdal )
es the arbitration mode for the sequencer.

.20 send_request

rtual function void send request(

uvm_sequence base sequenge_ptr,

uvm_sequence item t,
bit rerandomize = 0

d classes shall implement this function to send a request itemto the sequencer, which then forwai
ver. If the rerandomize bit is set to 1, the item shall be randomized before being sent to the driv|
value of rerandomize shall be 0, which is not set.

nction may only be called after a wait_for_grant call (see 15.3.2.6).

.21 set_max_zero_time_wait_relevant_count

rtual function void set maxvzero time wait relevant count( int new val

called at any time to change(th¢'maximum number of times wait for relevant canbe calle
cer in zero time before an‘error is declared. The default maximum is 10.

.22 disable_auto \item_recording

rtual fupetion void disable auto item recording()

dsitto
er. The

)

| by the

1521.23) are called in the uvm_sequencer#(REQ,RSP) (see 15.5) or whe

pult, itemnrecording is performed automatically when get_next_item (see 15.2.1.2.1) and ite"L, done

the

uvm_;rush_sequencer#(REQ,RSP) (see 15.6) puts an item on the req_port (see 15.6.2). Howevgr, this

behavior might not be desired.

This automatic recording can be disabled by calling this function. Once disabled, automatic recording cannot be
re-enabled.

15.3.2

.23 is_auto_enabled_recording_enabled

virtual function bit is auto enabled recording enabled()

Return

s true if the auto recording of sequence_items is enabled.
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Requests

15.3.3.1 get_num_reqs_sent

fu

nction int get num regs sent()

Returns the number of requests that have been sent by this sequencer.

15.3.3.2 Last request buffer

15.3.3.2.1 set_num_last_reqs

fu

nction void set num last regs( int unsigned max )

Specifies the size of the last requests buffer. The maximum buffer size is 1024. If max is greaterthan 1024, a

warning shall be issued and the buffer is set to 1024. The default value is 1.

15.3.3.2.2 get_num_last_reqs

£

Returng the size of the last requests buffer, as specified in set_num_last\reqs (see 15.3.3.2.1).

15.3.4

15.3.4

fu

Returnk the number of responses received thus fat’by this sequencer.

15.3.4

15.34

fu

Return

15.3.4.2.2 set_ntim_last_rsps

£

nction int unsigned get num last regs()

Responses
.1 get_num_rsps_received

nction int get num rsps received()

.2 Last response buffer
.2.1 get_num_last_rsps,
nction int unsighed get num last rsps()

5 the maximum,size/of the last responses buffer, as specified in set_num_last_rsps (see 15.3.4.2.2).

nction void set num last rsps( int unsigned max )

Specif

¢s the size of the lastresponse buiier. I'he maximum buiier size 1S T024. 1T max1s greaierthan 1024, a

warning shall be issued and the buffer is set to 1024. The default value is 1.

15.3.5

Default sequence

A default sequence can be associated with a specified sequencer and uvm_phase (see 9.3.1).

A default sequence is specified via a uvm_resource (see Annex C for ways to set a resource or G.2.9 for the
uvm_set_default_sequence command line option that sets the resource). The resource specifying a default
sequence shall have a scope consisting of the concatenation {"path.to.sequencer", ".",

"phas

e name"} (where path.to.sequencer stands for the sequencer’s full name and phase name stands
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for the name of the targeted phase), the name "default sequence", and thetype uvm_object_wrapper (see
8.3.2) or uvm_sequence_base (see 14.2).

The default sequence for a sequencer/phase pair shall be selected as follows:

a)

b)

<)

If the
sequern

If get |
then th|
non-ny

For res
to the ¢
shall &

get_ty

When the phase starts, lookup_name (see C.2.4.4.1) is called with the appropriate scope and name as
described in the preceding paragraphs.

The result of lookup_name shall be filtered to remove any resources that are not of type
uvim_object_wrapper (see 8.3.2) or uvm_sequence_base (see 14.2). The relative ordering of the
remaining resources in the queue shall be maintained.

return value of get highest precedence is null, then no default sequence exists fof |thq given
cer/phase pair.

highest_precedence (see C.2.4.4.2) returns a valid resource, however that resource{contains a nulf value,
e default sequence for the given sequencer/phase pair has been explicitly disabled)How resourcgs with
[l values are handled depends on the type of resource returned.

ources of uvm_object_wrapper type (see 8.3.2), the object wrapper within the resource shall bejpassed
reate_object_by_type method (see 8.3.1.5) of the current factory (see'¥.4.1.4.2). The parent_inkt path
e the full name of the sequencer and the name shall be th€yvalue returned by the wrgpper’s
pe_name method (see 8.3.2.2.3). If the object returned by create_object_by_type cannot be cpst to a

uvm

equence_base (see 14.2), then an error message shall be-generated and no default sequence ghall be

started| for the given sequencer/phase pair. If the object cansbe‘cast into a uvm_sequence_base, then that

sequernice is the default sequence for this sequencer/phase pair.

For redources of uvim_sequence_base type, the sequence within the resource is the default sequence for this

sequericer/phase pair.

The ddfault sequence shall have its sequencer (See 14.1.2.6) and starting phase (see 14.2.4.2) set and ghall be
randorhized (unless get_randomize_enabled returns 0 [see 14.2.2.2]), prior to being automatically stqrted on

the se

15.4 Common sequencer API

This

uvm_push_sequencer#(REQ,RSP) (see 15.6).

15.4.1 Method

encer. If the default sequence is still running when the run-time phase ends, then it shall be killed.

bclause describés jthe API implemented in both uvm_sequencer#(REQ,RSP) (see 15.5) and

get-Current_item

function REQ get current item()

Returns the request item currently being executed by the sequencer. If the sequencer is not currently
executing an item, this method returns null.

The sequencer is executing an item from the time that get_next_item (see 15.2.1.2.1) or peek (see 12.2.10) is
called until the time that get (see 15.2.1.2.6) or item_done (see 15.2.1.2.3) is called.

Note that a driver that only calls get does not show a current item, since the item is completed at the same time

asitis

requested.
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Returns the last request item by default, when  is 0. If 2 is not 0, it returns the n-before-last request item. If n
is greater than the last request buffer size, the function returns nul/l.

15.4.3

15.4.3

Responses

.1 rsp export

Driverp or monitors can connect to this port to send responses to the sequencer. Alternatively, a driverc
responpes via its seq_item port,e.g.,

Sq
Sq

rs

The rgp_port in the driver and/or monitor (see 13.7.2.2) needs to be connected to the rsp_export
sequerfcer in order to send responses through the response analysis port.

15.4.3
fu

Return
Ifnis

15.5 1

Reque
sequen

typicallly connected to a user-extension of uvm_driver # REQ,RSP) (see 13.7).

15.5.1

cl

)

g_item port.item done (response)
g_item port.put (response)
p_port.write(response) <--- via this export

.2 last_rsp
nction RSP last rsp( int unsigned n = 0.)
5 the last response item by default, when n is 0. Jf#is not 0, it returns the n™-before-last respons

breater than the last response buffer size, the function returns null.

ivm_sequencer #(REQ,RSP)

ts for new sequence items are dnitiated by the driver. Upon such requests, the sequencer sg
ce from a list of available sequerices to produce and delivers the next item to execute. This sequg

Class declaration

ass uvm_seguencer # (

type REQ\S uvm sequence item,
type RSP REQ

extends uvm sequencer base

hn send

in this

e item.

lects a
ncer is

The type of REQU and RSP shall be derived Irom uvim_sequence_item (sec 14.1).

15.5.2

Methods

15.5.2.1 new

function new (

string name,
uvm_component parent
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Creates and initializes an instance of this class using the following constructor arguments for uvim_component:
name is the name of the instance, and parent is the handle to the hierarchical parent, if any (see 13.1).

15.5.2.2 seq_item_export

uvm_seq item pull imp # (
REQ,
RSP,
uvm_sequencer#(REQ, RSP) ) seq_item_export

This export provides access to the uvm_sequencer’s implementation of the sequencer/driver interface,
llVlIl_Squ_if_'uaac (DCC 1,}.".1).

The type of REQ and RSP shall be derived from uvm_sequence_item (see 14.1).
15.5.2.3 get_next_item
virtual task get next item(output REQ t)

Retrieyes the next available item from a sequence. The call shall block until an'item is available. The following
steps dccur on this call:

a) | Arbitrate among requesting, unlocked, and relevant sequences: Choose the highest priority sefjuence
based on the current sequencer arbitration mode. If no sequence is available, wait for a reqpesting
unlocked relevant sequence, then re-arbitrate.

b) | The chosen sequence returns from uvm_sequencé<base::wait_for_grant (see 14.2.6.4).

¢) | The chosen sequence calls uvm_sequencer_base::send_request (see 15.3.2.20).

d) | Return with a reference to the item.
Once get_next_item is called, item_done (see-15.5.2.5) needs to be called to indicate the completion of the
requesf to the sequencer.
15.5.2.4 try_next_item

virtual task try next item( output REQ t )

Returns immediately withjthe request ¢ set to the next available sequence_item, if there is one avjilable,
otherwjise returns with'the ¢ set to null. The following steps occur on this call:

a) | Arbitratgamong requesting, unlocked, and relevant sequences: Choose the highest priority sefjuence
basedwon the current sequencer arbitration mode. If no sequence is available, return null.

b) | Bhe chosen sequence returns from uvm_sequence_base::wait_for_grant (see 14.2.6.4)

c¢) The chosen sequence calls uvm_sequencer_base::send_request (sece 15.3.2.20).
d) Return with a reference to the item.

Iftry_next_item returns with a non-null request ¢, item_done (see 15.5.2.5) needs to be called to indicate the
completion of the request to the sequencer; this removes the request item from the sequencer FIFO.

15.5.2.5 item_done

virtual function void item done( input RSP item = null )
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Indicates the request is completed to the sequencer. Any uvm_sequence_base::wait_for_item_done calls (see
14.2.6.6) made by a sequence for this item shall return.

If the response item is not null, it will be sent back to the requesting sequence. The response item shall have its
sequence ID and transaction ID specified correctly, using the uvm_sequence_item::set_id_info method (see
14.1.2.4):

rsp.set id info(req)
Before item_done is called, any calls to peek (see 15.5.2.7) retrieve the current item that was obtained by

get_next_item (see 15.5.2.3). Afteritem_done is called, peek (see 15.5.2.7) causes the sequencer to arbitrate
for a npw—tes-

15.5.2.6 get
virtual task get( output REQ t )

Retrieyes the next available item from a sequence. The call shall block until an items‘available. The following
steps occur on this call.

a) | Arbitrate among requesting, unlocked, and relevant sequences: Chodse the highest priority sefjuence
based on the current sequencer arbitration mode. If no sequencg.is available, wait for a reqpesting
unlocked relevant sequence, then re-arbitrate.

b) | The chosen sequence returns from uvm_sequence_basey:wait_for_grant (see 14.2.6.4).
¢) | The chosen sequence calls uvm_sequencer_base::send_request (sece 15.3.2.20).

d) | Indicate item_done (see 15.5.2.5) to the sequencer.

e) | Return with a reference to the item.

When pet is called, item_done (see 15.5.2.5)shall not be called. A new item can be obtained by calljng get
again, pr a response shall be sent using eithef.put (see 15.5.2.8) or uvm_driver::rsp_port.write (see 13]7.2.2).

15.5.2.7 Peek
virtual task peek(_output REQ t )

Returns the current requéstitem (see 15.3.3) if one is available. If no item is currently available, the following
steps afe performed in‘order:

a) | Arbitrate among requesting, unlocked, and relevant sequences: Choose the highest priority sefjuence
based on the current sequencer arbitration mode. If no sequence is available, wait for a reqpesting
unloeked relevant sequence, then re-arbitrate.

b) € chosen Sequence Tetulns 1rom uv

¢) The chosen sequence calls uvm_sequencer_base::send_request (see 15.3.2.20).
d) Return with a reference to the item.

Once a request item has been retrieved, subsequent calls to peek return the same item until get (see 15.5.2.6) or
item_done (see 15.5.2.5) is called.

15.5.2.8 put

virtual task put( input RSP t )
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Sends a response back to the sequence that issued the request. Before the response is put, it shall have its
sequence ID and transaction ID specified to match the request. This can be done using the

uvim_s

equence_item::set_id_info call (see 14.1.2.4):

rsp.set id info(req)

While this is a task, it shall not consume time (including delta cycles). The response is put into the sequence
response queue or sent to the sequence response handler.

15.5.2

.9 put_response

vi
Sends
UVM_H

messag
reques

15.6 |
Sequet

blocks
user-e3

15.6.1

cl

The ty,

15.6.2

This i

blocking put-interface. A continuous stream of sequence items are sent out this port, based on thej

availalf

J_l.ud.l J.u.llk,l_J'.Ull UJ.\_}. PUL_LCDPUIIDC\ Jl.lll-)u.l_ NoD c )

h response back to the sequence that issued the request. If the sequence has reached the Ui “§TO3H
INISHED state (see F.2.4.2), then the implementation shall drop the response and,issue a W
re. Before the response is put, it shall have its sequence ID and transaction ID specified to ma
. This can be done using the uvm_sequence_item::set_id_info call (see 14.L.2M4) e.g.,

p.set _id info(req)

ivm_push_sequencer #(REQ,RSP)
ice items (from the currently running sequences) are pushed by the sequencer to the driver. Thd
item flow when it is not ready to accept new transactions. This sequencer is typically connect
tension of uvm_push_driver # REQ,RSP) (see 13.8).
Class declaration
ass uvm_push sequencer # (
type REQ = uvm sequence item,
type RSP = REQ
extends uvm_ sequencer base
be of REQ and RSP shall be'derived from uvm_sequence_item (see 14.1).
Ports

req_port

a uvm.blécking put port #(REQ) (see 12.2.2.3). The push sequencer requires acce

lessequences loaded into this sequencer.

PED or
arning
tch the

driver
ed to a

5s to a
list of

15.6.3 Methods

15.6.3.1 Common sequence API

uvm_push_sequencer #(REQ,RSP) implements all the API detailed in 15.4.

15.6.3.2 new

function new (

string name,
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uvm_component parent

Creates and initializes an instance of this class using the following constructor arguments for uvim_component:
name is the name of the instance, and parent is the handle to the hierarchical parent, if any (see 13.1).

15.6.3.3 run_phase

virtual task run phase (uvm phase phase)

Retrieves the next available item from a sequence, and puts that item on req_port (see 15.6.2). The following

steps s

a)

b)
c)
d)
e)
f)
g)

16. P

Each d
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custon]
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a)

b)
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Arbitrate among requesting, unlocked, and relevant sequences: Choose the highest prigrity’se
based on the current sequencer arbitration mode. If no sequence is available, wait fot“a req
unlocked relevant sequence, then re-arbitrate.

The chosen sequence returns from uvm_sequence_base::wait_for_grant (see-14.2.6.4).

The chosen sequence calls uvm_sequencer_base::send_request (see 15:32.20).

The put call on req_port returns.

The optional call to uvm_sequence_base::wait_for .item_done in d) returns.

olicy classes

f UVM’s policy classes perform a specificitask for uvm_object—based objects (see 5.3): p
[ing, recording, packing, and unpackingy They are implemented separately from uvm_object
an plug in different ways to print, compare, etc., without modifying the object class being utiliZ

olicy class includes several\user-configurable parameters that control the operation. Users m
ize operations by deriving new policy subtypes from these base types. For example, UVM provid
ht uvm_printer-based(see 16.2) policy classes, each of which print objects in a different formal

uvm_printer (se¢’16.2)—Performs deep printing of uvm_object—based objects. UVM provides
subtypes touvim_printer that print objects in a specific format: uvm_table_printer (see 1
uvm_trée\printer (see 16.2.11), and uvm_line_printer (see 16.2.12). Each such printer ha
configuration options that govern what and how object members are printed.

uym_comparer (see 16.3)—Performs deep comparison of uvm_object—based objects. Use]

The item passed to the sequencer in c) is passed to put (see 12.2:2.1) on req_port (see 15.6.3).

uence
hesting

The chosen sequence optionally calls uvm_sequence_base::wait for-item_done (see 14.2.p.6

finting,
so that
ed; the

n simply apply a different printer.or compare “policy” to change how an object is printed or conppared.

hy also
es four
.

several
2.10),
5 many

rs may

nnnﬁgnrp what is r‘nmparm‘l and how micnnmparpq are rppnrfpd

¢)

d)

e)

uvm_recorder (see 16.4.1)—Performs the task of recording uvm_object—based objects to a

transaction database. An implementation is application-specific.

uvm_packer (see 16.5)—Used to pack and unpack uvm_object—based properties into arrays
bit, byte, or int.

uvm_copier (see 16.6)—Performs the task of copying fields of uvm_object—based objects.

16.1 uvm_policy

The abstract uvm_policy class provides a common base from which all UVM policy classes derive.
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16.1.1

Class declaration

virtual class uvm policy extends uvm object

16.1.2 Methods

16.1.2.1 new

function new (string name="")

Creates a policy with the specified instance name. If name is not provided, then the policy instance is unnamed.

16.1.2

v

.2 flush

rtual function void flush ()

The flgsh method resets the internal state of the policy, such that it can be reused.

16.1.2

The pa
when ¢
policy
Policy
manua|

16.1.2

v
Return
16.1.2

v
Sets th
metho
instang

otherw

16.1.2

.3 Extensions

licy extensions mechanism allows the user to pass additional information along with the polig
xecuting a policy-based procedure. Objects may use these extensions to alter their interactions o
For example: An object may use extensions to selectively filt€rsome of'its fields from being pro|
extensions are not cleared via a call to the policy flush method (see 16.1.2.2), and need to be rd
ly by using clear_extension (see 16.1.2.3.4) or clear_extensions (see 16.1.2.3.5).

.3.1 extension_exists

rtual function bit extension exisks( uvm object wrapper ext type )

5 1if an extension exists within the policy with type matching ext type; otherwise, returns 0.
.3.2 set_extension

rtual function uvm object set extension( uvm object extension )

e given extension inside of the policy, indexed using return value from extension’s get_objed
| (see 5.3.4.6). Onlya single instance of an extension is stored per type. If there is an existing ex
e matching extension’s type, extension replaces the instance and the replaced instance handle is re

ise, null is-refurned.

.3.3@et_extension

y class
yith the
cessed.
moved

t_type
ension
turned;

vi

2 : Gt . 3t
Ltudl LUIICULLIOII UVII ODJEUL YTl TXLTIISLIOIIT UVII OD JEUL WILdPPEL ©XL LYPT

Returns the extension value stored within the policy with type matching ext #ype. Returns null if no extension
exists matching that type.

16.1.2.3.4 clear_extension

virtual function void clear extension( uvm object wrapper ext type )

Removes the extension value stored within the policy matching type ext_#ype. If no extension exists matching
type ext_type, the request is silently ignored.
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16.1.2.3.5 clear_extensions

virtual function void clear extensions|()
Removes all extensions currently stored within the policy.
16.1.3 Active object

The active object methods are used to determine which object is actively being operated on by a policy. When a

policy operates on an object, such as via print_object (sece 16.2.3.1), compare_object (sece 16.3.3.4),

record_object (see 16.4.6.4), pack_object (see 16.5.4.2), unpack_object (16.5.4.4) or copy_object (see

1.2 1\ 1/l 1k 1s
-

16641\ S L +lo los 4 tao tlo S o tqtaale [ 1o lat th
.0.4 ttpushes—the-objeet-onto—the—aetrve-objeet—stack—-(see—+6-+ When-the-peliey—eomplates the

operatfon on the object, it pops the object off of the active object stack (see 16.1.3.2).

16.1.3.1 push_active_object

virtual function void push _active object ( uvm object obj )
Pusheq 0bj on to the internal object stack for this policy, making it the current active object, as retrigved by
get_adtive_object (see 16.1.3.3). An implementation shall generate an errof message if obj is null gnd the

requesf will be ignored.

Additipnally, the policy shall push itself onto the active policy stack fot” obj using push_active_polify (see
5.3.14]1) when push_active_object is called.

16.1.3.2 pop_active_object

virtual function uvm object pop actiyesvobject ()
Pops t:e current active object off of the internal.object stack for this policy and returns the popped off vplue. If
the int¢rnal object stack for this object is empty-when pop_active_object is called, then null is returned{and no

error npessage is generated.

Additipnally, the policy shall pop itself off of the active policy stack on obj using pop_active polity (see
5.3.14P) when pop_active_objectus called.

16.1.3.3 get_active_object
virtual functieh uvm object get active object ()

Returng the head.of the internal object stack for this policy. If the internal object stack for this policy is pmpty,
null is freturped.

16.1.3.4.get_active _obhject_depth

virtual function int unsigned get active object depth()
Returns the current depth of the internal object stack for this policy.
16.1.4 recursion_state_e

An enum type that indicates whether a policy has operated on a given object or objects; it has the following
values:

NEVER—The policy has never operated on the object(s).
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STARTED—The policy has started operating on the object(s), but has not yet completed the operation.

FINISHED—The policy has completed operating on the object(s).

16.2 uvm_printer

The uvm_printer class provides an interface for printing uvm_objects (see 5.3) in various formats. Subtypes
of uvm_printer implement different print formats or policies.

A user-defined printer format can be created or one of the following built-in printers can be used.

a) | uvm_printer—Provides base printer functionality; needs to be overridden.
b) | uvm_table printer—Prints the object in a tabular form (see 16.2.10).
c) | uvm_tree_ printer—Prints the object in a tree form (see 16.2.11).

d) | uvm_line_printer—Prints the information on a single line (see 16.2.12).

16.2.1| Class declaration

virtual class uvm printer extends uvm policy
16.2.2 Methods
16.2.2.1 new

fynction new (string name="")
Createp a new uvm_printer with the specified instance name. If name is not provided, the printer is unpamed.
16.2.2.2 set_default

sflatic function void set, default (uvm printer printer)

Helperymethod for setting the defaultprinter policy instance via uvm_coreservice_t::set_default_printer (see
F.4.1.4.12).

16.2.2.3 get_default
sflatic funcfion uvm printer get default()

Helperymetliod for retrieving the default printer policy instance via uvm_coreservice_t::get default printer
(see F.p04.13).

16.2.3 Methods for printer usage

16.2.3.1 print_object

virtual function void print object (
string name,
uvm_object value,

" "

byte scope separator =

)
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name is the name to use when printing the object. Note that this may be different than the value returned
by the object’s get name method (see 5.3.4.2).

value is the value of the object. null can be passed as a value.

scope_separator is used to find the leaf name since many printers only print the leaf name of a field.
The default value of scope_separator shall be " .".

Whether a non-null value is recursed depends on the settings for printer configuration (see 16.2.5). For objects

that are

being recursed, the following steps occur in order:

a)
b)

<)

d)

e)

f)
16.2.3.

virtual function uvm policy::recursionvstate e object printed(

)

uvm_object value,
uvm_recursion policy enum recufXgion

The object is pushed onto the active object stack via push_active_object (see 16.1.3.1).

The return value for object_printed (see 16.2.3.2) when passed value and the current rectixsion
(see 16.2.5.9) is set to uvm_policy: : STARTED.

The do_execute_op method (see 5.3.13) on the object is passed auvm_field_op (se¢€ 5.7) with g
UVM_PRINT and policy set to this printer.

If user_hook_enabled (see 5.7.2.7) returns 1, the printer passes itselfithé do_print meth
5.3.6.3) on the object; otherwise, the method returns without calling do ) print.

The return value for object_printed (see 16.2.3.2) when passed valite’and the current recursion
(see 16.2.5.9) is set to uvm_policy: :FINISHED.

The object is popped off of the active object stack via pop_active_object (see 16.1.3.2).

2 object_printed

policy

p_type

d (see

policy

Returnk the current recursion state (seet6.1.4) for value and recursion within the printer, as defined by
print_pbject (see 16.2.3.1). For objects that have never been passed to print_object, the return value ghall be

uvm_pplicy: :NEVER.

16.2.3.3 print_generic

v

rtual functdon void print generic (
string mafne,

string\type name,

int(saze,

stfing value,

)

DyTe SCOpe_Separator =

Prints a field having the given name, type name, size, value, and scope_separator. name is the name of the

field.

name is the name of the field.
type_name is the variable type for the value being printed.
size is the size of the field.

value is the value of the field.
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scope_separator is used to find the leaf name since many printers only print the leaf name of a field.
Typical values for the separator are a dot (.) or an open bracket ([). The default value of
scope_separator shall be " . ".

16.2.3.4 print_generic_element

function void print generic element (
string name,
string type name,
string size,
string value

)
An element is added as a child of the top element (see 16.2.7.2) with the given parameters.
This is|a convenience mechanism, functionally identical to calling:

pysh element (name, type name, size, value)
pqp_element ()

16.2.3.5 print_array_header

virtual function void print array header (
string name,

int size,

string arraytype = "array",

byte scope separator = "."

)

Prints |the header of an array. This function”is called before each individual element is printed.
print_prray_footer (see 16.2.3.7) is called to mark the completion of array printing.

The sije argument indicates the size of the array which is about to be printed. The arraytype argument irjdicates
what type of array is being printed. ;While it defaults to "array", the user can set it to indicate queues,
associgtive arrays, or other types. The scope separator argument declares where the leaf name startg if the
printer|is configured to print only the leaf name of the identifier. The default value of scope_separator ghall be

16.2.3.6 print_array: range
virtuale~finction void print array range (

int\min,
IRt max

)

Prints a range using ellipses for values. This is used in honoring the partial printing of large arrays for
uvm_printer::set_begin_elements and uvi_printer:: set_end_elements (see 16.2.6). min and max align to
array indices. min should be the index of the first skipped value and max should be the index of the last skipped
value.

This function should be called after printing the beginning of the array (as determined by

uvm_printer::get_begin_elements) and before printing the end of the array (as determined by
uvm_printer::get_end_elements).

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
—-214 - IEEE Std 1800.2™-2020

16.2.3.7 print_array_footer
virtual function void print array footer ( int size = 0 )
Prints the footer of an array. This function marks the end of an array print.

The optional size argument indicates the size of the array which has been printed. The default value of size shall
be 0.

NOTE—There may be no output associated with the array footer, however this method lets the printer know that the array
printing is complete.

16.2.3.8 print_field

virtual function void print field (
string name,

uvm bitstream t value,

int size,

uvm_radix enum radix = UVM NORADIX,
byte scope separator = ".",

string type name = ""

Prints in integral field.

name is the name of the field.
value is the value of the field.
size is the number of bits of the field (maximum is defined by *UVM MAX STREAMBITS [see }.6.2]).

radix is the radix to use for printing. The printer knob for radix is used if no radix is specifigd. The
default value for radix shall be UVM NORADIX (see F.2.1.5).

scope_separator is used to find.the leaf name since many printers only print the leaf name of g field.
Typical values for the separator are a dot (.) or an open bracket ([). The default v3lue of
scope_separator shall be ™. ".

type_name is the yariable type for the value being printed; its default value is an empty string|("").
16.2.3.9 print_field.\int

virtual function void print field int (
string name,

uviy/integral t value,

int size,

uvm radix enum radix = UVM NORADIX,
byte scope separator = ".",

string type name = ""

Prints an integral field (up to 64 bits).

name is the name of the field.

value is the value of the field.
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size 1s the number of bits of the field.

radix is the radix to use for printing. The printer knob for radix is used if no radix is specified. The
default value for radix shall be UvM_NORADIX (see F.2.1.5).

scope_separator is used to find the leaf name since many printers only print the leaf name of a field.
Typical values for the separator are a dot (.) or an open bracket ([). The default value of
scope_separator shall be " . ".

type_name is the variable type for the value being printed; its default value is an empty string ("").

16.2.3.10 print_string

virtual function void print string (
string name,

string value,

byte scope separator = "."

)
Prints § string field.

name 1is the name of the field.
value is the value of the field.

scope_separator is used to find the leaf name since many printers only print the leaf name of p field.
Typical values for the separator are a dot (.) or dn’ open bracket ([). The default v3lue of
scope_separator shall be " . ".

16.2.3.11 print_time

virtual function void print time (f
string name,

time value,

byte scope separator = "\"

)
Prints  time value.

name is the namé€ of the field.
value is theyalue to print.

scope_séparator is used to find the leaf name since many printers only print the leaf name of p field.
Typieal Values for the separator are a dot (.) or an open bracket ([). The default v3lue of
seope” separator shall be " . ".

16.2.3.12 print_real

virtual function void print real (
string name,
real value,
byte scope separator = "."

)
Prints a real field.

name is the name of the field.
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value is the value of the field.

scope_separator is used to find the leaf name since many printers only print the leaf name of a field.
Typical values for the separator are a dot (.) or an open bracket ([). The default value of
scope_separator shall be " . ".

16.2.4 Methods for printer subtyping

16.2.4.1 emit

virtual function string emit ()

Emits § string representing the contents of an object in a format defined by an extension of this objec}.
16.2.4.2 flush
virtual function void flush ()

The flysh method resets the internal state of the printer. This includes clearing the internal element stagck (see
16.2.7], and setting both the bottom element (see 16.2.7.1) and the top element (see 16.2.7.2) to null.

An implementation of the printer is allowed to reuse elements after aiflash. Any outstanding handles to
elements accessed prior to the flush via get_bottom_element (see 16.2.7.1) or get_top_element (seec 1¢.2.7.2)
shall bp considered unstable after the flush.

16.2.59 Methods for printer configuration

The following methods define the printer settings available to all printer subtypes for use with the grint_*
methodls (see 16.2.3) and emit (see 16.2.4.1).

16.2.59.1 Name enabled

virtual function void set qyamé enabled (bit enabled)
virtual function bit geflndme enabled()

Contrdls whether field names shall be printed during emit (see 16.2.4.1). A value of 1 indicates field|names
shall bp printed; a value of o-indicates ficld names shall be omitted.

If set_pame_enabledthas not been called since the printer was constructed, then get_name_enabled shall
return L.

16.2.8.2 Type-name enabled

virtidal function void set type name enabled (bit enabled)

virtual function bit get type name enabled()

Controls whether field type names shall be printed during emit (see 16.2.4.1). A value of 1 indicates field type
names shall be printed; a value of 0 indicates field type names shall be omitted.

If set_type_name_enabled has not been called since the printer was constructed, then
get_type_name_enabled shall return 1.
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16.2.5

.3 Size enabled

virtual function void set size enabled (bit enabled)

virtual function bit get size enabled()

Controls whether field sizes shall be printed during emit (see 16.2.4.1). A value of 1 indicates field sizes shall
be printed; a value of 0 indicates field sizes shall be omitted.

Ifset_size_enabled has not been called since the printer was constructed, then get_size enabled shall return 1.

16.2.5

.4 ID enabled

v
v

Contro
value d

be omi

If set_

16.2.9.5 Radix enabled

v
v

Contro
16.2.3
of 01in

If set_|
return

16.2.5.6 Radix strings

v

)

v

Contro

rtual function void set id enabled (bit enabled)
rtual function bit get id enabled()

ls whether a unique reference ID shall be printed for object fields during print_objeet'(see 16.2,
f 1 indicates a unique reference ID shall be printed; a value of 0 indicates the unique reference I

tted.

d_enabled has not been called since the printer was constructed, then get id_enabled shall rg

rtual function void set radix enabled (bifenabled)
rtual function bit get radix enabled()

ls whether a radix string (see 16.2.5.6) shall be (prepended to integral value fields print_fie
8) or print_field_int (see 16.2.3.9). A value of<0 indicates the radix string shall be prepended;
licates the radix string shall be omitted.

radix_enabled has not been called since the printer was constructed, then get radix_enable]
I

rtual function moid set radix string (
uvm_ radix enum ‘eadix,
stringprefix

rtual fuhc¢tion string get radix string (uvm radix enum radix)

Is the_prefix strings used by print_field (see 16.2.3.8) or print_field_int (see 16.2.3.9)

get_radix €nabled (see 16.2.5.5) returns 1.

B.1). A
D shall

turn 1.

Id (see
h value

d shall

when

If set_radix_string has not been called since the printer was constructed, then get_radix_string shall have a
return value for each radix as shown in Table 2.
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Table 2—radix return values

radix Return value
UVM_DEC 'd
UVM_ BIN 'b
UVM_OCT "o
UVM UNSIGNED 'd
UVM_HEX 'h

The refurn value for any radix value not shown in Table 2 is undefined.
16.2.5.7 Default radix

virtual function void set default radix (uvm radix enum radix)
virtual function uvm radix enum get default radix()

Contrdls the default radix used by print_field (see 16.2.3.8) or print:field_int (see 16.2.3.9] when
get_radix_enabled (see 16.2.5.5) returns 1 and radix equals UVM_NORADIX.

If'set_glefault_radix has not been called since the printer was constructed, then get_default_radix shalll return
UVM_HEX.

16.2.9.8 Root enabled

virtual function void set root enalled (bit enabled)
virtual function bit get root epabled()

Contrdls whether uvm_object::get full name (see 5.3.4.3) or uvim_object::get_name (see 5.3.4.2) is fised as
the field name for the initial object being printed. A value of 1 indicates uvm_object::get_full_name ghall be

used; 4 value of 0 indicates uvm_abjéect::get_name shall be used.

Ifset_root_enabled has not been called since the printer was constructed, then get_root_enabled shal| return
1.

16.2.5.9 Recursion:policy

virtuale-finction void set recursion policy (
uym\recursion policy enum policy

)

virtual function uvm recursion policy enum get recursion policy ()

Controls the recursion policy to use for object values supplied to print_object (see 16.2.3.1).

UVM_DEEP—Prints all fields of the target, doing a “deep” print (any object fields are printed using a
DEEP recursion).

UVM_SHALLOW—Prints all fields of the target using a “shallow” print (any object fields are printed as
REFERENCES).

UVM REFERENCE—Prints the target as a reference.

A value of UVM_DEFAULT POLICY shall be treated as UvM_DEEP.
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Ifset_recursion_policy has not been called since the printer was constructed, then get_recursion_policy shall
return UVM_DEFAULT POLICY.

16.2.5.10 Maximum depth

virtual function void set max depth (int depth)
virtual function int get max depth()

Controls the maximum recursion depth for objects printed via print_object (see 16.2.3.1). A maximum depth
less than 0 indicates all objects shall be recursed using the current recursion policy (see 16.2.5.9); otherwise,
for objects whose scope depth (see 16.1.3.4) exceeds the current maximum recursion depth, the printer shall

print thieobjectasif the recursion poticy was UV REFERENCE.

If set_max_depth has not been called since the printer was constructed then get_max_depth shall'retjirn - 1.
16.2.5.11 File

virtual function void set file (UVM FILE f1)
virtual function UVM FILE get file()

Contrdls fI [the current UVM_FILE (see F.2.8)], which specifies where the'ontput of uvm_object::print (see
5.3.6.1)) shall be directed.

If set_file has not been called since the printer was constructedsthen get_file shall return UvM_STDOPT (see
F.2.9).

16.2.5.12 Line prefix

virtual function void set line prefiix (string prefix)
virtual function string get line\prefix()

Contrd[ls the string to use as a prefix to all lines of text generated by the printer during emit (see 16.2}4.1).

If set_line_ prefix has not been called'since the printer was constructed, then get_line_prefix shall refurn an
empty ktring ("").

16.2.6 Methods for object print control

The following metheds‘define values that may be used in do_print (see 5.3.6.3) or do_execute_op (seef5.3.13)
to confrol how fields are printed within an object.

Array glements

virtual function void set begin elements (int elements =5)
virtual function void set end elements (int elements = 5)
virtual function int get begin elements()

virtual function int get end elements|()

These options can control the number of elements at the beginning and end of an array to print. A value less
than 0 for either begin elements or end _elements indicates all elements of the array shall be printed. If both
values are 0 or greater, then the object may omit array elements that are both:

—  Greater than or equal to begin _elements from the beginning of the array

— Greater than or equal to end elements from the end of the array
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When omitting array elements in this fashion, print_array_range (see 16.2.3.6) shall be used to represent the
skipped elements.

If set_begin_elements has not been called since the printer was constructed then get_begin_elements shall
return 5. If set_end_elements has not been called since the printer was constructed then get_end_elements
shall return 5.

16.2.7 Element stack

Within the printer, a stack of uvm_printer_element (see 16.2.8) is maintained. Each element stores the name,
type_name, size, and value to be printed as strings. The element stack allows for a separation between the
contenpefthe-data-being-printed-and-the-straeture-of the-eventaat-outp rie—Forexampleranintegral value
that is [printed looks the same regardless of whether it is printed in a tree structure or as a row il @fabular
structufre. The bottom of the stack represents the outermost layer of encapsulation being printed while the top
of the $tack represents the layer of encapsulation currently being used.

. € v PSS exXampre;a

When printing an individual field via print_generic (see 16.2.3.3), print_generic_element (see 16{2.3.4),
print_prray_range (see 16.2.3.0), print_field (see 16.2.3.8), print_field_int (see 16:2)3.9), print_string (see
16.2.3{10), print_time (see 16.2.3.11), and print_real (see 16.2.3.12), the printérshall push a new element
onto the stack (see 16.2.7.3) and immediately pop the element from the stack((see 16.2.7.4).

When [printing structured data via print_object (see 16.2.3.1), print*array_header (see 16.2.3.}), and
print_prray_footer (see 16.2.3.7), the printer shall push a new element onto the stack and eventually pop the
elemenjt from the stack when the structure is done being print€dy i.e., immediately before print [object
returnipg or when print_array_footer is called.
16.2.7.1 get_bottom_element

pgotected virtual function uvm printetr element get bottom element ()

Returns the bottom element of the internal stack This element represents the outermost layer of encapsplation
being printed.

16.2.7.2 get_top_element
pgotected virtual function uvm printer element get top element ()

Returns the top element ¢f the internal stack. This element represents the layer of encapsulation currently being
used.

16.2.7.3 pushelement

virtwal function void push element (

tring name

string type name,
string size,
string value=""

)

Pushes an element with the provided name, type_name, size, and value onto the top of the internal element
stack, becoming the new return value for get_top_element (see 16.2.7.2). If the bottom element (see 16.2.7.1)
is currently null, then the pushed element becomes the new bottom. If the top element (see 16.2.7.2) was not
previously null, then the pushed element is a child of the previous top.
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16.2.7.4 pop_element
virtual function void pop element ()

Pops the top element (see 16.2.7.2) off of the internal element stack, thereby restoring the next element on the
stack to top.

If the top element on the stack is also the bottom element (see 16.2.7.1), then this request is silently ignored.

16.2.8 uvm_printer_element

This clasststrsed-by-thewvm—p er-{seeHo2toreprese e-straeturebeing e-form. The
uvm_printer::emit method (see 16.2.4) is responsible for parsing the elements to produce properly fofmatted
output

16.2.8.1 Class declaration

class uvm printer element extends uvm object
16.2.8.2 Methods

16.2.8.2.1 new
fynction new (string name="")

Initialiges a new uvm_printer_element with the specified name. The default value of name shall be anj empty
string {"").

16.2.8.2.2 set

virtual function void set(
string element name = "",
element type name = "",
element size = "",
element value = ""

)
Convehience method forsetting the element_name (see 16.2.8.2.3), element_type_name (see 16.2]8.2.4),
element_size (see LG:218.2.5), and element_value (see 16.2.8.2.6). The default value of all arguments ghall be
an emgty string (*\9).

16.2.8.2.3element_name

virtual Tunction void set element name (sStringelement name)

virtual function string get element name ()

Controls the name of the element to be printed. The get_element_name method shall return element name, as
defined by the most recent call to set (see 16.2.8.2.2) or set_element_name. If set and set_element_name have
not been called since this printer element was constructed, then get_element_name shall return an empty string

("),
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16.2.8.2.4 element_type_name

virtual function void set element type name (stringelement type name)
virtual function string get element type name ()

Controls the type name associated with the element being printed. The get_element_type _name method shall
return element type name, as defined by the most recent call to set (see 16.2.8.2.2) or
set_element_type name. If set and set_element_type name have not been called since this printer element
was constructed, then get_element_type name shall return an empty string ("").

16.2.8.2.5 element_size

virtual function void set element size (stringelement size)
virtual function string get element size()

Contrdls the size of the element to be printed. The get_element_size method shall return ‘élement fize, as
definedl by the most recent call to set (see 16.2.8.2.2) or set_element_size. If set and set“element_size have not
been cglled since this printer element was constructed, then get_element_size shall return an empty string ("").

16.2.8.2.6 element_value

virtual function void set element value (stringelement value)
virtual function string get element value()

Contrdls the value of the element to be printed. The get_element “value method shall return element vlue, as
definedl by the most recent call to set (see 16.2.8.2.2) or set celement_value. If set and set_element_valyie have
not begn called since this printer element was constructedsthen get_element_value shall return an empt) string

(vl H).
16.2.9 uvm_printer_element_proxy

This iy a structural proxy class (see F.5.2)-for the uvm_printer_element (see 16.2.8). It can be yised to
determyine the children of an element,

uvm_printer_element (see 16.2.8)can be used to represent hierarchical elements, such as classes, [arrays,
structs| etc. Each field/value within the printed structure can be stored as additional children elements within the
parent]e.g., an array of depth 2 could be represented using three elements; the parent element representing the
array ifself, and then one.child element per value within the array.

The representationof parent/child relationships within uvm_printer_element (see 16.2.8) is specific to an
implementation.ef'the uvm_printer (see 16.2), however the uvm_printer_element_proxy is provided as a
standagd megChanism for traversing the structure.

16.2.9-4-Class-deelaration

class uvm _printer element proxy extends
uvm_structure proxy# (uvm printer element)

16.2.9.2 Methods

16.2.9.2.1 new

function new (string name="")

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
IEEE Std 1800.2™-2020 - 223 -

Initializes a new uvm_printer_element_proxy with the specified name. The default value of name shall be an
empty string ("").

16.2.9.2.2 get_immediate_children

virtual function void get immediate children(
uvm printer element s,
ref uvm printer element children[$]

)
This is an extension of the uvm_structure_proxy’s get_immediate_children method (see F.5.2). This method
pushesthechifdrenretements of 5 tothe back of the ciitdrenquene Ay previousty existimg vatues within the
childrdn queue remain untouched.

16.2.10 uvm_table_printer
The table printer prints output in a tabular format.

16.2.10.1 Class declaration

class uvm table printer extends uvm printer

16.2.1/0.2 Methods
16.2.10.2.1 new
fynction new (string name="")

Createp a new instance of uvm_table_printer with.the specified instance name. If name is not provided, the
printer|is unnamed.

16.2.10.2.2 get_type_name
virtual function string get type name ()
Returns the string "uvm_table printer".
16.2.10.2.3 set_default
sflatic function void set default (uvm table printer printer)

Overrifles the default table printer instance printer, as retrieved by get_default (see 16.2.10.2.4).

16.2.10:24 get_default

static function uvm table printer get default()
Retrieves the default table printer instance, as set by set_default (see 16.2.10.2.3). If set_default has not been
called prior to the first get_default call, or if the most recent call to set_default was passed null, then the
implementation shall instance a uvm_table_printer and pass that instance to set_default automatically.

16.2.10.3 Methods for printer configuration

The following method defines the printer settings available to table printers:
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Indentation

virtual function void set indent (int indent)

virtual function int get indent ()

Returns the number of spaces to use for indentation (indenf) when printing the children of a
uvm_printer_element (see 16.2.8).

If set_indent has not been called since the printer was constructed or since the last call to flush (see 16.2.4.2),
then get_indent shall return 2.

16.2.1
The trg
16.2.1

c]
16.2.1
16.2.1

fy

Create
printer

16.2.1
v
Return
16.2.1
s
Overri

16.2.1

s

1—uvm:tree_p- inter

e printer prints output in a tree format.

1.1 Class declaration

ass uvm tree printer extends uvm printer
1.2 Methods

1.2.1 new

nction new (string name="")

5 a new instance of uvm_tree_printer with the specified instance name. If name is not provid
is unnamed.

1.2.2 get_type_name

rtual function string get type name ()

5 the string "uvm_tree printer™.

1.2.3 set_default

atic function.woid set default (uvm tree printer printer)

es the defaultitree prinfer instance, as retrieved by get_default (see 16.2.11.2.4).

1.2.4 get-default

ati¢ function uvm tree printer get default()

ed, the

Retrieves the default tree printer instance, as set by set_default (see 16.2.11.2.3). If set_default has not been
called prior to the first get_default call, or if the most recent call to set_default was passed null, then the
implementation shall instance a uvm_tree_printer and pass that instance to set_default automatically.

16.2.1

1.3 Methods for printer configuration

The following methods define the printer settings available to tree printers.
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16.2.11.3.1 Indentation

virtual function void set indent (int indent)
virtual function int get indent ()

Returns the number of spaces to use for indentation (indenf) when printing the children of a
uvm_printer_element (see 16.2.8).

If set_indent has not been called since the printer was constructed or since the last call to flush (see 16.2.4.2),
then get_indent shall return 2.

16.2.14-3-2-Separators

virtual function void set separators (string separators)
virtual function string get separators ()

Contrdls the separators used for printing the children of a uvm_printer_element (s¢e’ 16.2.8). The first
character of the string represents the opening separator and the second character.represents the ¢losing

separafor; all other characters are ignored.

If set_peparators has not been called since the printer was constructed oi¢since the last call to flush (see
16.2.4P), then get_separators shall return the curly brackets as string ("t} ").

16.2.12 uvm_line_printer
The lirje printer prints output in a line format.
16.2.12.1 Class declaration
class uvm line printer extends uva printer
16.2.12.2 Methods
16.2.12.2.1 new
fynction new (strimg“name="")

Createp a new instance of uvm_line printer with the specified instance name. If name is not provided, the
printer|is unnamed.

16.2.12.2.2 get-type_name

vintdal function string get type name ()

Returns the string "uvm line printer".
16.2.12.2.3 set_default

static function void set default (uvm line printer printer)

Overrides the default line prinfer instance, as retrieved by get_default (see 16.2.12.2.4).
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16.2.12.2.4 get_default

static function uvm line printer get default()
Retrieves the default line printer instance, as set by set_default (see 16.2.10.2.3). If set_default has not been
called prior to the first get_default call, or if the most recent call to set_default was passed null, then the
implementation shall instance a uvm_line_printer and pass that instance to set_default automatically.

16.2.12.3 Methods for printer configuration

The following method defines the printer settings available to line printers:

Separqtors

virtual function void set separators (string separators)
virtual function string get separators ()

Contrdls the separators used for printing the children of a uvm_printer_element.(see 16.2.8). The first
character of the string represents the opening separator and the second character represents the ¢losing

separafor; all other characters are ignored.

If set_keparators has not been called since the printer was constructed or since the last call to flush (see
16.2.4)2), then get_separators shall return the curly brackets as strifig ("{ }").

16.3 yvm_comparer
The uym_comparer class provides a policy object. for’doing comparisons. The policies determie how
miscotppares are treated and counted. Results of a“comparison are stored in the comparer obje¢t. The
uvim_dbject::compare (see 5.3.9.1) and uvm _object::do_compare (see 5.3.9.2) methods are pgssed a
uvm_domparer policy object.
16.3.1 Class declaration

class uvm comparer extends uvm policy
16.3.2 Methods
16.3.2.1 new

fynction(new (string name="")

Createp a’new uvm_comparer with the specified instance name. If name is not provided, the object is
unnamjeds

16.3.2.2 flush

virtual function void flush ()
The flush method resets the internal state of the comparer. This includes setting the value returned by

get_result (see 16.3.3.9) to 0 and setting the value returned by get_miscompares (see 16.3.3.8) to an empty
string ("").
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16.3.2.3 get_type_name
virtual function string get type name ()
Returns the string "uvm_comparer".

16.3.2.4 set_default

static function void set default (uvm comparer comparer)

Helper method for setting the default comparer policy instance

uvm_duoreservice_trrset_defaulit comparer (sce T 14167
16.3.2.5 get_default

sflatic function uvm comparer get default ()

Helper] method for retrieving the default comparer policy instance

uvim_doreservice_t::get_default comparer (see F.4.1.4.17).
16.3.3 Methods for comparer usage
16.3.3.1 compare_field

virtual function bit compare field (
string name,
uvm bitstream t lhs, uvm bitstream trhs,

int size,
uvm radix enum radix = UVM NORADIX

Compgdres two integral values:

The name variable is used forpurposes of storing and printing a miscompare.

"UVM MAX STREAMBITS (see B.6.2).

The radix vatiable is used for the purposes of formatting the stored miscompare string.
16.3.3.2 compare_field_int

vint@al function bit compare field int (

The left-hand-side /hs and right-hand-side r4s variables are the two values used for comparisg

The size variable indicates the number of bits to compare; size shall be less than or e

via

via

n.

jual to

string name,

uvm_integral t lhs,

uvm_integral t rhs,

int size,

uvm_radix enum radix = UVM NORADIX
)

Compares two uvm_integral_t values (see F.2.1.4):

The name variable is used for purposes of storing and printing a miscompare.

The left-hand-side /4s and right-hand-side rhs variables are the two values used for comparison.
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The size variable indicates the number of bits to compare; size shall be less than or equal to 64.

The radix variable is used for the purposes of formatting the stored miscompare string.
16.3.3.3 compare_field_real

virtual function bit compare field real (
string name,
real lhs,
real rhs

Compgres two real values.

The name variable is used for purposes of storing and printing a miscompare.

The left-hand-side /hs and right-hand-side r4s variables are the two values used for comparisqn.
16.3.3.4 compare_object

virtual function bit compare object (
string name,

uvm_object lhs,

uvm_object rhs

)

Compgres two class objects using the recursion policy (see)['6.3.4.1) to determine whether the comparison
should|be deep, shallow, or reference:

The name input is used for purposes of storing and printing a miscompare.
The /hs and rhs objects are the two objests’used for comparison.

For objects that are being compared, the fellowing steps occur in order:

a) | The object is pushed onto thé-active object stack via push_active object (see 16.1.3.1).

b) | The return value for object _Compared (see 16.3.3.5) when passed /is, rhs, and the current redqursion
policy (see 16.3.4.1)«ds\set to uvm _policy: : STARTED.

¢) | The do_executeop-method (see 5.3.13) on the object is passed auvm_field_op (see 5.7) withgp _type
UVM_CcoMPAREand policy set to this comparer.

d) | If user hooK enabled (see 5.7.2.7) returns 1, the comparer passes itself and the rhs|to the
do_compare method (see 5.3.9.2) on /hs.

e) | Thereturn value for object_compared when passed /s, rhs, and the current recursion policy |s set to
uvih policy::FINISHED. The comparison value output for object compared when passed s, rhs,
and the current recursion policy is set as follows:

1)  Ifthe value of the get_result counter (see 16.3.3.9) increased during c) or d) then the comparison
value is set to 0.

2) Ifthe do_compare call in d) returned 0, then the comparison value is set to 0.

3) Ifthe value of the get_result counter did not increase during c) or d), and the do_compare call in
d) returned 1, then the comparison value is set to 1.

f)  The object is popped off of the active object stack via pop_active_object (see 16.1.3.2).

g) compare_object returns the value determined in ¢).
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16.3.3.5 object_compared

virtual function uvm policy::recursion state e object compared(

)

uvm_object lhs,

uvm_object rhs,
uvm_recursion policy enum recursion,
output bit ret val

Returns the current recursion state (see 16.1.4) for lhs, rhs, and recursion within the comparer, as defined by
compare_object (see 16.3.3.4). For objects that have never been passed to compare_object, the return value

shall b

Ifthe i

L uvil pOolliCy: NEVEK.

ecursion state is uvm_policy: : FINISHED, then ret val is the return value of the comparison‘as

lefined

by compare_object. If the recursion state is a value other than uvm policy: : FINISHEDsthen the value of

ret va

The v

compare_object.
16.3.3.6 compare_string

virtual function bit compare string (

Comps4

16.3.3
£

Causeq
(see 14

is 0.

tlues passed to /hs and rhs need to be passed to object_compared usifig-the same orde

string name,
string lhs,
string rhs

res two string variables:
The name variable is used for purposes.of storing and printing a miscompare.

The left-hand-side /4s and right-hand=side rhs variables are the two values used for comparisg
.7 print_msg

nction void prin%smsg ( string msg )

.3.3.8). (A newline character is used to separate messages.)

If the 1
using

16.3.3:

hessage-count is less than set_show_max (see 16.3.5.1), the message is printed to the standard|
e current verbosity and severity settings.

'ing as

n.

the error count¢o be incremented and the message, msg, to be appended to the get_miscompares string

output

virtual function string get miscompares ()

Returns the set of miscompares, if any, that have occurred since the comparer was constructed or since the last

call to

flush (see 16.2.4.2).

If no miscompares have occurred, then get_miscompares shall return an empty string ("").
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16.3.3.9 get_result

virtual function int unsigned get result()

Returns the number of miscompares that have occurred since the comparer was constructed or since the last call
to flush (see 16.2.4.2).

16.3.4 Methods for comparer configuration

16.3.4.1 Recursion policy

virtuar—furnctionr vord Set IECUrS IO PoOLLiT t

uvm_recursion policy enum policy
virtual function uvm recursion policy enum get recursion policy /)
Contrd[ls the recursion policy to use for object values supplied to compare_object (sée16.3.3.4).

UvM_DEEP—Compares all fields of the object, doing a “deep” compare (any)object fields are compared
using a DEEP recursion).

UVM_SHALLOW—Compares all fields of the object using a “shallow”” compare (any object fidlds are
compared as REFERENCES).

UVM REFERENCE—Compares the object as a reference.

A valug of UVM_DEFAULT POLICY shall be treated as UvM_DEEP.

If set_recursion_policy has not been called since the ceriparer was constructed, then get_recursion [policy
shall r¢turn UVvM_DEFAULT POLICY.

16.3.4.2 Type checking

virtual function void set ¢heck type (bit enabled)
virtual function bit geticheck type ()

Contrdls (via enabled) whetherithe'compare_object method (see 16.3.3.4) compares the object types, gjven by
uvm_gbject::get_object_type (see 5.3.4.6).

Ifset_¢heck type has ot been called since the comparer was constructed, then get_check_type shall r¢turn 1.
16.3.5 Methods for comparer reporting control

16.3.5.14dMax miscompare messages

virtual function void set show max (int unsigned show max)
virtual function int unsigned get show max()

Controls the maximum allowed number of miscompare messages (show_max) generated by the comparer
during a compare operation.

If set_show_max has not been called since the comparer was constructed, then get_show_max shall return 1.
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2 Verbosity

virtual function void set verbosity (int unsigned verbosity)

virtual function int unsigned get verbosity()

Controls the verbosity value to be used by the comparer when generating messages.

If set_verbosity has not been called since the comparer was constructed, then get_verbosity shall return
UVM_LOW.

16.3.5.3 Severity

virtual function void set severity (uvm severity severity)
virtual function uvm severity get severity()

Contrdls the severity value to be used by the comparer when generating messages.

If set |severity has not been called since the comparer was constructed, then (get’ severity shall
UVM_INFO.

16.3.6

The fo
5.3.13

Return

v
v

Contrdls the return threshold value.

A thre

methodl may return as quickly as possible after the result, as returned by get_result (see 16.3.3.9) reac

thresh

can defect a miscompare fasterat the sacrifice of additional debugging information. A return valy
indicates all fields should be compared, even if miscompares have already been detected.

If set_fhreshold hastnot been called since the comparer was constructed or since the last call to flu
16.2.4P2), then get-¢hreshold shall return 1.

16.4 yvi -recorder

Methods for object compare control

lowing methods define values that may be used in do_compare (see 5.3.9.2) or do_execute
to control how fields are printed within an object:

threshold

rtual function void set threshold x{int unsigned threshold)
rtual function int unsigned get _threshold()

hold value greater than 0 indicat¢s that the do_compare (see 5.3.9.2) or do_execute_op (see

1d value, potentially skippingadditional field comparisons. This allows for a “fast failure” mode]

return

Dp (see

5.3.13)
hes the
which
e of 0

sh (see

The uvm_recorder class serves two purposes:.

16.4.1

Firstly, it is an abstract representation of a record within a uvm_tr_stream (see 7.2).

Secondly, it is a policy object for recording fields into that record within the stream.

Class declaration

virtual class uvm_recorder extends uvm policy
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16.4.2 Methods for recorder configuration
16.4.2.1 recursion_policy

virtual function void set recursion policy (
uvm_recursion policy enum policy

)

virtual function uvm recursion policy enum get recursion policy ()

Controls the recursion policy to use for object values supplied to record_object (see 16.4.6.4).

a DEEP recursion).

UVM_SHALLOW—Records all fields of the target using a “shallow” record (any object fields.are rdcorded
as REFERENCES).

UVM_REFERENCE—Records the target as a reference.

A valug of UVM DEFAULT POLICY shall be treated as UVvM DEEP.

If set_recursion_policy has not been called since the recorder was constructed-or since the last call tp flush
(see 14.2.4.2), then get_recursion_policy shall return UvM_DEFAULT PQLICY.

16.4.2.2 ID enabled

virtual function void set id enabled (bit ‘enabled)
virtual function bit get id enabled()

Contrdls (via enabled) whether a unique reference ID*shall be printed for object fields during record |object
(see 1¢.4.6.4). A value of 1 indicates a unique reference ID shall be recorded; a value of 0 indicates thelunique

refererjce ID shall be omitted.

If set_jd_enabled has not been called since the recorder was constructed or since the last call to fluph (see
16.2.4P), then get_id_enabled shallrétuin 1.

16.4.2.3 Default radix

virtual functiqfi v0id set default radix (uvm radix enum radix)
virtual functhon uvm radix enum get default radix()

Contrdls the default radix used by record_field (see 16.4.6.1) or record_field_int (see 10.4.6.2) when
get_rrix_enabled (see 16.2.5.5) returns 1 and radix equals UVM_NORADIX.

If set_glefault radix has not been called since the recorder was constructed or since the last call to flush (see
16.2.4.2), then get_default_radix shall return UvM_HEX.

16.4.3 Introspection API
get_stream
function uvm tr stream get stream()

Returns a reference to the stream that created this record.
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A warning shall be issued if get_stream is called prior to the record being initialized via do_open (see
16.4.7.1).

16.4.4 Transaction recorder API

Once a recorder has been opened via uvm_tr_stream::open_recorder (see 7.2.5.1), the user can then close
(see 16.4.4.2) the recorder.

Since many database implementations cross a language boundary, an additional step of freeing the recorder is
required.

A link ean

7.2.5.1
record

16.4.4.1 flush

v

and then free (see 16.4.4.3) are called, however it shall be an error to establish a link after freg
Y.

rtual function void flush ()

The fl

the implementation shall call free (see 16.4.4.3) with a close_time value of\Q,

16.4.4.2 close
fynction void close( time close time = 0 )

Closes|this recorder.

Closing a recorder marks the end of the transaction.in the stream; it has the following parameter:
close_time—Qptional time to record as the closing time of this transaction. The default v
close_time shall be 0.

This mlethod triggers a do_close call'(sce 16.4.7.2).

16.4.4.3 free

function void fixge( time close time = 0 )

Frees this recordef:

Freeing a recorder indicates the stream and database can release any references to the recorder; it

follow|ng parameter:

sh method resets the internal state of the recorder. If the recorder is curtently open (see 16.4.4.4

der (see

ing the

1), then

hlue of

has the

close_time—Optional time to record as the closing time of this transaction. The default value of

close time shall be 0.

If a recorder has not yet been closed (via a call to close [see 16.4.4.2]), close is automatically called and passed
the close_time. If the recorder has already been closed, the close_time is ignored.

This method triggers a do_free call (see 16.4.7.3).

16.4.4.4 is_open

function bit is open(()
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Returns True if this uvm_recorder was opened on its stream, but has not yet been closed.
16.4.4.5 get_open_time

function time get open time ()
Returns the open_time. See also 7.2.5.1.

16.4.4.6 is_closed

function bit is closed()

Returng True if this uvm_recorder was closed on its stream, but has not yet been freed.
16.4.4.7 get_close_time
function time get close time()
Returns the close_time (see 16.4.4.2).
16.4.9 Handles
16.4.5.1 get_handle
fynction int get handle()
Returns a unique ID for this recorder.
A valup of 0indicates the recorder has been freed and no longer has a valid ID.
16.4.5.2 get_recorder-from_handle
sflatic function uvm recorder get recorder from handle( int id )
This static accessor returns a recorder reference for a given unique id.
If no r¢corder exists with.the given id or if the recorder with that id has been freed, then null is returngd.

This njethod can befused to access the recorder associated with a call to uvm_transaction::begin _[tr (see
5.4.2.4)) or uvm_eo0mponent::begin_tr (see 13.1.7.3).

16.4.6 Attribute recording

16.4.6:-trecord_field

function void record field(

string name,

uvm bitstream t value,

int size,

uvm_radix enum radix = UVM NORADIX
)
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Records an integral field (less than or equal to the value defined by *UVM MAX STREAMBITS [see B.6.2] bits);
it has the following parameters:

name—Name of the field.

value—Value of the field to record.

size—Number of bits of the field that apply.

radix—The uvm_radix_enum (see F.2.1.5) to use. No radix information is provided, the
printer/recorder can use its default radix. The default value of radix shall be UvM_NORADIX.

This method triggers a do_record_field call (see 16.4.7.4).

16.4.6.

function void record field int(

)

Records an integral field (less than or equal to 64 bits); it has the following parameters:

This optimized version of record_field (see.16:4.6.1) is useful for sizes up to 64bits.
This nfethod triggers a do_record_field  int call (see 16.4.7.5).

16.4.6.3 record_field_real

fu

)

Record

string name,

uvm_integral t value,

int size,

uvm_radix enum radix = UVM NORADIX

paa  Nopaao a
-HaHe T ao-OTTnCT1eTaT

2 record_field_int

name—Name of the field.
value—Value of the field to record.
size—Number of bits of the field that apply.

radix—The uvm_radix_enum (see F.2.1.5)"to use. No radix information is providg
printer/recorder can use its default radix. The default value of radix shall be UvM_ NORADIX.

nction void rgéord field real(
string name,
real value

s areal field; it has the following parameters:

d, the

£ilha £a14

value—Value of the field to record.

This method triggers a do_record_field_real call (see 16.4.7.6).

16.4.6

.4 record_object

function void record object (

)

string name,
uvm_object value
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Records an object field; it has the following parameters:

name—TIs the name to use when recording the object. Note that this may be different then the value
returned by the object’s get name method (see 5.3.4.2).

value—Is the value of the object to be recorded. null can be passed as a value.

This method triggers a do_record_object call (see 16.4.7.7).

Whether a non-null value is recursed depends on a variety of knobs, such as recursion_policy (see 16.4.2.1).
For objects that are being recursed, the following steps occur in order:

a) The object is pushed onto the active object stack via push_active_object (see 16.1.3.1).

b) | The return value for object_recorded (see 16.4.7.8) when passed value and the current.regursion
policy (see 16.4.2.1) is set to uvm_policy::STARTED.

c) | The do_record_object method is called (see 16.4.7.7).

d) | The return value for object_recorded when passed value and the current recursion policy if set to
uvm_policy::FINISHED.

e) | The object is popped off of the active object stack via pop_active_object-(see 16.1.3.2).
16.4.6.5 record_string

fynction void record string(
string name,
string value

)

Records a string field; it has the following parameters:

name—Name of the field.
value—Value of the field.
This method triggers a do_record_string call (see 16.4.7.9).

16.4.6.6 record_time

function void record time (
string nameg
time value

)

Records astime field; it has the following parameters:

name—Name of the field.
value—Value of the field.
This method triggers a do_record_time call (see 16.4.7.10).

16.4.6.7 record_generic
function void record generic(

string name,
string value,
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)

string type name = ""

Records a name/value pair, where value has been converted to a string; it has the following parameters:

name—Name of the field.
value—Value of the field.
type_name—Type name of the field (optional).

This method triggers a do_record_generic call (see 16.4.7.11).

16.4.6
v
Indicat

The de
‘uvm_|

16.4.6
v
This p

By def
tool-sp

16.4.7

16.4.7

johi

)

This is

.8 use_record_attribute
rtual function bit use record attribute ()
es that this recorder does (or does not) support usage of the ‘'uvm_record_attribute macro (see Bl

fault return value is 0 (not supported). uvm_recorder can be extended (set iits value to 1) to §
record_attribute.

.9 get_record_attribute_handle
rtual function int get record attribute handde()

ovides a tool-specific handle that is compatible with “uvm_record_attribute (see B.2.3.1).

ecific handles to passed to the ‘'uvm_record_ attribute macro.
Implementation agnostic API

.1 do_open

otected virtual function void do_ open(

uvm tr stream stream,

time open time,

string type name

a callback triggered via uvm_tr_stream::open_recorder (see 7.2.5.1); it has the following para

stream—The stream on which the recorder was opened.

2.3.1).

upport

hult, this method returns the same value as get_handle. Applications can override this method to provide

meters:

open_time—T te time to Tecord as the opemng of this trarmsaction:

type_name—The type name for the transaction.

The do_open callback can be used to initialize any internal state within the recorder, as well as providing a

locatio

n to record any initial information.

16.4.7.2 do_close

protected virtual function void do close( time close time )
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This is a callback triggered via close (see 16.4.4.2); it has the following parameter:

close time—The time to record as the closing time of this transaction.

The do_close callback can be used to specify the internal state within the recorder, as well as providing a
location to record any closing information.

16.4.7.3 do_free
protected virtual function void do_ free()
This is,acallback triggered via free (see 164 4 3)

The d¢_free callback can be used to release the internal state within the recorder, as well ag~ptoviding a
location to record any “freeing” information.

16.4.7.4 do_record_field

pyre virtual protected function void do record field(
string name,

uvm bitstream t value,

int size,

uvm radix enum radix

)

Intend¢d to record an integral field (less than or equal to the value defined by ~UvM MAX STREAMBITE [see
B.6.2][bits).

Derived classes need to provide an implementation of this API (see 16.4.6.1).

16.4.7.5 do_record_field_int

pyre virtual protected fun&fion voiddo record field int(
string name,

uvm_integral t value,

int size,

uvm radix enum(radix

)
Intend¢d to record amintegral field (less than or equal to 64 bits).

Derived classes need to provide an implementation of this API (see 16.4.6.2).

16.4.7-6-do—record—field—real

pure virtual protected function voiddo record field real(
string name,
real value

)
Intended to record a real field.

Derived classes need to provide an implementation of this API (see 16.4.6.3).
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16.4.7.7 do_record_object

virtual protected function void do record object (

string name,

uvm object value

)

Implem

entation hook for record_object (see 16.4.6.4).

The default implementation executes the following steps in order:

16.4.7].

UVM_RECORD and policy set to this recorder.

If user_hook_enabled (see 5.7.2.7) returns 1, the recorder passes itself the do_record meth
5.3.7.2) on the object; otherwise, the method returns without calling do_record_object.

8 object_recorded

virtual function uvm policy::recursion state e object recorded

)

Returns the current recursion state (see 16.1.4) for value and %eciirsion within the recorder, as defi

uvm_object value,
uvm recursion policy enum recursion

p_type

bd (see

ned by

record_object (see 16.4.6.4). For objects that have never beenpassed to record_object, the return valye shall

be uvn

policy: :NEVER

16.4.7.9 do_record_string

Py

)

re virtual protected function.void do record string(
string name,
string value

Intend¢d to record a string field.

Derived classes need to provide an implementation of this API (see 16.4.6.5).

16.4.7.10 do_record_time

Py

re yirtual protected function void do record time (

s€rifig name,

time zalue

)

Intended to record a time field.

Derived classes need to provide an implementation of this API (see 16.4.6.6).

16.4.7

.11 do_record_generic

pure virtual protected function void do record generic(

string name,
string value,
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string type name

)
Intended to record a name/value pair, where value has been converted to a string.

Derived classes need to provide an implementation of this API (see 16.4.6.7).

16.5 uvm_packer

The uvm_packer class provides a policy object for packing and unpacking uvm_objects (see 5.3). The policies
determine how packing and unpacking shall be done.

16.5.1| Class declaration

class uvm packer extends uvm policy
16.5.2 Methods
16.5.2.1 new

fynction new (string name="")
Createp a new uvm_packer with the specified instance name. If ngme-is not provided, the object is unpamed.
16.5.2.2 flush

virtual function void flush ()

The flpsh method resets the internal state of the“packer. This includes clearing any data that has been
previopsly packed via a call to one of the packing methods (see 16.5.2.4).

16.5.2.3 get_type_name
virtual function string.get type name ()
Returns the string "uvm packer".

16.5.2.4 set_default

sflatic funcdtion void set default (uvm packer packer)

Helperyméthod for setting the default packer policy instance via uvm_coreservice_t::set_default _paclTer (see
F.4.1.4.14)

16.5.2.5 get_default

static function uvm packer get default ()

Helper method for retrieving the default packer policy instance via uvm_coreservice_t::get_default_packer
(see F.4.1.4.15).
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16.5.3 Methods for packer subtyping

16.5.3.1 State assignment

virtual function

virtual function

virtual function

virtual function

void set packed bits( ref bit stream[] )

void set packed bytes( ref byte unsigned stream[] )
void set packed ints( ref int unsigned stream[] )

void set packed longints( ref longint unsigned stream[]

)

The state assignment methods set the internal state of the packer, such that the unpack methods can be used to
retrieve previously packed data. The stream argumentis abit, byte, int, or longint array of unspecified

length
typed
consid

16.5.3

v
v
v
v

The std
int, d
implen
16.5.3

v

Return

tate retrieval method (see 16.5.3.2) of a compatible packer implementation is undefined. Rac

ered compatible if their state retrieval methods return identical streams after packing idéntical

.2 State retrieval

rtual function
rtual function
rtual function
rtual function

void get packed bits( ref bit stream[] )

void get packed bytes( ref byte unsigned)stream[] )
void get packed ints( ref int unsigned/stream[] )

void get packed longints( ref longdi¥ unsigned stream[]

te retrieval methods copy the internal state of the packer to théstream argument, whichisabit
r longint array of unspecified length and format. The length and contents of the stre

hentation dependent.

.3 get_packed_size

rtual function

int get packed size()

5 the current number of bits that can be unpacked from the packer.

16.5.4 Packing and unpacking

16.5.4.1 pack_bits

v

Packs |
in usin|

rtual function

ref bit valueWH

input intssize

void pack bits(

-1

bits (value) from an unpacked array of bits. This method allows for fields of arbitrary length to be
o the’SystemVerilog st ream operator.

tically
ers are
fields.

byte,
m are

passed

An optional size parameter is provided, which defaults to -1. If set to any value greater than -1 (including 0),
the packer uses size as the number of bits to pack; otherwise, the packer simply packs the entire stream.

It shall be an error if size exceeds the size of the source array.

16.5.4.2 pack_object

virtual function void pack object ( uvm object value )

Packs an object value.
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For objects that are being packed, the following steps occur in order:

a) The object is pushed onto the active object stack via push_active_object (see 16.1.3.1).

b) Thedo_execute op method (see 5.3.13) on the object is passed auvm_field_op (see 5.7) withop_type
UVM_PACK and policy set to this packer.

c¢) If user_hook enabled (see 5.7.2.7) returns 1, the packer passes itself to the do_pack method (see
5.3.10.2) on value.

d) The object is popped off of the active object stack via pop_active_object (see 16.1.3.2).

16.5.4.3 is_null

virtual function bit is null()

This method is used during unpack operations to determine if the object at the current location'in'the pagk data
is null (whether to allocate a new object or not). If the object is null, the return value is ac3;’otherwise, it is 0.

While fs_null can be used to determine if an object in the packed data is null, it déésnot change the internal
state of the packer. As such, regardless of the return value of is_null, unpack_object (see 16.5.4.4), neegls to be
called fo move the packer’s internal state to the next field.
16.5.4.4 unpack_object

virtual function void unpack object ( uvm objeect value )

Unpacks an object and stores the result into value, which shallbe an allocated object that has enough space for
the datp being unpacked or is null.

Use is |null (see 16.5.4.3) to determine if the object shall be set to null before calling this method. It sha]l be an
error t¢ pass a value argument that is incompatible’ with the return value of is_null, e.g., passing a nu{/ value
when ip_null returns 0 or passing a non-nu/l-yalue when is_null returns 1. When this occurs, the packer shall
generale an error message and the resulting behavior of any further unpack_* calls on the packer is undefined.

For nop-null objects which are being,unpacked, the following steps occur in order:

a) | The object is pushed+ento the active object stack via push_active_object (see 16.1.3.1).

b) | The do_execute{opmethod (see 5.3.13) on the object is passed auvm_field_op (see 5.7) withdp_type
UVM_UNPACK and policy set to this packer.

c) | Ifuser_heok enabled (see 5.7.2.7) returns 1, the packer passes itself to the do_unpack methpd (see
5.3.11.2)on value.

d) | The'object is popped off of the active object stack via pop_active_object (see 16.1.3.2).

16.5.4.5 pack_string

virtual function void pack string ( string value )
Packs a string value.
16.5.4.6 pack_time

virtual function void pack time ( time value )

Packs a time value.
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16.5.4.7 pack_real

vi

rtual function void pack real ( real value )

Packs a real value.

16.5.4.8 pack_field

virtual function void pack field (

uvm bitstream t value,
int size

)

Packs

be genprated if the size is larger than ~UVM MAX STREAMBITS (see B.6.2).

16.5.4

v

)

Packs pn integral value into the pack array. size is the number-0f,bits to pack. An error message s
generaled if the size is larger that 64 bits.

NOTE--This optimized version of pack_field (see 16.5.4.8) ismuseful for sizes up to 64 bits.

16.5.4.10 pack_bytes

v

)

Packs
the arr

Animj
bits wil

See 16

n integral value into the packed array. size is the number of bits of value to pack. An erroriniessa

.9 pack_field_int

rtual function void pack field int (
uvm_integral t value,
int size

rtual function void pack bytes|(
ref byte valuel],
input int size = -1

bits from an unpacked agray of bytes into the pack array. size represents the number of bits to pad
y. Setting size to -4 \.indicates that the entire array shall be packed. The default value of size shal

lementationshall generate an error message if the size is less than -1 or greater than the total nur
thin the array.

5.4.1 for additional information.

be shall

hall be

k from
be -1.

hber of

16.5.4TT pack_ints

virtual function void pack ints(

)

ref int valuel],

input int size -1

Packs bits from an unpacked array of ints into the pack array. size represents the number of bits to pack from
the array. Setting size to -1 indicates that the entire array shall be packed. The default value of size shall be -1.
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Animplementation shall generate an error message if the size is less than -1 or greater than the total number of
bits within the array.

See 16.5.4.1 for additional information.

16.5.4.12 unpack_ints

virtual function void unpack ints(
ref int valuel[],
input int size = -1

)

Unpacks bits from the pack array into an unpacked array of ints.

The unpacked array is unpacked from the internal pack array. This method allows for fields pf atbitrary| length
to be passed in without expanding into a predefined integral type first.

An optiional size parameter is provided, which defaults to - 1. If set to any value greater-than -1 (including 0),
the padker uses size as the number of bits to unpack; otherwise, the packer simply_inpacks the entire $tream.

It shall be an error to specify a size that exceeds the size of the source array.
16.5.4.13 unpack_string

virtual function string unpack string()
Unpacks a string.
16.5.4.14 unpack_time

virtual function time unpack gtime ()
Unpacks a time variable.
16.5.4.15 unpack_real

virtual function'\real unpack real ()
Unpacks a real variable.
16.5.4.16 unpack_field

virtudl function uvm bitstream t unpack field ( int size )

Unpacks bits from the pack array and returns the bitstream that was unpacked. size is the number of bits to
unpack; the maximum is the value defined by ~UVM MAX STREAMBITS (see B.6.2) bits.

16.5.4.17 unpack_field_int

virtual function uvm integral t unpack field int ( int size )

Unpacks bits from the pack array and returns the bitstream that was unpacked.
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size is the number of bits to unpack; the maximum is 64 bits. This is a more efficient variant than
unpack field (see 16.5.4.16) when unpacking into smaller vectors.

16.5.4.18 unpack_bits

virtual function void unpack bits(
ref bit valuel[],
input int size = -1

)

Unpacks bits from the pack array into an unpacked array of bits.

An optlonal size parameter is provided, which defaults to -1. If set to any value greater than -1 (including 0),
the pagker uses size as the number of bits to unpack; otherwise, the packer simply unpacks the entire $tream.

16.5.4.19 unpack_bytes

virtual function void unpack bytes(
ref byte valuel],
input int size = -1

)

Unpacks bits from the pack array into an unpacked array of bytes.

An optiional size parameter is provided, which defaults to - 1. If set to any value greater than -1 (including 0),
the padker uses size as the number of bits to unpack; otherwise, the packer simply unpacks the entire $tream.

16.6 yvm_copier

The uym_copier class provides a policy objectfor copying uvm_objects (see 5.3). The policies determine how
copyinlg should be done.

16.6.1 Class declaration
class uvm copier exfends uvm policy
16.6.2 Methods

16.6.2.1 new

fynction new ( string name = "" )

Createb-a

16.6.2.2 get_type_name
virtual function string get type name ()

Returns the string "uvm_copier™".

16.6.2.3 set_default

static function void set default ( uvm copier copier )
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Helper method for setting the default copier policy instance via uvm_coreservice_t::set_default_copier (see
F.4.1.4.18).

16.6.2.4 get_default
static function uvm copier get default()

Helper method for retrieving the default copier policy instance via uvim_coreservice_t::get_default_copier
(see F.4.1.4.19).

16.6.3 Methods for object copy control

The fo]lowing methods define values that may be used in do_copy (see 5.3.8.2) or do_execute_op/(scep.3.13)
to confrol how fields are copied within an object:

Recurdion policy

virtual function void set recursion policy (
uvm_recursion policy enum policy

virtual function uvm recursion policy enum get recuksion policy ()

Contrdls the recursion policy to use for object fields during do_cepy (see 5.3.8.2) or do_execute_o¢p (see
5.3.13}.

UvM_DEEP—Copy all fields of rhs to /hs, doing a (‘deep” copy [any object fields are copied pising a
DEEP recursion, i.e., copier.copy object (tgt, src)l].

UVM_SHALLOW—Copy all fields of 74s to /hs, 0sing a “shallow” copy (any object fields are copied as
REFERENCES, i.e., tgt = src).

UVM_REFERENCE—Copy the s to [hs as a reference.

A valug of UVM_DEFAULT POLICY shall(be treated as UvM_DEEP.

Ifset_recursion_policy has not been'called since the copier was constructed or since the last call to flush (see
16.2.4p2), then get_recursion tpolicy shall return UvM DEFAULT POLICY.

16.6.4 Methods for copier usage
16.6.4.1 copy_object

virtuadi\function void copy object (
uvym object lhs,

uvm obiject rhs

)

Copies the fields of 74s to lhs using the recursion policy (see 16.6.3) to determine whether the copy should be
deep or shallow. Objects that are meant to be copied by reference shall use an assignment operation.

Unlike other policies, the copier relies on do_copy (see 5.3.8.2) and do_execute_op (see 5.3.13) to process
copies via direct assignment when the recursion policy is set to UvM_REFERENCE. The copier shall generate an
error message if copy_object is called when the recursion policy is set to UvM_REFERENCE, and the result of
the copy_object operation is undefined.
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ects that are being copied, the following steps occur in order:

The object is pushed onto the active object stack via push_active_object (see 16.1.3.1).

The return value for object_copied (see 16.6.4.2) when passed /is, rhs, and the current recursion
policy (see 16.6.3) is set to uvm_policy: : STARTED.

The do_execute_op method (see 5.3.13) on the object is passed auvm_field_op (see 5.7) withop_type
UVM_COPY and policy set to this copier.

If user_hook_enabled (see 5.7.2.7) returns 1, the copier passes itself and the ris to the do_copy
method (see 5.3.8.2) on lAs; otherwise, the method returns without calling do_copy.

e) The return valne for object copied (see 16 6 4 2) when passed /he_rhe_and the current recursion

f)

16.6.4

v

)

Return
copy_

uvm_p

policy (see 16.6.3) is set to uvm policy::FINISHED.

The object is popped off of the active object stack via pop_active_object (see 16.1.3-2).
.2 object_copied

rtual function uvm policy::recursion state e object copi‘ed(
uvm_object lhs,

uvm_object rhs,

uvm_recursion policy enum recursion

5 the current recursion state (see 16.1.4) for lhs, rhs, andyrecursion within the copier, as defined by
bbject (see 16.6.4.1). For objects that have never been passed to copy_object, the return value shall be
olicy: :NEVER.

The vallues passed to /As and rhs need to be passed to 6bject _copied using the same ordering as copy_pbject.

17. R

17.1 ¢

The U
registe

17.2 ¢

This sybclause defines the globally available types, enums, and utility classes.

17.2.1

egister layer

Dverview

VM register layer defines.base classes that, when properly extended, abstract the read/write operafions to
I's and memories in a-design under test (DUT).

Global declarations

Types

17.2.1.1 uvm_reg_data_t

2-state data value with "'UVM_REG_DATA_ WIDTH bits (see B.6.5).

17.2.1.2 uvm_reg_data_logic_t

4-state data value with "UVM_REG_DATA_WIDTH bits (see B.6.5).
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.3 uvm_reg_addr_t

address value with "UVM_REG_ADDR_WIDTH bits (see B.6.4).
.4 uvm_reg_addr_logic_t

address value with 'UVM_REG_ADDR_WIDTH bits (see B.6.4).
.5 uvm_reg_byte_en_t

byte enable value with 'UVM_REG_BYTENABLE_WIDTH bits (see B.6.6).

17.2.1
Coverd

Symbd
17.2.2

The bi
Bits

0-7

8-1p

16-
24-

17.2.1

Slice o

This i
follow

If the

.6 uvm_reg_cvr_t
ge model value specified with "'UVM_REG_CVR_WIDTH bits (see B.6.7).

lic values for individual coverage models are defined by the uvm_coverage. model_e tyj
0).

s in the setting are assigned as follows:

Reserved.

Coverage models defined by applications, implemented in a register 1}
generator.

b 3 User-defined coverage models.

UVM _REG _CVR_ WIDTH-1  Reserved.
.7 uvm_hdl_path_slice
f an HDL (hardware descriptionlanguage) path.

a struct that specifies thee HDL variable corresponding to all of or a portion of a register; it
ng parameters:

path—Path to the.HDL variable.
offset—Offsgt of the least significant bit (LSB) in the register that this variable implements.
size—Number of bits (toward the most significant bit [MSB]) that this variable implements.

HDL variable implements all of the register, offset and size are specified as -1

be (see

hodel

has the

, e.g.

rl.ad

ddl path('{ '{"ri", -1, -1} }).

17.2.2 Enumerations

17.2.2.1 uvm_status_e

Return status for register operations; it has the following enumerated types:

UVM_IS_ OK—Operation completed successfully.
UVM_NOT OK—Operation completed with error.

UVM_HAS x—Operation completed successfully, but had unknown bits.
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17.2.2.2 uvm_door_e

Door used for register operation; it has the following enumerated types:
UVM_FRONTDOOR—Use the front door.
UVM_BACKDOOR—Use the back door.

UVM_PREDICT—Operation derived from observations by a bus monitor via the uvm_reg_predictor
class (see 19.3).

UVM_DEFAULT DOOR—Operation specified by the context.

17.2.2.3 uvm_check_e

Use repd-only or read-and-check; it has the following enumerated types:
UVM_NO_CHECK—Read only.
UVM_CHECK—Read and check.

17.2.2.4 uvm_endianness_e

Specifies byte ordering; it has the following enumerated types:

UVM_NO_ENDIAN—Byte ordering not applicable.

UVM LITTLE ENDIAN—Least-significant bytes first in‘eonsecutive addresses.
UVM_BIG_ ENDIAN—Most-significant bytes first idconsecutive addresses.
UVM_LITTLE FIFO—Least-significant bytes first'at the same address.

UVM_BIG_FIFO—Most-significant bytes first at the same address.

17.2.2.5 uvm_elem_kind_e

Type df element being read or written;it has the following enumerated types:

UVM_REG—Register.
UVM_FIELD—Field:

UVM_MEM—Memory location.
17.2.2.6 uvm_access_e

Type qf opération begin performed; it has the following enumerated types:

R 1 el
UVIT READU—/IRCAU UpPTIatiUll.

UVM_WRITE—WTite operation.

17.2.2.7 uvm_hier_e

Whether to provide the requested information from a hierarchical context; it has the following enumerated
types:

UVM_NO_HIER—Provide info from the local context.

UVM_HIER—Provide info based on the hierarchical context.
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17.2.2.8 uvm_predict_e
How the mirror is to be updated; it has the following enumerated types:

UVM_PREDICT DIRECT—Predicted value is as is.
UVM_PREDICT READ—Predict based on the specified value having been read.

UVM_PREDICT WRITE—Predict based on the specified value having been written.

17.2.2.9 uvm_coverage_model_e

13 1l PR PRI | 1 il : 1
COVCI( & HIOUTILS dvVdlldUIC OI' ACTSITTU, TU T1dS UIC TOTTOWIITE CITUITICT alCU 1y pTs.

UVM_NO_ COVERAGE—None.

UVM_CVR_REG BITS—Individual register bits.
UVM_CVR_ADDR_MAP—Individual register and memory addresses.
UVM CVR_FIELD VALS—TField values.

UVM_CVR_ALL—AII coverage models.

Multiple models may be specified by bitwise ORing individual model identifiers.
17.2.2.10 uvm_reg_mem_tests_e
Selectd which predefined test sequence to execute; it has the-following parameters:

UVM_ DO _REG_HW_ RESET—Run uvm_reg_hwcreset_seq (see E.1).
UVM_DO_REG_BIT BASH—Run uvm_reg.bit_bash_seq (sec E.2.2).
UVM_DO_REG_ACCESS—Run uvm_reg) access_seq (see E.3.2).

UVM_ DO _MEM ACCESS—Run uym_mem_access_seq (see E.5.2).

UVM DO SHARED ACCESS~Run uvm_reg mem_shared_access_seq (see E.4.3).
UVM DO MEM WALK—Runuvm_mem_walk seq (see E.6.2).
UVM_DO_ALL REG(MEM TESTS—Run all of the above.

Multiplle test sequences, may be selected by bitwise ORing their respective symbolic values. Test seqiiences,
when delected, are.€xecuted in the order in which they are specified here.

17.2.3 uvm_shdl_path_concat

17.2.3.1Overview

This class contains a dynamic array of uvm_hdl_path_slice that specifies a concatenation of the HDL variables
that implement a register.

The slices shall be specified in most-to-least significant order. The slices shall not overlap. Gaps may exist in
the concatenation array if portions of the register are not implemented.

If the register is implemented using a single HDL variable, then the array shall contain a single slice with its
offset and size set to -1.
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17.2.3.2 Class declaration

class uvm _hdl path concat

17.2.3.3 Methods

17.2.3.3.1 New

function new(string name = "unnamed")

Creates a new instance of this class with the specified instance name. If name is not provided, the instance is

1

unnamy

17.2.3

fu

.
.3.2 set_slices

nction void set slices(uvm hdl path slice t[])

Initialiges the array of slices to ¢. ¢ shall conform to the restrictions listed in 17.2.3¢1!

17.2.3
fy
Return
17.2.3
£y

Appen|

18. R

A regi
memot

18.1 ¢
This i}

A bloc
has on

.3.3 get_slices

nction void get slices (output uvm hdl path slicevyt[])
5 the array of slices to 7.

.3.4 add_slice

nction void add slice(uvm hdl pathdsltice slice)

s slice to the array of slices. slice shall conform to the restrictions listed in 17.2.3.1.

egister model

ster model is typically compesed of a hierarchy of blocks. Blocks contain registers, registg
ies, and address maps,

ivm_reg_block
the blockabstraction base class.

k represents a design hierarchy. It can contain registers, register files, memories, and sub-blocks.

r files,

\ block

e ‘of'more address maps, each corresponding to a physical interface on the block.

18.1.1

Class declaration

class uvm reg block extends uvm object

18.1.2 Methods

18.1.2.1 new

function new(

string name = "",
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int has coverage = UVM NO COVERAGE

eates an instance of a block abstraction class with the specified name.

IEC 2023
.2™-2020

has_coverage specifies which functional coverage models are present in the extension of the block abstraction
class. Multiple functional coverage models may be specified by adding their symbolic names, as defined by the
uvm_coverage_model_e type (see 17.2.2.9). The default value of has coverage shallbe UvM_NO COVERAGE.

18.1.2

.2 configure

£

)

This is
root bl
Ifthe b
path is
it is ph
memof

18.1.2

v

)

This cf
a)

b)

¢)
d)

MICTion void Conrigurel
uvm_reg block parent = null,
string hdl path = ""

an instance-specific configuration; it specifies the parent block of this block. A blo¢k without par
bek.

lock file corresponds to a hierarchical register transfer level (RTL) structure, its contribution to th

ysically flattened) and does not contribute to the hierarchical HDI»path of any contained regi
ies.

.3 create_map

rtual function uvm reg map create mapy
string name,

uvm reg addr t base addr,

int unsigned n_bytes,

uvm_endianness e endian,

bit byte addressing = 1

eates an address map with the specified name, then configures it with the following properties
base_addr—The base address for the map. All registers, memories, and sub-blocks within the
be at offsets tq this’address.
n_bytes—Thebyte-width of the bus on which this map is used.

endian>=Fhe endian format. See uvm_endianness_e for possible values (17.2.2.4).

units of words (where a word is n_bytes). When TRUE (default), addresses within the map 4l

entisa

e HDL

specified as the hdl_path. Otherwise, the block does not correspond to‘@hierarchical RTL structyre (i.e.,

ters or

ap will

byte—-addressing—Indicates whether consecutive elements in the map are indexed in units of bytes or in

re byte

aligned, i.e., address 0x1 is one byte greater than address 0x0. When FALSE, addresses within the map

are word aligned, i.e., address 0x1 is n_bytes greater than address 0xO0.

18.1.2.4 set_default_map

function void set default map ( uvm reg map map )

This makes the specified address map the default mapping for this block. The address map needs to be a map of

this ad

dress block.
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18.1.2.5 get_default_map

function uvm reg map get default map()

This returns the default address map for this block. If create_map (see 18.1.2.3) has never been called, this
returns null. If set_default_map (see 18.1.2.4) has been called, this returns the value set in the most recent call.
Otherwise, this returns the map created in the first call to create_map.

18.1.2.6 lock_model

virtual function void lock model ()

This

uvm_x

metho

When

Is.

that alll sub-blocks, maps, and registers have been created before the lock_model is,called.

18.1.2.7 unlock_model

virtual function void unlock model ()

Unloc}

structural changes are allowed again.

This ifivalidates all precomputed information derived in ‘a previous call to lock_model, as well
information that has been cached since the last call tolock_model.

18.1.2.8 set_lock

virtual function void set lo€k( bit v )

Sets the lock mode to v for the currentregister block and all its sub-blocks.

18.1.2.9 wait_for_lock

t3

Block{

18.1.2

sk wait for_ logdk()
until lock_model (see 18.1.2.6) completes.

.10 is_locked

fecursively locks an entire register model and builds the address maps to enable the
eg_map::get_reg by offset (sece 18.2.4.17) and uvin_reg_map::get_mem_by_offset (See18.2.4.18)

ocked, no structural changes, such as adding registers or memories, can be made?Hence, it is important

s the register model, bringing the register mode to the statebefore lock_model (see 18.1.2.6), sych that

as any

£ S doe e k] 3 k]
UmMcTtTIor—OoTrtc IS TrocCRTT ()

Returns TRUE if the model is locked.

18.1.2.11 unregister

virtual function void unregister( uvm reg map m )

Removes all knowledge of map m from the current block and, therefore, all registers, memories, and virtual
registers contained in m from the current block.
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18.1.3 Introspection
18.1.3.1 get_parent
virtual function uvm reg block get parent ()
Returns the parent block.
When this a top-level block, returns null.

18.1.3.2 get_root_blocks

sflatic function void get root blocks( ref uvm reg block blks[$] )
This rqturns an array of all root blocks in the simulation. blks shall be a queue.

18.1.3.3 find_blocks

sflatic function int find blocks(
input string name,

ref uvm reg block blks[$],

input uvm reg block root = null,
input uvm object accessor = null

)

Finds the blocks whose hierarchical names match the specified-name glob. If a root block is specified, the name
of the blocks are relative to that block; otherwise, they are absolute. b/ks shall be a queue.

This rdturns the number of blocks found.

18.1.3.4 find_block

sflatic function uvm reg blgeck find block(
input string name,

input uvm reg block® root = null,

input uvm objectfaccessor = null

)

Finds the first blockswhose hierarchical names match the specified name glob. If a root block is specified, the
name ¢f the blocks‘are relative to that block; otherwise, they are absolute.

This rgturng the first block found or null otherwise. A warning shall be issued if more than one block is|{found.

18.1.3-5-getbiocks

virtual function void get blocks (
ref uvm reg block blks[$],
input uvm hier e hier = UVM HIER
)

Returns the sub-blocks instantiated in these blocks. If hier is UvM_HIER, recursively includes any sub-blocks.
The default value of Zier shall be UvM HIER. blks shall be a queue.
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18.1.3.6 get_maps

virtual function void get maps ( ref uvm reg map maps[$] )
Returns the address maps instantiated in this block. maps shall be a queue.
18.1.3.7 get_registers

virtual function void get registers (

ref uvm reg regs[$S],
input uvm hier e hier = UVM HIER

)

Returnk the registers instantiated in this block. If Aier is TRUE, recursively includes the registétsyin the sub-
blocks| The default value of hier shall be UvM_HIER. regs shall be a queue.

Note that registers may be located in different and/or multiple address maps. To find the'negisters in a specific
addresp map, use the uvm_reg_map::get_registers method (see 18.2.4.11).

18.1.3.8 get_fields

virtual function void get fields (
ref uvm reg field fields[$],

input uvm hier e hier = UVM HIER
)

Returng the fields in the registers instantiated in this block?1If hier is TRUE, recursively includes the fields of the
registefs in the sub-blocks. The default value of Aier shall be UvM_HIER. fields shall be a queue.

18.1.3.9 get_memories

virtual function void get memories (
ref uvm mem mems[$],

input uvm hier e hiet £ UVM HIER

)

Returns the memories ingtantiated in this block. If hier is TRUE, recursively includes the memories in the sub-
blocks| The default value of hier shall be UvM HIER. mems shall be a queue.

Note that memafies may be located in different and/or multiple address maps. To find the memories in a
specifit address'map, use the uvm_reg_map::get memories method (see 18.2.4.13).

18.1.3.10.get_virtual_registers

virtual function void get virtual registers(
ref uvm vreg regs[$],
input uvm hier e hier = UVM HIER

)

Returns the virtual registers instantiated in this block. If kier is TRUE, recursively includes the virtual registers
in the sub-blocks. The default value of hier shall be UvM HIER. regs shall be a queue.
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18.1.3.11 get_virtual_fields

virtual function void get virtual fields (

)

ref uvm vreg field fields[$],
input uvm hier e hier = UVM HIER

Returns the virtual fields from the virtual registers instantiated in this block. If Aier is TRUE, recursively
includes the virtual fields in the virtual registers in the sub-blocks. The default value of ier shall be UvM_HIER.
fields shall be a queue.

18.1.3

v

Finds 4

The ndme is the simple name of the block, not a hierarchical name relative to this block. If no block wj
name ip found in this block, the sub-blocks are searched for a block of that name andthe first one to be fi
returngdd.
If no bjocks are found, returns null.
18.1.3.13 get_map_by_name

virtual function uvm reg map get map by ¢hawe ( string name )
Finds gn address map with the specified simple name
The name is the simple name of the address map, 1ot a hierarchical name relative to this block. If no m:
that najne is found in this block, the sub-blocks are searched for a map of that name and the first oneto b
is retuned.
If no afldress maps are found, returnsull.
18.1.3.14 get_reg_by_name

virtual function/uvm reg get reg by name ( string name )
Finds 4 register with the specified simple name.
The ndyme isthe'simple name of the register, not a hierarchical name relative to this block. If no register w
name if found in this block, the sub-blocks are searched for a register of that name and the first one to be f

rtual function uvm reg block get block by name ( string name )

sub-block with the specified simple name.

ith that
bund is

p with
e found

ith that
ound is

q

return

.

If no registers are found, returns null.

18.1.3.15 get_field_by name

virtual function uvm reg field get field by name ( string name )

Finds a field with the specified simple name.
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The name is the simple name of the field, not a hierarchical name relative to this block. If no field with that
name is found in this block, the sub-blocks are searched for a field of that name and the first one to be found is
returned.

If no fields are found, returns null.

18.1.3.16 get_mem_by_name

virtual function uvm mem get mem by name ( string name )

Finds a memory with the specified simple name.

The name is the simple name of the memory, not a hierarchical name relative to this block. If no mehiofy with
that najme is found in this block, the sub-blocks are searched for a memory of that name and the fixst’one to be
found {s returned.
If no npemories are found, returns null.
18.1.3.17 get_vreg_by name

virtual function uvm vreg get vreg by name ( string\ifame )
Finds g virtual register with the specified simple name.
The ndme is the simple name of the virtual register, not a hierarchical name relative to this block. If no|virtual
registef with that name is found in this block, the sub-blocks are.searched for a virtual register of that name and
the firdt one to be found is returned.
If no vjrtual registers are found, returns nu/l.
18.1.3.18 get_vfield_by name

virtual function uvm vreg, field get vfield by name ( string name )
Finds g virtual field with the specified simple name.
The name is the simple nanie of the virtual field, not a hierarchical name relative to this block. If no virtyal field
with thiat name is found in this block, the sub-blocks are searched for a virtual field of that name and the fjrst one

to be fpund is returned.

If no vjrtual fields.are found, returns null.

18.1 41 Coverage

18.1.4.1 build_coverage
protected function uvm reg cvr t build coverage( uvm reg cvr t models )

Checks if all of the specified coverage model needs to be built in this instance of the block abstraction class, as
specified by calls to uvm_reg::include_coverage (see 18.4.7.1).

models are specified by adding the symbolic value of individual coverage models as defined in 17.2.2.9. This
returns the sum of all coverage models to be built in the block model.
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.2 add_coverage

virtual protected function void add coverage( uvm reg cvr t models )

Specifies that additional coverage models are available.

Adds the specified coverage model to the coverage models available in this class. models are specified by

adding

the symbolic value of individual coverage model as defined in 17.2.2.9.

This method shall be only called in the constructor of subsequently derived classes.

18.1.4

v

Check

This rg
models

18.1.4.4 get_coverage

v
Check
This rg
functig

value

See 18]

18.1.4.5 set_coverage

v
Turns

Turns
fields,
specifi
model
model

-3-has—coverage
rtual function bit has coverage( uvm reg cvr t models )

if this block has coverage model(s).

turns TRUE if the block abstraction class contains a coverage model for alhof’the models spq
are specified by adding the symbolic value of individual coverage modelas‘defined in 17.2.2

rtual function bit get coverage( uvm reg cvr< is on = UVM CVR ALL )
if coverage measurement is on.

turns TRUE if measurement for all of the specifiedfunctional coverage models are currently on. M
nal coverage models can be specified by adding'the functional coverage model identifiers. The

fis_on shall be UvM CVR ALL.

1.4.5 for more details.

rtual function uvm reg cvr t set coverage( uvm reg cvr t is on )
bn coverage measurement.

he collection‘ofifunctional coverage measurements on or off for this block and all blocks, re
and memories within it. The functional coverage measurement is turned on for every coveragel
bd using\uvim_coverage_model_e symbolic identifiers (see 17.2.2.9). Multiple functional cd
can(be'specified by adding the functional coverage model identifiers. All other functional cq
ate’turned off.

cified.
9.

Tultiple
default

bisters,
model
verage
verage

This returns the sum of all functional coverage models whose measurements were previously on.

This method can only control the measurement of functional coverage models that are present in the various
abstraction classes, then enabled during construction. See 18.1.4.3 to identify the available functional coverage
models.

18.1.4.6 sample

protected virtual function void sample (

uvm_reg addr t offset,
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bit is read,
uvm_reg map map

)

This is a functional coverage sampling method; it is invoked by the block abstraction class whenever an address
within one of its address maps is successfully read or written. The specified offset is the offset within the block,
not an absolute address. Offset is in units returned by get addr unit bytes() (see 18.2.4.6).

Empty by default, this method may be extended by the abstraction class generator to perform the required
sampling in any provided functional coverage model.

18.1.4-Fsampile—valves

virtual function void sample values ()
This i$ a functional coverage sampling method for field values; it is invoked by theuser or by the
uvm_geg_block::sample_values method of the parent block to trigger the sampling,ef the current field
values| in the block-level functional coverage model. It also reeursively invokes the
uvm_ieg block::sample_values and uvm_reg::sample_values methods (see[8!4.7.8) in the blodks and
registefs within this block.
This nmpethod may be extended by the abstraction class generator to petform the required sampling|in any
provided field-value functional coverage model. If this 4hethod is extended, it shal]l call
super|.sample values.

18.1.9 Access
18.1.5.1 get_default_door
virtual function uvm door e get-défault door ()
This rqturns the default door for this block«(®¥VM FRONTDOOR or UVM_BACKDOOR), see 17.2.2.2.
18.1.5.2 set_default_door
virtual function veld set default door( uvm door e door )
This sgts the default doot for this block.

18.1.9.3 reset

virtualyfunction void reset( string kind = "HARD" )

Th' 1 1 d ta il . 1 £ .11 et M 41 1ol 1 | lolal 1 t th
1SC als dll aLllsS bbllla})llulbb AU SULS UIV TIHNITUTD varav Ul alr Lbslblblb 1T LU UTUUVRKN alld SUUTUIUURK, 0 (¢

reset value corresponding to the specified reset event. See 18.5.5.4 for more details.

This does not actually set the value of the registers in the design, only the values mirrored in their
corresponding mirror. The default value of kind shall be "HARD".

18.1.5.4 needs_update
virtual function bit needs update ()

Checks if DUT registers need to be updated.
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This method returns TRUE if the uvm_reg::needs_update (see 18.4.4.4) method for at least one register in the
block or sub-blocks returns TRUE. Otherwise, FALSE is returned.

The mirror values, or actual content of registers, are not modified. Use uvm_reg_block::update (see 18.1.5.5)
to actually update the DUT registers. For additional information, see 18.5.5.8.

18.1.5.5 update

virtual task update(

output uvm status e status,
input uvm door e path = UVM DEFAULT DOOR,

)
This u
minim
(see 1
The fil

purpos
lineno

This nj

18.1.59.6 mirror

v

)

This rg
corresj

input uvmfsequenceibase parent = null,

input int prior = -1,

input uvm object extension = null,

input string fname = "",

input int lineno = 0

pdates all of the design registers in this block and its sub-blocks with the desired value us

im number of write operations. The accesses may be performed usingAtentdoor or backdoor opg
4.4.13).

bname (firame) and line number (lineno) arguments are available for an implementation to use fo
es only; their value shall have no functional effect on the eutcome of this method. The default Vi
shall be 0.

ethod performs the reverse operation of uvm_reg>block::mirror (see 18.1.5.6).

rtual task mirror(

output uvm_status_ e status,

input uvm check e check(5* UVM NO CHECK,
input uvm door e path # UVM DEFAULT DOOR,

input uvm sequence base parent = null,

input int prior =1,

input uvm object/extension = null,

input string fname = "",

input ingkifneno = 0

ads allof the registers in this block and its sub-blocks and updates their mirror values to maj

onding values in the design. If check is set to UVM_CHECK (see 17.2.2.3), an error message §

ng the
rations

- debug
alue of

tch the
hall be

generated when the current mirrored value does not match the actual value 1n the design.

The ac

cesses may be performed using frontdoor or backdoor operations (see 18.4.4.14).

The filename (fname) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of

lineno

shall be 0.

This method performs the reverse operation of uvm_reg_block::update (see 18.1.5.5).
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18.1.5.7 Others

For other uvm_reg_block convenience access methods, see D.3.

18.1.6 Back door

Interaction with the DUT can be accomplished through both the front door and the back door. A frontdoor
operation employs the bus interface (bus driver) in order to access a register or memory in the DUT, whereas a

backdoor access operation is performed by directly interacting with the hardware representation of the object in
the DUT without using the bus interface.

18.1.6-4Kinds

Backdpor access to a register or memory in the DUT requires knowledge of the DUT’s representational model
in addjition to the (hierarchical) path to the object in the DUT. The entire DUT may have afsingle
repres¢ntational model (i.e., RTL), or more than one representational model (RTL, gate-level,C, etc.) may be
used td represent different parts of the DUT. The backdoor API allows the specificationrefone or more Ainds of
backdqor path representation when accessing an object in the DUT.

The kipd argument in the backdoor API refers to the type or kind of backdoorpath of the UVM object in the
DUT. The string value of this argument is entirely arbitrary. It is therefore pdssible to record and refer fo more
than ome kind of backdoor path for the same register or memory object.

See 1916 for the UVM default DPI implementation of the backdogdr'aecess mechanism.
18.1.6.2 get_backdoor
fuynction uvm reg backdoor get backdoem\(“bit inherited = 1 )

This returns the user-defined back door for all registers in this block and all sub-blocks—unless it is ovefridden
by a bgck door specified in a lower-level block'or in the register itself.

If inhelited is TRUE, and no back door has-been specified for this block, and a parent block has been sp¢cified,
then this returns the value of the get_backdoor (inherited) from the parent block. The default value of infrerited
shall b 1, which is TRUE.

18.1.6.3 set_backdoor

fynction void\sét backdoor (
uvm_reg_kaekdoor bkdr,
string\\frname = "",
int/1lineno = 0

)

This defines the backdoor mechanism for all registers instantiated in this block and sub-blocks, unless
overridden by a definition in a lower-level block or register. The filename (finame) and line number (/ineno)
arguments are available for an implementation to use for debug purposes only; their value shall have no
functional effect on the outcome of this method. The default value of /ineno shall be 0.

18.1.6.4 clear_hdl_path

function void clear hdl path ( string kind = "RTL" )

This removes any previously specified HDL path to the block instance for the specified design abstraction kind.
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kind refers to the type of underlying backdoor path of the UVM object in the DUT (see 18.1.6.1). The default
value of kind shall be "RTL".

18.1.6.5 add_hdI_path

function void add hdl path (
string path,
string kind = "RTL"

)

This adds the specified HDL path to the block instance for the specified design abstraction kind. This method
may bt Ldilt?d IT1I0IC l‘lldll OIICT fUI l‘llC SAITIC L‘leigll dbbtl dbLiUll lf l.hC 1U11UL1& ib phyaibaﬂy duplibatcd ill l.hC design
abstradtion.

kind reffers to the type of underlying backdoor path of the UVM object in the DUT (see 18.1.6.1). The default
value qf kind shall be "RTL".

18.1.6.6 has_hdI_path

fuynction bit has hdl path ( string kind = "" )
This rgturns TRUE if the block instance has a HDL path defined for the specified design abstraction kin{d. If no
designlabstraction is specified, it uses the default design abstraction specified for this block or the nearegt block

ancestpr with a specified default design abstraction.

kind rgfers to the type of underlying backdoor path of the UVM object in the DUT (see 18.1.6.1).

18.1.6.7 get_hdl_path

fynction void get hdl path (
ref string paths([$],
input string kind = ""

)
This rgturns the HDL path(s) defined for the specified design abstraction, kind, in the block instance. It feturns
only the component of the HRL:paths that corresponds to the block, not a full hierarchical path. paths shall be a
queue.|kind refers to the type)of underlying backdoor path of the UVM object in the DUT (see 18.1.6[1).

If no dpsign abstractionis specified, the default design abstraction for this block is used.

18.1.6.8 get_full_hdl_path

fyncti¥on void get full hdl path (
Ter String patnsls],

input string kind = "",
string separator = "."

)

This returns the full hierarchical HDL path(s) defined for the specified design abstraction, kind, in the block
instance. There may be more than one path returned when any of the parent components have more than one
path defined for the same design abstraction, even if only one path was defined for the block instance. paths
shall be a queue. The separator is used in the concatenation of path segments to form the full path, e.g.,
{segmentl, separator, segment2}. The default value for separator shall be “.”. kind refers to the type of
underlying backdoor path of the UVM object in the DUT (see 18.1.6.1).
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Ifno design abstraction is specified for the current block, then it is determined via the default design abstraction
(see 18.1.6.9).

18.1.6.9 get_default_hdIl_path
function string get default hdl path()
This returns the default design abstraction for this block instance. If a default design abstraction has not been

explicitly specified for this block instance, it returns the default design abstraction for the nearest block
ancestor. This returns the string "RTL" if no default design abstraction has been specified.

18.1.6-40-set—default—hdi—path

fynction void set default hdl path ( string kind )

Speciffes the default design abstraction, kind, for this block instance. kind refers to the. type of undgrlying
backdqor path of the UVM object in the DUT (see 18.1.6.1).

18.1.6.11 set_hdl_path_root

function void set hdl path root (
string path,

string kind = "RTL"

)

This sqts the specified path as the absolute HDL path to the:block instance for the specified design abstraction
kind. This absolute root path is prepended to all hierarchical paths under this block. The HDL path|of any
ancestr block is ignored. This method overrides any ifictemental path for the same design abstraction spjecified
using 3dd_hdl_path (see 18.1.6.5). The default value of kind shall be "RTL".

kind rdfers to the type of underlying backdoor path of the UVM object in the DUT (see 18.1.6.1).

18.1.6.12 is_hdl_path_root

fynction bit is hdl path root ( string kind = "" )

This rgturns TRUE if an absolute HDL path to the block instance for the specified design abstraction, kijzd, has
been defined. If no design.abstraction is specified, the default design abstraction for this block is used.

kind rdfers to the-typ€ of underlying backdoor path of the UVM object in the DUT (see 18.1.6.1).

18.2 yvm'-reg_map

This class represents an address map. An address map is a collection of registers and memories accessible via a
specific physical interface. Address maps can be composed into higher-level address maps.

Address maps are created using the uvm_reg_block::create_map method (see 18.1.2.3).
18.2.1 Class declaration

class uvm reg map extends uvm object
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18.2.2 Common methods

backdoor

static function uvm reg map backdoor ()
Returns the backdoor pseudo-map singleton.
This pseudo-map is used to specify or configure the back door instead of a real address map.

18.2.3 Methods

18.2.3.1 new

fuynction new( string name = "uvm reg map" )
Createp a new instance.
18.2.3.2 configure

virtual function void configure (
uvm_reg block parent,

uvm_reg addr t base addr,

int unsigned n bytes,
uvm_endianness e endian,

bit byte addressing = 1

)

This is|an instance-specific configuration.
Configures this map with the following properties:

a) | parent—The block in which thistmap is created and applied.

b) | base_addr—The base address for this map. All registers, memories, and sub-blocks are at offsets to
this address.

¢) | n_bytes—The byte~width of the bus on which this map is used.
d) | endian—The endian format. See 17.2.2.4 for possible values.

e) | byte_addressing—Indicates whether consecutive elements in the map are indexed in units of bytes or in
units of words (where a word is n_bytes). When TRUE (default), addresses within the map ajre byte
aligned;i.c., address 0x1 is one byte greater than address 0x0. When FALSE, addresses within the map
are 'word aligned, i.e., address 0x1 is n_bytes greater than address 0xO0.

18.2.3.3 add_reg

virtual function void add reg (
uvm_reg rg,
uvm_reg addr t offset,
string rights = "RW",
bit unmapped = 0,
uvm_reg frontdoor frontdoor = null

)

Adds the specified register instance rg to this address map.
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The register is located at the specified address offser from this map’s configured base address, and is in units
returned by get_addr_unit_bytes() (see 18.2.4.6). If byte addressing (see 18.2.3.2) is TRUE, then this offset is
byte aligned; otherwise, the offset is word aligned.

The rights specify the register’s accessibility via this map. Valid values are “RW”, “RO”, and “WO”.
Whether a register field can be read or written depends on both the field’s configured access policy (see 18.4.4)
and the register’s rights in the map being used to access the field. The default value of rights shall be "rRw".

The number of consecutive physical addresses occupied by the register depends on the width of the register and
the number of bytes in the physical interface corresponding to this address map.

Unmayp
which

A regis

may only be added to an address map whose parent block is the same as the register’sparent block.

18.2.3

v

)
Adds

The m
(see 1§
1S wor

The m
rights

The ny
memof

If unm|
Unmayj
0, whi

ped registers require a user-defined front door to be specified. The default value of unmapped'shz
S FALSE.

If unmepped— ne-the—register-does—not-oceupy—any—phiys ddresses—and-the-base-address—s—gnored.

ter may be added to multiple address maps if it is accessible from multiple physicalinterfaces. A register

.4 add_mem

rtual function void add mem (
uvm_mem mem,

uvm_reg addr t offset,

string rights = "RW",

bit unmapped = 0,

uvm_reg frontdoor frontdoor = null

he specified memory instance mem to this address map.
bmory is located at the specified base address, offset, which is in units returned by get addr_unit |

| aligned.

bmory has the specified access7ights (valid values are “RW”, “R0O”, and “WQ”). The default v
shall be "Rru".

mber of consecutive' physical addresses occupied by the memory depends on the width and siz{
y and the number of bytes in the physical interface corresponding to this address map.

ipped is\Frue, the memory does not occupy any physical addresses and the base address is ig
ped miemories require a user-defined front door to be specified. The default value of unmapped
h4g FALSE.

bytes()
.2.4.6). If byte addressing (see 18.2:3:2) is TRUE, then this offset is byte aligned; otherwise, th¢ offset

alue of

of the

rnored.
hall be

A memory may be added to multiple address maps if it is accessible from multiple physical interfaces. A
memory may only be added to an address map whose parent block is the same as the memory’s parent block.

18.2.3.5 add_submap

virtual function void add submap (

)

uvm_reg map child map,
uvm reg addr t offset
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Adds the specified address map instance to this address map. The address map is located at the specified base
address. The number of consecutive physical addresses occupied by the submap depends on the number of
bytes in the physical interface that corresponds to the submap, the number of addresses used in the submap, and
the number of bytes in the physical interface corresponding to this address map.

18.2.3.6 set_sequencer

virtual function void set sequencer (
uvm_sequencer base sequencer,
uvm_reg adapter adapter = null

)

Speciffes the sequencer and adapter associated with this map. This method needs to be called beforestatting any
sequerices based on uvm_reg_sequence (see 19.4.1).

18.2.3.7 get_submap_offset
virtual function uvm reg addr t get submap offset ( uvm reg.map submap

Returns the offset of the given submap. If the submap does not exist, or if the handle to the submap is nll, this
generafes an error and returns -1.

18.2.3.8 set_submap_offset

virtual function void set submap offset (
uvm_reg map submap,
uvm reg addr t offset

)

Specifies the offset of the given submap as offsét) which is in units returned by get addr_unit byteg() (see
18.2.4)6).

18.2.3.9 set_base_addr
virtual function void: set base addr ( uvm reg addr t offset )

Specifies the base address.of this map as offset, which is in units returned by get addr unit byteqd() (see
18.2.46).

18.2.3.10 reset

virtualyfunction void reset( string kind = "SOFT" )

Resets themirrorforatt registers T this address Tmap:

Sets the mirror value of all registers in this address map and all of its submaps to the reset value corresponding
to the specified reset event. See 18.5.5.4 for more details.

This does not actually set the value of the registers in the design, only the values mirrored in their
corresponding mirror.

Note that, unlike the other reset method (see 18.5.5.4), the default reset event for this method is “SOFT”.
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18.2.3.11 unregister

virtual function void unregister ()
Disassociates all content (registers, memories, virtual registers, submaps, etc.) from this map.
18.2.3.12 clone_and_update

virtual function clone and update( string rights )

Clones the current map into a new map instance. In contrast to the source map, the new map has the rights for
the COJimli scttoTIghts:

18.2.4 Introspection
18.2.4.1 get_root_map
virtual function uvm reg map get root map ()

Returng the externally visible address map.

Returng the top-most address map where this address map is instantiated;zwhich corresponds to the externally
visible|address map that can be accessed by the verification environfnent.

18.2.4.2 get_parent

virtual function uvm reg block get parent'()
This rqturns the block that is the parent of this address map.
18.2.4.3 get_parent_map

virtual function uvm reg, map get parent map ()

This rgturns the address map in which this address map is mapped. This returns null if this is a top-level address
map.

18.2.4.4 get_base_addrr

virtual fenCtion uvm reg addr t get base addr ( uvm hier e hier = UVM HIER )

Returng the(base offset address for this map. If this map is the root map, the base address is that set with the
base dddi’argument to uvm_reg_block::create_map (see 18.1.2.3). If this map is a submap of a high¢r-level
"G“Gii““-l' aPOTISCTaaacaTo cParc aPO0aSCTAaATITSSTOTE cacTat alueof
hier shall be UVM HIER.

18.2.4.5 get_n_bytes

virtual function int unsigned get n bytes ( uvm hier e hier = UVM HIER )
Returns the width in bytes of the bus associated with this map. If hier is UVM_HIER, this retrieves the effective

bus width relative to the system level. The effective bus width is the narrowest bus width fromthis map to the
top-level root map. Each bus access is limited to this bus width. The default value of hier shall be UvM HIER.
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18.2.4.6 get_addr_unit_bytes

virtual function int unsigned get addr unit bytes ()

Returns the number of bytes in the smallest addressable unit in the map. Returns 1 if the address map was
configured using byte-level addressing. Returns get_n_bytes otherwise (see 18.2.4.5).

18.2.4.7 get_endian

virtual function uvm endianness e get endian ( uvm hier e hier = UVM HIER )

Returngtheenmdianmmess (5ee 17-2.2.4) Of e DUS associated Wittt TS Tiap. 1f #fer 1S Set 10 UVM_HIER (see
17.2.2]7), returns the system-level endianness.

18.2.4.8 get_sequencer

virtual function uvm sequencer base get sequencer (
uvm_hier e hier = UVM HIER
Returns the sequencer for the bus associated with this map. If hier is Setvto UVM_HIER, this retufns the
sequencer for the bus at the system-level. The default value of hier shall\be uvM HIER. See 18.2.3.6.
18.2.4.9 get_adapter

virtual function uvm reg adapter get addpter ( uvm hier e hier = UVM HIHR )

Returny the bus adapter for the bus associated with thisumap. If sier is set to UVM_HIER, this returns the pdapter
for the|bus used at the system level. The default value of hier shall be yvM HIER. See 18.2.3.6.

18.2.4.10 get_submaps
virtual function void get(submaps (

ref uvm reg map maps{(S3Sji"
input uvm hier e hier = UVM HIER

Returng the address sub-1maps instantiated in this address map. If hier is UVM_HIER, this recursively ifjcludes
the address maps umthe sub-maps. maps shall be a queue. The default value of Zier shall be UvM HIEHR.
18.2.4.11 get-registers

virtwal function void get registers (

ref uvm reg regs[$S],
input uvm hier e hier = UVM HIER

Returns the registers instantiated in this address map. If hier is UVM_HIER, this recursively includes the registers
in the sub-maps. regs shall be a queue. The default value of hier shall be UvM HIER.

18.2.4.12 get_fields

virtual function void get fields (
ref uvm reg field fields[$],
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input uvm hier e hier = UVM HIER
Returns the fields in the registers instantiated in this address map. If hieris UVM_HIER, this recursively includes
the fields of the registers in the sub-maps. The default value of hier shall be UvM HIER. fields shall be a queue.
18.2.4.13 get_memories
extern virtual function void get memories (

ref uvm mem mems[$],
input uvm hier e hier = UVM HIER

Returns the memories instantiated in this address map. If hier is UVM_HIER, recursively includes'thie mgmories
in the gub-maps. The default value of Aier shall be UvM_HIER. mems shall be a queue.

18.2.4.14 get_virtual_registers

virtual function void get virtual registers (
ref uvm vreg regs[S],
input uvm hier e hier = UVM HIER

Returns the virtual registers instantiated in this address map. If Agér'is UvM_HIER, this recursively includes the
virtual|registers in the sub-maps. The default value of Aier shall be UvM HIER. regs shall be a queue.

18.2.4.15 get_virtual_fields

virtual function void get virtuali fitelds (
ref uvm vreg field fields[$],
input uvm hier e hier = UVM HIER

Returng the virtual fields instantiated)in this address map. If hier is UVM_HIER, this recursively inclufles the
virtual|fields in the sub-maps. The default value of hier shall be UvM_HIER. fields shall be a queue.

18.2.4.16 get_physical jaddresses

virtual fudcétion int get physical addresses(
uvm_red_addr t base addr,

uvm,reg addr t mem offset,

it wnsigned n_bytes,

ref uvm reg addr t addrl[]

)
This translates a local address into external addresses.
This identifies the sequence of addresses that need to be accessed physically to access the specified number of
bytes at the specified address within this address map. This returns the number of bytes of valid data in each
access.
The return in addr is a list of address in little endian order, with the granularity of the top-level address map. A

register is specified using a base address with a mem_offset of 0. A location within a memory is specified using
the base address of the memory and the index of the location within that memory. base_addr is in units returned
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by get add_unit_bytes() (see 18.2.4.6). n_bytes is the number of bytes being accessed. For a memory object,
mem_offset is the index of an entry in the memory, where the first entry is at mem_offset 0, the next entry is at
mem_offset 1, etc.

18.2.4.17 get_reg_by_offset

virtual function uvm reg get reg by offset(
uvm_reg addr t offset,
bit read =1

)

R 1 L I L h T L -~ 11 - 11 LY. R ya 1Q. 9 4
etull LU lCElblCl llld,PPCU dl UJJ.)CL, WIIICIT IS IIT OIS TUTUIricc U_y ECL_QUU_UIIIL_U_)’ L) \DCC 10.4.7. 7).

This identifies the register located at the specified offset within this address map for the specified type of
access| This returns null if no such register is found. The default value of read shall be 1.

The m¢del needs to be locked using uvm_reg_block::lock_model (see 18.1.2.6) to enable this functignality.
18.2.4.18 get_mem_by_offset

virtual function uvm mem get mem by offset( uvm reghaddr t offset )
Returngs the memory mapped at offset, which is in units returned by<get add unit bytes() (see 18.2.4)6).

This identifies the memory located at the specified offsef within this address map. The offset may refer to any
memoty location in that memory. This returns nu// if no suchymemory is found.

The m¢del needs to be locked using uvm_reg_block:tlock_model (see 18.1.2.6) to enable this functignality.
18.2.5 Bus access
18.2.5.1 get_auto_predict
virtual function bit ggtpauto predict ()
Returng the auto-predict mode setting for this map.
18.2.5.2 set_auto_predict
virtual fmuCtion void set auto predict( bit on = 1 )

Specifies the auto-predict mode for this map.

When on ib 1, L‘llC ngiblCl lIlUdC‘l dulUlIldlidey LlpddLCb iLb lIlillUl \thl iL lhillkb thuid bC ill Lh DUT)
immediately after any bus read or write operation via this map. Before a uvm_reg::write (see 18.4.4.9) or
uvm_reg::read operation (see 18.4.4.10) returns, the register’s uvm_reg::predict method (see 18.4.4.15) is
called to update the mirrored value in the register. The default value of on shall be 1, which is TRUE.

When on is False (the default), bus reads and writes via this map do not automatically update the mirror. For
real-time updates to the mirror in this mode, connect a uvm_reg_predictor instance (see 19.3) to the bus
monitor. The predictor takes observed bus transactions from the bus monitor, looks up the associated uvm_reg
register (see 18.4) given the address, then calls that register’s uvm_reg::predict method (see 18.4.4.15). While
more complex, this mode captures all register read/write activity, including any not directly descendant from
calls to uvm_reg::write (see 18.4.4.9) and uvm_reg::read (see 18.4.4.10).
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18.2.5.3 set_check_on_read
virtual function void set check on read( bit on = 1)
Specifies the check-on-read mode for this map and all of its submaps.
When on is 1, the register model automatically checks any value read back from a register or field against the
current value in its mirror and report any discrepancy. This effectively combines the functionality of the

uvm_reg::read (see 18.4.4.10) and uvm_reg::mirror(UVM_CHECK) (see 18.4.4.14) methods. This mode is
useful when the register model is used passively. The default value of on shall be 1, which is TRUE.

h L. - I ] +] 11 1 1 1 - —] . 1 1
VV €N prrIs 1 aisc UUITUTIAUIL), TIU VCIICUK TS TTIAaUCT agd IS T UIC TIHITUTCTU VarucT.

At the pnd of the read operation, the mirror value is updated based on the value that was read regardlesq of this
mode getting.

18.2.5.4 get_transaction_order_policy

virtual function uvm reg transaction order policy
get transaction order policy()

Returnk the transaction order policy.
18.2.8.5 set_transaction_order_policy

virtual function void set transaction onrdex policy(
uvm_reg transaction order policy pol

)

Speciffes the transaction order policy.

18.3 uvm_reg_file

The register file abstraction base class.

A register file is a collectiomof register files and registers used to create regular repeated structures.
18.3.1| Class declaration

class uvmm_reg file extends uvm object

18.3.2 Methods

18.3.2.1 new

function new ( string name = "" )
Creates a new instance of a register file abstraction class with the specified name.
18.3.2.2 configure

function void configure (

uvm_reg block blk parent,
uvm_reg file regfile parent,
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string hdl path = ""
)

Configures a register file instance.

This specifies the parent block and register file of the register file instance. If the register file is instantiated in a
block, regfile parent is specified as null. If the register file is instantiated in a register file, blk_parent shall be
the block parent of that register file and regfile parent is specified as that register file.

If the register file corresponds to a hierarchical RTL structure, its contribution to the HDL path is specified as

the Adl path. Otherwise, the register file does not correspond to a hierarchical RTL structure (i.e., it is

h 1 o flots =AY PR | 4 faaloaat o o L o Lo Lo 1LIIDL tl o f toa 2| s
physicpty-fattenedyand-doesnoteontrtbute-to-the-herarehteal- HDEpath-of any-eontatnedregisters:

18.3.3 Introspection
18.3.3.1 get_parent

virtual function uvm reg block get parent ()
Returng the parent block.
18.3.3.2 get_redfile

virtual function uvm reg file get regfile()
Returng the parent register file.
This rqturns null if this register file is instantiated in a-block.
18.3.4 Back door
18.3.4.1 clear_hdIl_path

function void clear hd} path ( string kind = "RTL" )

This r¢moves any previously \specified HDL paths to the register file instance for the specified [design
abstragtion. The default valug of kind shall be "RTL".

18.3.4.2 add_hdI_path
fynction\void add hdl path (

string path,
stfi¥ng kind = "RTL"

)

This adds the specified HDL path to the register file instance for the specified design abstraction. This method
may be called more than once for the same design abstraction if the register file is physically duplicated in the
design abstraction. The default value of kind shall be "RTL".

18.3.4.3 has_hdl_path

function bit has hdl path ( string kind = "" )
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This returns TRUE if the register file instance has a HDL path defined for the specified design abstraction. If no
design abstraction is specified, it uses the default design abstraction specified for the nearest enclosing register
file or block.

18.3.4.4 get_hdl_path

function void get hdl path (
ref string paths[$],
input string kind = ""

)

This rqturms—the HDEpathts)defimed—for thespecifreddesigmabstractionr rthe tegister fite tstarcy. If no
designfabstraction is specified, it uses the default design abstraction specified for the nearest enclogingfegister
file or plock. Only the component of the HDL paths that corresponds to the register file is returied; nqt a full
hierardhical path. paths shall be a queue.

18.3.4.5 get_full_hdl_path

function void get full hdl path (
ref string paths([$],
input string kind = ""

)
This rgturns the full hierarchical HDL path(s) defined for the spegified design abstraction in the regidter file
instande. If no design abstraction is specified, it uses the default\design abstraction specified for the hearest
enclosing register file or block. If any of the parent components have more than one path defined for the same

designjabstraction, there may be more than one path returned; even if only one path was defined for the fegister
file ingtance. paths shall be a queue.

18.3.4.6 get_default_hdl_path

fynction string get default hdl path()
This rgturns the default design abstraction for this register file instance. If a default design abstraction has not
been ekplicitly specified for this register file instance, it returns the default design abstraction for the hearest
registef file or block ancestor. The default is "RTL".
18.3.4.7 set_default_hdl_path

fynction #0id set default hdl path ( string kind )

Specifies the default design abstraction for this register file instance.

18.4 uvm_reg
The register abstraction base class.

A register represents a set of fields that are accessible as a single entity. A register may be mapped to one or
more address maps, each with different access rights and policy.

18.4.1 Class declaration

class uvm reg extends uvm object
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18.4.2 Methods
18.4.2.1 new
Creates a new instance and type-specific configuration.

function new (
string name = "",
int unsigned n bits,
int has coverage

)

This cyeates an instance of a register abstraction class with the specified name.
n_bits ppecifies the total number of bits in the register. Not all bits need to be implemented:

has_cqverage specifies which functional coverage models are present in the extension of the 1elgister
abstradtion class. Multiple functional coverage models may be specified by addingtheir symbolic names, as
definedl by the uvm_coverage model e type (see 17.2.2.9).

18.4.2.2 configure

fynction void configure (

uvm_reg block blk parent,

uvm_reg file regfile parent = null,
string hdl path = ""

)

This i an instance-specific configuration. It specifies the parent block of this register. This may aldo set a
parent register file for this register.

If the rpgister is implemented in a single HDE'variable, its name is specified as the 4dl_path. Otherwis¢, if the
registef is implemented as a concatenation of variables (usually one per field), then the HDL path shall be
specifipd using the add_hdl_path(s¢e 18.4.6.4) or add_hdl_path_slice (see 18.4.6.5) methods.

18.4.2.3 set_offset

virtual functiomn/void set offset (
uvm_reg mag-map,

uvm reg~addr t offset,

bit unmapped = 0

Thist Tom modific NC O 2T T U returned by 2ot add umnit byte O

given address map. The offset of a register within an ad&ress_map is set using the uvm_reg_map::add_reg

method (see 18.2.3.3). This method is used to modify that offset dynamically. Modifying the offset of a register
shall make the register model diverge from the specification that was used to create it.

The affected map is the map returned from calling get_local_map (see 18.4.3.6) and passing map. The offset
and unmapped arguments are treated as if they had been passed to add_reg (see 18.2.3.3) of the affected map.
The default value of unmapped shall be 0.
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18.4.2.4 uvm_reg_transaction_order_policy
uvm_reg_transaction_order_policy has the following Methods.
order
pure virtual function void order( ref uvm reg bus op gq[$] )
The order function may reorder the sequence of bus transactions produced by a single uvm_reg transaction

(read/write) (see 18.4.4). This can be used in scenarios when the register width differs from the bus width and
one register access results in a series of bus transactions. g shall be a queue.

The figst item (0) of the queue is the first bus transaction; the last item () is the final transaction.
18.4.2.5 unregister
virtual function void unregister( uvm reg map map )
Remoyes the association that the current register instance resides in map.
18.4.3 Introspection
18.4.3.1 get_parent
virtual function uvm reg block get parent (9
Returns the parent block.
18.4.3.2 get_redfile
virtual function uvm reg file _geét regfile()
Returng the parent register file.
This rqturns null if this register is instantiated in a block.
18.4.3.3 get_n_maps
virtual functiadn int get n maps ()
Returns the nuimber of address maps where this register is mapped.

18.4.3.4%s, in_map

function bit is in map ( uvm reg map map )
Returns 1 if this register is in the specified address map.
18.4.3.5 get_maps
virtual function void get maps ( ref uvm reg map maps[$] )

Returns all of the address maps where this register is mapped. maps shall be a queue.
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18.4.3.6 get_local_map

virtual function uvm reg map get local map( uvm reg map map )
Returns the local map associated with the map argument, if any. If map is null, it returns the default map of the
parent block. If map is one of the maps in the queue produced by get_maps (see 18.4.3.5), it returns map. If

map contains one of the maps in the queue produced by get_maps, it returns that contained map. If none of
those conditions are true, it returns null.

18.4.3.7 get_rights

V'J_l.ud.l J.u.llk,l_J'.Ull l_J.Jl.ll\j \ch_LJ’.\dllL \ U llL_J.C\ﬁ_llLC{LJ Hiap = uull ]
Returns the accessibility (“RW?”, “RO”, or “W0O”) of this register in the given map.

If mapl|is null and the register is mapped in only one address map, that address map is used, [f map is Aull and
the regjister is mapped in more than one address map, the default address map of the parent’block is usgd.

Whethpr a register field can be read or written depends on both the field’s configured access poli¢y (see
18.5.416) and the register’s accessibility rights in the map being used to access the field.

If an agldress map is specified and the register is not mapped in the specified address map, an error njessage
shall bp generated and "Rw" is returned.

18.4.3.8 get_n_bits

virtual function int unsigned get n bits ()
Returnk the width, in bits, of this register.
18.4.3.9 get_n_bytes

virtual function int unsigfnéd get n bytes()
Returng the width, in bytes, of this register. Rounds up to next whole byte if the register is not a multip|e of 8.
18.4.3.10 get_max_size

sflatic functfon int unsigned get max size()
Returns the maximum width, in bits, of all registers.

18.4.3.11(get_fields

virtual function void get fields ( ref uvm reg field fields[S$S] )

Fills the specified array with the abstraction class for all of the fields contained in this register. Fields are
ordered from least-significant position to most-significant position within the register. fields shall be a queue.

18.4.3.12 get_field_by_name

virtual function uvm reg field get field by name( string name )

Returns the named field in this register.
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Finds a field with the specified name in this register and returns its abstraction class. If no fields are found, this
returns null.

18.4.3.13 get_offset

virtual function uvm reg addr t get offset ( uvm reg map map = null )

Returns the offset of this register in an address map.

If map is null and the register is mapped in only one address map, that address map is used. If map is null and
the register is mapped in more than one address map, the default address map of the parent block is used.
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ref uvm reg addr t addr[]
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shall be issued and -1 is returned, and addr is unmodified.

18.4.4 Access
18.4.4.1 get
virtual function uvm reg data t get(
string fname = "",
int lineno = 0
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Returns the desired value of the fields in the register. This does not actually read the value of the register in the
design, only the desired value in the abstraction class. Unless set to a different value using uvm_reg::set (see
18.4.4.2), the desired value and the mirrored value are identical. The filename (fname) and line number (/ineno)
arguments are available for an implementation to use for debug purposes only; their value shall have no
functional effect on the outcome of this method. The default value of /ineno shall be 0.

Use the uvm_reg::read (see 18.4.4.10) or uvm_reg::peek (see 18.4.4.12) methods to retrieve the actual
register value.

If the register contains write-only fields, the desired/mirrored value for those fields are the value last written

and presumed to reside in the bits implementing these fields. Although a physical read operation would return
somethinedifferent for these-fields—thereturned—alueis-theactual-content
=] > o had had hd

18.4.4.2 set

virtual function void set (
uvm_reg data t value,
string fname = "",

int lineno = 0

)

Speciffes the desired value of the fields in the register. This does not actually set the value of the registeyr in the
design| only the desired value in its corresponding abstraction{elass in the register model. Use the
uvm_1leg::update method (see 18.4.4.13) to update the actual register with the mirrored value|or the
uvm_neg::write method (see 18.4.4.9) to specify the actual register and its desired value. This method is also
invoked by uvm_reg::write() method. The filename (frame) and line number (/ineno) arguments are available
for an[implementation to use for debug purposes only;. their value shall have no functional effect{on the
outcome of this method. The default value of /ineno shall’be 0.

Unlessg| this method is used, the desired value is equal to the mirrored value.
Refer tp 18.5.5.2 for more details on the effect of setting mirror values on fields with different access pplicies.

To moflify the mirrored field values-to.aspecific value, and thus use the mirrored values as a scoreboard for the
registef values in the DUT, use the'wvm_reg::predict method (see 18.4.4.15).

18.4.4.3 get_mirrored_value

virtual functleh uvm reg data t get mirrored value(
string fhame = "",
int lineno = 0

)

Returns-the-mirrored-value-ofthe ficldsinthereaisterThis-doesnotactua ead-the-value-of the register in
the design. The filename (fname) and line number (/ineno) arguments are available for an implementation to
use for debug purposes only; their value shall have no functional effect on the outcome of this method. The
default value of /ineno shall be 0.

If the register contains write-only fields, the desired/mirrored value for those fields are the value last written
and presumed to reside in the bits implementing these fields.

Although a physical read operation would return something different for these fields, the returned value is the
actual content.
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18.4.4.4 needs_update
virtual function bit needs update ()
Checks if DUT register needs to be updated.

This method returns TRUE if the uvm_reg_field::needs_update (see 18.5.5.8) method for at least one field in
the register returns TRUE. Otherwise, FALSE is returned.

The mirror values, or actual content of the register, are not modified. Use uvm_reg::update (see 18.4.4.13) to
actually update the DUT registers. For additional information, see 18.5.5.8.

18.4.J.5 reset

virtual function void reset( string kind = "HARD" )
Resets|the desired/mirrored value for this register.

This sqts the desired and mirror value of the fields in this register to the reset valuedor the specified res¢t kind.
The ddfault value of kind shall be "HARD". See 18.5.5.4 for more details.

It alsofresets the semaphore that prevents concurrent access to the register. This semaphore need to be
explicitly reset if a thread accessing this register array was killed befere the access was completed.

18.4.4.6 get_reset

virtual function uvm reg data t get reget( string kind = "HARD" )

Returns the specified reset value for this register; this returns the reset value for this register for the specified
reset kfnd. The default value of kind shall be "HARD".

18.4.4.7 has_reset

virtual function bit h&s,wreset (
string kind = "HARD",

bit delete = 0

)

Checks if any field ifiithe register has a reset value specified for the specified reset kind. The default vialue of
kind sHall be "HARD.".

If delefe is TRUE, this removes the reset value, if any. The default value of delete shall be 0, which is FALSE.

18.4.48 set_reset

virtual function void set reset(
uvm_reg data t value,
string kind = "HARD"

)

Specifies or modifies the reset value for all the fields in the register corresponding to the cause specified by
kind. The default value of kind shall be "HARD".
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18.4.4.9 write

virtual task write(
output uvm status e status,
input uvm reg data t wvalue,
input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm_sequence base parent = null,
input int prior = -1,

input uvm object extension = null,
input string fname = "",

input int Iineno = 0

)

This infitiates a write (using value for data) to the register in the design that corresponds to this abstractign class
instande.

ite may be performed using either frontdoor or backdoor operations (as defined by path). If back{door is
d, the effect of writing the register through a physical access is mimicked, Fop example, read-only bits in

If fronf door is specified, and if the register is mapped in more than one address map, an address map ghall be
d. The value of parent sequence and extension are set into_the uvm_reg_item (see 19.1.1), which is
providgd to the uvm_reg_frontdoor (see 19.4.2) or uvm_reg-hackdoor (see 19.5) associated with this
requesf. If the built-in front door is being used and parent'is not null, the bus item returned by the
uvm_1leg_adapter (see 19.2.1) shall be started as a child of parent. If the built-in front door is used, the bus
item rdturned by the adapter shall be started with the priogity prior. Optionally, users may provide additional
tion for the physical access with the exfensioii~argument. The status output argument refldcts the
succesp or failure of the operation.

The filpname (frame) and line number (/ineno)-arguments are available for an implementation to use fof debug
purposes only; their value shall have no funetional effect on the outcome of this method.

This
predic

ethod affects the register’s-desired value in both FRONTDOOR and BACKDOOR modes| Auto-
ion (See 18.2.5.2) shall determine how the mirror value is updated.

18.4.4.10 read

virtual tasksnead (

output uwnstatus e status,

outputh\wvm reg data t value,

inp@ity'uvm door e path = UVM DEFAULT DOOR,
Lhput uvm reg map map = null,

TTIpUt OV SeqUelCe Dase parerrt — oty
input int prior = -1,

input uvm object extension = null,
input string fname = "",

input int lineno = 0

)

This reads and returns the current value from the register in the design that corresponds to this abstraction class
instance.
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The read may be performed using either frontdoor or backdoor operations (as defined by path). If back door is
specified, the effect of reading the register through a physical access is mimicked. For example, clear-on-read

bits in

the registers are set to 0.

If front door is specified, and if the register is mapped in more than one address map, an address map shall be
specified. The value of parent sequence and extension are set into the uvm_reg_item (see 19.1.1), which is
provided to the uvm_reg frontdoor (see 19.4.2) or uvm_reg_backdoor (see 19.5) associated with this
request. If the built-in front door is being used and parent is not null, the bus item returned by the
uvm_reg_adapter (see 19.2.1) shall be started as a child of parent. If the built-in front door is used, the bus
item returned by the adapter shall be started with the priority prior. Optionally, users may provide additional
information for the physical access with the extension argument. The status output argument reflects the

succes

Wayd fa]hl;e Q£ the gperaﬁnn

The filename (fname) and line number (/ineno) arguments are available for an implementation to;usefo
purposes only; their value shall have no functional effect on the outcome of this method.

This nfethod is affected by the auto-prediction configuration value (see 18.2.5.2).

18.4.4.11 poke

virtual task poke(

)

This d
backd
and ex

output uvm status e status,
input uvm reg data t value,

input string kind = "",

input uvm_ sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

(see 19.5.2.7) and uvm_reg_backdeor::write (see 19.5.2.6) methods. The status output argument refl

succes

The fil

5 or failure of the operation.

ename (frame) and ling number (/ineno) arguments are available for an implementation to use fo

purposes only; their valde shall have no functional effect on the outcome of this method.

This nj

ethod is affected by the auto-prediction configuration value (see 18.2.5.2).

1 8.4.1.1 2 peek
v

- debug

pposits the value in the DUT register corresponding to this abstraction class instance, as is, fising a
or access. Uses the HDL path for the.design abstraction specified by kind. The value of parent sequence
ension are set into the uvm_reg item (see 19.1.1), which is provided to the uvm_reg_backdoorx::read

bcts the

- debug

letugl £l o T (
= g

)

output uvm status e status,
output uvm reg data t value,

input string kind = "",

input uvm_sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

This samples the value in the DUT register corresponding to this abstraction class instance using a backdoor
access. The register value is sampled, not modified. Uses the HDL path for the design abstraction specified by
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kind. The value of parent sequence and extension are set into the uvm_reg_item (see 19.1.1), whichis provided
to the uvm_reg_backdoor::read method. The status output argument reflects the success or failure of the
operation.

The filename (fname) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method.

This method is affected by the auto-prediction configuration value (see 18.2.5.2).

18.4.4.13 update

Vit t—teask—updetet

output uvm_ status_ e status,

input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm sequence base parent = null,
input int prior = -1,

input uvm object extension = null,
input string fname = "",

input int lineno = 0

)

Updatgs the content of the register in the design with the desired{value if uvm_reg::needs_updafe (see
18.4.4}4) indicates an update is necessary. A call to uvm_reg::update() shall result in a call to uvm_reg:{write()
methodl (See 18.4.4.9).

The update may be performed using either frontdoor or bagkdoor operations (as defined by path). If ba¢k door
is spedified, the effect of writing the register through a physical access is mimicked (see 18.4.4.1|). For
example, read-only bits in the register will remain unchanged.

If frong door is specified, and if the register is mapped in more than one address map, an address map dhall be
specifipd. The value of parent sequence and-extension are set into the uvm_reg_item (see 19.1.1), which is
providgd to the uvm_reg_frontdoor (see 19.4.2) or uvm_reg_backdoor (see 19.5) associated with this
reques}. If the built-in front door-isibeing used and parent is not null, the bus item returned [by the
uvm_geg_adapter (see 19.2.1) shalt’be started as a child of parent. If the built-in front door is used, the bus
item rqturned by the adapter shall be started with the priority prior. Optionally, users may provide additional
informpation for the physicalyaccess with the extension argument. The status output argument reflects the
succes or failure of the Qperation.

The filpname (frame)-and line number (/ineno) arguments are available for an implementation to use fof debug
purposes only;-their value shall have no functional effect on the outcome of this method.

This nfethod performs the reverse operation of uvim_reg::mirror (see 18.4.4.14).

18.4.4.14 mirror

virtual task mirror (
output uvm status e status,
input uvm check e check = UVM NO CHECK,
input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,
input uvm_sequence base parent = null,
input int prior = -1,
input uvm object extension = null,
input string fname = "",

Published by IEC under licence from IEEE. © 2020 IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
IEEE Std 1800.2™-2020 - 283 -

)

input int lineno = 0

This reads the register and optionally compares the read back value with the current mirrored value if check is
UVM_CHECK (see 17.2.2.3). The mirrored value is then updated using the uvm_reg::predict method (see
18.4.4.15), based on the read back value.

The mirroring may be performed using either frontdoor or backdoor operations (as defined by path). If back
door is specified, the effect of writing the register through a physical access is mimicked (see 18.4.4.11). The

conten

If frontd

t of write-only fields is mirrored and optionally checked.

specifi
provid
reques
uvm_x
item rd
inform|
succes

The fil
purpos

If ched

match
18.5.5

This nj

18.4.4.15 predict

v

)

Updats
of kind

UuUyuUl ;D Dl}\/\a;ﬂ\/d, aud ;ft}l\.« IUE;DtDI ;D lllal)l)bd ;ll jesivigaw; t}lﬂll \vjuiw ﬂddl A ILLCI,P, alrl addl AN IILMP ]
bd. The value of parent sequence and extension are set into the uvm_reg_item (see 19.1.1),'w
bd to the uvm_reg_frontdoor (see 19.4.2) or uvm_reg_backdoor (see 19.5) associdted’w
. If the built-in front door is being used and parent is not null, the bus item.returned
eg_adapter (see 19.2.1) shall be started as a child of parent. If the built-in front dootis used,
turned by the adapter shall be started with the priority prior. Optionally, users may’provide add
ation for the physical access with the extension argument. The status output)argument reflg
5 or failure of the operation.

ename (frame) and line number (/ineno) arguments are available fordnimplementation to use fo
es only; their value shall have no functional effect on the outcometof this method.

 is specified as UVM_CHECK, an error message shall be generated if the current mirrored value d
15) shall not be considered in the comparison.

ethod performs the reverse operation of uvm_reg::update (see 18.4.4.13).

rtual function bit predictx\(

uvm_reg data t value,

uvm_reg byte en t be, =1,

uvm predict e kind ="“8VM PREDICT DIRECT,
uvm_door e path =\UYVM FRONTDOCR,

uvm_reg map map ' null,

string fname e

int linenow=nN0

s themirrored and desired value for this register. The default value of be shall be -1. The defau
shall be uvM PREDICT DIRECT. The default value of path shall be uvM FRONTDOOR. The fi

hall be
hich is
th this
by the
he bus
itional
cts the

- debug

pes not

he read back value. Any field whose check has been disabled with uvm_reg_field::set compajre (see

t value
ename

(fnam

[\ J1s 1o ras Ay 4. Hdalla £ : 1 fota 4 £ dals
AT IO TO I 7T 7o)~ dr g Ui IS —ar U a v amd O TUT - di T pPTOC ItatroTto— s ToTatoug—pu rposes

only; their value shall have no functional effect on the outcome of this method. The default value of /ineno shall
be 0. The default value of /ineno shall be 0.

This predicts the mirror (and desired) value of the fields in the register based on the specified observed value on

a speci

fied address map, or based on a calculated value. See 18.5.5.17 for more details.

This returns TRUE if the prediction was successful for each field in the register.
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16 is_busy

function bit is busy()

Returns 1 if the register is currently being read or written.

18.4.5

Front door

18.4.5.1 get_frontdoor

IEC 62530-2:2023 © IEC 2023
IEEE Std 1800.2™-2020

function uvm reg frontdoor get frontdoor( uvm reg map map = null )

Returng the user-defined front door for this register.

If null

If the register is mapped in multiple address maps, an address map shall be specified.

no user-defined front door has been defined. A user-defined front door is defined\by using the
uvm_ieg::set_frontdoor method (see 18.4.5.2).

18.4.5.2 set_frontdoor

fu

)

Specifies a user-defined front door for this registersThe default value of lineno shall be 0.

nction void set frontdoor (
uvm reg frontdoor ftdr,
uvm_reg map map = null,
string fname = "",

int lineno = 0

By defhult, registers are mapped linearly into.the address space of the address maps that instantiate thepn. The
filename (fname) and line number (/ineno)\arguments are available for an implementation to use for] debug
purposes only; their value shall have nofunctional effect on the outcome of this method. The default vialue of
linenoghall be 0. If registers are ac¢essed using a different mechanism, a user-defined access mechanisin shall

be defined and associated with the corresponding register abstraction class.

If the negister is mapped inimultiple address maps, an address map shall be specified.

18.4.6

18.4.6

£

Back door

.1 get_backdoor

nction uvm reg backdoor get backdoor( bit inherited

=1)

Returns the user-defined back door for this register.

If null, no user-defined back door has been defined. A user-defined back door is defined by using the
uvm_reg::set_backdoor method (see 18.4.6.2).

Ifinherited is TRUE, this returns the back door of the parent block if none have been specified for this register.

The default value of inherited shall be 1, which is TRUE.
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18.4.6

.2 set_backdoor

function void set backdoor (

)

uvm_reg backdoor bkdr,
string fname = "",
int lineno = 0

Specifies a user-defined back door for this register. The filename (frame) and line number (/ineno) arguments
are available for an implementation to use for debug purposes only; their value shall have no functional effect
on the outcome of this method. The default value of /ineno shall be 0.

By def]

using the uvm_reg::configure (see 18.3.2.2) or uvm_reg::add_hdl_path (see 18.4.6.4) methods"

If this
user-d
class. /
based
18.4.6
fy

Delete
18.1.6

This rd
18.4.6

£

)

Addst
of und
" RTL "

This nf
duplic

hult, registers are accessed via the built-in string-based DPI routines if an HDL path has been sp

lefault mechanism is not suitable (e.g., because the register is not implemented in pure SystemV¢)
fined access mechanism needs to be defined and associated with the correspondingregister abst
\ user-defined back door is required if an active update of the mirror of thisgegister abstractiof
n observed changes of the corresponding DUT register, is used.

.3 clear_hdl_path
nction void clear hdl path ( string kind = "RTL" )

5 any HDL paths. kind refers to the type of underlying backdoor path of the UVM object in the DI
1). The default value of kind shall be "RTL".

.4 add_hdI_path

nction void add hdl path (
uvm _hdl path slice slicesV],
string kind = "RTL"

he specified HDL path to the register instance for the specified design abstraction. kind refers to 4
erlying backdoar path of the UVM object in the DUT (see 18.1.6.1). The default value of kind {

lethod thay’be called more than once for the same design abstraction if the register is phy
ited in the design abstraction.

ecified

rilog) a
raction
h class,

UT (see

moves any previously specified HDL path to theé register instance for the specified design abstiaction.

he type
hall be

sically

18.4.6

-5-add—hdi—path—stice

function void add hdl path slice(

string name,
int offset,
int size,

bit first = 0,

string kind "RTL"
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Appends the specified HDL slice to the HDL path of the register instance for the specified design abstraction.
The name argument is the path to the HDL variable for the slice to be added. The offset argument is the LSB in
the register that this HDL variable implements. The size argument is the number of bits that this HDL variable
implements. If first is TRUE, this starts the specification of a duplicate HDL implementation of the register. The
default value of first shall be 0, which is FALSE. kind refers to the type of underlying backdoor path of the
UVM object in the DUT (see 18.1.6.1). The default value of kind shall be "RTL".

Ifthe HDL variable implements the entire register, offset and size may be specified as —1. This shall not result
in different functionality, however the implementation may be more efficient.

18.4.6.6 has_hdl_path

fynction bit has hdl path ( string kind = "" )
Checks if a HDL path is specified.
This rqturns TRUE if the register instance has a HDL path defined for the specified désign abstractiof. If no
designlabstraction is specified, it uses the default design abstraction specified for theparent block. kind rgfers to

the type of underlying backdoor path of the UVM object in the DUT (see 18.1.6\).

18.4.6.7 get_hdl_path

fynction void get hdl path (
ref uvm hdl path concat paths[$],
input string kind = ""

)
Returng the incremental HDL path(s).
This returns the HDL path(s) defined for the spegified design abstraction in the register instance. It returjns only
the cothponent of the HDL paths that corresponds to the register, not a full hierarchical path. paths shall be a
queue.|kind refers to the type of underlying.backdoor path of the UVM object in the DUT (see 18.1.6[.1).

If no dpsign abstraction is specified; the default design abstraction for the parent block is used.

18.4.6.8 get_hdl_path_kinds

fynction void,gef hdl path kinds ( ref string kinds[$] )

Returng any designabstractions for which HDL paths have been defined. kinds shall be a queue. Each ¢ntry in
kinds tefers to thetype of underlying backdoor path of the UVM object in the DUT (see 18.1.6.1).

18.4.8.9°get_full_hdl_path

function void get full hdl path (
ref uvm hdl path concat paths[$],
input string kind = "",
input string separator = "."

)
Returns the full hierarchical HDL path(s).

This returns the full hierarchical HDL path(s) defined for the specified design abstraction in the register
instance. There may be more than one path returned even if only one path was defined for the register instance,
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if any of the parent components have more than one path defined for the same design abstraction. paths shall be
a queue. kind refers to the type of underlying backdoor path of the UVM object in the DUT (see 18.1.6.1).

If no design abstraction is specified, the default design abstraction for each ancestor block is used to retrieve
each incremental path. The default value of separator shall be ".".

18.4.6.10 backdoor_read
virtual task backdoor read( uvm reg item rw )

User-defined backdoor read access.

The infplementation shall use the UVM HDL backdoor access support routines (see 19.6) to perform a Ilead for
this register.

18.4.6.11 backdoor_write
virtual task backdoor write( uvm reg item rw )
User-defined backdoor write access.
This oyerrides the default string-based DPI backdoor access write for this.register type.
18.4.6.12 backdoor_watch
virtual task backdoor watch/()
User-defined DUT register change monitor.

This wfatches the DUT register corresponding toithis abstraction class instance for any change in value and
returng when a value change occurs.

18.4.7 Coverage
18.4.7..1 include_coverage

sflatic function_vwoild include coverage (
string scopge,

uvm_reg cyr\t models,

uvm_object accessor = null

)

Speciffes which coverage model shall be included in various block, register, or memory abstraction class
instances:

The coverage models are specified by ORing or adding the uvm_coverage model e coverage model identifiers
(see 17.2.2.9) corresponding to the coverage model to be included.

The scope specifies a hierarchical name or pattern identifying a block, memory, or register abstraction class

instances. Any block, memory, or register whose full hierarchical name matches the specified scope shall have
the specified functional coverage models included in them.
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The scope can be specified as a POSIX® regular expression or simple pattern. See C.2.4 for more details.’

The specification of which coverage model to include in which abstraction class is stored in a
uvm_reg_cvr_t resource (see 17.2.1.6) in the uvm_resource_db resource database (see C.3.2), in the
uvm_reg: : SCOpe namespace.

18.4.7.2 build_coverage

protected function uvm reg cvr t build coverage( uvm reg cvr t models )

Models are specified by adding the symbolic value of individual coverage model as defined in

v
Specifi

This ad
adding]

This nf
18.4.7

v
Check
This rd
Model
uvim_(
18.4.7

v
Check

This rd
functiq

.7.3 add_coverage

b are specified by adding the'tsymbolic value of individual coverage model as defi

rtual protected function void add coverage( uvm reg cvr t, Mmedels )

es that additional coverage models are available.

efegister

ds the specified coverage model to the coverage models available inthis class. Models are speciffied by

the symbolic value of individual coverage model as defined in uvm. coverage_model_e (see 17}

ethod shall only be called in the constructor of subsequently derived classes.

.4 has_coverage

rtual function bit has_coverage( uvinrreg cvr_ t models )
if the register has coverage model(s).

turns True if the register abstraction’elass contains a coverage model for all of the models spq

overage_model e (see 17.2-2:9).

.5 get_coverage

rtual function/bit get coverage( uvm reg cvr t is on )
if coveragédneasurement is on.

turns 1, measurement for all of the specified functional coverage models are currently on. M
nal.coverage models can be specified by adding the functional coverage model identifiers.

2.2.9).

ccified.
hed in

ultiple

See 18.4.7.6

.4.7.6 for more details.

18.4.7.6 set_coverage

virtual function uvm reg cvr t set coverage( uvm reg cvr t is on )

Turns on coverage measurement.

9 POSIX is a registered trademark in the U.S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics Engineers,
Incorporated.
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This turns the collection of functional coverage measurements on or off for this register. The functional
coverage measurement is turned on for every coverage model specified using uvm_coverage model_e
coverage model identifiers (see 17.2.2.9). Multiple functional coverage models can be specified by adding the
functional coverage model identifiers. All other functional coverage models are turned off. This returns the sum
of all functional coverage models whose measurements were previously on.

This method can only control the measurement of functional coverage models that are present in the register
abstraction classes, then enabled during construction. See the uvm_reg::has_coverage method (see 18.4.7.4) to
identify the available functional coverage models.

18.4.7.7 sample

pyotected virtual function void sample (
uvm reg data t data,

uvm_reg data t byte en,

bit is_ read,

uvm_reg map map

)
This is|a functional coverage measurement method.
This mithod is invoked by the register abstraction class whenever it is read or written with the specified data via
the spgcified address map. It is invoked after the read or write operation has completed, but before the[mirror

has be¢n updated.

Empty| by default, this method may be extended by the abstraction class generator to perform the r¢quired
samplipg in any provided functional coverage model.

18.4.7.8 sample_values
virtual function void sample values ()
This is|a functional coverage measurement method for field values.

This njethod is invoked by the user-or by the uvm_reg_block::sample_values method (see 18.1.4.7) of the
parent plock to trigger the sampling of the current field values in the register-level functional coverage jmodel.

This method may be extended by the abstraction class generator to perform the required sampling|in any
providgd field-valuedfunctional coverage model.

18.4.8 Callbacks

18.4.8.1¢pre_write

virtual task pre write( uvm reg item rw )
Called before register write.
If the specified data value, access path, or address map are modified, the updated data value, access path, or
address map is used to perform the register operation. If the sfatus is modified to anything other than

UVM IS OK(see 17.2.2.1), the operation is aborted.

The registered callback methods are invoked after the invocation of this method. All register callbacks are
executed before the corresponding field callbacks.
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18.4.8.2 post_write

virtual task post write( uvm reg item rw )

Called

after register write.

If the specified status is modified, the updated status is returned by the register operation.

The registered callback methods are invoked before the invocation of this method. All register callbacks are
executed before the corresponding field callbacks.

18.4.8

v

Called

If the {

perforin the register operation. If the szatus is modified to anything other than UvM(TS OK (see 17.2.2)

operat

The re
execut

18.4.8
v
Called

If the s
registe

The re
execut

18.5 1
The fig

A field

-3pre—read
rtual task pre read( uvm reg item rw )

before register read.

pecified access path or address map are modified, the updated access pathsor.address map is
on is aborted.

pistered callback methods are invoked after the invocation of thissmethod. All register callba
ed before the corresponding field callbacks.

.4 post_read
rtual task post read( uvm reg item rw, )
after register read.

pecified read back data or status is modified, the updated read back data or status is returned|
[ operation.

bistered callback methods are inivoked before the invocation of this method. All register callbal
pd before the corresponding field callbacks.

ivm_reg_field
1d abstractign class.

represents a set of bits that behave consistently as a single entity.

A field

ised to
1), the

Cks are

by the

cks are

is\contained within a single register, but may have different access policies depending on the 4

ddress

map used to access the register (thus the field).

18.5.1

Class declaration

class uvm reg field extends uvm object

18.5.2 Member variables

value

rand uvm reg data t value
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This is a mirrored field value; it can be sampled in a functional coverage model or constrained when
randomized.

18.5.3 Methods
18.5.3.1 new
function new( string name = "uvm reg field" )

Initializes a new field instance.

18.5.3-2-configure

fynction void configure (
uvm_reg parent,

int unsigned size,

int unsigned lsb pos,
string access,

bit volatile,

uvm_reg data t reset,

bit has reset, bit is rand,
bit individually accessible

)
This is|an instance-specific configuration.
It speclfies the parent register of this field, its size in bitsythe position of its LSB within the register reljtive to
the LSB of the register, its access policy, volatility, “HARD” reset value, whether the field value is actually
reset (the reset value is ignored if FALSE), whether the field value may be randomized, and whether thelfield is
the only one to occupy a byte lane in the register:

See 18]5.4.6 for a specification of the predefined field access policies.
If the fjeld access policy is a predefined policy and NOT one of "RW", "WRC", "WRS", "WO", "W1", or |WO1",
the value of is _rand is ignored and the rand mode for the field instance is turned off since it cafgnot be
writter].
18.5.4 Introspection

18.5.4.1 get_parent

virtual) function uvm reg get parent ()

ReturnsThe parent register.
18.5.4.2 get_Isb_pos

virtual function int unsigned get 1sb pos()
Returns the position of the field.

This returns the index of the least significant bit (LSB) of the field in the register that instantiates it. An offset
of 0 indicates a field that is aligned with the LSB of the register.
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18.5.4.3 get_n_bits

virtual function int unsigned get n bits()
Returns the width, in number of bits, of the field.
18.5.4.4 get_max_size

static function int unsigned get max size()

Returns the width, in number of bits, of the largest field.

18.5.J.5 get_access
virtual function string get access( uvm reg map map = null )
Returnk the access policy of the field.

This rdturns the current access policy of the field when written and read through thié Specified address jnap. If
the register containing the field is mapped in multiple address maps, an address) map shall be specifigd. The
access|policy of a field from a specific address map may be restricted by thetegister’s access policy|in that
addresp map, e.g., aRW field may only be writable through one of the address maps and read-only through all
of the pther maps.

Ifthe fleld access contradicts the map’s access value (e.g., a field access of WO and map access value of RO), the
methodl’s return value is "NOACCESS" (see 18.5.4.6).

18.5.4.6 set_access
virtual function string set accés®/( string mode )
Modiffes the access policy of the field to the-specified one and return the previous access policy.

The prgdefined access policies are as follows (W = write; R = read). The effects of a read operation are gpplied
after thhe current value of the field is sampled. The read operation returns the current value, not th¢ value
affected by the read operation(ifany). For R, the “no effect” behavior either returns 0s or the return vglue; an
“error’| needs to define an error for negative testing.

a) | “RO”—W._ne\effect, R: no effect.

b) | “RW”—£W: as is, R: no effect.

c) | “RC”~W: no effect, R: clears all bits.

d) | “RS”—W: no effect, R: sets all bits.

e) “WRC”—W: as s, R: clears all bits.

f) “WRS”—W: as is, R: sets all bits.

g)  “WC”—W: clears all bits, R: no effect.

h) “WS”—W: sets all bits, R: no effect.

1) “WSRC”—W: sets all bits, R: clears all bits.

) “WCRS”—W: clears all bits, R: sets all bits.

k) “WI1C”—W: 1/0 clears/no effect on matching bit, R: no effect.
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) “WI1S”—W: 1/0 sets/no effect on matching bit, R: no effect.
m) “WI1T”—W: 1/0 toggles/no effect on matching bit, R: no effect.
n) “WO0C”—W: 1/0 no effect on/clears matching bit, R: no effect.
0) “WO0S”—W: 1/0 no effect on/sets matching bit, R: no effect.
p)  “WOT”—W: 1/0 no effect on/toggles matching bit, R: no effect.
qQ) “WISRC”—W: 1/0sets/no effect on matching bit, R: clears all bits.
) “WICRS”—W: 1/0clears/no effect on matching bit, R: sets all bits.
s) “WOSRC” W 1/0na effect on/sets matching bit R- clears all bitg
t) | “WOCRS”—W: 1/0no effect on/clears matching bit, R: sets all bits.
u) | “WO”—W: as is, R: error.
v) | “WOC”—W: clears all bits, R: error.
w) | “WOS”—W: sets all bits, R: error.
X) | “W1”—W: first one after HARD reset is as is, other W have no effects, R! no effect.
y) | “WO1”—W: first one after HARD reset is as is, other W have no_effects, R: error.
z) | “NOACCESS”—W: no effect, R: no effect.
It is injportant to remember that modifying the access of a field makes the register model diverge fi
specifipation that was used to create it.

18.5.4.7 define_access

st
Defin€

Becau:
specifi

atic function bit define access(_string name )
5 a new access policy value.

e field access policies are specified.using string values, there is no way for SystemVerilog to ve
C access value is valid or not.“To-help catch typing errors, user-defined access values shall be

using this method to avoid being reported as an invalid access policy.

The na

This rg
not iss

ime of field access pelicies are always converted to all uppercase.

turns TRUE if the new access policy was not previously defined. It returns FALSE otherwise, b
e an error message.

18.5.4.8 is_known_access

Vi

om the

ifyifa
lefined

it does

rtudal function bit is known access( uvm reg map map = null )

Checks if the access policy is a built-in one.

This returns TRUE if the current access policy of the field, when written and read through the specified address
map, is a built-in access policy.

18.5.4.9 set_volatility

virtual function void set volatility( bit volatile )

Modifies the volatility of the field (volatile) to the specified one.
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It is important to remember that modifying the volatility of a field makes the register model diverge from the
specification that was used to create it.

18.5.4.10 is_volatile
virtual function bit is volatile()
Indicates if the field value is volatile. UVM uses the IEEE Std 1685™ definition of “volatility” [B3].1°

If TRUE, the mirrored value in the register cannot be trusted. This typically indicates a field whose change in
value cannot be observed by UVM. The nature or cause of the change is not specified.

If FALPE, the mirrored value in the register can be trusted.

18.5.9 Access

18.5.5.1 get
virtual function uvm reg data t get(
string fname = "",
int lineno = 0

)

Returns the desired value of the field. The filename (fname) and line humber (/ineno) arguments are available
for an [implementation to use for debug purposes only; their value shall have no functional effect|on the
outcome of this method. The default value of /ineno shall be'¢:

This d¢es not actually read the value of the field in the'design, only the desired value in the abstraction class.
Unlesgset to a different value using uvm_reg_fieldsiset (see 18.5.5.2), the desired value and the mirrored value
are ideptical. Use the uvm_reg_field::read (see.[8:5.5.10) or uvm_reg_field::peek (see 18.5.5.12) methods to
retrievg the actual field value.

If the fjeld is write-only, the desired/mirréred value is the value last written and presumed to reside in the bits
implementing it. Although a physical read operation would return something different, the returned valye is the
actual fontent.

18.5.9.2 set

virtual functadon void set(
uvm reg~data t value,
string\fname = "",
int(lgneno = 0

)

Sets the desired value for this field to the specified value modified by the field access policy. This does not
actually set the value of the field in the design, only the desired value in the abstraction class. Use the
uvm_reg::update method (see 18.4.4.13) to update the actual register with the desired value or the
uvm_reg_field::write method (see 18.5.5.9) to actually write the field and update its mirrored value. The
filename (frname) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of
lineno shall be 0.

19 The numbers in brackets correspond to those of the bibliography in Annex A.
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The final desired value in the mirror is a function of the field access policy and the set value, just like a normal
physical write operation to the corresponding bits in the hardware. As such, this method (when eventually
followed by a call to uvm_reg::update [see 18.4.4.13]) is a zero-time functional replacement for the
uvm_reg_field::write method (see 18.5.5.9). For example, the desired value of a read-only field is not
modified by this method, and the desired value of a write-once field can only be set if the field has not yet been
written to using a physical (for example, frontdoor) write operation.

Use the uvm_reg_field::predict (see 18.5.5.17) to modify the mirrored value of the field.

18.5.5

.3 get_mirrored_value

£ s . . 3 <l
<

)
Return

for an
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If the fi
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conten|
18.5.5

v
Resets

This sq
a reset

"HARD[".
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class.

Write-

18.5.8.5 has_ reset
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string fname = "",
int lineno = 0

5 the mirrored value of the field. The filename (fname) and line number (/ineno) argements are ay
implementation to use for debug purposes only; their value shall have ne,functional effect
he of this method. The default value of /ineno shall be 0.

es not actually read the value of the field in the design, only the mirrofed value in the abstractio
eld is write-only, the desired/mirrored value is the value last written and presumed to reside in

henting it. Although a physical read operation would something different, the returned value is thq
.
.4 reset

rtual function void reset( string\kind = "HARD" )

the desired and mirrored value for thisfield.

ts the desired and mirror value of'the field to the reset event specified by kind. If the field does n
value specified for the specified Teset kind, the field is unchanged. The default value of kind 3

l

bnce fields tan-be modified after a "HARD" reset operation.

ailable
on the

h class.

he bits
actual

bt have
hall be

es not actually reset(the'value of the field in the design, only the value mirrored in the field abstraction

vi

)

Check

ot

e t—foretior—ott—has—s
string kind = "HARD",
bit delete = 0

if the field has a reset value specified. The default value of kind shall be "HARD".

Return TRUE if this field has a reset value specified for the specified reset kind. If delete is TRUE, the reset

value i

s removed, if any. The default value of delete shall be 0, which is FALSE.
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.6 get_reset

rtual function uvm reg data t get reset( string kind = "HARD" )

Returns the specified reset value for this field.

This returns the reset value for this field for the specified reset kind. It returns the current field value if no reset
value has been specified for the specified reset event. The default value of kind shall be "HARD".

18.5.5

.7 set_reset

)

Specift
value

18.5.5

v
Check
If a mif
throug
18.5.5
be upd}

This nj
match

The mi

18.5.

v

actualJy update the DUT field.

TTUal runcrion void SEt _Tesetr(
uvm reg data t value,
string kind = "HARD"

es or modifies the reset value for this field corresponding to the cause specifiéd-by kind. The
f kind shall be "HARD".
.8 needs_update

rtual function bit needs update()

if DUT register needs to be updated.
ror value has been modified in the abstraction model.without actually updating the actual registeq
h randomization or via the uvm_reg::set method [see18.4.4.2] or the uvm_reg_field::set meth

1), the mirror and state of the register is outdated, Then, the corresponding register in the DUT 1
ated.

ethod returns TRUE if the field is writable and the state of the field in the DUT needs to be upd
the desired value. Otherwise, FALSENS returned.

rror values, or actual content ofithe register, are not modified. Use uvm_reg::update (see 18.4 4

.9 write

rtual taskswrite (

output mavm_status_ e status,

input.lvim reg data t value,

input) uvm door e path = UVM DEFAULT DOOR,

default

(either
bd [see
eeds to

ated to

.13) to

pdt uvm reg map map = null,

)

input uvm sequence base parent = null,
input int prior = -1,
input uvm object extension = null,

wn
14

input string fname =
input int lineno = 0

This writes the value in the DUT field that corresponds to this abstraction class instance.
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The write may be performed using either frontdoor or backdoor operations (as defined by path). If back door is
specified, the effect of writing the register through a physical access is mimicked. For example, read-only bits
in the register will remain unchanged.

If front door is specified, and if the register is mapped in more than one address map, an address map shall be
specified. The value of parent sequence and extension are set into the uvm_reg_item (see 19.1.1), which is
provided to the uvm_reg_frontdoor (sec 19.4.2) or uvm_reg_backdoor (see 19.5) associated with this
request. If the built-in front door is being used and parent is not null, the bus item returned by the
uvm_reg_adapter (see 19.2.1) shall be started as a child of parent. If the built-in front door is used, the bus
item returned by the adapter shall be started with the priority prior. Optionally, users may provide additional
information for the physical access with the extension argument. The status output argument reflects the
success-or failure of the operation

The filename (frame) and line number (/ineno) arguments are available for an implementation tousefof debug
purposes only; their value shall have no functional effect on the outcome of this method.

If a frgntdoor access is used, and if the field is the only field in a byte lane and if/the)physical interface
corresponding to the address map used to access the field supports byte-enabling, thefironly the field is yritten.
Otherwise, the entire register containing the field is written and the mirrored values.of the other field$ in the
same rpgister are used in a best effort not to modify their value. If a backdoorgaccess is used, a peek-modify-
poke process is used in a best effort not to modify the value of the other figlds in the register.

This meethod affects the field’s desired value only if the map’s get_auto ‘predict method (see 18.2.5.1)[returns
avalug 1, and the field’s is_indv_accessible method (see 18.5.5.1¢)xeturns a value of 1. Otherwise, thd field’s
parent fregister’s write method (see 18.4.4.9) determines if the field’s desired value is updated.

18.5.9.10 read

virtual task read (

output uvm_ status_ e status,

output uvm reg data t value,

input uvm door e path = UVWM_DEFAULT DOOR,
input uvm reg map map = mull,

input uvm sequence base\parent = null,
input int prior = -1,

input uvm object_&xtension = null,

input string fgame = "",

input int lineno = 0

)
This rdads and-eturns the value in the DUT field that corresponds to this abstraction class instance.
The regdMmaybe performed using either frontdoor or backdoor operations (as defined by path). If back|door is

Specifl bd \the effect nfrpnding the t‘PgiQfPt‘ thrm]gh a pthir‘nl accessis mimicked For mmmp]p clear-on-read

field bits are set to 0.

If front door is specified, and if the register is mapped in more than one address map, an address map shall be
specified. The value of parent sequence and extension are set into the uvm_reg_item (see 19.1.1), which is
provided to the uvm_reg frontdoor (see 19.4.2) or uvm_reg_backdoor (see 19.5) associated with this
request. If the built-in front door is being used and parent is not null, the bus item returned by the
uvm_reg_adapter (see 19.2.1) shall be started as a child of parent. If the built-in front door is used, the bus
item returned by the adapter shall be started with the priority prior. Optionally, users may provide additional
information for the physical access with the extension argument. The status output argument reflects the
success or failure of the operation.
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The filename (frame) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method.

If a frontdoor access is used, and if the field is the only field in a byte lane and if the physical interface
corresponding to the address map used to access the field supports byte-enabling, then only the field isread.
Otherwise, the entire register containing the field is read and the mirrored values of the other fields in the same
register are updated. If a backdoor access is used, the entire containing register is peeked and the mirrored value
of the other fields in the register is updated.

This method is affected by the auto-prediction configuration value (see 18.2.5.2).

18.5.5-H4poke

virtual task poke (
output uvm status e status,
input uvm reg data t value,

input string kind = "",

input uvm_ sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

Deposits the specified value in this DUT field corresponding to.this/abstraction class instance, as is, pising a
backdqor access. The entire register shall automatically be peekéd prior to the poke operation in ordet to not
modify the value of the other fields in the register. Uses the HDL path for the design abstraction speciffied by
kind. The value of parent sequence and extension are set*into the uvm_reg_item (see 19.1.1), which is
provided to the uvm_reg_backdoor::read (see 19.5.2.7) and uvm_reg_backdoor::write (see 19.5.2.6)
methodls. The status output argument reflects the success or failure of the operation.

The filpname (fname) and line number (/ineno)-arguments are available for an implementation to use fof debug
purposes only; their value shall have no funetional effect on the outcome of this method.

This nfethod is affected by the auto-prediction configuration value (see 18.2.5.2).
18.5.8.12 peek
virtual task peek (

output uvmgestatus e status,
output uwi~reg data t value,

input string kind = "",

inp@it,'uvm sequence base parent = null,
Lhput uvm object extension = null,
Trpot—Stritg frrame =

input int lineno = 0

)

This samples the value in the DUT register corresponding to this abstraction class instance using a backdoor
access. The field value is sampled, not modified. Uses the HDL path for the design abstraction specified by
kind. The value of parent sequence and extension are set into the uvm_reg_item (see 19.1.1), whichis provided
to the uvm_reg_backdoor::read method. The status output argument reflects the success or failure of the
operation.

The filename (frame) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method.
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This method is affected by the auto-prediction configuration value (see 18.2.5.2).
18.5.5.13 mirror

virtual task mirror(
output uvm status e status,
input uvm check e check = UVM NO CHECK,
input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm_ sequence base parent = null,
input int prior = -1,

input uvm _object extension = null,
input string fname = "",

input int lineno = 0

)

This rdads the register and optionally compares the read back value with the current mirtoted value if dheck is
UVM_CHECK (see 17.2.2.3). The mirrored value is then updated using the uvm_reg::predict meth¢d (see
18.4.4]15), based on the read back value.

The mirroring may be performed using either frontdoor or backdoor operations (as defined by path). [f back
door iy specified, the effect of writing the register through a physical aceess is mimicked (see 18.4.4.1]). The
content of write-only fields is mirrored and optionally checked.

If frong door is specified, and if the register is mapped in more.than one address map, an address map ghall be
specifipd. The value of parent sequence and extension areset-into the uvm_reg_item (see 19.1.1), which is
providgd to the uvm_reg_frontdoor (see 19.4.2) or wvm reg backdoor (see 19.5) associated with this
requesf. If the built-in front door is being used and ‘parent is not null, the bus item returned by the
uvm_neg adapter (see 19.2.1) shall be started as a'child of parent. If the built-in front door is used, the bus
item rdturned by the adapter shall be started with(the priority prior. Optionally, users may provide additional
information for the physical access with the “exfension argument. The status output argument refldcts the
succesp or failure of the operation.

The filename (frame) and line number(/ineno) arguments are available for an implementation to use fof debug
purposes only; their value shall have’no functional effect on the outcome of this method.

If chedk is specified as UVM( CHECK, an error message shall be generated if the current mirrored value dpes not
match the read back value,/unless set_compare (see 18.5.5.15) was used to disable the check.

18.5.8.14 get_compare

fynctiom uvm check e get compare ()

Returns-the-compare-pelieyfor-thisfield:
18.5.5.15 set_compare

function void set compare( uvm check e check = UVM CHECK )
Specifies the compare policy during a mirror update. The field value is checked against its mirror only when

both the check argument in uvm_reg_block::mirror (see 18.1.5.60), uvm_reg::mirror (see 18.4.4.14), or
uvm_reg_field::mirror (see 18.5.5.13) and the compare policy for the field is UvM_CHECK (see 17.2.2.3).
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18.5.5.16 is_indv_accessible

function bit is indv_accessible (
uvm_door e path,
uvm_reg map local map

)

Checks if this field can be written individually. A field is individually accessible if it fits within local map’s
data width and can be accessed via path without affecting any other field(s) in the register.

18.5.5.17 predict

fynction bit predict (

uvm_reg data t value,

uvm_reg byte en t be = -1,

uvm predict e kind = UVM PREDICT DIRECT,
uvm_door e path = UVM FRONTDOCR,

uvm reg map map = null,

string fname = "",

int lineno = 0

)

Updatgs the mirrored and desired value for this field. The default valu¢ of be shall be -1. The default vialue of
kind shall be UvM_PREDICT DIRECT. The default value of pathisshall be uvM FRONTDOOR. The filename
(fnamd) and line number (/ineno) arguments are available for.an implementation to use for debug pyrposes
only; their value shall have no functional effect on the outcome of this method. The default value of /inefo shall
be 0.

This pfedicts the mirror and desired value of the ficld‘based on the specified observed value on a bus uding the
specifipd address map.

If kind|is specified as UvM_PREDICT READYsee 17.2.2.8), the value was observed in a read transactior] on the
specifipd address map or back door (if*path is UVM_BACKDOOR ([see 17.2.2.2]). If kind is specified as
UVM_PREDICT WRITE (see 17.2.2.8),'the value was observed in a write transaction on the specified 4ddress
map ot back door (if path is UyM’ BACKDOOR [see 17.2.2.2]). If kind is specified as UvM_PREDICT DIRECT
(see 17.2.2.8), the value wascemputed and is updated as is, without regard to any access policy.

This method does not allow an update of the mirror (or desired) values when the register containing this|field is
busy ekecuting a transaction because the results are unpredictable and indicative of a race conditiorn] in the

testberjch.

This rqturns, TRUE if the prediction was successful.

18.5.6 Callbacks
18.5.6.1 pre_write
virtual task pre write( uvm reg item rw )
Called before field write.
If the specified data value, access path, or address map are modified, the updated data value, access path, or

address map is used to perform the register operation. If the sfatus is modified to anything other than
UVM_IS OK(see 17.2.2.1), the operation is aborted.
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The field callback methods are invoked after the callback methods on the containing register. The registered
callbacks are invoked after the invocation of this method.

18.5.6.2 post_write
virtual task post write( uvm reg item rw )
Called after field write.

If the specified status is modified, the updated status is returned by the register operation.

The figtd-ea ethodsatetnvokedafter-the—es egistered
callbadks are invoked before the invocation of this method.

18.5.6.3 pre_read

virtual task pre read( uvm reg item rw )
Called|before field read.
If the 4pecified access path or address map are modified, the updated accesspath or address map is fised to
perforin the register operation. If the stafus is modified to anything otherthan UvM IS OK (see 17.2.2]1), the

operatfon is aborted.

The figld callback methods are invoked after the callback methods on the containing register. Theregdistered
callbadks are invoked after the invocation of this method.

18.5.6.4 post_read
virtual task post read( uvm reg-dtem rw )
Called|after field read.

If the gpecified read back data or status is modified, the updated read back data or status is returned|by the
registef operation.

The figld callback methodg ane invoked after the callback methods on the containing register. The registered
callbadks are invoked before the invocation of this method.

18.6 yvm_mem

The base class for memory abstraction.

A memory is a collection of contiguous locations. A memory may be accessible via more than one address map.

Unlike registers, memories are not mirrored because of the potentially large data space; tests that walk the
entire memory space would negate any benefit from sparse memory modeling techniques.

The uvm_mem class is not factory registered because it has a complex constructor signature.
18.6.1 Class declaration

class uvm mem extends uvm object
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18.6.2 Variables

mam

uvim_mem mam mam

This is the memory allocation manager for the memory corresponding to this abstraction class instance. It can
be used to allocate regions of consecutive addresses of specific sizes, such as DMA buffers, or to locate virtual
register array.

18.6.3 Methods

18.6.3

fu

)

Create
with th

size sp

locatio
ROMs

has_cd
abstrad
define
UVM_N

18.6.3

£

)

This i}

.1 new

nction new (

string name,

longint unsigned size,

int unsigned n bits,

string access = "RW",

int has coverage = UVM NO COVERAGE

5 a new instance and type-specific configuration; this creates an instance of a memory abstractig
e specified name.

beifies the total number of memory locations. n_bits speeifies the total number of bits in each n
n. access specifies the access policy of this memory and may be one of “RW?” for RAMs and “R
The default value of access shall be "Rw".

verage specifies which functional coverage models are present in the extension of the
tion class. Multiple functional coverage\models may be specified by adding their symbolic na
| by the uvm_coverage model e type (see 17.2.2.9). The default value of has coverage s
O COVERAGE.

.2 configure
nction void copfigure (

uvm reg block  parent,
string hdl_path = ""

an instance-specific configuration; it specifies the parent block of this memory.

If this jnémory is implemented in a single HDL variable, its name is specified as the hd! path. Otherwis

n class

emory
O” for

egister
es, as
hall be

e, if the

memory is implemented as a concatenation of variables (usually one per bank), then the HDL path shall be
specified using the add_hdl_path (see 18.6.7.4) or add_hdl_path_slice (see 18.6.7.4) methods.

18.6.3.3 set_offset

virtual function void set offset (

uvm_reg _map map,
uvm_reg addr t offset,
bit unmapped = 0
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Modifies the offset of the memory. offset is in units returned by get add unit_bytes() (see 18.2.4.6).

The offset of a memory within an address map is set using the uvm_reg_map::add_mem method (see
18.2.3.4). This method is used to modify that offset dynamically.

Modifying the offset of a memory makes the abstract model diverge from the specification that was used to
create it.

18.6.4 Introspection

18.6.4.1 get_parent

v

Return

18.6.4.2 get_n_maps

v

Return

18.6.4.3 is_in_map

£

Return

18.6.4.4 get_maps

v

Return

18.6.4.5 get_rights

v

Return

This re¢
with a

rtual function uvm reg block get parent ()

s the parent block.

rtual function int get n maps|()

5 the number of address maps mapping this memory.

nction bit is in map ( uvm reg map map )

5 TRUE if this memory is in the specified address map.

rtual function void get maps (" ref uvm reg map maps[$] )

5 all of the address maps where this' memory is mapped. maps shall be a queue.

rtual functionlsfring get rights ( uvm reg map map = null )
5 the access rights of this memory.

turns "RW";"RO", or "WO". The access rights of a memory is always "Rw", unless it is a shared mpemory
cess(restriction in a particular address map.

Ifnoa
the me

dressTmap s specified amd the memory Ts Tapped oty ore address Tmap; thataddress map s used. If
mory is mapped in more than one address map, the default address map of the parent block is used.

If an address map is specified and the memory is not mapped in the specified address map, a warning message
shall be issued and "Rw" is returned.

18.6.4.6 get_access

virtual function string get access( uvm reg map map = null )

Return

s the access policy of the memory when written and read via an address map.
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If the memory is mapped in more than one address map, an address map shall be specified. If access restrictions
are present when accessing a memory through the specified address map, the access mode returned takes the
access restrictions into account, e.g., a read-write memory accessed through a domain with read-only
restrictions would return "RO".

18.6.4.7 get_size
function longint unsigned get size()

Returns the number of unique memory locations in this memory.

18.6.4-8-getn—bytes

function int unsigned get n bytes()

Returnk the width, in number of bytes, of each memory location. Rounds up to next whole byte if the memory
word i§ not a multiple of 8 bits.

18.6.4.9 get_n_bits
fynction int unsigned get n bits()
Returnk the width, in number of bits, of each memory location.
18.6.4.10 get_max_size
sflatic function int unsigned get max size()
Returns the maximum width, in number of bits, of all memories.
18.6.4.11 get_virtual_registers
virtual function void get(virtual registers( ref uvm vreg regs[S$S] )
Returng the virtual registers in this memory.

This fiflls the specified array)with the abstraction class for all of the virtual registers implemented |in this
memoty. The order in which the virtual registers are located in the array is not specified. regs shall be alqueue.

18.6.4.12 get_virtual_fields

virtualyfunction void get virtual fields( ref uvm vreg field fields[$]

Returnsthe virtuatHfrelds rthis remory-

This fills the specified dynamic array with the abstraction class for all of the virtual fields implemented in this
memory. The order in which the virtual fields are located in the array is not specified. fields shall be a queue.

18.6.4.13 get_vreg_by name
virtual function uvm vreg get vreg by name( string name )

Finds a virtual register with the specified name implemented in this memory and returns its abstraction class
instance. If no virtual register with the specified name is found, this returns nu/l.
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18.6.4.14 get_vfield_by_ name

virtual function uvm vreg field get vfield by name( string name )

Finds a virtual field with the specified name implemented in this memory and returns its abstraction class
instance. If no virtual field with the specified name is found, this returns null.

18.6.4.15 get_offset

virtual function uvm reg addr t get offset (
uvm_reg addr t offset = 0,

TV _reg _Map map = nuril

)

Returnk the base offset of the specified location in this memory in an address map. The default value of offset
shall bp 0.

If maplis null and the memory is mapped in only one address map, that address mapisused. If map is n]ull and
the mejmory is mapped in more than one address map, the default address map ofithe parent block is yised.

If an address map is specified and the memory is not mapped in the specified‘address map, a warning nlessage
shall bp issued.

18.6.4.16 get_address

virtual function uvm reg addr t get addresg'(
uvm_reg addr t offset = 0,
uvm_reg map map = null

)

Returns the base external physical address of the specified location in this memory if accessed throygh the
specifipd address map. The default value ofoffset shall be 0.

If maplis null and the memory is mapped in only one address map, that address map is used. If map is n]ull and
the mejmory is mapped in more than one address map, the default address map of the parent block is pised.

If an address map is specified)and the memory is not mapped in the specified address map, a warning njessage
shall bp issued.

18.6.4.17 get_addresses

virtualyfunction int get addresses(
uviiyreg addr t offset = 0,

Uvm_reg map map = null,
ref uvm reg addr t addr[]
)

Identifies the external physical address(es), addr, that need to be accessed to completely read or write the
memory location specified by offset. The default value of offset shall be 0.

The addresses are specified in little endian order. This returns the number of bytes transferred on each access.

If map is null and the memory is mapped in only one address map, that address map is used. If map is null and
the memory is mapped in more than one address map, the default address map of the parent block is used.
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If an address map is specified and the memory is not mapped in the specified address map, a warning message

shall be issued and -1 is returned, and addr is unmodified.
18.6.5 HDL access

18.6.5.1 write

virtual task write(
output uvm status e status,
input uvm reg addr t offset,

input uvm reg data t wvalue,

Input uvm_door_e path = UVM DEFAULT_ DOOK,
input uvm reg map map = null,

input uvm_sequence base parent = null,
input int prior = -1,

input uvm object extension = null,

input string fname = "",

0

input int lineno

This ir]
instang

itiates a write (using value for data) to the memory location that correSponds to this abstractio
e at the specified offset.

ite may be performed using either frontdoor or backdoor operations (as defined by path). If back]
d, the effect of writing the memory through a physical access is mimicked. For example, res

succesp or failure of the operation.

The filename (frame) and ling number (/ineno) arguments are available for an implementation to use fo
purposes only; their value shall have no functional effect on the outcome of this method.

18.6.9.2 read

virtuéal,task read/(
obitput uvm_ status_ e status,

n class

door is
d-only

hall be
hich is
th this
by the
he bus
litional
cts the

- debug

Jl.Ilj_Jul_ U lll_L‘:‘g_dddL_L OLLSTL,
output uvm reg data t value,
UVM_DEFAULT DOOR,

input uvm door e path

input uvm reg map map = null,

input uvm sequence base parent = null,
input int prior = -1,

input uvm object extension = null,
input string fname = "",

input int lineno = 0
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This reads and returns the value from the memory location that corresponds to this abstraction class instance at
the specified offset.

The read may be performed using either frontdoor or backdoor operations (as defined by path). If back door is
specified, the effect of reading the memory through a physical access is mimicked.

If front door is specified, and if the memory is mapped in more than one address map, an address map shall be
specified. The value of parent sequence and extension are set into the uvm_reg_item (see 19.1.1), which is
provided to the uvm_reg_frontdoor (sec 19.4.2) or uvm_reg_backdoor (see 19.5) associated with this
request. If the built-in front door is being used and parent is not null, the bus item returned by the
uvm_reg_adapter (see 19.2.1) shall be started as a child of parent. If the built-in front door is used, the bus
item returned by the ar‘lapfpr shall be started wiath the prinrify pw'nr ﬂpﬁnna”v’ users-masxz prnvir]p additional
information for the physical access with the extension argument. The status output argument réfldcts the
succesp or failure of the operation.

The filename (frame) and line number (/ineno) arguments are available for an implementationto use fof debug
purposes only; their value shall have no functional effect on the outcome of this methed:

18.6.5.3 burst_write

virtual task burst write(

output uvm_status_ e status,

input uvm reg data t valuel],

input uvm door e path = UVM DEFAULT DOCR,
input uvm reg map map = null,

input uvm sequence base parent = null,
input int prior = -1,

input uvm object extension = null,
input string fname = "",

input int lineno = 0

)

This infitiates a burst-write (using the elehtents in value for data) to the memory locations that correspondl to this
abstradtion class instance beginning-at'the specified offset.

The wilite may be performed using either frontdoor or backdoor operations (as defined by path). If back|{door is
specifipd, the effect of wrifing the memory through a physical access is mimicked. For example, reqd-only
memoty will remain unchanged.

If frong door is spe¢ified, and if the memory is mapped in more than one address map, an address map ghall be
specifipd. The value of parent sequence and extension are set into the uvm_reg_item (see 19.1.1), which is
provided to-the uvm_reg_frontdoor (see 19.4.2) or uvm_reg_backdoor (see 19.5) associated w{th this
requesf. It the built-in front door is being used and parent is not null, the bus item returned |py the
uvm_teg-adapter (see 109 1) shall he started as a child of parent 1fthe built-in front door isnsed the bus
item returned by the adapter shall be started with the priority prior. Optionally, users may provide additional
information for the physical access with the extension argument. The status output argument reflects the
success or failure of the operation.

The burst-write shall take the content of the value array and convert it to accesses that match the width of the
memory. The value array is converted to a bit stream from which the number of write beats is determined by
the width of the memory. Each burst-write data beat shall be aligned to the memory offset whose value shall be
determined by the beat number, endianness, and the memory width. In frontdoor mode, if the field is the only
field in a byte lane and if the physical interface corresponding to the address map used to access the field
supports byte-enabling, then the field is considered individually accessible. When the content of the value array
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does not map to a whole number of memory locations of the memory width, the last write beat will only be
partially valid.

The filename (frame) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method.

18.6.5.4 burst_read

virtual task burst read(
output uvm status_e status,
input uvm reg addr t offset,

rel u lll_LEg_U.dl_d_l. alucl ],
input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm sequence base parent = null,
input int prior = -1,

input uvm object extension = null,
input string fname = "",

input int lineno = 0

)

This inpitiates a burst-read that returns the date in the elements in value from the memory locatipn that
corresponds to this abstraction class instance at the specified offset.

The regd may be performed using either frontdoor or backdoor.operations (as defined by path). If back|door is
specifipd, the effect of reading the memory through a physical‘access is mimicked.

If fronf door is specified, and if the memory is mapped in'more than one address map, an address map ghall be
specifipd. The value of parent sequence and extensign are set into the uvm_reg_item (see 19.1.1), which is
providgd to the uvm_reg frontdoor (see 19.42) or uvm_reg_backdoor (see 19.5) associated with this
requesf. If the built-in front door is being used and parent is not null, the bus item returned by the
uvm_1leg_adapter (see 19.2.1) shall be started as a child of parent. If the built-in front door is used, the bus
item rdturned by the adapter shall be statted with the priority prior. Optionally, users may provide additional
informpation for the physical access Wwith the extension argument. The status output argument reflects the
success or failure of the operation.

The byrst-read shall take the §ize of the value array and convert it to read accesses that match the widtl of the
memoty. The value array.isiconverted to a bit stream from which the number of read beats is determined by the
width of the memory. Each burst-read data beat shall be aligned to the memory offset whose value shall be
deterntined by the beat number, endianness, and the memory width. When the content of the value array does
not map to a whele number of memory locations of the memory width, the content of the last read b¢at will
only b¢ partially valid. At the end of the burst-read, the data read back from the memory is returned in the value
array.

The filename (frame) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method.

18.6.5.5 poke

virtual task poke(
output uvm_status_ e status,
input uvm reg addr t offset,
input uvm reg data t value,
input string kind = "",
input uvm sequence base parent = null,
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input uvm object extension = null,
input string fname = "",
input int lineno = 0

)

Deposits the value in the DUT memory location corresponding to this abstraction class instance at the sp
offset, as is, using a backdoor access.

ecified

Uses the HDL path for the design abstraction specified by kind. The filename (fname) and line number (/ineno)
arguments are available for an implementation to use for debug purposes only; their value shall have no

functional effect on the outcome of this method. The default value of /ineno shall be 0.

18.6.5.6 peek

virtual task peek(

output uvm_status_ e status,
input uvm reg addr t offset,
output uvm reg data t value,

input string kind = "",

input uvm sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

)
Reads fhe current value from a memory location.

This sgmples the value in the DUT memory locationcgorresponding to this abstraction class instancs
specifipd offset using a backdoor access. The memoty location value is sampled, not modified.

Uses the HDL path for the design abstraction-specified by kind. The filename (frame) and line number
arguments are available for an implementation to use for debug purposes only; their value shall h
functidnal effect on the outcome of this'method. The default value of /ineno shall be 0.
18.6.6 Front door

18.6.6.1 get_frontdoor

fynction uvmireg frontdoor get frontdoor( uvm reg map map = null )

Returnk the user=defined front door for this memory.

at the

Vineno)
ave no

If nulll ne user-defined front door has been defined. A user-defined front door is defined by us

ng the

uvm_mem::set_trontdoor method (se¢ 13.0.0-1).
If the memory is mapped in multiple address maps, an address map shall be specified.

18.6.6.2 set_frontdoor

function void set frontdoor (
uvm reg frontdoor ftdr,
uvm reg map map = null,
string fname = "",
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int lineno = 0

)

Specifies a user-defined front door for this memory. The filename (frame) and line number (/ineno) arguments
are available for an implementation to use for debug purposes only; their value shall have no functional effect
on the outcome of this method. The default value of /ineno shall be 0.

By default, memories are mapped linearly into the address space of the address maps that instantiate them. If
memories are accessed using a different mechanism, a user-defined access mechanism shall be defined and
associated with the corresponding memory abstraction class.

Ifthe M I liaeal 4 4 laalll M |
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18.6.7 Back door
18.6.7.1 get_backdoor

function uvm reg backdoor get backdoor( bit inherited = 1()
Returnk the user-defined back door for this memory.

If nullf no user-defined back door has been defined. A user-defined-back door is defined by using the
uvm_tnem::set_backdoor method (see 18.6.7.2).

If inhelited is TRUE, this returns the back door of the parent blockdf none have been specified for this mpmory.
The ddgfault value of inherited shall be 1, which is TRUE.

18.6.7.2 set_backdoor

fynction void set backdoor (
uvm_reg backdoor bkdr,
string fname = "",

int lineno = 0

)

Speciffes a user-defined backsdoor for this memory. The filename (frame) and line number (/ineno) arghments
are avdilable for an implementation to use for debug purposes only; their value shall have no functiona] effect
on the putcome of this method. The default value of /ineno shall be 0.

By defhult, memeri€s are accessed via the built-in string-based DPI routines if an HDL path has been sgecified
using the uvm_ mem::configure (see 18.6.3.2) or uvin_mem::add_hdl_path (see 18.6.7.4) methodsg.

If this dlefatilt mechanism is not suitable (e.g., because the register is not implemented in pure SystemVeyilog) a
user-defimedaccess mechansmeeds tobedefimedand assocated witir the vuucbpuudiug TITCITTOT Y abstraction
class.

18.6.7.3 clear_hdl_path
function void clear hdl path ( string kind = "RTL" )
Deletes any HDL paths. The default value of kind shall be "RTL".

This removes any previously specified HDL path to the memory instance for the specified design abstraction.
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18.6.7.4 add_hdI_path

function void add hdl path (

)

uvm _hdl path slice slices[],
string kind = "RTL"

Adds the specified HDL path to the memory instance for the specified design abstraction. The default value of
kind shall be "RTL".

This method may be called more than once for the same design abstraction if the memory is physically

duplic
18.6.7

fu

)
Appen
starts t
which
18.6.7

fy

Check

This re
design

18.6.7

£

)

LCd ill LilC dcbigll d.‘Uble.LzLiUll.
.5 add_hdI_path_slice

nction void add hdl path slice(
string name,
int offset,
int size,

bit first = 0,

string kind "RTL"

(s the specified HDL slice to the HDL path for the specified design abstraction. If first is TR
he specification of a duplicate HDL implementation of the memory. The default value of first shg
is FALSE. The default value of kind shall be "RTL"¢

.6 has_hdI_path

nction bit has hdl path ( string kind = "" )

if a HDL path is specified.

abstraction is specified, it'uses the default design abstraction specified for the parent block.
.7 get_hdI_path

nction voddi'get hdl path (
ref uvm hdl path concat paths[$],
inpute=string kind = ""

E, this
11 be 0,

turns True if the memory instance has a HDL path defined for the specified design abstraction. If no

Returns the incremental HDL path(s).

This returns the HDL path(s) defined for the specified design abstraction in the memory instance. It returns only
the component of the HDL paths that corresponds to the memory, not a full hierarchical path. paths shall be a

queue.

If no design abstraction is specified, the default design abstraction for the parent block is used.

18.6.7.8 get_hdl_path_kinds

function void get hdl path kinds ( ref string kinds[$] )
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Returns any design abstractions for which HDL paths have been defined. kinds shall be a queue.
18.6.7.9 get_full_hdl_path

function void get full hdl path (
ref uvm hdl path concat paths[$],
input string kind = "",
input string separator = "."

)

Returns the full hierarchical HDL path(s).

This r¢turns the full hierarchical HDL path(s) defined for the specified design abstraction in the ':femory
instande. If any of the parent components have more than one path defined for the same desigh abstifaction,
there may be more than one path returned (even if only one path was defined for the memery instancg).

If no dpsign abstraction is specified, the default design abstraction for each ancestor block is used to fetrieve
each irjcremental path.

18.6.7.10 backdoor_read
virtual task backdoor read( uvm reg item rw )
User-defined backdoor read access.

The implementation shall use the UVM HDL backdoor acces$Support routines (see 19.6) to perform a fead for
this register.

18.6.7.11 backdoor_write
virtual task backdoor write( uvi® reg item rw )
User-defined backdoor write access.
This oyerrides the default string-baseéd DPI backdoor access write for this memory type.
18.6.8 Coverage
18.6.8.1 build_coverage
pgotected-function uvm reg cvr t build coverage( uvm reg cvr t models )

Checks ifidll of the specified coverage models need to be built.

This checks which of the specified coverage model need to be built in this instance of the memory abstraction
class, as specified by calls to uvm_reg::include_coverage (see 18.4.7.1).

Models are specified by adding the symbolic value of individual coverage model as defined in
uvm_coverage _model_e (see 17.2.2.9). This returns the sum of all coverage models to be built in the memory
model.

18.6.8.2 add_coverage

virtual protected function void add coverage( uvm reg cvr t models )
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Specifies that additional coverage models are available.

This adds the specified coverage model to the coverage models available in this class. Models are specified by
adding the symbolic value of individual coverage model as defined in uvm_coverage _model_e (see 17.2.2.9).

This method shall only be called in the constructor of subsequently derived classes.
18.6.8.3 has_coverage

virtual function bit has coverage( uvm reg cvr t models )

Checkgtfthe 1\.«5;otu1 has—co verage uJUdvl(o).
This rdturns True if the memory abstraction class contains a coverage model for all of the models‘Sp¢cified.
Modelg are specified by adding the symbolic value of individual coverage model- as defined in
uvim_doverage_model e (see 17.2.2.9).
18.6.8.4 get_coverage

virtual function bit get coverage( uvm reg cvr t is on )
Checks if coverage measurement is on.
This rgturns True if measurement for all of the specified functionalcoverage models are currently on. Mlultiple
functidnal coverage models can be specified by adding the functienal coverage model identifiers. See 1|8.6.8.5
for moye details.
18.6.8.5 set_coverage

virtual function uvm reg cvr t sétf) coverage( uvm reg cvr t is on )

Turns pn coverage measurement.

rns the collection of functienal Coverage measurements on or off for this memory. The functional
coverage measurement is turned on' for every coverage model specified using uvm_coverage_r%:ldel_e

coverage model identifiers (see\l7.2.2.9). Multiple functional coverage models can be specified by adding the
functidnal coverage model ddentifiers. All other functional coverage models are turned off. This returns the sum
of all flinctional coverage models whose measurements were previously on.
This nmethod can ofily-control the measurement of functional coverage models that are present in the mjemory
abstradtion classes, then enabled during construction. See the uvm_mem::has_coverage method (see 1§.6.8.3)
to identtify the'available functional coverage models.

18.6.

ample

protected virtual function void sample (
uvm reg addr t offset,
bit is read,
uvm_reg map map

)

This is a functional coverage measurement method.
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This method is invoked by the memory abstraction class whenever it is read or written with the specified data
via the specified address map. It is invoked after the read or write operation has completed, but before the

mirror

has been updated.

Empty by default, this method may be extended by the abstraction class generator to perform the required
sampling in any provided functional coverage model.

18.6.9 Callbacks
18.6.9.1 pre_write
V irtrat—t ek pre—mreite{—trvm—reg—tem—rw—)
Called|before memory write.
If the dpecified data value access path or address map are modified, the updated data valuesaccess
addresp map is used to perform the memory operation. If the status is modified to-anything oth

UVM I
The re
18.6.9

v
Called
If the {
The re
18.6.9

v
Called

If the {

perforin the memory«eperation. If the status is modified to anything other than UvM IS 0K (see 17.2.24

operat

The re

S OK(see 17.2.2.1), the operation is aborted.

bistered callback methods are invoked after the invocation of this metHod.

.2 post_write

rtual task post write( uvm reg item rw )

after memory write.

pecified status is modified, the updated status.isreturned by the memory operation.
bistered callback methods are invoked befone the invocation of this method.

.3 pre_read

rtual task pre read(g,uwm reg item rw )

before memory read.

pecified access path or address map are modified, the updated access path or address map is
on is abortéd.

bister€d callback methods are invoked after the invocation of this method.

ath, or
er than

ised to
1), the

18.6.9

L4-post—read

virtual task post read( uvm reg item rw )

Called

after memory read.

If the specified read back data or status is modified, the updated read back data or status is returned by the
memory operation.

The registered callback methods are invoked before the invocation of this method.
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18.7 uvm_reg_indirect_data

The indirect data access abstraction class.

This models the behavior of a register used to indirectly access a register array, indexed by a second address
register.

The uvm_reg indirect data class is not factory registered because it has a complex constructor signature.

18.7.1

Class declaration

18.7.2

18.7.2.1 new

£

)

Createp an instance of this class.

This sH
bits in

18.7.2

£

)
Config

The id,
writter]

the regjister (argay.

dSS uvil_reg_ 1lndlrect_ddta exXTends uvil_reg

Methods

nction new (

string name = "uvm reg indirect",
int unsigned n bits,

int has cover

.2 configure

nction void configure (

uvm_reg idx,

uvm_reg reg all,

uvm_reg block blk patent,

uvm_reg file regfile, parent = null

ures the indirect data register.

v register specifies the index, in the reg a register array, of the register to access. The idx need
to first~A Tead or write operation to this register will subsequently read or write the indexed reg

ould not be called directly, other than via super . new, Fhe value of n_bits needs to match the nuinber of
the indirect register array.

s to be
ister in

The nu

mber o1 bits 1n each register 1 the register array shall be equal to n_biis o1 this register.

See also 18.4.2.2.

18.8 uvm_reg_fifo

This special register models a DUT FIFO accessed via write/read, where writes push to the FIFO and reads pop
from it.

Backdoor access is not enabled, as it is not possible to force complete FIFO state, i.e., the write and read

indexe

s used to access the FIFO data.
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The uvm_reg_fifo class is not factory registered because it has a complex constructor signature.
18.8.1 Class declaration

class uvm_reg fifo extends uvm reg
18.8.2 Common variables

fifo

rand uvm _reg data t fifo[$]

This is|the abstract representation of the FIFO. It is constrained to be no larger than the size parametet and is
public [to enable subtypes to add constraints on it and randomize. fifo shall be a queue.

18.8.3 Methods

18.8.3.1 new

fynction new(

string name = "reg fifo",
int unsigned size,

int unsigned n bits,

int has cover

)
Createp an instance of a FIFO register having size element$\of n_bits each.
18.8.3.2 set_compare

fynction void set compare( uvm-8heck e check = UVM CHECK )
Specifies the compare policy during a mitror (read) of the DUT FIFO. The DUT read value is checked pgainst
its mirfor only when both the check arguiment in the mirror call (see 18.8.5.6) and the compare policy|for the
field i UVM_CHECK (see 17.2.2.3).
18.8.4 Introspection
18.8.4.1 size

fynction{int unsigned size()

This is| th€ number of entries currently in the FIFO.

18.8.4.2 capacity
function int unsigned capacity()

The maximum number of entries, or depth, of the FIFO.
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18.8.5 Access

18.8.5.1 get

virtual function uvm reg data t get(
string fname = "",
int lineno = 0

)

Returns the next value from the abstract FIFO, but does not pop it. Used to find the expected value in a mirror
operation (see 18.8.5.6). The filename (fname) and line number (/ineno) arguments are available for an

impler
this md

18.8.9.2 set

v

)

Pusheg
18.8.5
the DU

The fil

purpos
lineno

18.8.9.3 write

v

)

o - £ 1.1 1 R . 1 1olll £ — h B 1 -
ICIILAlIUIT TU USU 1UT UCUU& PUIPUDCD Ulll_y’ UITIT ValutT Sliall TIa VU TIU TUIIULIUIIAD TIITUULU ULl UIC UULL

thod. The default value of /ineno shall be 0. See 18.4.4.1 for additional information.

rtual function void set (
uvm_reg data t value,
string fname = "",

int lineno = 0

the given value to the abstract FIFO. This method may be called several times before an upd:
5) as a means of preloading the DUT FIFO. Calls to set a fulFIFO are ignored. Call update to
T FIFO with the appropriate values. See 18.4.4.2 for additional information.

bname (fname) and line number (/ineno) arguments;are available for an implementation to use fo
es only; their value shall have no functional effecton the outcome of this method. The default Vi
shall be 0.

rtual task write(

output uvm_status e gtatus,

input uvm reg data t value,

input uvm door e%path = UVM DEFAULT DOOR,
input uvm reg.map map = null,

input uvm sequence base parent = null,
input ingsprior = -1,

input yvmsobject extension = null,
input=sfring fname = "",

input) int lineno = 0

me of

hte (see
update

- debug
alue of

Pushes the given value to the DUT FIFO. If auto-prediction is enabled, the written value is also pushed to the
abstract FIFO before the call returns. If auto-prediction is not enabled (via uvm_reg_map::set_auto_predict
[see 18.2.5.2]), the value is pushed to abstract FIFO only when the write operation is observed on the target bus.
This mode requires using the uvim_reg_predictor class (see 19.3). If the write is called by an update operation
(see 18.8.5.5), the abstract FIFO already contains the written value and is thus not affected by either prediction

mode.

See 18.4.4.9 for additional information.

The filename (fname) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of

lineno

shall be 0.
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.4 read

rtual task read(

output uvm status e status,

output uvm reg data t value,

input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm_sequence base parent = null,
input int prior = -1,

input uvm object extension = null,

input string fname = "",

Reads
is popj

The fil

purpos
lineno

18.8.5.5 update

v

Pusheg
and be
out of

The fil

purpos
lineno

input int Iineno = 0

he next value out of the DUT FIFO. If auto-prediction is enabled, the frontmost value,in ‘dbstrad
ed. See 18.4.4.10 for additional information.

bname (fname) and line number (/ineno) arguments are available for an implémentation to use fo
es only; their value shall have no functional effect on the outcome of this miethod. The default v
shall be 0.

rtual task update (

output uvm_ status_ e status,

input uvm door e path = UVM DEFAULT DCOR)
input uvm reg map map = null,

input uvm sequence base parent = ntull,
input int prior = -1,

input uvm object extension = nu¥l,

input string fname = "",

input int lineno = 0

(writes) all values preloaded using set (see 18.8.5.2) to the DUT. This method needs to be used g
fore any blocking stateients, otherwise reads/writes to the DUT FIFO may cause the mirror to 4
sync with the DUT- See 18.4.4.13 for additional information.

bname (fname)and line number (/ineno) arguments are available for an implementation to use fo
s only; theirwalue shall have no functional effect on the outcome of this method. The default Vi
shall be-0.

18.8.q.6 mirror

IEC 2023
.2™-2020

t FIFO

- debug
alue of

fter set
ecome

- debug
alue of

virtual task mirror(

output uvm_ status_ e status,

input uvm check e check = UVM NO CHECK,
input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm sequence base parent = null,
input int prior = -1,

input uvm object extension = null,

input string fname = "",
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)

input int lineno = 0

Reads the next value out of the DUT FIFO. If auto-prediction is enabled, the frontmost value in abstract FIFO is
popped when the check argument is set and comparison is enabled with set_compare (see 18.8.3.2). See
18.4.4.

14 for additional information.

The filename (fname) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of

lineno shall be 0.
18.8.5-Fpredict

v

)
Updats
The fil

purpos
lineno

18.9 ¢

A virty
layout
structul

A virty
virtual
top of
18.9.1

cl

rtual function bit predict (

uvm_reg data t value,

uvm_reg byte en t be = -1,

uvm predict e kind = UVM PREDICT DIRECT,
uvm_door e path = UVM FRONTDOCR,

uvm_reg map map = null,

string fname = "",

int lineno = 0

s the mirrored FIFO. See 18.4.4.15 for additional information.
ename (frame) and line number (/ineno) arguments are available for an implementation to use fo

es only; their value shall have no functional effectron the outcome of this method. The default Vi
shall be 0.

ivm_vreg
of virtual registers comes from:an agreement between the software and the hardware, not any p
res in the DUT. uvm_reg is\the virtual register abstraction base class.

al register representsaset of fields that are logically implemented in consecutive memory locati
register accesses €ventually turn into memory accesses. A virtual register array may be impleme
hny memory abStraction class and possibly dynamically resized and/or relocated.

Class declaration

ag’y uvm vreg extends uvm object

- debug
alue of

al register is a collection of fields;leverlaid on top of a memory, usually in an array. The semantjics and

hysical

ns. All
hted on

18.9.1

18.9.1

.1 Methods

1.1 new

function new(

)

string name,
int unsigned n bits

Creates a new instance and type-specific configuration; this creates an instance of a virtual register abstraction
class with the specified name.
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n_bits specifies the total number of bits in a virtual register. Not all bits need to be mapped to a virtual field.
This value is usually a multiple of 8.

18.9.1.1.2 configure
function void configure (

uvm_reg block parent,
uvm mem mem = null,

|
o
~

longint unsigned size =
uvm_reg addr t offset =0,
int unsigned incr = 0

This is|an instance-specific configuration.

This specifies the parent block of this virtual register array. If one of the other parameters'is specified, the
virtualfregister is presumed to be dynamic and can be later (re-)implemented using the dvin_vreg::implement
methodl (see 18.9.1.1.3).

If mem is specified, the virtual register array is presumed to be statically.implemented in the memory
corresponding to the specified memory abstraction class and the size, offsefyand incr also need to be spgcified.
size is the number of elements in the virtual register array; offSet, in units-ef memory words, is the offseft of the
registef array in the memory; incr is the offset, in units of memory watds, of a virtual register element fifom the
previoyis one. If incr is zero, virtual registers are packed as closely.as possible in memory. Static virtual fegister
arrays pannot be re-implemented. The default values for size, offSet, and incr shall each be 0.

18.9.1.1.3 implement

virtual function bit implement (
longint unsigned n,

uvm _mem mem = null,

uvm_reg addr t offset = 0,
int unsigned incr = 0

Dynanpically implements, resizes, or relocates a virtual register array.

This implements an array-of virtual registers of the specified size, n, at the specified offset in memory. gffset is
specifipd in units of ‘memory words. incr is the number of memory words between two consecutive|virtual
sible in

ing the
rray is

modified.

The initial value of the newly implemented or relocated set of virtual registers is whatever values are currently
stored in the memory now implementing them.

This returns TRUE if the memory can implement the number of virtual registers at the specified base offsef and
incr. Otherwise, it returns FALSE.

The memory region used to implement a virtual register array is reserved in the memory allocation manager
associated with the memory to prevent it from being allocated for another purpose.
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18.9.1

.1.4 allocate

virtual function uvm mem region allocate(

)

longint unsigned n,
uvm mem mam mam,
uvm mem mam policy alloc = null

Randomly implements, resizes, or relocates a virtual register array.

This implements a virtual register array of the specified size, n, in a randomly allocated region of the

approp
allocat]

The in
stored

This r

allocat]
allocat]

Aregi
metho

18.9.1
v
Return

This re
virtual

It retus
registe

use thd

18.9.1

v

Dynanpically unimplements a virtual register array.

in the memory region now implementing them.

on policy. Otherwise, it returns null.

n implementing a virtual register array cannot be released using thewuvm_mem_mam::release |
| (see 18.12.5.3); instead, use the uvm_vreg::release_region’method (see 18.9.1.1.6).

.1.5 get_region
rtual function uvm mem region get region()
5 the region where the virtual register array i$,implemented.

turns a reference to the uvm_mem_region memory region descriptor (see 18.12.7) that implem
register array.

ms null if the virtual registersiaitay is not currently implemented. A region implementing a
[ array cannot be released using the uvm_mem_mam::release_region method (see 18.12.5.3); 1
uvm_vreg::release_region method (see 18.9.1.1.6).

.1.6 release_region

rtual fuhftion void release region()

This ré

ratesize I theaddress space Tarmaged by thespected memory attocation mamager- @ memory

on policy is specified, it is passed to the uvm_mem_mam::request_region method (seeA8.12.5.2).

tial value of the newly implemented or relocated set of virtual registers is whatever values‘are cyrrently

pturns a reference to a uvm_mem_region memory region descriptor (seey18.12.7) if the memory
on manager was able to allocate a region that can implement the virtual register array with the specified

region

ents the

virtual
nstead,

cases-thememonregionused-to-implementavirtual register array and returns-ittothe poolofas

ailable

memory that can be allocated by the memory’s default allocation manager. The virtual register array is

subseq
Statica
18.9.1

18.9.1

uently considered as unimplemented and can no longer be accessed.
lly implemented virtual registers cannot be released.
.2 Introspection

.2.1 get_parent

virtual function uvm reg block get parent ()
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Returns the parent block.
18.9.1.2.2 get_memory
virtual function uvm mem get memory ()
Returns the memory where the virtual register array is implemented.
18.9.1.2.3 get_n_maps

virtual function int get n maps()

Returnk the number of address maps mapping this virtual register array.
18.9.1.2.4 is_in_map
fynction bit is in map ( uvm reg map map )
Returnk TRUE if this virtual register array is in the specified address map.
18.9.1.2.5 get_maps
virtual function void get maps ( ref uvm reg mdp maps[$] )
Returnk all of the address maps where this virtual register array is mapped. maps shall be a queue.
18.9.1.2.6 get_rights
virtual function string get rightsf{\uvm reg map map = null )
Returnk the access rights of this virtual register-array.

This rgturns “RW?”, “R0O”, or “WO”. The access rights of a virtual register array is always “RW?”, unlpss it is
implemented in a shared memory with'access restriction in a particular address map.

If no adldress map is specifiediand the memory is mapped in only one address map, that address map is gised. If
the memory is mapped in.more than one address map, the default address map of the parent block is fised.

If an agldress map is.specified and the memory is not mapped in the specified address map, an error njessage
shall bp generated.and "Rw" is returned.

18.9.11.2.7(get_access

virtual Tunction string getiaccess ( uvim_reg map map = null )
Returns the access policy of the virtual register array when written and read via an address map.
If the memory implementing the virtual register array is mapped in more than one address map, an address map
shall be specified. If access restrictions are present when accessing a memory through the specified address

map, the access mode returned takes the access restrictions into account. For example, a read-write memory
accessed through an address map with read-only restrictions returns "RO".
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18.9.1

.2.8 get_size

virtual function int unsigned get size()

Returns the number of elements in the virtual register array.

18.9.1

.2.9 get_n_bytes

virtual function int unsigned get n bytes()

Returns the width, in bytes, of a virtual register.

The wi
For ex
locatio]
18.9.1

v
Return
18.9.1

v
Return
18.9.1

v
Return
Fills th
Fields
queue.
18.9.1

v

Return

hmple, a virtual register containing two 1-byte fields implemented in a memory with 4-byte n
ns is 4-bytes wide.

.2.10 get_n_memlocs

rtual function int unsigned get n memlocs ()

5 the number of memory locations used by a single virtual register.

.2.11 get_incr

rtual function int unsigned get incr()

5 the number of memory locations between two individual virtual registers in the same array.
.2.12 get_fields

rtual function void get fields'( ref uvm vreg field fields[$] )

5 the virtual fields in this virtualregister.

e specified array with the abstraction class for all of the virtual fields contained in this virtual r
hre ordered from least sighificant position to most significant position within the register. fields sh
.2.13 get_field>by_name

rtual Munction uvm vreg field get field by name( string name )

5 thé named virtual field in this virtual register.

dth of a virtual register is always a multiple of the width of the memory locations used to implerlnent it.

emory

pgister.
allbe a

This finds a virtual field with the specified name in this virtual register and returns its abstraction class. If no
fields are found, it returns null.

18.9.1

.2.14 get_offset_in_memory

virtual function uvm reg addr t get offset in memory( longint unsigned idx )

Returns the offset of a virtual register.

This returns the base offset of the specified virtual register, in the overall address space of the memory that
implements the virtual register array.
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18.9.1.2.15 get_address

virtual function uvm reg addr t get address(
longint unsigned idx,
uvm reg map map = null

Returns the base external physical address, in units returned by get addr unit_bytes() (see 18.2.4.6), of the
specified virtual register if accessed through the specified address map.

If no address map is specified and the memory implementing the virtual register array is mapped in only one
addres 1ap; thataddress Tap rsuscd—1Hthe TITCIITOTY TS ulappcd rmore-thamomcaddress ap; thedefault

addresp map of the parent block is used.

If an address map is specified and the memory is not mapped in the specified address map, awatning njessage
shall bp issued.

18.9.1.3 HDL access

18.9.1.3.1 write

virtual task write(

input longint unsigned idx,

output uvm status e status,

input uvm reg data t value,

input uvm door_ e path = UVM DEFAULT DQORj
input uvm reg map map = null,

input uvm_sequence base parent = mull,
input uvm object extension = nully
input string fname = "",

input int lineno = 0

This wfrites the value in the DUT memory location(s) (specified by idx) that implements the virtual fegister
array cprresponding to this abstraction class instance using the specified access path. The filename (fiame) and
line number (/ineno) arguments\are available for an implementation to use for debug purposes only; thelr value
shall hpve no functional effect on the outcome of this method. The default value of /ineno shall be|0. See
18.6.5]1 for additional, information.

18.9.1.3.2 read

virtual)task read(
iput longint unsigned idx,

output uvm status e status,

output uvm reg data t value,

input uvm door_ e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm_ sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0
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This reads from the DUT memory location(s) (specified by idx) that implements the virtual register array
corresponding to this abstraction class instance using the specified access path and returns the read back value.
The filename (frame) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of
lineno shall be 0. See 18.6.5.2 for additional information.

18.9.1.3.3 poke

virtual task poke(
input longint unsigned idx,
output uvm status_e status,

j.llpuL UVvIll reg ddatd T dLUc,

input uvm sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

Deposits the specified value in a virtual register; this deposits the value in theZDUT memory locdtion(s)
(specified by idx) that implements the virtual register array corresponding to.this abstraction class ifistance
using the memory backdoor access. The filename (finame) and line number (/inéno) arguments are availgble for
an impjementation to use for debug purposes only; their value shall haveno functional effect on the outdome of
this m¢thod. The default value of /ineno shall be 0. See 18.6.5.5 fordadditional information.

18.9.1.3.4 peek

virtual task peek(

input longint unsigned idx,
output uvm_status_ e status,
output uvm reg data t value,

input uvm sequence base pargnt = null,
input uvm object extension“s= null,
input string fname = "!¢

input int lineno = 0

)

Samplgs the DUT memory location(s) (specified by idx) that implements the virtual registet array
corresponding to this abstraction class instance using the memory backdoor access and returns the sgmpled
value. [The filename-(firaine) and line number (/ineno) arguments are available for an implementation tofuse for
debug purposes enly; their value shall have no functional effect on the outcome of this method. The default
value ¢f /inenoshdll be 0. See 18.6.5.6 for additional information.

18.9.1.3.5 reset

function void reset( string kind = "HARD" )
Resets the semaphore that prevents concurrent access to the virtual register. This semaphore shall be explicitly

reset if a thread accessing this virtual register array was killed before the access was completed. The default
value of kind shall be "HARD".
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.4 Callbacks

.4.1 pre_write

virtual task pre write(

)

longint unsigned idx,
ref uvm reg data t wdat,
ref uvm door e path,
ref uvm reg map map

Called

If the dpecified data value, access path, or address map are modified, the updated data value, access |
addresp map are used to perform the virtual register operation.

The repistered callback methods are invoked after the invocation of this method. All'register callbal
executgd after the corresponding field callbacks. The pre-write virtual register and field'callbacks are ej

before

18.9.1

v

)
Called
If the {
The re
execut
execut

18.9.1

v

before virtualt Tegister write.

the corresponding pre-write memory callbacks.
.4.2 post_write

rtual task post write(
longint unsigned idx,
uvm reg data t wdat,
uvm_door e path,
uvm_reg map map,

ref uvm status e status

after virtual register write.

pecified status is modified, the updated status is returned by the virtual register operation.
bistered callback methods are invoked before the invocation of this method. All register callba]
pd before the correspending field callbacks. The post-write virtual register and field callba
bd after the corresponding post-write memory callbacks.

.4.3 pre_read

rtual_task pre read(

longint unsigned idx,
ref/uvm door e path,

ath, or

Cks are
tecuted

cks are
ks are

)

Called

TE€f uvm_reg _map map

before virtual register read.

If the specified access path or address map are modified, the updated access path or address map are used to
perform the virtual register operation.

The registered callback methods are invoked after the invocation of this method. All register callbacks are
executed after the corresponding field callbacks. The pre-read virtual register and field callbacks are executed

before

the corresponding pre-read memory callbacks.
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18.9.1.4.4 post_read

vi

)

Called

rtual task post read(
longint unsigned idx,
ref uvm reg data t rdat,
input uvm door e path,
input uvm_ reg map map,
ref uvm status e status

after virtual register read.

If the
virtual

The registered callback methods are invoked before the invocation of this method. All register callba
executpd before the corresponding field callbacks. The post-read virtual register and-field callba
executpd after the corresponding post-read memory callbacks.

18.9.2

The pri/post read/write callback facade class.

18.9.2
cl
18.9.2

18.9.2

v

)
Called

The re
18.9.1

pecified read back data or status is modified, the updated read back data or status is returned
register operation.

uvm_vreg_cbs

.1 Class declaration

ass uvm _vreg cbs extends uvm callback

.2 Callbacks
.2.1 pre_write

rtual task pre write(
uvm_vreg rg,

longint unsigned idxyg
ref uvm reg data t wdat,
ref uvm door e paeth,
ref uvm reg map_map

before a write operation.

bisteted callback methods are invoked after the invocation of the uvm_vreg::pre_write meth
4. All virtual register callbacks are executed after the corresponding virtual field callbacks. T|

by the

cks are

ks are

bd (see
he pre-

write Vv

rtuat register-and fictd cattbacksare executed before the corresponding pre-write Temory cat

backs.

Ifthe specified wdat value, access path, or address map are modified, the updated value, access path, or address
map are used to perform the virtual register operation.

18.9.2

.2.2 post_write

virtual task post write(

uvm_vreg rg,
longint unsigned idx,
uvm_reg data t wdat,
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uvm_door e path,
uvm_reg map map,
ref uvm status e status

)
Called after register write.
The registered callback methods are invoked before the invocation of the uvm_vreg::post_write method (see

18.9.1.4.2). All virtual register callbacks are executed before the corresponding virtual field callbacks. The
post-write virtual register and field callbacks are executed after the corresponding post-write memory callbacks.

bl 1 - Bl 14l L 1 Vs - . 1.1 al g 1 e i
Ifthe hpCL«lllCu SLAlids IS HIUUILICU, UIC upuatcu SLALUS IS ITULULTICU Uy UIC vIiItuar 165lbl51 UlJClallUll.
18.9.2.2.3 pre_read

virtual task pre read(
uvm_vreg rg,

longint unsigned idx,
ref uvm door e path,
ref uvm reg map map

)
Called|before register read.

The repistered callback methods are invoked after the invocation of the uvm_vreg::pre_read methpd (see
18.9.14.3). All virtual register callbacks are executed aftercthe corresponding virtual field callbacks. The pre-
read virtual register and field callbacks are executed befpre the corresponding pre-read memory callbpcks.

If the gpecified access path or address map are modified, the updated access path or address map are fised to
perforin the virtual register operation.

18.9.2.2.4 post_read

virtual task post read(
uvm_vreg rg,

longint unsignedsadx,
ref uvm reg data/t rdat,
input uvm doox/e path,
input uvm.¥eg map map,
ref uvmprstatus e status

)

Called|aftépregister read.

The registered callback methods are invoked before the invocation of the uvm_vreg::post_read method (see
18.9.1.4.4). All virtual register callbacks are executed before the corresponding virtual field callbacks. The
post-read virtual register and field callbacks are executed after the corresponding post-read memory callbacks.

If the specified read back rdat value or status is modified, the updated read back value or status is returned by
the virtual register operation.

18.10 uvm_vreg_field

This subclause defines the virtual field and callback classes.
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A virtual field is a set of contiguous bits in one or more memory locations. The semantics and layout of virtual
fields comes from an agreement between the software and the hardware, not any physical structures in the
DUT. uvm_reg_field is the virtual field abstraction base class.
18.10.1 Class declaration

class uvm vreg field extends uvm object

18.10.2 Methods

18.10.2.1 new

function new( string name = "uvm vreg field" )
Createp a new virtual field instance.

This npethod should not be used directly. The uvm_vreg_field::type_id::create nicthod should He used
instead.

18.1042.2 configure

fynction void configure (
uvm vreg parent,

int unsigned size,

int unsigned lsb_pos

)
This is|an instance-specific configuration.

This sgecifies the parent virtual register of this virtual field, its size in bits, and the position of its LSB within the
virtual|register relative to the LSB of the virtual register.

18.10J3 Introspection
18.1043.1 get_parent
virtual function(uym vreg get parent ()
Returng the parent ofithe virtual field.
18.10]3.2 get\lsb_pos_in_register

virtdal function int unsigned get 1sb pos in register()

Returns the position of the virtual field. Or returns the index of the LSB of the virtual field in the virtual register
that instantiates it. An offset of 0 indicates a field that is aligned with the LSB of the register.

18.10.3.3 get_n_bits
virtual function int unsigned get n bits()

Returns the width, in bits, of the virtual field.
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18.10.3.4 get_access

virtual function string get access( uvm reg map map = null )
Returns the access policy of the virtual field register when written and read via an address map.
If the memory implementing the virtual field is mapped in more than one address map, an address map shall be
specified. If access restrictions are present when accessing a memory through the specified address map, the
access mode returned takes the access restrictions into account. For example, a read-write memory accessed

through an address map with read-only restrictions returns "RO".

18.10 4 HbLaceess

18.10)4.1 write

virtual task write(

input longint unsigned idxk,

output uvm status_e status,

input uvm reg data t value,

input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm sequence base parent = null,
input uvm object extension = null,

input string fname = "",

input int lineno = 0

This writes the value in the DUT memory location(s){specified by idx) that implements the virtual figld that
corresponds to this abstraction class instance usingithe specified access path. The filename (fname) apd line
numbey (/ineno) arguments are available for an implementation to use for debug purposes only; their valpie shall
have np functional effect on the outcome of this method. The default value of lineno shall be 0. See 18.6{5.1 for
additignal information.

18.10/4.2 read

virtual task read(

input longint-~unsigned idx,

output uvm_status e status,

output uvm\reg data t value,

input uvmhsdoor e path = UVM DEFAULT DOOR,
inputevm reg map map = null,

input) uvm sequence base parent = null,

Impdt uvm object extension = null,

input string fname = "",
input int lineno = 0

This reads from the DUT memory location(s) (specified by idx) that implements the virtual field that
corresponds to this abstraction class instance using the specified access path and returns the read back value. The
filename (frame) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of
lineno shall be 0. See 18.6.5.2 for additional information.
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18.10.4.3 poke

virtual task poke(

input longint unsigned idx,
output uvm status e status,
input uvm reg data t value,

input uvm_ sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

This d
corresj
numbe
have n
additig

18.10

v

This s
corresj
The fil

purpos
lineno

18.10

18.10

v

pposits the value in the DUT memory location(s) (specified by idx) that implements the wirtu
onding to this abstraction class instance using the specified access path. The filename (fitame) 4
I (lineno) arguments are available for an implementation to use for debug purposes only; théir val
b functional effect on the outcome of this method. The default value of /ineno shallbe07See 18.6
nal information.

4.4 peek

rtual task peek(

input longint unsigned idx,
output uvm_status_ e status,
output uvm reg data t value,

input uvm sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

hmples from the DUT memory logation(s) (specified by idx) that implements the virtug
onding to this abstraction class instance using the specified access path and returns the read bacl
ename (frame) and line number (Ji7eno) arguments are available for an implementation to use fo
es only; their value shall have no functional effect on the outcome of this method. The default v
shall be 0. See 18.6.5.6 for additional information.

5 Callbacks
5.1 pre_writfe
rtualetask pre write(

longiht unsigned idx,
ref/uvm reg data t wdat,

hl field
nd line
he shall
5.5 for

1 field
C value.
- debug
alue of

Called

ref uvm door e path,
ref uvm reg map map

before virtual field write.

If the specified data value, access path, or address map are modified, the updated data value, access path, or
address map are used to perform the virtual register operation.
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The virtual field callback methods are invoked before the callback methods on the containing virtual register.
The registered callback methods are invoked after the invocation of this method. The pre-write virtual register

and fie

18.10.

1d callbacks are executed before the corresponding pre-write memory callbacks.

5.2 post_write

virtual task post write(

longint unsigned idx, uvm reg data t wdat,
uvm_door e path,

uvm_reg map map,

ref uvm status e status

)
Called
If the {
The vii
registe
and fig

18.10

v

)
Called

If the {

perforin the virtual register operation,

The vi
registe
field ¢

18.10

v

after virtual field write.

pecified status is modified, the updated status is returned by the virtual register operation.

tual field callback methods are invoked after the callback methods on the containing virtual regist
ld callbacks are executed after the corresponding post-write memory,callbacks.

5.3 pre_read

rtual task pre read(

longint unsigned idx,

ref uvm door e path,

ref uvm reg map map

before virtual field read.

pecified access path or address mgp are modified, the updated access path or address map are
tual field callback methods are invoked after the callback methods on the containing virtual regist
red callback methods areinvoked after the invocation of this method. The pre-read virtual regig
llbacks are executed before the corresponding pre-read memory callbacks.
5.4 post_read

rtual “task post read(

longint unsigned idx,
ref uvm reg data t rdat,

er. The

Fed callback methods are invoked before the invocation of this method. The)post-write virtual fegister

hsed to

er. The
ter and

)

Called

TVm_Jdoor_& patt,
uvm_reg map map,
ref uvm status e status

after virtual field read.

Ifthe specified read back data rdat or status is modified, the updated read back data or status is returned by the

virtual

register operation.
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The virtual field callback methods are invoked after the callback methods on the containing virtual register. The
registered callback methods are invoked before the invocation of this method. The post-read virtual register and
field callbacks are executed after the corresponding post-read memory callbacks.

18.10.6 uvm_vreg_field_cbs

The pre/post read/write callback facade class.

18.10.6.1 Class declaration

virtual class uvm vreg field cbs extends uvm callback

18.1046.2 Callbacks

18.10)6.2.1 pre_write

virtual task pre write(
uvm vreg field field,
longint unsigned idx,
ref uvm reg data t wdat,
ref uvm door e path,

ref uvm reg map map

)
Called|before a write operation.

The repistered callback methods are invoked before the invocation of the virtual register pre-write callbacks
and affer the invocation of the uvm_vreg_field::pre.write method (see 18.10.5.1).

If the specified wdat value, access path, or addressmap are modified, the updated value, access path, or address
map atfe used to perform the register operation:

18.10)6.2.2 post_write

virtual task post write(
uvm _vreg field fdéeld,
longint unsigned)idx,
uvm reg data €/wdat,
uvm_door _e\path,
uvm_reg-uwap map,

ref uvin-Status e status

)

Called after a write operation.

The registered callback methods are invoked after the invocation of the virtual register post-write callbacks and
before the invocation of the uvm_vreg_field::post_write method (see 18.10.5.2).

If the specified status is modified, the updated status is returned by the operation.

18.10.6.2.3 pre_read

virtual task pre read(
uvm vreg field field,
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longint unsigned idx,
ref uvm door e path,
ref uvm reg map map

before a virtual field read.

The registered callback methods are invoked after the invocation of the virtual register pre-read callbacks and
after the invocation of the uvm_vreg_field::pre_read method (see 18.10.5.3).

If the specified access path or address map are modified, the updated access path or address map are used to

perfornu ther CgiotCL OpTT attor:

18.10

v

)
Called

There
before

Ifthe s
operat

18.11

This syibclause defines the base class used for all register callback extensions. It also includes pre

callbag
registe

18.11

cl

18.11

6.2.4 post_read

rtual task post read(

uvm vreg field field,

longint unsigned idx,

ref uvm reg data t rdat,
uvm_door e path, uvm reg map map,
ref uvm status e status

after a virtual field read.

bistered callback methods are invoked after the invoeation of the virtual register post-read callba
the invocation of the uvm_vreg_field::post_readmethod (see 18.10.5.4).

pecified read back data rdat or status is modified, the updated read back data or status is returned
on.

uvm_reg_cbs
k extensions for use ontead-only and write-only registers. uvm_reg_cbs is the facade class fo
I, memory, and backdeor access callback methods.
1 Class declaration

ass uvm_reg cbs extends uvm callback

2 Methods

tks and

by the

lefined
r field,

18.11.

2.1 new

function new( string name="uvm reg cbs" )

This creates an instance of the register call back class with the specified name.

18.11.

2.2 pre_write

virtual task pre write( uvm reg item rw )

Called

before a write operation.
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All registered pre_write callback methods are invoked after the invocation of the pre_write method of
associated object (uvm_reg_backdoor [see 19.5], uvm_reg [see 18.4], uvm_reg field [see 18.5], or

uvm_
a)

b)

The rv argument holds information about the operation.

If the
19.1.1

18.11

virtual task post write( uvm reg item.kw )

Called|after a write operation.

mem [see 18.6]).

Back door—uvm_reg_backdoor::pre_write (sece 19.5.2.11) and uvm_reg_cbs::pre_write callbacks
for back door.

Register—uvm_reg::pre_write (see 18.4.8.1) and uvm_reg_cbs::pre_write callbacks for reg; then
for each field: uvm_reg_field::pre_write (see 18.5.6.1) and uvm_reg_cbs::pre_write callbacks for
field. When the element being written is a uvm_reg, all pre_write callback methods are invoked
before the contained uvm_reg_fields.

r field.

Memory—uvm_mem::pre_write (see 18.6.9.1) and uvm_reg_cbs::pre_write callbackS)ferfmem.

Modifying the value modifies the actual value written.
For memories, modifying the offset modifies the offset used in the operation,

For non-backdoor operations, modifying the access path or address,ap modifies the actual path or
map used in the operation.

(w.status is modified to anything other than UvM IS OK (see,17.2.2.1), the operation is abort¢d. See
for more details on rw.

2.3 post_write

All regdistered post_write callback methodsare invoked before the invocation of the post_write method of
associgted object (uvm_reg_backdoor [see 19.5], uvm_reg [see 18.4], uvm_reg field [see 1§.5], or

uvim_mem [see 18.6]).

a)

b)

<)
d)

Back door—uvm_reg, cbs::post_write callbacks for back door, uvm_reg_backdoor::post| write
(see 19.5.2.12).

Register—uvm_(reg_cbs::post_write callbacks for reg, uvm_reg::post_write (see 18.4.8.2); fhen for
each field: uvm reg_cbs::post_write callbacks for field, uvm_reg_field::post_write (see 18{5.6.2).
When the €lement being written is a uvm_reg, all post_write callback methods are invoked before the
containgd nvm_reg_fields.

RegField—uvm_reg_cbs::post_write callbacks for field, uvm_reg_field::post_write (see 185.6.2).
2).

The rw argument holds information about the operation.

Modifying the status member modifies the returned status.

Modifying the value or offset members has no effect, as the operation has already completed.

See 19.1.1 for more details on rw.

18.11.2.4 pre_read

virtual task pre read( uvm reg item rw )
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Called before a read operation.

All registered pre_read callback methods are invoked after the invocation of the pre_read method of
associated object (uvm_reg_backdoor [see 19.5], uvm_reg [see 18.4], uvm_reg field [see 18.5], or
uvm_mem [see 18.6]).

a)  Back door—uvm_reg_backdoor::pre_read (sce 19.5.2.9) and uvm_reg_cbs::pre_read callbacks for
back door.

b) Register—uvm_reg::pre_read (sec 18.4.8.3) and uvm_reg_cbs::pre_read callbacks for reg; then for
each field: uvm_reg_field::pre_read (see 18.5.6.3) and uvin_reg_cbs::pre_read callbacks for field.
When the element being written is a uvin_reg, all pre_read callback methods are invoked before the
contained uvm_reg_fields.

c) | RegField—uvm_reg_ field::pre_read (see 18.5.6.3) and uvm_reg_cbs::pre_read callbacks f¢r field.
d) | Memory—uvm_mem::pre_read (see 18.6.9.3) and uvm_reg_cbs::pre_read callbacks for mem.

The rv argument holds information about the operation.

— | The value member of 7w is not used and has no effect if modified.
— | For memories, modifying the offset modifies the offset used in the gperation.

— | For non-backdoor operations, modifying the access path or address map modifies the actual path or
map used in the operation.

If the pw.status is modified to anything other than UVM IS Or((se€ 17.2.2.1), the operation is abortg¢d. See
19.1.1 |for more details on rw.

18.11)2.5 post_read
virtual task post read( uvm reg item rw )
Called|after a read operation.

All registered post_read callback methods are invoked before the invocation of the post_read method of
associgted object (uvm_reg_backdpor [see 19.5], uvm_reg [see 18.4], uvm_reg field [see 1§.5], or
uvm_mem [see 18.6]).

a) | Back door—uvm ‘reg_cbs::post_read callbacks for back door, uvm_reg_backdoor::posft_read
(see 19.5.2.109,

b) | Register—uvin_reg_cbs::post_read callbacks for reg, uvm_reg::post_read (see 18.4.8.4); then for
each field) uvm reg cbs::post read callbacks for field, uvm_reg_field::post_read (see 18[5.6.4).
When'the element being written is a uvm_reg, all post_read callback methods are invoked beflore the
contained uvm_reg_fields.

c) RegField—uvm_reg_cbs::post_read callbacks for field, uvim_reg_Tield::post_read (see_13.5.6.4).

d) Memory—uvm_reg_cbs::post_read callbacks for mem, uvm_mem::post_read (see 18.6.9.4).
The rw argument holds information about the operation.

— Modifying the read back value or status modifies the actual returned value or status.

— Modifying the value or offset members has no effect, as the operation has already completed.

See 19.1.1 for more details on rw.
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18.11.

2.6 post_predict

virtual function void post predict(

)

Called
UVM |

previo
modifi

18.11
v
This i}
The re
18.11.
pre_w
By def
18.11
v
This i}
There
(see 1§

post_1]

There
the end

By def]

input uvm reg field fld,
input uvm reg data t previous,
inout uvm reg data t wvalue,
input uvm predict e kind,
input uvm door e path,

input uvm_ reg map map

d..pred Metnod € 158.0.0. d
E prediction (see 17.2.2.8).

Dy Te UVIm_Teg_
PREDICT_WRIT

s is the previous value in the mirror and value is the latest predicted value. Any-change t
bs the predicted mirror value.

2.7 encode

rtual function void encode( ref uvm reg data t data[J.))

a data encoder.

oistered callback methods are invoked in order of registration after all the pre_write metho
p.2) have been called. The encoded data is passed through each invocation in sequence. This all
rite methods to deal with clear-text data.

hult, the data is not modified.

2.8 decode

rtual function void decodefcref uvm reg data t datal] )

a data decoder.

bistered callback methedsare invoked in reverse order of registration before all the post_read
.11.2.5) are called. The decoded data is passed through each invocation in sequence. This alld

ead methods to_deal' with clear-text data.

bersal of the iivocation order is to allow the decoding of the data to be performed in the opposite
oding, with’both operations specified in the same callback extension.

pulty the data is not modified.

RILAD or

value

s (see
ws the

ethods
ws the

rder of

18.11.

3 Types

For a description of the convenience callback types for uvm_reg_cbs, see D.4.5.

18.11.

4 uvm_reg_read_only_cbs

This is a predefined register callback class for read-only registers that generates an error if a write operation is

attemp

ted.
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4.1 Class declaration

class uvm _reg read only cbs extends uvm reg cbs

18.11.

18.11.

4.2 Methods

4.2.1 pre_write

virtual task pre write( uvm reg item rw )

Generates an error message and sets status to UVM_NOT_OK (see 17.2.2.1).

18.11

s

Adds

18.11

s

Remox

18.11

This is
1S atter

18.11

cl

18.11

18.11

v

Gener4

18.11

4.2.2 add

atic function void add( uvm reg rg )

his callback to the specified register and its contained fields.

4.2.3 remove

atic function void remove( uvm reg rg )

es this callback from the specified register and its contained fields.
5 uvm_reg_write_only_cbs

a predefined register callback method for write-only registers that generates an error if a read op
hpted.

5.1 Class declaration

ass uvm_reg write only cbs“extends uvm reg cbs
5.2 Methods

5.2.1 pre_read

rtual task presread( uvm reg item rw )

tes an errer.message and sets status to UVM_NOT_OK (see 17.2.2.1).

5.2.2 add

eration

static runction void add( uvim_reg rg )

Adds this callback to the specified register and its contained fields.

18.11.

5.2.3 remove

static function void remove( uvm reg rg )

Removes this callback from the specified register and its contained fields.

Published by IEC under licence from IEEE. © 2020 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=f6e9cee893ac817775ae5e10837c0566

IEC 62530-2:2023 © IEC 2023
IEEE Std 1800.2™-2020 - 339 -

18.12 uvm_mem_mam

The memory allocation management utility class is similar to C’s malloc and free functions. A single
instance of this class is used to manage the exclusive allocation of consecutive memory locations called
regions. The regions can subsequently be accessed like little memories of their own, without knowing in which
memory or offset they are actually located.

The memory allocation manager should be used by any application-level process that requires reserved space in
the memory, such as DMA buffers.

A region shall remain reserved until it is explicitly released.

18.12]1 Class declaration
class uvm mem mam
18.12)2 Types
18.12)2.1 alloc_mode_e
typedef enum {GREEDY, THRIFTY} alloc mode e
The mgmory allocation mode.
Specifies how to allocate a memory region.

GREEDY—Consume new, previously unallocated-memory.

THRIFTY—Reuse previously released memary-as much as possible.
18.122.2 locality_e
typedef enum {BROAD, NEARBYJ}. locality e
Locatipn of memory regions.
Specifies where to locate new\memory regions.

BROAD—Locate.new regions randomly throughout the address space.

NEARBY-=[Jocate new regions adjacent to existing regions.

18.12)3 Variables

default_alloc

uvm mem mam policy default alloc
This is the region allocation policy.

This object is repeatedly randomized when allocating new regions.
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4 Methods

4.1 new

function new(

string name,
uvm mem mam cfg cfg,
uvm _mem mem = null

Creates a new manager instance of a memory allocation manager with the specified name and configuration.

This ir
descrif

If are
access

SLAIICCT ulauagcb dll ulClllUl_y 1cgluu dlIOCdUIOII WIUILIT UIC dUUITSS Laugc bpcuucu 11T UIC L,Uullg
tor.

ference to a memory abstraction class is provided, the memory locations within the regions
bd through the region descriptor, using the uvm_mem_region::read (sce ,18.12.7.2.

uvm_mnem_region::write (see 18.12.7.2.8) methods. See 18.12.9 for more details on‘efg!

18.12

£y
Recon
This m)
allocat]

manag

This re
config

18.12
18.12

fu

Reserv

4.2 reconfigure

nction uvm mem mam cfg reconfigure( uvm mem mam cfgvCfg = null )

figures the manager.

odifies the maximum and minimum addresses of the addré§s space managed by the allocation m
on mode, or locality. The number of bytes per memory,location cannot be modified once an all

br has been constructed. All currently allocated regions must fall within the new address space

turns the previous configuration. If no new gonfiguration is specified, this simply returns the
hration.

5 Memory management

5.1 reserve_region

nction uvm mem region reserve region (
uvm_reg addr t(start offset,

int unsigned ‘n bytes,

string fname“= "",
int linen® = 0

es‘a’specific memory region of the specified number of bytes starting at the specified offset. A de

nration

can be
)) and

hnager,
cation

current

criptor

of the

q . . 4 R A ) o . + 1 | 17 o 4 q T £
ANl Av v lUslUll IS TUTULTICUL, 11T UIv DPU\.«ILICU ICEIULL LCaAllIot UC ICSCIVUOU, 7IUIT 15 TULULIICU,  TIIC 11

€name

(fname) and line number (/ineno) arguments are available for an implementation to use for debug purposes
only; their value shall have no functional effect on the outcome of this method. The default value of lineno shall

be 0.

It may not be possible to reserve a region because it overlaps with an already allocated region or it lies outside
the address range managed by the memory manager.

Regions can be reserved to create “holes” in the managed address space.
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18.12.

5.2 request_region

function uvm mem region request region(

)

int unsigned n_bytes,

uvm _mem mam policy alloc = null,
string fname = "",
int lineno = 0

Requests and reserves a memory region of the specified number of bytes starting at a random location. If a
policy is specified, it is randomized to determine the start offset of the region. If no policy is specified, the

policy

(fnamd) and line number (lineﬁo) arguments are available for an implementation to use for debug py

only; t
be 0.

A desg

It may
locatiog

18.12
fu

Releas
previo

18.12

£y
Forcib
18.12

18.12

eir value shall have no functional effect on the outcome of this method. The default value 0f\/ine

riptor of the allocated region is returned. If no region can be allocated, null is returned.

not be possible to allocate a region because there is no area in the memory)with enough cons

5.3 release_region
nction void release region( uvm mem region~xegion )

s a previously allocated memory region. An error shallbe generated if the specified region has nj
isly allocated or is no longer allocated. See 18.12.7 for more details on region.

5.4 release_all_regions

nction void release all regions ()
y releases all allocated memoryregions.

6 Introspection

6.1 convert2string

ns to meet the size requirements or there is another contradiction when randomizing the policy].

ename
rposes
yo shall

Ecutive

ot been

egions.

fynction string convert2string()
Createp a human=readable description of the state of the memory manager and the currently allocated r
18.12/6.2for_each

function uvm mem region for each( bit reset = 0 )

This iterates over all currently allocated regions.

If reset is TRUE, this resets the iterator and returns the first allocated region. It returns null when there are no
additional allocated regions to iterate. The default value of reset shall be 0, which is FALSE.

18.12.

6.3 get_memory

function uvm mem get memory ()
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Returns the managed memory implementation.

This returns the reference to the memory abstraction class for the memory implementing the locations managed
by this instance of the allocation manager. It returns null if no memory abstraction class was specified at
construction time.

18.12.7 uvm_mem_region
Each instance of this class describes an allocated memory region. Instances of this class are created only by the

memory manager and returned by the uvm_mem_mam::reserve region (see 18.12.5.1) and
uvm_mem_mam::request_region (see 18.12.5.2) methods.

18.12]7.1 Class declaration
class uvm mem region
18.12)7.2 Methods
18.127.2.1 get_start_offset
fynction uvm reg addr t get start offset ()
Returng the start offset of the region.
This rqturns the address offset, within the memory, where this memory region starts.
18.12]7.2.2 get_end_offset
fynction uvm reg addr t get end offset ()
Returng the end offset of the region.
This rdturns the address offset, within the-memory, where this memory region ends.
18.12)7.2.3 get_len
function int unsigned get len()
The sife of the memery'region.
This rdturns the. aumber of consecutive memory locations (not necessarily bytes) in the allocated region.

18.127.24 get_n_bytes

function int unsigned get n bytes()
The number of bytes in the region.
This returns the number of consecutive bytes in the allocated region. If the managed memory contains more
than one byte per address, the number of bytes in an allocated region may be greater than the number of
requested or reserved bytes.

18.12.7.2.5 release_region

function void release region()
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Releases this region.

18.12.

7.2.6 get_memory

function uvmm_mem get memory ()

Return:

s the memory where the region resides.

This returns a reference to the memory abstraction class for the memory implementing this allocated memory
region. It returns nul/ if no memory abstraction class was specified for the allocation manager that allocated this

region.

18.12

fu

Return

This rg
if the 1

18.12

t3

Writes|
memof
filenar
purpos
lineno

18.12

7.2.7 get_virtual_registers
nction uvm vreg get virtual registers()
s the virtual register array in this region.

turns a reference to the virtual register array abstraction class implemented'inythis region. It retus
hemory region is not known to implement virtual registers.

7.2.8 write

sk write(

output uvm status e status,

input uvm reg addr t offset,

input uvm reg data t value,

input uvm door_ e path = UVM DEFAULT\ DPOOR,
input uvm reg map map = null,

input uvm_sequence base parent & null,

input int prior = -1,

input uvm object extension™= null,

input string fname = "¢

input int lineno = 0

to the memory location that corresponds to the specified offsef within this region. This requires

y abstraction class-be associated with the memory allocation manager that allocated this regidg
(e (fname) an@dline number (/ineno) arguments are available for an implementation to use for
es only; their{value shall have no functional effect on the outcome of this method. The default v
shall be'0:-See 18.6.5.1 for additional information.

7.2.9 read

ns null

hat the
n. The
debug
alue of

task read(

output uvm status e status,

input uvm reg addr t offset,

output uvm reg data t value,

input uvm door_ e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input uvm_ sequence base parent = null,
input int prior = -1,

input uvm object extension = null,

input string fname = "",
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Reads from the memory location that corresponds to the specified offset within this region. This requires that the
memory abstraction class be associated with the memory allocation manager that allocated this region. The
filename (frame) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of
lineno shall be 0. See 18.6.5.2 for additional information.

18.12.7.2.10 burst_write

t3

Writes|
memot
filenan

purpos
lineno

18.12

t3

Sk—burst—writet

output uvm_status_ e status,

input
input
input
input
input
input
input
input
input

uvm_reg addr t offset,

uvm reg data t valuel],

uvm_door e path = UVM DEFAULT DOCR,
uvm reg map map = null,
uvm_sequence base parent = null,
int prior = -1,

uvm object extension = null,
string fname = "",

int lineno = 0

to the memory locations that corresponds to the specified burst within this region. This requires that the
y abstraction class be associated with the memory allocation manager that allocated this regign. The
e (fname) and line number (/ineno) arguments are,available for an implementation to use for|debug
es only; their value shall have no functional efféet'on the outcome of this method. The default vialue of
shall be 0. See 18.6.5.3 for additional information.

7.2.11 burst_read

sk burst read(

output uvm_status e gtatus,

input

uvm_reg addr t, offset,

output uvm reg data t valuel[],

input
input
input
input
input
input
inptt

uvm_doox ‘\e/path = UVM DEFAULT DOOR,
uvm_reg -map map = null,

uvmyseéquence base parent = null,
imtvprior = -1,
avm object extension = null,

string fname = "",
int lineno = 0

Reads from the memory locations that corresponds to the specified burst within this region. This requires that
the memory abstraction class be associated with the memory allocation manager that allocated this region. The
filename (frname) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of
lineno shall be 0. See 18.6.5.4 for additional information.
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18.12.7.2.12 poke

task poke (

output uvm status e status,

input uvm reg addr t offset,

input uvm reg data t value,

input uvm_ sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

Depos

This r¢quires that the memory abstraction class be associated with the memory allocation,'manag
allocatpd this region. The filename (fname) and line number (/ineno) arguments are-~available
implementation to use for debug purposes only; their value shall have no functional effeet.on’the outc

this md
18.12

t3

Sampl
memot

thod. The default value of /ineno shall be 0. See 18.6.5.5 for additional infornfation.
7.2.13 peek

sk peek(

output uvm_ status_ e status,
input uvm reg addr t offset,
output uvm reg data t value,

input uvm sequence base parent = null,
input uvm object extension = null,
input string fname = "",

input int lineno = 0

y abstraction class be associated with the memory allocation manager that allocated this regig

ts the specified value in the memory location that corresponds to the specified offset withinthis'fegion.

er that
for an

bme of

s the memory location that corresponds to the specified offset within this region. This requires fhat the

n. The

filename (fname) and line number (/inéno) arguments are available for an implementation to use for] debug
purposes only; their value shall haye no functional effect on the outcome of this method. The default vialue of
linenoshall be 0. See 18.6.5.6 for additional information.

18.12)8 uvm_mem_mam. policy

An insfance of this ¢lass is randomized to determine the starting offset of a randomly allocated memory|region.
This class can be-eXtended to provide additional constraints on the starting offset, such as word alignipent or
location of the'reégion within a memory page. If a procedural region allocation policy is required, itcan be
implemhented i the pre randomize/post randomize method.

18.12.8 1 Class declaration

class uvm mem mam policy

18.12.8.2 Variables

18.12.8.2.1 len

int unsigned len

The number of addresses required.
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18.12.8.2.2 start_offset

rand uvm reg addr t start offset
The starting offset of the region.
18.12.8.2.3 min_offset

uvm_reg addr t min offset

The minimum address offset in the managed address space.

18.12/8.2.4 max_offset
uym reg addr t max offset
The mgiximum address offset in the managed address space.
18.12/8.2.5 in_use
uym mem_region in use[$]
The regions already allocated in the managed address space. in_useSshall be a queue.
18.12J9 uvm_mem_mam_cfg

This specifies the memory managed by an instance of a wym_mem_mam memory allocation managgr class
(see 14.12).

18.12)9.1 Class declaration
class uvm _mem mam cfg
18.12)9.2 Variables
18.12/9.2.1 n_bytes
rdqnd int unsigned n bytes
The nymber of bytes in each memory location.

18.12)9.2.2 start_offset

rand uvim_reg addr T start _olisec
The starting address of managed space.
18.12.9.2.3 end_offset

rand uvm reg addr t end offset

The last address of managed space.
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18.12.9.2.4 mode

rand uvm _mem mam::alloc mode e mode

The re

gion allocation mode.

18.12.9.2.5 locality

rand uvm mem mam::locality e locality

The region location mode.

19.

19.1

This s
operat
addres

19.1.1

Define

egister layer interaction with the design

eneric register operation descriptors
bclause defines the abstract register transaction item. It also defines a descriptor for a physi
t/data/rw operation to a bus-independent, canonical 7w operation.

uvm_reg_item

tal bus

on that is used by uvm_reg_adapter subtypes (see 19.2.1) to convert’from a protocol-gpecific

5 an abstract register transaction item. No bus-specific information is present, although a handle to a

uvim_ieg map (see 18.2) is provided in case a user wishe¢s to implement a custom address translation

algorit
19.1.1

c]
19.1.1

19.1.1

v
v

m.

.1 Class declaration

ass uvm reg item extends uvm se€quence item
.2 Methods for item use

.2.1 Element kind

rtual function y@id set element kind (uvm elem kind eelement kind)
rtual functiom'uwm elem kind e get element kind()

Kind o
shall

get_element Kind prior to any set_element_Kkind call is undefined.

19.1.1.2.2 Element

element beingaccessed: UVM_REG, UVM_MEM, or UVM_FIELD (see 18.2.5). get_element Kkind

eturn the~most recent element kind assigned via set_element kind. The value retury

ed by

virtual function void set element (uvm object element)

virtual function uvm object get element ()

A handle to the RegModel model element associated with this transaction. Use the element kind (see
19.1.1.2.1) to determine the type to cast to: uvm_reg (see 18.4), uvm_mem (see 18.6), or uvm_reg_field (see
18.5). get_element shall return the most recent element assigned via set_element. The value returned by
get_element prior to any set_element call shall be null.
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19.1.1.2.3 Kind

virtual function void set kind (uvm_access_e kind)
virtual function uvm access e get kind()

Kind of access: UVM_READ, UVM_WRITE, UVM_BURST_READ, or UVM_BURST_WRITE (sce
17.2.2.6). get_kind shall return the most recent kind assigned via set_kind. The value returned by get_kind
prior to any set_kind call is undefined.

19.1.1.2.4 Data value

viTtuoar function void Set_varue
uvm_reg data t value,
int unsignedidx=0

virtual function uvm reg data t get value (int unsigned idx=0)

virtual function void set value size (int unsigned sz)

virtual function int unsigned get value size()

virtual function void set value array (const ref uvm reg¥data tvaluel])
virtual function void get value array (ref uvm reg date/t valuel[])

The vdlue to write to, or after completion, the value read from the DUT:

get_value_size shall return the size of the item’s internal value array,/By default, the item stores a singlp value
elemert (i.e., get_value_size returns 1). Burst operations maychange the size of the item’s internal valye array
using get_value_size. Data values at indexes less than szcare unaffected by set_value_size. Any ngw data
values|created by passing a sz greater than the current get, value_size shall be initialized to 0.

A warnjing message shall be issued if the idx of set _value is equal to or greater than the current get_value_size,
and thq request shall be ignored. If get_value is called with an idx equal to or greater than get_value_size, then
a warnjing message shall be issued and 0 shall be returned.

Additipnally, methods are provided.for,efficiently getting or setting item value(s) using dynamic [arrays.
set_value_array shall be functionally-equivalent to calling set_value_size, followed by set_value for each
value | in the value array.. get value array shall be functionally equivalent to [calling
new[iftem.get value sizel‘on value and then passing in the values returned by get_value.

19.1.1.2.5 Offset

virtual fuagction void set offset (uvm reg addr t offset)
virtual.fuhction uvm reg addr t get offset()

For mgmofty accesses, the offset address. For bursts, the starting offset address. get_offset shall return the most
recent gjfser assigned via set_otiset. I1c valuc returned by get_olfSet prior to aiy set_offset call 15 U.

19.1.1.2.6 Status

virtual function void set status (uvm status e status)
virtual function uvm status e get status()

The result of the transaction: UVM_IS_OK, UVM_HAS_X, or UVM_NOT_OK (see 17.2.2.1). get_status
shall return the most recent status assigned via set_status. The value returned by get_status prior to any
set_status call is undefined.
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19.1.1.2.7 Local map

virtual function void set local map (uvm reg map map)
virtual function uvm reg map get local map ()

The local map used to obtain addresses. Users may customize address-translation using this map. Access to the
sequencer and bus adapter can be obtained by retrieving this map’s root map, then calling
uvim_reg_map::get_sequencer (see 18.2.4.8) and uvm_reg_map::get_adapter (see 18.2.4.9). get_local_map
shall return the most recent map assigned via set_local_map. The value returned by get_local_map prior to
any set_local_map call is null.

19.1.12-8-Map

virtual function void set map (uvm reg map map)
virtual function uvm reg map get map ()

The orlginal map specified for the operation. The actual map used may differ when a testorsequence written at

the block level is reused at the system level. get_map shall return the most recent megp.assigned via sef_map.
The vdlue returned by get_map prior to any set_map call is null.

19.1.1.2.9 Door

virtual function void set door (uvm door e doox)
virtual function uvm door e get door ()

The ddor being used (see 17.2.2.2). get_door shall return, the most recent door assigned via set_dogr. The
value feturned by get_door prior to any set_door call is,undefined.

19.1.1.2.10 Parent sequence

virtual function void set parent' sequence (uvm sequence base parent)
virtual function uvm sequencérbase get parent sequence ()

The sefjuence from which the operation originated. get_parent_sequence shall return the most recent|parent
assign¢gd via set_parent sequence. The value returned by get parent_sequence prior to any
set_palrent_sequence call iszu/l.

19.1.1.2.11 Priority

virtual funCtion void set priority (int value)
virtual Munction int get priority()

The prigrity requested of this transfer, as defined by uvm_sequence_base::start_item (see 14[2.6.2).
t H it haoll $ +l 4 + ) 3 P2 T vS 323 it Tl 1 4o d 1 vS 37 't
ge _pl LAV ll‘y OIIAIT TUTUTIT LIV THUSUTITIVULUIIU Vi T MDDISII\J\J via B\rl_l.'l VT ll‘y . TIICU VAIuv I1viuriivey Ll.y S\rt lorl y

prior to any set_priority call is -1.

19.1.1.2.12 Extension

virtual function void set extension (uvm object extension)
virtual function uvm object get extension()

A handle to optional user data, as conveyed in the call to write, read, mirror, or update, which is used to

trigger the operation. get_extension shall return the most recent extension assigned via set_extension. The
value returned by get_extension prior to any set_extension call is nul/l.
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19.1.1.2.13 Backdoor kind

virtual function void set bd kind (string bd kind)
virtual function string get bd kind()

When path is UvM_BACKDOOR (see 19.1.1.2.9), this member specifies the abstraction kind for the backdoor
access, e.g., "RTL". get_bd_kind shall return the most recent bd kind assigned via set_bd_kind. The value
returned by get_bd_kind prior to any set_bd_Kkind call is an empty string ("").

19.1.1.2.14 File name

virtual function void set_ fname (String Iname)
virtual function string get fname ()

The file name from where this transaction originated, if provided at the call site. get_fname shall retpirn the
most r¢cent frame assigned via set_fname. The value returned by get_fname prior to any-set”fname call is an
empty [string (" ").

19.1.1.2.15 Line number

virtual function void set line (int line)
virtual function int get line()

The lije number from where this transaction originated, if proyided at the call site. get_line shall retprn the
most r¢cent /ine assigned via set_line. The value returned by.get: line prior to any set_line call is 0.

19.1.1[.3 Methods for item sub-typing
19.1.1.3.1 new

fynction new( string name = "X )
Createp a new instance of this type, giving it the optional name.
19.1.1.3.2 convert2string

virtual functiom\string convert2string/()
Returng a string shewing the contents of this transaction.

19.1.2 uvm_reg_bus_op

A strugt'that defines a generic bus transaction for register and memory accesses, having kind (read orfwrite),
address, data, and byfe enable information. 1he uvm_reg_bus_op is passed to the reg2bus() method of the
uvm_reg_adapter (see 19.2.1.2.5) by the uvm_reg_map when initiating a frontdoor register or memory
access, and is passed to the bus2reg() method of the uvm_reg_adapter (see 19.2.1.2.6) by the uvm_reg_map
when processing a read response, or by the predictor when receiving a bus analysis transaction, on completion
of a frontdoor bus cycle.

Both the register adapter and the register map should be aware of the endianness and bus width of the target bus
interface, and the adapter should take this information into account when processing uvm_reg_bus_op structs
and target bus sequence_items.
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Ifthe bus byte-width setting in the address map is narrower than the register or memory location being accessed,
there shall be multiples of these bus operations for every abstract uvm_reg_item transaction (see 19.1.1). In
this case, data represents the portion of uvm_reg_item::value (see 19.1.1.2.4) being transferred during this bus
cycle. If the bus is wide enough to perform the register or memory operation in a single cycle, data is the same
as the uvm_reg_item::value.

uvm_reg_bus_op has the following Properties.

19.1.2.1 kind

uvm_access_e kind

The ki
19.1.2
uy

This is
extens
If the v
value d
structs
subseq

19.1.2
u\

The da
bus wi
transfe
19.1.2

irf
The ny
19.1.2

uy

hd of access: READ or WRITE.

.2 addr

m reg addr t addr

on as the basis of a bus transaction.
hidth of the register is equal to or less than the bus width configurediin the address map, then the

will be processed by the adapter for one register or memaory access, and after the first addre
uent address offset shall be data aligned, calculated to take into account the endianness and bus|

.3 data

m_reg data t data
ta to write or read, aligned with the address, according to endianness and address map bus widtl
{th is smaller than the register or methory width, data represents only the portion of value that i
rred this bus cycle.

.4 n_bits

t n bits

mber of bits of Uvin_reg_item::value (see 19.1.1.2.4) being transferred by this transaction.

.5 byte.'en

mireg byte en t byte en

the bus address, address, calculated by the uvm_reg_map and should be used by the uvm_reg_adapter

ddress

orresponds to the offset of the register or memory location. Otherwise, two or more uvm_reg_hus_op

bs each
width.

. Ifthe
5 being

Specifies the enables for the byte lanes on the bus, as with the data, aligned to the address.

19.1.2.6 status

uvm status e status

The result of the transaction: UVM_IS_OK, UVM_HAS X, or UVM_NOT _OK. See 17.2.2.1.
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19.2 Classes for adapting between register and bus operations

This subclause defines the classes used to convert transaction streams between generic register address/data
reads and writes and physical bus accesses.

19.2.1 uvm_reg_adapter

This class defines an interface for converting between a uvim_reg_bus_op (see 19.1.2) and a specific bus
transaction.

19.2.1.1 Class declaration

virtual class uvm reg adapter extends uvm object
19.2.1.2 Common methods
19.2.1.2.1 new
fynction new( string name = "" )
Createp a new instance of this type, giving it the optional name.
19.2.11.2.2 supports_byte_enable
bit supports byte enable
Specifies this bit in extensions of this class if the bus protocol supports byte enables.
19.2.1.2.3 provides_responses
bit provides responses
Specifies this bit in extensions of this e¢lass if the bus driver provides separate response items.
19.2.1.2.4 parent_sequence
uym sequence base_parent sequence

Speciffes this membérin extensions of this class if the bus driver requires bus items be executed via a pafticular
sequerice base typel. The sequence assigned to this member needs to implement do_clone.

19.2.1.2.5(reg2bus

pure virtual Tunction uvm sequence item regZbus(const ref uvm reg bus op rw)

Extensions of this class need to implement this method to convert the specified uvm_reg_bus_op (see 19.1.2)
to a corresponding uvm_sequence_item subtype (see 14.1) that defines the bus transaction.

The method shall allocate a new bus-specific uvin_sequence_item, assign its members from the corresponding
members from the given generic 7w bus operation, then return it.
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19.2.1

.2.6 bus2reg

pure virtual function void bus2reg(

)

uvm_sequence item bus_item,
ref uvm reg bus op rw

Extensions of this class need to implement this method to copy members of the given bus-specific bus_item to
corresponding members of the provided 7w instance. Unlike reg2bus (see 19.2.1.2.5), the resulting transaction
is not allocated from scratch. This is to accommodate applications where the bus response needs to be returned
in the original request.

19.2.1.2.7 get_item

virtual function uvm reg item get item()

Thisr

about
19.2.2

This cl
12.3.4

19.2.2
c]
19.2.2
19.2.2
v
Conve

19.2.2

v

rns the bus-independent read/write information corresponding to the generic bus,transaction cy
translafed to a bus-specific transaction. This function returns a value reference~only when called
uvim_ileg_adapter::reg2bus method (see 19.2.1.2.5); otherwise, it returns null.\The content of the rg
uvm_1leg_item instance (see 19.1.1) shall not be modified and is used strictly to obtain additional infor

e operation.
uvm_reg_tim_adapter

ass defines an interface for converting between uvm_reg<{bus_op (see 19.1.2) and uvm_tlm_
3) items.

.1 Class declaration

ass uvm_reg tlm adapter extendg/uvm reg adapter

.2 Methods

.2.1 reg2bus

rtual function uum\sequence item reg2bus( const ref uvm reg bus op rw
'ts a uvm_reg_bus_op struct (see 19.1.2) to a uvm_tlm_gp item (see 12.3.4.3).

.2.2 bus2reg

rtuédl,function void bus2reg(
uim sequence item bus_ item,

irrently
in the
turned
mation

bp (see

)

3
LSl UVIIL Iy DuUus UP Lw

Converts a uvm_tlm_gp item (see 12.3.4.3) to a uvm_reg_bus_op (see 19.1.2), using the provided rw
transaction.

19.3 uvm_reg_predictor

The uvm_reg_predictor class defines a predictor component, which is used to update the register model’s

mirror

values based on transactions explicitly observed on a physical bus.
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This class converts observed bus transactions of type BUSTY PE to generic registers transactions, determines how
the register is being accessed based on the bus address, then updates the register’s mirror value with the
observed bus data, subject to the register’s access mode. See 18.4.4.15 for details.

Memories can be large, so their accesses are not predicted.

19.3.1 Class declaration

class uvm_reg predictor #( type BUSTYPE = int ) extends uvm_component

19.3.2 Variables

19.3.2.1 bus_in

uym_analysis imp #(

BUSTYPE,

uvm_reg predictor # (BUSTYPE)
) [bus_in

Obseryed bus transactions of type BUSTYPE are received from this port and processed.

For ea¢h incoming transaction, the predictor attempts to find the registerdandle corresponding to the observed
bus adfiress.

If ther¢ is a match, the predictor calls the register’s predict method, passing in the observed bus dafa. The
registef mirror is updated with this data, subject to its configlwed access behavior: Rw, RO, etc. The predictor
also canverts the bus transaction to a generic uvm_reg_item (see 19.1.1) and sends it out the reg_ap apalysis
port (sge 19.3.2.2).

If the rggister is wider than the bus, the predictor.¢ollects the multiple bus transactions needed to deternfine the
value Being read or written.

19.3.2.2 reg_ap
uym_analysis port #( uvm reg item ) reg ap

This i an analysis output port that publishes uvm_reg_item transactions (see 19.1.1) converted fr¢m bus
transadtions received on'‘bus_in (see 19.3.2.1).

19.3.2.3 map

uym régymap map

This isthemapusedtoconvertabus addressto-thecorrespomding register or memory tandtettmeeds to be
configured before the run phase.

19.3.2.4 adapter
uvm reg adapter adapter

This is the adapter used to convey the parameters of a bus operation in terms of a canonical uvm_reg_bus_op
datum (see 19.1.2). The uvm_reg_adapter (see 19.2.1) needs to be configured before the run phase.
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19.3.3 Methods

19.3.3.1 new

function new (

)

string name,
uvm_component parent

Creates a new instance of this type, giving it the optional name and parent.

19.3.
v

Overri

19.3.3
v

Check

19.4 |
This sy
19.4.1

This ¢l
sequen

Regist
sequen

-2pre_pretdict

rtual function void pre predict( uvm reg item rw )
e this method to change the value or redirect the target register.

.3 check_phase

rtual function void check phase( uvm phase phase )

that no pending register transactions are still queued.

Register sequence classes
bclause defines the base classes used for register stimitilus generation.
uvm_reg_sequence

pss provides base functionality for both user-defined RegModel test sequences and “register tra
ces.”

When used as a base for user-defined RegModel test sequences, this class provides convg
methods for reading and writing registers and memories. Users implement the body method to

directly with the RegMadel model (held in the model property [see 19.4.1.3.1]) or indirectly
delegation methods§ in'this class.

When used as«a translation sequence, objects of this class are executed directly on a bus seq
which areyseéd in support of a layered sequencer use model; a predefined convert-and-g
algorithnis-also provided.

br operations do not require extending this class if none of the preceding services are needed. Regi
ces can be extended from the uvm_sequence #(REQ,RSP) base class (see 14.3) or even from o}

Islation

nience
nteract
via the

hencer,
xecute

ter test
itside a

o

seque

This class defines convenience methods.

19.4.1

.1 Class declaration

class uvm_reg sequence #( type BASE = uvm_sequence # (uvm_reg item) )

19.4.1

extends BASE
.2 Common parameters

BASE
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Specifies the sequence type from which to extend.

When used as a translation sequence running on a bus sequencer, BASE shall be compatible with the

sequence type expected by the bus sequencer.

When used as a test sequence running on a particular sequencer, BASE shall be compatible with the

sequence type expected by that sequencer.

When used as a virtual test sequence without a sequencer, BASE does not need to be specified, i.e., the

default specialization is adequate.

To maximize opportunities for reuse, user-defined RegModel sequences should “promote” the BASE parameter.

cl

This W
19.4.1
19.4.1

u\

Block
sequen

19.4.1

uy

This s
define

19.4.1
uy
This i

It spec
define

19.4.1

ass my_reg sequence # (type BASE=uvm_sequence # (uvm reg item))
extends uvm_reg sequence # (BASE)

y, the RegMode1sequence can be extended from user-defined base sequences.
.3 Variables

.3.1 model

m reg block model

abstraction on which this sequence executes, defined only“when this sequence is a user-defin
ce.

.3.2 adapter
m_reg adapter adapter

an adapter to use for translating betweeh abstract register transactions and physical bus transg
| only when this sequence is a translation sequence.

.3.3 reg_seqr
m_sequencer #( uvfy reg_item ) reg seqr
a layered upstreamm ;register” sequencer.

fies the upstream sequencer between abstract register transactions and physical bus transactions
| only when)this sequence is a translation sequence to “pull” from an upstream sequencer.

.4.Common methods

19.4.1

4.1 new

function new ( string name = "uvm reg sequence inst" )

Creates a new instance, giving it the optional name.

19.4.1

4.2 body

virtual task body()
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Continually retrieves a register transaction from the configured upstream sequencer, reg_seqr (see 19.4.1.3.3),
and executes the corresponding bus transaction via do_reg_item (see 19.4.1.4.3).

User-defined RegModel test sequences need to override body and not call super.body () ; otherwise, a
warning shall be issued and the calling process does not return.

19.4.1.4.3 do_reg_item

virtual task do reg item(uvm reg item rw)

Executes

config

19.4.1.5 Convenience read/write APIs

The fo

sequern

lowing methods delegate to the corresponding method in the register or memory element. They

sequenice argument. Thus, a register write

mgdel.regA.write (status, value, .parent(this))

could e written instead as

wiite reg(model.regA, status, value)

19.4.1.5.1 write_reg

virtual task write reg(

Writes
defaulf
(fnamd

input uvm reg rg,

output uvm status e status,

input uvm reg data t value,

input uvm door_ e path = UVMJDEFAULT DOOR,
input uvm reg map map =(null,

input int prior = -1y

input uvm object extension = null,
input string fname®= "",

input int lineno/= 0

value<of\path shall be UvM DEFAULT DOOR. The default value of prior shall be -1. The fi

the given register transaction, rw, via the sequencer on which this sequence was started. This uses the
v pencer.

hllow a

ce body (see 19.4.1.4.2) to do reads and writes without having to explicitly supply-itself to the|parent

the givenregister g using uvm_reg::write (see 18.4.4.9), supplying this asthe parent argumgnt. The

cname

) and_line number (/ineno) arguments are available for an implementation to use for debug pyrposes

only; thleir yalue shall have no functional effect on the outcome of this method. The default value of linego shall

be 0.

19.4.1

.5.2 read_reg

virtual task read reg(

input uvm reg rg,

output uvm_status_ e status,

output uvm reg data t value,

input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input int prior = -1,
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input uvm object extension = null,
inPUt String fname = Hll,
input int lineno = 0

Reads the given register g using uvm_reg::read (see 18.4.4.10), supplying this asthe parent argument. The
default value of path shall be UvM_DEFAULT DOOR. The default value of prior shall be -1. The filename
(fname) and line number (/ineno) arguments are available for an implementation to use for debug purposes
only; their value shall have no functional effect on the outcome of this method. The default value of /ineno shall
be 0.

Thus,
rgad reg(model.regA, status, value)
is equifalent to

mgdel.regA.read(status, value, .parent(this))
19.4.1.5.3 poke_reg

virtual task poke reg(

input uvm reg rg,

output uvm status e status,

input uvm reg data t value,

input string kind = "",

input uvm object extension = null,
input string fname = "",

input int lineno = 0

Pokes the given register g using uvm_reg::poke (see 18.4.4.11), supplying this asthe parent argumdnt. The
filename (finame) and line number (lineno) arguments are available for an implementation to use for] debug
purposes only; their value shall have no functional effect on the outcome of this method. The default vlalue of
lineno shall be 0.

Thus,
pqke reg(model'.regA, status, value)
is equifalent to

mgqde ™. regA.poke (status, value, .parent(this))

19.4.1.5.4 peek_reg

virtual task peek reg(
input uvm reg rg,
output uvm status e status,
output uvm reg data t value,
input string kind = "",
input uvm object extension = null,
input string fname = "",
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input int lineno = 0

Peeks the given register 7g using uvm_reg::peek (see 18.4.4.12), supplying this asthe parent argument. The
filename (finame) and line number (/ineno) arguments are available for an implementation to use for debug
purposes only; their value shall have no functional effect on the outcome of this method. The default value of
lineno shall be 0.

Thus,

peek reg(model.regA, status, value)

is equifalent to

mgdel.regA.peek (status, value, .parent(this))
19.4.1.5.5 update_reg

virtual task update reg(

input uvm reg rg,

output uvm status e status,

input uvm door e path = UVM DEFAULT DOOR,
input uvm reg map map = null,

input int prior = -1,

input uvm object extension = null,

input string fname = "",

input int lineno = 0

Updatgs the given register g using uvm_reg::update (see 18.4.4.13), supplying this asthe parent argument.
The default value of path shall be UvM DEFAYLT DOOR. The default value of prior shall be -1. The filename
(fnamd) and line number (/ineno) arguments are available for an implementation to use for debug pyrposes
only; their value shall have no functional effect on the outcome of this method. The default value of /inefo shall
be 0.

Thus,
ugdate reg(model~regA, status, value)
is equifalent to

mgded sregA.update (status, value, .parent(this))

19.4.1.5.6 mirror_reg

virtual task mirror reg(
input uvm reg rg,
output uvm status e status,
input uvm check e check = UVM NO CHECK,
input uvm door_ e path = UVM DEFAULT DOOR,
input uvm reg map map = null,
input int prior = -1,
input uvm object extension = null,
input string fname = "",
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input int lineno = 0

Mirrors the given register 7g using uvm_reg::mirror (see 18.4.4.14), supplying this asthe parent argument.
The default value of check shall be UvM _NO CHECK. The default value of path shall be UvM DEFAULT DOOR.
The default value of prior shall be -1. The filename (frame) and line number (/ineno) arguments are available
for an implementation to use for debug purposes only; their value shall have no functional effect on the
outcome of this method. The default value of /ineno shall be 0.

Thus,

mirror_reg(model.regh, status, value)
is equivalent to

mgdel.regA.mirror (status, value, .parent(this))
19.4.1.5.7 write_mem

virtual task write mem(

input uvm mem mem,

output uvm status e status,

input uvm reg addr t offset,

input uvm reg data t value,

input uvm door e path = UVM DEFAULT DOORy
input uvm reg map map = null,
input int prior = -1,

input uvm object extension = null,
input string fname = "",

input int lineno = 0

Writes| the given memory mem usinguvm_mem::write (see 18.6.5.1), supplying this as the |parent
argument. The default value of path shall be yvM DEFAULT DOOR. The default value of prior shall be {1. The
filename (fname) and line number. (/ineno) arguments are available for an implementation to use for] debug
purposes only; their value shall-have no functional effect on the outcome of this method. The default vialue of
lineno [shall be 0.

Thus,

wiite mem(model.memA, status, offset, value)

is equipvalent to

model.memA.write (status, offset, value, .parent(this))
19.4.1.5.8 read_mem

virtual task read mem(
input uvm mem mem,
output uvm_status_ e status,
input uvm reg addr t offset,
output uvm reg data t value,
input uvm door e path = UVM DEFAULT DOOR,
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input uvm reg map map = null,
input int prior = -1,

input uvm object extension = null,
input string fname = "",

input int lineno = 0

Reads the location offset in the given memory mem using uvm_mem::read (see 18.6.5.2), supplying this as
the parent argument. The default value of path shall be UvM DEFAULT DOOR. The default value of prior shall
be -1. The filename (finame) and line number (/ineno) arguments are available for an implementation to use for
debug purposes only; their value shall have no functional effect on the outcome of this method. The default
value ¢T 7ineno shall be 0.

Thus,

rg¢ad mem(model.memA, status, offset, value)
is equijvalent to

mgdel.memA.read (status, offset, value, .parent(this))
19.4.1.5.9 poke_mem

virtual task poke mem(

input uvm mem mem,

output uvm_status_ e status,

input uvm reg addr t offset,

input uvm reg data t value,

input string kind = "",

input uvm object extension = null,
input string fname = "",

input int lineno = 0

Pokes the location offset in the given memory mem using uvm_mem::poke (see 18.6.5.5), supplying this as
the pdpent argument. The~filename (fname) and line number (lineno) arguments are available |[for an
implementation to use for-debug purposes only; their value shall have no functional effect on the outcpme of
this m¢thod. The default Value of lineno shall be 0.

Thus,

pqke’ mem (model.memA, status, offset, value)

is equivalent to

model.memA.poke (status, offset, value, .parent(this))
19.4.1.5.10 peek_mem

virtual task peek mem(
input uvm mem mem,
output uvm status e status,
input uvm reg addr t offset,
output uvm reg data t value,
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input string kind = "",

input uvm object extension = null,
input string fname = "",
input int lineno = 0

Peeks the location offset in the given memory mem using uvm_mem::peek (see 18.6.5.0), supplying this as
the parent argument. The filename (fname) and line number (/ineno) arguments are available for an
implementation to use for debug purposes only; their value shall have no functional effect on the outcome of
this method. The default value of /ineno shall be 0.

Thus,

pgek mem(model.memA, status, offset, value)
is equifalent to

mgdel.memA.peek (status, offset, value, .parent(this))
19.4.2 uvm_reg_frontdoor
The fagade class for register and memory frontdoor access; a user-defined frontdoor access sequence
This if the base class for user-defined access to register and memory reads and writes through a p
interfage. By default, different registers and memories are mappedto different addresses in the address sp
are acdessed via those physical addresses.
The frgntdoor allows access using a non-linear and/osfion-mapped mechanism. Users can extend this
providp the physical access to these registers.
19.4.2.1 Class declaration

virtual class uvm reqg fromtdoor

extends uvm_reg sequence #( uvm_sequence # (uvm_sequence_item) )

19.4.2.2 Variables
19.4.2.2.1 rw_info

uym reg item rw_info
Holds jnforination about the register being read or written.
19.4.272"2"sequerncer

hysical
hce and

lass to

uvmfsequenceribase sequencer

This is

the sequencer executing the operation.

19.4.2.3 Methods

new

function new( string name = "" )
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This is a constructor; it creates a new object given the optional name.

19.5 uvm_reg_backdoor
The base class for user-defined backdoor register and memory access.

This class can be extended by users to provide user-specific backdoor access to registers and memories that are
not implemented in pure SystemVerilog or that are not accessible using the default DPI backdoor mechanism.

See 18.1.6 for the UVM native backdoor access API.

19.5.1 Class declaration

virtual class uvm reg backdoor extends uvm object
19.5.2 Methods
19.5.2.1 new

fynction new( string name = "" )
Initialiges an instance of the user-defined backdoor class for the specified register or memory.
19.5.2.2 do_pre_read

pgotected task do pre read( uvm reg item\rw )
Execufes the pre-read callbacks.
This nfethod shall be called as the first statementin a user extension of the read method (see 19.5.2.7).
19.5.2.3 do_post_read

pgotected task do postiread( uvm reg item rw )
Execufes the post-read callbacks.
This mjethod shall be called as the last statement in a user extension of the read method (see 19.5.2.7).
19.5.2.4 do_pre )write

pgjotected task do pre write( uvm reg item rw )

Executes the pre-write callbacks.
This method shall be called as the first statement in a user extension of the write method (see 19.5.2.6).
19.5.2.5 do_post_write
protected task do post write( uvm reg item rw )
Executes the post-write callbacks.

This method shall be called as the last statement in a user extension of the write method (see 19.5.2.6).
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19.5.2.6 write
protected task write( uvm reg item rw )
A user-defined backdoor write operation.
This calls do_pre_write (see 19.5.2.4) and deposits the specified value in the specified register HDL
implementation. Then it calls do_post_write (see 19.5.2.5) and returns an indication of the success of the

operation.

19.5.2.7 read

virtual task read( uvm reg item rw )
A userfdefined backdoor read operation; overload this method only if the back door requires the use ¢f task.
This cglls do_pre_read (see 19.5.2.2) and peeks the current value of the specified HDI¢implementatiofp. Then
it call§ do_post_read (see 19.5.2.3) and returns the current value and an indication of the success| of the
operatfon.
By defhult, this calls read_func (see 19.5.2.8) to perform the peek step.
19.5.2.8 read_func

virtual function void read func( uvm reg itefm rw )

A usertdefined backdoor read operation.

This pgeks the current value in the HDL implementation. It then returns the current value and an indicgtion of
the sudcess of the operation.

19.5.2.9 pre_read
virtual task pre read(y,uwm reg item rw )
Called|before any user-defined\backdoor register reads.
The registered callback methods are invoked after the invocation of this method.

19.5.2.10 post_read

virtuél,task post read( uvm reg item rw )

Called'after-any-user-defined-backdoorregisterreads:
The registered callback methods are invoked before the invocation of this method.
19.5.2.11 pre_write
virtual task pre write( uvm reg item rw )
Called before any user-defined backdoor register writes.

The registered callback methods are invoked after the invocation of this method.
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The written value, if modified, modifies the actual value to be written.

19.5.2.12 post_write

virtual task post write( uvm reg item rw )

Called

after any user-defined backdoor register writes.

The registered callback methods are invoked before the invocation of this method.

19.6 |

These
used b

NOTEA

19.6.1

j<E
Specifi
The dd
19.6.2
19.6.2

ing
Check:

19.6.2

in

)

Specift

JVM HDL backdoor access support routines

foutines provide an interface to the DPI/PLI/VHPI/application-API implementation of bagkdoor
y registers.

—To avoid having to use these APIs, define the UVM_HDL NO_DPI macro at compile tirhe)
Variables

UVM_HDL_MAX_WIDTH

rameter int UVM_HDL MAX WIDTH = 'UVM HDL MAX WIPTH

es the maximum size bit vector for backdoor access.

fault value of UVM_HDL MAX WIDTH shall be "UvM HDL MAX WIDTH.

Methods

.1 uvm_hdIl_check_path

port "DPI-C" context functi®on int uvm hdl check path( string path )
that the given HDL path exists: This returns 0 if not found, 1 otherwise.

.2 uvm_hdI_deposit

port "DPI-C! ‘eentext function int uvm hdl deposit (

string pathy
uvm_hdl~data t value

es.the given HDL path as the specified value. This returns 1 if the call succeeded, 0 otherwise

19.6.2

.3 uvm_hdlI_force

import "DPI-C" context function int uvm hdl force(

)

Forces

string path,
uvm_hdl data t value

the value on the given path. This returns 1 if the call succeeded, 0 otherwise.
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19.6.2.4 uvm_hdl_force_time

task uvm hdl force time (
string path,
uvm _hdl data t value,
time force time = 0

)

Forces the value on the given path for the specified amount of force_time. If force_timeis 0, uvm_hdl_deposit
(see 19.6.2.2) is called. This returns 1 if'the call succeeded, 0 otherwise. The default value of force_time shall
be 0.

19.6.2.5 uvm_hdlI_release_and_read

ingport "DPI-C" context function int uvm hdl release and read(
string path,
inout uvm hdl data t value

)
Releasps a value previously specified by uvm_hdl_force (see 19.6.2.3). Thig'returns 1 if the call succe¢ded, 0
otherwise. value is reset to the HDL value after the release. For reg, the value'temains the forced value{until it
has bepn procedurally reassigned. For wire, the value changes immediately to the resolved valug¢ of its
continfious drivers, if any. If none, its value remains as forced until'the next directassignment.
19.6.2.6 uvm_hdl_release

ingport "DPI-C" context function int uym)hdl release( string path )

Releasps a value previously specified by uvm_hdl-force (see 19.6.2.3). This returns 1 if the call succegded, 0
otherwfise.

19.6.2.7 uvm_hdI_read
inport "DPI-C" context{fiinction int uvm hdl read(

string path,
output uvm hdl ,data t value

Returng the value abthe given path. This returns 1 if the call succeeded, 0 otherwise.
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