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1) The [International Electrotechnical Commission (IEC) is a worldwide organization for standa
comprising all national electrotechnical committees (IEC National Committees). The object ,of-IH
promote international co-operation on all questions concerning standardization in the (electri
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Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and|Guides (H
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IEC [collaborates closely with the International Organization for Standardizatien (ISO) in accorda
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repré¢sentation from all interested IEC National Committees.
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Publjcations is accurate, IEC cannot be held responsible for/the way in which they are used or
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assgssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
services carried out by independent certification bodies.

Atte
pate

tion is drawn to the possibility, that ' some of the elements of this IEC Publication may be the s
ht rights. IEC shall not be held responsible for identifying any or all such patent rights.

tional Standard IEC- 61691-7/IEEE Std 1666 has been processed throug
al committee 93: Pesign automation.

Interng
technig

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

IEEE Std
1666 (2005)

FDIS
93/279/FDIS

Report on voting
93/285/RVD

—

Full informatio he approval of this standard can be found in the re

dization
EC is to
cal and
hndards,
ereafter
National
hational,
aration.
hce with

The |[formal decisions or agreements of IEC on technical matters express, as nearly as posgible, an

ee has

National
t of IEC
for any

ications
ergence
clearly

nformity
for any

ibject of

h IEC

bort on

'I

a¥a HPY
LA~ A~

voting

A list of parts of the IEC 61691 series can be found on the IEC web site.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
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replaced by a revised edition, or
amended.

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

7:2009(E)


https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

IEC 61691-7:2009(E) — xii —
IEEE Std 1666-2005(E)

IEC/IEEE Dual Logo International Standards

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

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

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

The IEQ and IEEE do not warrant or represent the accuracy or content of the material coptainéd hergin, and
expressly disclaim any express or implied warranty, including any implied warranty of merchantability o fitness
for a specific purpose, or that the use of the material contained herein is free from ‘patent infrifgement.
IEC/IEEE Dual Logo International Standards documents are supplied “AS IS”.

The exigtence of an IEC/IEEE Dual Logo International Standard does not imply that.there are no other{ways to
produce} test, measure, purchase, market, or provide other goods and serviges related to the scopg of the
IEC/IEEE Dual Logo International Standard. Furthermore, the viewpoint expressed at the time a stapdard is
approvefd and issued is subject to change brought about through developments in the state of the|art and
commerts received from users of the standard.

Every IEEE Standard is subjected to review at least every five years for revision or reaffirmation. [When a
documept is more than five years old and has not been reaffirmed, it i's reasonable to conclude that its dontents,
although still of some value, do not wholly reflect the present state of the art. Users are cautioned to gheck to
determine that they have the latest edition of any IEEE Standard

In publishing and making this document available, the 1EC and IEEE are not suggesting or réndering
professipnal or other services for, or on behalf of, any per§on or entity. Neither the IEC nor IEEE is undertaking
to perfofm any duty owed by any other person or entity*to another. Any person utilizing this, and apy other
IEC/IEEE Dual Logo International Standards or IEEE\ Standards document, should rely upon the adyice of a
competgnt professional in determining the exercise-ef‘reasonable care in any given circumstances.

Interprefations — Occasionally questions may arise regarding the meaning of portions of standards as thg¢y relate
to specific applications. When the need foriinterpretations is brought to the attention of IEEE, the Inst|tute will
initiate fction to prepare appropriate responses. Since |IEEE Standards represent a consensus of cgncerned
interestq, it is important to ensure that(@any interpretation has also received the concurrence of a bajance of
interesty. For this reason, IEEE andrthe*members of its societies and Standards Coordinating Commitfees are
not able] to provide an instant response to interpretation requests except in those cases where the matter has
previoudly received formal consideration.

Comments for revision of IECAEEE Dual Logo International Standards are welcome from any interestgd party,
regardlelss of membership/affiliation with the IEC or IEEE. Suggestions for changes in documents shoyld be in
the form of a proposed ghange of text, together with appropriate supporting comments. Comments on s{andards
and requests for interpretations should be addressed to:

Secretafy, IEEE-SA\Standards Board, 445 Hoes Lane, Piscataway, NJ 08854, USA and/or General S¢cretary,
IEC, 3, jue de Yarembé, PO Box 131, 1211 Geneva 20, Switzerland.

Authorization\to photocopy portions of any individual standard for internal or personal use is granted by the
Institute| ef\Electrical and Electronlcs Engmeers Inc prowded that the approprlate fee is pald to Gopyright
Clearanée s ced Center,
Customer Serwce 222 Rosewood Drlve Danvers MA 01923 USA +1 978 750 8400 Permlssmn to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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Grateful acknowledgment is made to Open SystemC Initiative for the permission to use the follow-
ing source material:
SystemC® Language Reference Manual Version 2.1

Abstract: SystemC®! is defined in this standard. SystemC is an ANSI standard C++ class library
for system and hardware design for use by designers and architects who need to address complex
systems that are a hybrid between hardware and software. This standard provides a precise and
complete definition of the SystemC class library so that a SystemC implementation can be devel-
oped It rererence 10 mis standard alorie. T11e primary audiences 101 this standdrd are tne |mple-
mentdrs of the SystemC class library, the implementors of tools supporting the class librany, and
users of the class library.
Keywprds: C++, computer languages, digital systems, discrete event simulation; ele¢tronic
design automation, electronic systems, electronic system level, embedded software, fixedtpoint,
hardware description language, hardware design, hardware verification~SystemC, gystem
modeling, system-on-chip, transaction level

1SystemC® is a registered trademark of Open SystemC Initiative.
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IEEE introduction

This document defines SystemC, which is a C++ class library.

As the electronics industry builds more complex systems involving large numbers of components including software,
there is an increasing need for a modeling language that can manage the complexity and size of these systems. SystemC
provides a mechanism for managing this complexity with its facility for modelinghardware and software together at
multiple levels of abstraction. This capability is not available in traditional hardware description languages.

Stakeholders in SystemC include Electronic Design Automation (EDA) companies who implement SystemC class
libraries and tools, Integrated Circuit (IC) suppliers who extend those class libraries and use SystemC to model their

. 1 1 1 Q P PRSI
intellectua; PTOPTILY, It CIIT USTIS WITO Ust S ySICHTCTO MTOUTT UICIT S yStCIITS,

Before thg publication of this standard, SystemC was defined by an open source proof-of-concept C++ liprary, also
known as [the reference simulator, available from the Open SystemC Initiative (OSCI). In the event.of dicrepancies
between the behavior of the reference simulator and statements made in this standard, this standard shall be faken to be
definitive.

This standprd is not intended to serve as a users’ guide or to provide an introduction to_SystemC. Readers fequiring a

SystemC tjitorial or information on the intended use of SystemC should consult the ©SCI Web site (www.systemc.org)
to locate tlje many books and training classes available.

Notice o users

Errata

Errata, iff any, for this and all other standards canJbe accessed at the following UR[L: http:/
standards.jeee.org/reading/ieece/updates/errata/index.html. Us€rs are encouraged to check this URL [for errata
periodicallly.

Interpretations

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

Patents

Attention s called to the possibilitysthat implementation of this standard may require use of subject matter ¢overed by
patent rights. By publication of'this standard, no position is taken with respect to the existence or validity of|any patent
rights in cqnnection therewith:Phe 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 arfy licensing
terms or cqnditions previded in connection with submission of a Letter of Assurance, if any, or in any licensing agreements
are reasongble or non-discriminatory. Users of this standard are expressly advised that determination of the validity of any
patent rightts, and the risk of infringement of such rights, is entirely their own responsibility. Further informatfon may be
obtained fipni the TEEE Standards Association.

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or environmental protection
in all circumstances. Implementers of the standard are responsible for determining appropriate safety, security,
environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These notices and
disclaimers appear in all publications containing this document and may be found under the heading “Important
Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers. html.

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

— xvii - IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

|Pub|ished by IEC under licence from [EEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

IEC 61691

-7:2009(E) —1-

IEEE Std 1666-2005(E)

BEHAVIOURAL LANGUAGES -
Part 7: SystemC® Language Reference Manual

1. Overview
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andard defines SystemC®1 as an ANSI standard C++ class library for system and hardware d¢

iIrpose

neral purpose of SystemC is to provide a C++-based standard for desjgners and architects wh

ecific purpose of this standard is to provide a precise and complete definition of the System
so that a SystemC implementation can be developed with‘reference to this standard alon
d is not intended to serve as a users’ guide or to provide@an introduction to SystemC, but does
information for end users.

Lbsets

ticipated that tool vendors will create implementations that support only a subset of this stan

sign.

0 need

C class
t. This
ontain

lard or

that impose further constraints on the use of this standard. Such implementations are not fully compliant

with th
Systen

1.4R

This s
ISO/IH
Systen
faciliti
in accq

is standard but may nevertheless claim partial compliance with this standard and may use th
1C.

plationship with C++

andard is closely ‘related to the C++ programming language and adheres to the terminology 1
C 14882:2003:-This standard does not seek to restrict the usage of the C++ programming lang
1C application may use any of the facilities provided by C++, which in turn may use any
es providedby C. However, where the facilities provided by this standard are used, they shall {
rdance;with the rules and constraints set out in this standard.

P name

hised in
Lage; a
of the
e used
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andard defines the pubiic IMerface 10 e SYSIEIMC class Hbrary and the ColnsSuaints on 1o

v those

classes may be used. The SystemC class library may be implemented in any manner whatsoever, provided
only that the obligations imposed by this standard are honored.

A C++ class library may be extended using the mechanisms provided by the C++ language. Implementors
and users are free to extend SystemC in this way, provided that they do not violate this standard.

1SystemC® is a registered trademark of Open SystemC Initiative.
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NOTE—It is possible to create a well-formed C++ program that is legal according to the C++ programming language
standard but that violates this standard. An implementation is not obliged to detect every violation of this standard.

1.5 Guidance for readers

Readers who are not entirely familiar with SystemC should start with Annex A, “Inroduction to SystemC,”
which provides a brief informal summary of the subject intended to aid in the understanding of the
normative definitions. Such readers may also find it helpful to scan the examples embedded in the normative
definitions and to see Annex B, “Glossary.”

Readers should pay close attention to Clause 3, “Terminology and conventions used in this standard.” An
undersfanding of the terminology defined in Clause 3 is necessary for a precise interpretation of this
standafd.

Clausd 4, “Elaboration and simulation semantics,” defines the behavior of the SystemC kefnel*and is jcentral
to an yinderstanding of SystemC. The semantic definitions given in the subsequent ¢latises detailing the
individual classes are built upon the foundations laid in Clause 4.

The clauses from Clause 5 onward define the public interface to the System€ class library. The following
informpation is listed for each class:

a) | A C++ source code listing of the class definition

b) | A statement of any constraints on the use of the class and its’members

c) | A statement of the semantics of the class and its members

d) | For certain classes, a description of functions, typedefs, and macros associated with the class

e) | Informative examples illustrating both typical and atypical uses of the class

Readets should bear in mind that the primary obligation of a tool vendor is to implement the gbstract
semantics defined in Clause 4, using the framework'and constraints provided by the class definitions ftarting
in Clayse 5.

Annex| A is intended to aid the reader in‘the understanding of the structure and intent of the System{ class
library|

Annex|B is a glossary giving.informal descriptions of the terms used in this standard.
Annex| C lists the deprecdted features, that is, features that were present in version 2.0.1 of thg Open
SystemC Initiative (QSE€I) open source proof-of-concept SystemC implementation but are not part|of this

standard.

Annex| D liststhe changes between SystemC version 2.0.1 and version 2.1 Beta Oct 12 2004, dnd the
changds.between SystemC 2.1 Beta Oct 12 2004 and this standard.

2Notes in text, tables, and figures are given for information only, and do not contain requirements needed to implement the standard.
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2. References

The following documents are indispensable for the application of this document. For dated references, only
the edition cited applies. For undated references, the latest edition of the document (including any

amendments or corrigenda) applies.

This standard shall be used in conjunction with the following publications:

ISO/IEC 14882:2003, Programming Languages—Cﬁ--ir.3

IEC 61691-4:2004, Behavioural languages - Part 4: Ver110g® hardware descrlptlon language | IEEE

G 2

Std 13 4TM ’7[\!\1 IE‘E‘E‘ Seoadord N7 o] R Tloeds D 1
T otanaara—y ormoyg Trafeware uvo\.ulyl,l\,uj TZarrg ot ST

3EC publications are available from the Sales Department of The International Electrotechnical Commission, Case Postale 131,

3, rue de Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://www.iec.ch). ISO publications are available from the ISO Central
Secretariat, 1 chemin de la Voie-Creuse, CP 56, CH-1211, Genéve 20, Switzerland/Suisse (http://www.iso.ch). ISO/IEC publications

are also available in the United States from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

YIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

5The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

S IEEE Std 1364-2001 was adopted as IEC 61691-4:2004
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rminology and conventions used in this standard

3.1 Terminology

3.1.1 Shall, should, may, can

The word shall is used to indicate a mandatory requirement.

The word should is used to recommend a particular course of action, but does not impose any obligation.

The w

rd may is nsed to mean shall be permiﬁed (in the sense nfhm'ng ]egal]v allowed)

The w

In som
orani

3.1.2 Implementation, application

The w
define

The w
library]

313

The te
which
Simila
Excepf
Derivel

3.1.4

The fol
classes
instand
class s

rd can is used to mean shall be able to (in the sense of being technically possible).

e cases, word usage is qualified to indicate on whom the obligation falls, such as an‘\applicati
mplementation shall.

brd implementation is used to mean any specific implementation of the full SystemC class lib
| in this standard, only the public interface of which need be exposed to the application.

brd application is used to mean a C++ program, written by an end user, that uses the System
that is, uses classes, functions, or macros defined in thisstandard.

Call, called from, derived from

n turn calls the function in question, whefésthe chain of function calls may be extended indefi
'y, called from means called from directly or indirectly.

where explicitly qualified, the'term derived from is taken to mean derived directly or indirectl
d indirectly from means derived from one or more intermediate base classes.

Bpecific technical terms
. When the, distinction is important, the usage of the term may be qualified. For example,

e is an-object of a class derived from the class sc_port, whereas a port class is a class derive
_port.

bn may

rary as

C class

'm call is taken to mean call directly or indirectly. Call indirectly means call an intermediate fyinction

hitely.

y from.

[lowing terms‘are sometimes used to refer to classes and sometimes used to refer to objects of those

a port
d from

A mo

A port

ule 1s a class derived from the class sc_module.

is either a class derived from the class s¢_port or an object of class sc_port.

An export is an object of class sc_export.

An interface is a class derived from the class sc_interface.

An interface proper is an abstract class derived from the class sc_interface but not derived from the class

sc_obj

ect.
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A primitive channel is a non-abstract class derived from one or more interfaces and also derived from the
class sc¢_prim_channel.

A hierarchical channel is a non-abstract class derived from one or more interfaces and also derived from the
class sc_module.

A channel is a non-abstract class derived from one or more interfaces. A channel may be a primitive channel
or a hierarchical channel. If not, it is strongly recommended that a channel be derived from the class

sc_obj

ect.

An event is an object of the class sc_event.

A sign

A proc
created
functig

The te
proces

A staf
before]

A dynd

An u
SC TH
dynam|

A spay
dynam|

A prod

The m
someti
modul

The o4
during
instang

1] is an object of the class sc_signal.

ess instance is an object of an implementation-defined class derived from the class s¢_obj¢
by one of the three macros SC METHOD, SC_ THREAD, or SC CTHREAD.or by callj
n sc_spawn.

Im process refers to either a process instance or to the member functiofi)that is associated
5 instance when it is created. The meaning is made clear by the context.

ic process is a process created during the construction of ¢the module hierarchy or fr
| end_of elaboration callback.

mic process is a process created from the end_of_elaboration callback or during simulation.

spawned process is a process created by inveking one of the three macros SC MET]
IREAD, or SC_ CTHREAD. An unspawned *process is typically a static process, but woull
ic process if invoked from the end_of_elaboration callback.

ned process is a process created by ealling the function sc_spawn. A spawned process is typ
ic process, but would be a static process if sc_spawn is called before the end of elaboration.

ess handle is an object of the class sc_process_handle.

pdule hierarchy is thestotal set of module instances constructed during elaboration. The {
mes used to include-all of the objects instantiated within those modules during elaboratio
e hierarchy is a subset of the object hierarchy.

ject hierdrchy is the total set of objects of class sc_object. Part of the object hierarchy is cons|
elaboration (the module hierarchy) and includes module, port, primitive channel, and static |
es/ Part is constructed dynamically and destroyed dynamically during simulation and i

ct and
ng the

with a

m the

"HOD,

d be a

cally a

erm is

n. The

fructed
rocess
cludes

dynam

ic'process instances (see 5.15).

A given instance is within module M if the constructor of the instance is called (explicitly or implicitly) from
the constructor of module M and if the instance is not within another module instance that is itself within
module M.

A given module is said to contain a given instance if the instance is within that module.

A child of a given module is an instance that is within that module.

A parent of a given instance is a module having that instance as a child.
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A top-level module is a module that is not instantiated within any other module.

The concepts of elaboration and simulation are defined in Clause 4. The terms during elaboration and
during simulation indicate that an action may happen at that time. The implementation makes a number of
callbacks to the application during elaboration and simulation. Whether a particular action is allowed within
a particular callback cannot be inferred from the terms during elaboration and during simulation alone but is
defined in detail in 4.4. For example, a number of actions that are permitted during elaboration are explicitly
forbidden during the end_of_elaboration callback.

3.2 Syntactical conventions

3.2.1 Implementation-defined

The itglicized term implementation-defined is used where part of a C++ definition is onfitted frqm this
standafd. In such cases, an implementation shall provide an appropriate definition that honars the serpantics
definedl in this standard.

3.2.2 Disabled

The itdlicized term disabled is used within a C++ class definition to indicate-a group of member fupctions
that shpll be disabled by the implementation so that they cannot be called by an application. The djsabled
memb¢r functions are typically the default constructor, the copy constructor, or the assignment operator.

3.2.3 Ellipsis (...)

An ellipsis, which consists of three consecutive dots (...),.is'used to indicate that irrelevant or repetitiyie parts
of a C1+ code listing or example have been omitted forClarity.

3.2.4 Class names
Class pames italicized and annotated withca-superscript dagger (T) should not be used explicitly within an
applicgtion. Moreover, an application shall not create an object of such a class. It is strongly recomrmended
that th¢ given class name be used. However, an implementation may substitute an alternative class name in

place qf every occurrence of a partictlar daggered class name.

Only the class name is considered here. Whether any part of the definition of the class is implemerftation-
definedl is a separate issue.

The cljss names.ar€ the following:

sc_bijpd ;proxy sc _fxnum_bltreﬂ sc_stgned_bltreﬂ sc_uznt_subreﬂ
sc bt o Fem fact bitrall e ciamod hiteat il e pint cahpaf ol

_Dilktre) se—Pen—fast—bitref Se—sighed—bitref Se—Hint—subref—
sc_bitref_rf sc _ﬁcnum_fast_subreff sc_signed_subreﬁ sc_unsigned_bitreff

' bref igned_subref 1’ igned_bitref r'

sc_concatre sc_fxnum_subre, sc_signed _subref r sc_unsigned_bitref r
sc_concreff sc_int_bitreﬂ' sc_subreff sc_unsigned_subre}d'
sc_concref_r'/' sc_int_bitref_rf sc_subref_rf sc_unsigned_subref_r-/'
sc_context_begin-/' sc_int_subreﬂ' sc_switch-/' sc_value_base-/'
sc_event_and list’ sc_int_subref 1 sc_uint_bitref’
sc_event_or_list-/' sc_sensitive-/' sc_uint_bitref_r'/'
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3.2.5 Embolded text

Embolding is used to enhance readability in this standard but has no significance in SystemC itself.
Embolding is used for names of types, classes, functions, and operators in running text and in code
fragments where these names are defined. Embolding is never used for upper-case names of macros,
constants, and enum literals.

3.3 Semantic conventions

3.3.1 Class definitions and the inheritance hierarchy

An im
classes
the inh
this st
seman
standa

3.3.2

This s
functig
standa
functid
calling
circum
suppof
that a

constr

blementation may differ from this standard in that an implementation may introduce addition|
, class members, and friends to the classes defined in this standard. An implementation-may
eritance hierarchy by moving class members defined by this standard into base classes not defi
indard. Such additions and modifications may be made as necessary in order ‘to, implem
ics defined by this standard or in order to introduce additional functionality, hot defined
d.

Function definitions and side-effects

andard explicitly defines the semantics of the C++ functions in the SystemC class library
ns shall not have any side-effects that would contradict the, behavior explicitly mandated
d. In general, the reader should assume the common-senSeytule that if it is explicitly stated
n shall perform action A, that function shall not perform‘any action other than A, either directl
another function defined in this standard. However, a function may, and indeed in
stances shall, perform any tasks necessary for resouree management, performance optimizatio
t any ancillary features of an implementation. AS.an example of resource management, it is as
Hestructor will perform any tasks necessary, to release the resources allocated by the corresp|

sC_mo
3.3.3

Many

type o
and th

An ob
the ob

applic
be un

3.3.3.

ictor. As an example of an ancillary feature, an implementation could have the constructor fq
ule increment a count of the number offmodule instances in the module hierarchy.

unctions whose return type'is a reference or a pointer
unctions in this standard return a reference to an object or a pointer to an object, that is, the

the function is a reference or a pointer. This subclause gives some general rules defining the 1
validity of such objects.

ect returned front a function by pointer or by reference is said to be valid during any period i
ect is not.deleted and the value or behavior of the object remains accessible to the applicatio]
tion refers-to the returned object after it ceases to be valid, the behavior of the implementatid
fined.

al base
modify
ned by
ent the
by this

. Such
by this
that a
y or by
certain
h, or to
sumed
pnding
r class

return
fetime

which
h. If an
n shall

In certain cases, the object returned is either an object (*this) returned by reference from its own member
function (for example, the assignment operators), or is an object that was passed by reference as an actual
argument to the function being called (for example, std::ostream& operator<< (std::ostream&, const
T&) ). In either case, the function call itself places no additional obligations on the implementation
concerning the lifetime and validity of the object following return from the function call.
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3.3.3.2 Functions that return char*

Certain functions have the return type char¥, that is, they return a pointer to a null-terminated character
string. Such strings shall remain valid until the end of the program with the exception of member function
sc_process_handle::name and member functions of class sc_report, where the implementation is only
required to keep the string valid while the process handle or report object itself is valid.

3.3.3.3 Functions that return a reference or pointer to an object in the module hierarchy

Certain functions return a reference or pointer to an object that forms part of the module hierarchy or a
property of such an object. The return types of these functions include the following:

a)
b)
¢)
d)

The in
event
whichg

3.3.3.4

Certait
implen
the fol

a)
b)

©)
The fu

sc_obj
sc_obj
sc_obj
sc_obj
sc_attr]
const §
sc_attr]
const §

The in

sC_interface * 77 Refurns a channel
sc_event& // Returns an event
sc_event finder& // Returns an event finder

sc_time& // Returns a property of primitive channel sc_clock

plementation is obliged to ensure that the returned object is valid until eitherthe channel, ey
finder is deleted explicitly by the application or until the destruction{of the module hie
Ver is sooner.

L Functions that return a reference or pointer to a transient object

| functions return a reference or pointer to an object that'may be deleted by the application|
entation before the destruction of the module hierarchy. The return types of these functions
owing:

sc_object *

sc_attr base *

std::string& // Property of an attribute object
hctions concerned are the following?®

bct® sc_process_handle::get/parent_object() const;

pct® sc_process_handle::get process object() const;

bct® sc_object::get parent object() const;

pct* sc_find object(\const char* );

| base™ sc_object::get_attribute( const std::string& );

c attr base*-scobject::get attribute( const std::string& ) const;
| base* scrobject::remove_attribute( const std::string& );
td::string& sc_attr base::name() const;

hplémentation is only obliged to ensure that the returned reference is valid until the sc_

ent, or
rarchy,

or the
nclude

bbject,

sc_attr_base, or std::string object 1tself 1s deleted.

Certain functions return a reference to an object that represents a transient collection of other objects, where
the application may add or delete objects before the destruction of the module hierarchy such that the
contents of the collection would be modified. The return types of these functions include the following:

)
b)

std::vector< sc_object * > &

sc_attr cltn *
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The functions concerned are the following:

virtual

const std::vector<sc_object*>& sc_module::get child_objects() const;

const std::vector<sc_object*>& sc_process_handle::get child objects() const;

virtual

const std::vector<sc_object*>& sc_object::get child objects() const;

const std::vector<sc_object*>& sc_get top level objects();
sc_attr_cltn& sc_object::attr_cltn();
const sc_attr_cltn& sc_object::attr_cltn() const;

The implementation is only obliged to ensure that the returned object (the vector or collection) is itself valid
until an sc_object or an attribute is added or deleted that would affect the collection returned by the function

if it we

3.3.3.

The in]

% 1 11 -
IV LU UL UdlivUu asalu.
b Functions sc_time_stamp and sc_signal::read

plementation is obliged to keep the object returned from function sc_time_stamp valid until t

of the pext timed notification phase.
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3.3.5

In the

plementation is obliged to keep the object returned from function sc_signal::read valid until
urrent evaluation phase.

th functions, it is strongly recommended that the application be written in such a way that it
entical behavior, whether these functions return a reference fo' an object or return the same ob

Namespaces and internal naming

plementation shall place every declaration and every macro definition specified by this st
one of the two namespaces sc_core and seldt. The core language and predefined channels s
in the namespace sc_core. The SystemCidata types proper shall be placed in the namespace
lities are divided between the two namespaces.

commended that an implemenfation use nested namespaces within sc_core and sc_dt in o
to a minimum the number 6f implementation-defined names in these two namespaces. The ng
th nested namespaces shall be implementation-defined.

eral, the choice of internal, implementation-specific names within an implementation can
b conflicts within an application. It is up to the implementor to choose names that are unlikely t
b conflicts within an application.

Non-compliant applications and errors

case”where an application fails to meet an obligation imposed by this standard, the behavior

he start

he end

would

ject by

andard
hall be
sc_dt.

rder to
mes of

cause
cause

of the

SystemC implementation shall be undefined in general. When this results in the violation of a diagnosable
rule of the C++ standard, the C++ implementation will issue a diagnostic message in conformance with the

C++ st

andard.

When this standard explicitly states that the failure of an application to meet a specific obligation is an error
or a warning, the SystemC implementation shall generate a diagnostic message by calling the function
sc_report_handler::report. In the case of an error, the implementation shall call function report with a
severity of SC_ERROR. In the case of a warning, the implementation shall call function report with a
severity of SC_ WARNING.
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An implementation or an application may choose to suppress run-time error checking and diagnostic
messages because of considerations of efficiency or practicality. For example, an application may call
member function set_actions of class sc_report_handler to take no action for certain categories of report.
An application that fails to meet the obligations imposed by this standard remains in error.

There are cases where this standard states explicitly that a certain behavior or result is undefined. This

standard places no obligations on the implementation in such a circumstance. In particular, such a
circumstance may or may not result in an error or a warning.

3.4 Notes and examples

Notes [appear at the end of certain subclauses, designated by the upper-case word NOTE. Note$ often
descrie consequences of rules defined elsewhere in this standard. Certain subclauses include expmples
consisfing of fragments of C++ source code. Such notes and examples are informative to help the reafder but
are nof an official part of this standard.
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4. Elaboration and simulation semantics

An implementation of the SystemC class library includes a public skell consisting of those predefined
classes, functions, macros, and so forth that can be used directly by an application. Such features are defined
in Clause 5, Clause 6, Clause 7, and Clause 8 of this standard. An implementation also includes a private
kernel that implements the core functionality of the class library. The underlying semantics of the kernel are
defined in this clause.

The execution of a SystemC application consists of elaboration followed by simulation. Elaboration results
in the creation of the module hierarchy. Elaboration involves the execution of application code, the public
shell of the implementation (as mentioned in the preceding paragraph), and the private kernel of the

executp processes within the application.

In addjition to providing support for elaboration and implementing the scheduler, the/Kernel mgy also
providg implementation-specific functionality beyond the scope of this standard. As jan’ example g¢f such
functignality, the kernel may save the state of the module hierarchy after elaboration and run or|restart
simulafion from that point, or it may support the graphical display of state ydrmables on-the-fly [during
simulafion.

The pHases of elaboration and simulation shall run in the following sequenee:
a) | Elaboration—Construction of the module hierarchy
b) | Elaboration—Callbacks to function before_end_of_elaboration
c) | Elaboration—Callbacks to function end_of_elaboration
d) | Simulation—Callbacks to function start_of simulation
e) | Simulation—Initialization phase
f) | Simulation—Evaluation, update, delta notification, and timed notification phases (repeated)
g) | Simulation—Callbacks to function end\6f simulation

h) | Simulation—Destruction of the module hierarchy

4.1 Elaboration

The pifimary purpose of elaberation is to create internal data structures within the kernel as requfired to
suppoift the semantics of simulation. During elaboration, the parts of the module hierarchy (modules} ports,
primitive channels, and precesses) are created, and ports and exports are bound to channels.

The acfions stated\n the following subclauses can occur during elaboration and only during elaboratipn.

NOTE [l—B¢cause these actions can only occur during elaboration, SystemC does not support the dynamic creption or
modifidation of the module hierarchy during simulation, although it does support dynamic processes.

NOTE 2—Other actions besides those Tisted below may occur during elaboration, provided that they do not contradict
any statement made in this standard. For example, objects of class sc_dt::sc_logic may be created during elaboration
and spawned processes may be created during elaboration, but the function notify of class sc_event shall not be called
during elaboration.

4.1.1 Instantiation

Instances of the following classes (or classes derived from these classes) may be created during elaboration
and only during elaboration. Such instances shall not be deleted before the destruction of the module
hierarchy at the end of simulation.
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sc_module (see 5.2)
sc_port (see 5.11)
sc_export (see 5.12)

sc_prim_channel (see 5.14)

An implementation shall permit an application to have zero or one top-level modules and may permit more
than one top-level module (see 4.3.4.1 and 4.3.5).

Instances of class sc_module and class sc_prim_channel may only be created within a module or within
function sc_main. Instances of class s¢_port and class sc_export can only be created within a module. It
shall be an error to instantiate a module or primitive channel other than within a module or within function

sc_magmor-to-mstantiate-aportorexportother-thamrwithimamodtte——

The inptantiation of a module also implies the construction of objects of class sc_module_name anld class
sc_sensitivef (see 5.4).

Althoygh these rules allow for considerable flexibility in instantiating the module higsarchy, it is sfrongly
recommended that, wherever possible, module, port, export, and primitive chansnel instances He data
membgrs of a module or their addresses be stored in data members of a module) Moreover, the names of
those data members should match the string names of the instances wherever'possible.

NOTE [l—The four classes sc¢_module, sc_port, sc_export, and sc_prim, channel are derived from a commpn base
class sq_object, and thus have some member functions in common (see 5.15).

NOTE P—Objects of classes derived from sc_object but not derived from one of these four classes may be instpntiated
during ¢laboration or during simulation, as may objects of user-defined classes.

Example:
#inclugle "systemc.h"

struct Mod: sc_module

{
S CTOR(Mod) { }
55
struct §
{
Mqd m; // Unusual coding style - module instance within struct
S(qhar* name Jx m(name ) {}
55
struct Top:,s¢/ module // Five instances of module Mod exist within module Top.
{
Mod ml; // Recommended coding style
Mod *m?2; // Recommended coding style
Ssl;

SC_CTOR(Top)

ml("ml1"), // m1.name() returns "top.m1"

sI1("s1™) //'s1.m.name() returns "top.s1"
{

m2 =new Mod("m2"); // m2->name() returns "top.m2"

f0);

S *s2 =new S("s2"); // s2->m.name() returns "top.s2"
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}

void () {

}
}s

Mod *m3 = new Mod("m3"); // Unusual coding style - not recommended
// m3->name() returns "top.m3"

int sc_main(int argc, char® argv[])

{

Top top("top");
sc_start();
return 0;

}

4.1.2
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Ports @
sc_por

Process macros

[pawned process instance is a process created by invoking one of the following three ‘process 1
SC_METHOD
SC_THREAD
SC_CTHREAD
me of a member function belonging to a class derived from class. sc_module shall be passe
ent to the macro. This member function shall become th¢ function associated with the {

c.

vned processes can be created during elaboration or, frem the end_of elaboration callback. Sy
bes may be created by calling the function s¢_spawn during elaboration or during simulation.

irpose of the process macros is to register\the associated function with the kernel such t
ler can call back that member function duting simulation. It is also possible to use spawned pr:
same purpose. The process macros are provided for backward compatibility with earlier vers
Port binding and export/binding

stances can be bound:to“channel instances, to other port instances, or to export instances.
es can be bound to.channel instances or to other export instances, but not to port instancd
b is an asymmetrieal relationship, and export binding is an asymmetrical relationship. If a

1 is the channel to which the port is bound.

an be bound by name or by position. Named port binding is performed by a member function

nacros:

i as an
rocess

awned

hat the
cesses
ions of

Export
s. Port
port is

to a channelxiti1s not true to say that the channel is bound to the port. Rather, it is true to say that the

f class

t\(Se¢ 5.11.7). Positional port binding is performed by a member function of class sc_mod

le (see

5.2.18

sc_export (see 5.12.7).

A given port instance shall not be bound both by name and by position.

. Exports can only be bound by name. Export binding is performed by a member function of class

A port should typically be bound within the parent of the module instance containing that port. Hence, when
port A is bound to port B, the module containing port A will typically be instantiated within the module
containing port B. An export should typically be bound within the module containing the export. A port
should typically be bound to a channel or a port that lies within the same module in which the port is bound
or to an export within a child module. An export should typically be bound to a channel that lies within the
same module in which the export is bound or to an export within a child module.
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When port A is bound to port B, and port B is bound to channel C, the effect shall be the same as if port A
were bound directly to channel C. Wherever this standard refers to port A being bound to channel C, it shall
be assumed this means that port A is bound either directly to channel C or to another port that is itself bound
to channel C according to this very same rule. This same rule shall apply when binding exports.

Port and export binding can occur during elaboration and only during elaboration. Whether a port need be
bound is dependent upon the port policy argument of the port instance, whereas every export shall be bound
exactly once. A module may have zero or more ports and zero or more exports. If a module has no ports, no
(positional) port bindings are necessary or permitted for instances of that module. Ports may be bound (by
name) in any sequence. The binding of ports belonging to different module instances may be interleaved.
Since a port may be bound to another port that has not yet itself been bound, the implementation may defer
the comptetromrof—port—binding—mtit—a—ta t during—ctaboratiom—whereas—exports—she e1bound
immediately. Such deferred port binding shall be completed by the implementation before the gallbpcks to
functiqn end_of_elaboration.

The cHannel to which a port is bound shall not be deleted before the destruction of the medule hierapchy at
the end of simulation.

Where|permitted in the definition of the port object, a single port can be bound\fo multiple channel for port
instandes. Such ports are known as multiports (see 5.11.3). An export can only_be bound once. It shall be an
error t¢ bind a given port instance to a given channel instance more than once; even if the port is a multiport.

When p port is bound to a channel, the kernel shall call the membé&w/function register_port of the channel.
There {s no corresponding function called when an export is bound.(see 5.13).

The pyrpose of port and export binding is to enable a portioriexport to forward interface method callp made
during|simulation to the channel instances to which that port was bound during elaboration. This forwarding
is perfprmed during simulation by member functions. of the class sc_port and class sc_export, such as
operafor->. A port requires the services defined-by an interface (that is, the type of the port), whefeas an
exportlprovides the services defined by an intexfdee (that is, the type of the export).

NOTE [[—A phrase such as bind a channel to a-port is not used in this standard. However, it is recognized thaf such a
phrase fnay be used informally to mean bind'@port to a channel.

NOTE P—A port of a child module in§tance can be bound to an export of that same child module instance.

NOTE B—Member function register_‘port is defined in the class sc_interface from which every channel is deriyed.
4.1.4 Setting the time'resolution

The sifulation tinfelresolution can be set during elaboration and only during elaboration. Time resolyition is
set by falling the function sc_set_time_resolution (see 5.10.3).

NOTE+Time.resolution can only be set globally. There is no concept of a local time resolution.

4.2 Simulation

This subclause defines the behavior of the scheduler and the semantics of simulated time and process
execution.

The primary purpose of the scheduler is to trigger or resume the execution of the processes that the user
supplies as part of the application. The scheduler is event-driven, meaning that processes are executed in
response to the occurrence of events. Events occur (are notified) at precise points in simulation time. Events
are represented by objects of the class sc_event, and by this class alone (see 5.9).
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Simulation time is an integer quantity. Simulation time is initialized to zero at the start of simulation and
increases monotonically during simulation. The physical significance of the integer value representing time
within the kernel is determined by the simulation time resolution. Simulation time and time intervals are
represented by class sc_time. Certain functions allow time to be expressed as a value pair having the
signature double,sc_time_unit (see 5.10.1).

The scheduler can execute a spawned or unspawned process instance as a consequence of one of the
following four causes, and these alone:

— In response to the process instance having been made runnable during the initialization phase (see
42.1.1)

— Inresponse to a call to function s¢_spawn during simulation

— | In response to the occurrence of an event to which the process instance is sensitive

— |In response to a time-out having occurred

The sepsitivity of a process instance is the set of events and time-outs that can potentially.cause the process
to be [resumed or triggered. The static sensitivity of an unspawned process instance is fixed [during
elaborgtion. The static sensitivity of a spawned process instance is fixed when the-function sc_sppwn is
called.| The dynamic sensitivity of a process instance may vary over time under(the control of the process
itself. A\ process instance is said to be sensitive to an event if the event has been ddded to the static senfitivity
or dyngmic sensitivity of the process instance. A time-out occurs when a given time interval has elapsed.

The scheduler shall also manage event notifications and primitive channel update requests.
4.2.1 The scheduling algorithm

The semantics of the scheduling algorithm are defined in,the following subclauses. For the sake of Flarity,
imperative language is used in this description. The ‘description of the scheduling algorithm uges the
follow|ng four sets:

— | The set of runnable processes
— | The set of update requests
— | The set of delta notifications and;fime-outs

— | The set of timed notificationsyand time-outs

An implementation may substitute an alternative scheme, provided the scheduling semantics given here are
retaineid.

A process instancesshall not appear more than once in the set of runnable processes. An attempt to add to this
set a pfocess insfance that is already runnable shall be ignored.

An upylate \vequest results from, and only from, a call to member function request update off class
sc_prim channel (see 5.14.6).

An immediate notification results from, and only from, a call to member function netify of class sc_event
with no arguments (see 5.9.4).

A delta notification results from, and only from, a call to member function notify of class sc_event with a
zero-valued time argument.

A timed notification results from, and only from, a call to member function netify of class sc_event with a
non-zero-valued time argument. The time argument determines the time of the notification, relative to the
time when function notify is called.
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A time-out results from, and only from, certain calls to functions wait or next_trigger, which are member
functions of class sc_module, member functions of class sc_prim_channel, and non-member functions. A
time-out resulting from a call with a zero-valued time argument is added to the set of delta notifications and
time-outs. A time-out resulting from a call with a non-zero-valued time argument is added to the set of timed
notifications and time-outs (see 5.2.16 and 5.2.17).

The scheduler starts by executing the initialization phase.
4.2.1.1 Initialization phase

Perform the following three steps in the order given:

a) [Runthe updafe phase as defined 1n 4.2.1.3 buf withouf continuing to the delta notification phjse.

b) | Add every method and thread process instance in the object hierarchy to the set of runnabjle pro-
cesses, but exclude those process instances for which the function dont_initialize has-been |called,
and exclude clocked thread processes.

¢) | Run the delta notification phase, as defined in 4.2.1.4. At the end of the deltamotification phpse, go
to the evaluation phase.

NOTE+-The update and delta notification phases are necessary because function request_update can be calleq during
elaborafion in order to set initial values for primitive channels, for example, from funétion initialize of class sc_jnout.

4.2.1.2 Evaluation phase

From fthe set of runnable processes, select a process instance and trigger or resume its execution. Jun the
procesp instance immediately and without interruption up tq thie point where it either returns or cglls the
functidn wait.

Since process instances execute without interruption;only a single process instance can be running|at any
one tifne, and no other process instance can execute until the currently executing process instarice has
yielded control to the kernel. A process shall not@re-empt or interrupt the execution of another proceds. This
is knon as co-routine semantics or co-operative multitasking.

The ofder in which process instancesqare selected from the set of runnable processes is implemerltation-
definedl. However, if a specific version of a specific implementation runs a specific application ysing a
specifit input data set, the order of process execution shall not vary from run to run.

A prog¢ess may execute an_immediate notification, in which case determine which process instanges are
currenfly sensitive to thewnotified event and add all such process instances to the set of runnable processes.
Such processes shall®be executed subsequently in this very same evaluation phase.

A prodess may_eall function sc_spawn to create a spawned process instance, in which case the new process
instande shall be added to the set of runnable processes (unless function sc_spawn_options::dont_injtialize
is callgd).and subsequently executed in this very same evaluation phase.

A process may call the member function request_update of a primitive channel, which will cause the
member function update of that same primitive channel to be called back during the very next update phase.

Repeat this step until the set of runnable processes is empty, then go on to the update phase.

NOTE 1—The scheduler is not pre-emptive. An application can assume that a method process will execute in its entirety
without interruption, and a thread or clocked thread process will execute the code between two consecutive calls to
function wait without interruption.

NOTE 2—Because the order in which processes are run within the evaluation phase is not under the control of the
application, access to shared storage should be explicitly synchronized to avoid non-deterministic behavior.
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NOTE 3—An implementation running on a machine that provides hardware support for concurrent processes may
permit two or more processes to run concurrently, provided that the behavior appears identical to the co-routine
semantics defined in this subclause. In other words, the implementation would be obliged to analyze any dependencies
between processes and constrain their execution to match the co-routine semantics.

NOTE 4—When an immediate notification occurs, only processes that are currently sensitive to the notified event shall
be made runnable. This excludes processes that are only made dynamically sensitive to the notified event later in the
same evaluation phase.

4.2.1.3 Update phase

Execute any and all pending calls to function update resulting from calls to function request_update made
in the immediately preceding evaluation phase or made during elaboration if the update phase is executed as
part of|the initialization phase.

If no rpmaining pending calls to function update exist, go on to the delta notification phasey(except when
executpd from the initialization phase).

4.2.1.4 Delta notification phase

If pendling delta notifications or time-outs exist (which can only result from calls to function ngtify or
functidn wait in the immediately preceding evaluation phase or update phase):

a) | Determine which process instances are sensitive to these events or time-outs.
b) | Add all such process instances to the set of runnable processes.

c) | Remove all such notifications and time-outs from the set)ofdelta notifications and time-outs.

If, at the end of the delta notification phase, the set of funnable processes is non-empty, go backl to the
evaluation phase.

4.2.1.% Timed notification phase

If pending timed notifications or time-outs exist:
a) | Advance simulation time to the\time of the earliest pending timed notification or time-out.

b) | Determine which process instances are sensitive to the events notified and time-outs lapsing] at this
precise time.

c) | Add all such processtinstances to the set of runnable processes.
d) | Remove all suchynotifications and time-outs from the set of timed notifications and time-outs|

If no gending timed.hotifications or time-outs exist, the end of simulation has been reached. So, dxit the
scheduyler.

If, at thend of the timed notification phase, the set of runnable processes is non-empty, go backf to the
evaluationphase.

4.2.2 Cycles in the scheduling algorithm

A delta cycle is a sequence of steps in the scheduling algorithm consisting of the following steps in the order
given:

a)  An evaluation phase
b)  Anupdate phase
c¢) A delta notification phase

The initialization phase does not include a delta cycle.
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NOTE 1—The scheduling algorithm implies the existence of three causal loops resulting from immediate notification,
delta notification, and timed notification, as follows:

— The immediate notification loop is restricted to a single evaluation phase.

—  The delta notification loop takes the path of evaluation phase, followed by update phase, followed by delta
notification phase and back to evaluation phase. This loop advances simulation by one delta cycle.

— The timed notification loop takes the path of evaluation phase, followed by update phase, followed by delta
notification phase, followed by timed notification phase and back to evaluation phase. This loop advances
simulation time.

NOTE 2—The immediate notification loop is non-deterministic in the sense that process execution can be interleaved
with immediate notification, and the order in which runnable processes are executed is undefined.

NOTE 3—The delta notlﬁcatlon and tnned notlﬁcatlon loops are determ1n1st1c in the sense that process execution
alternatf § 3 onfined to
using oply deterministic pr1m1t1ve channels the behav1or of the appllcatlon w111 be 1ndependent of the orderin-which the
processes are executed within the evaluation phase (assuming no other explicit dependencies on process order [such as
external input or output exist).

4.3 Running elaboration and simulation

An implementation shall provide either or both of the following two mechanists for running elabpration
and sithulation:

— | Under application control using functions sc_main and sc_start

— | Under control of the kernel

Both njechanisms are defined in the following subclauses. An implementation is not obliged to providle both
mechapisms.

4.3.1 Function declarations
namespace sc_core {

intjsc_elab_and_sim( int argc, char* argv([] );
int|sc_arge();

const char* const* sc_argv();

void sc_start();

vold sc_start( const sc_time& );

void sc_start( double, §c)time unit );

}

4.3.2 Function-sc_elab_and_sim

The fupction main that is the entry point of the C++ program may be provided by the implementatiop or by
the application. If function main is provided by the implementation, function main shall initifte the
mechamniSms for ctaboration and SIMUuIAation as descrived 1 this subciause. 1T function main 15 provided by
the application, function main shall call the function sc_elab_and_sim, which is the entry point into the
SystemC implementation.

The implementation shall provide a function sc_elab_and_sim with the following declaration:
int sc_elab_and_sim( int argc, char* argv[] );

Function sc_elab_and_sim shall initiate the mechanisms for running elaboration and simulation. The
application should pass the values of the parameters from function main as arguments to function
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sc_elab_and_sim. Whether the application may call function sc_elab_and_sim more than once is
implementation-defined.

A return value of 0 from function sc_elab_and_sim shall indicate successful completion. An
implementation may use other return values to indicate other termination conditions.

NOTE—Function sc_elab_and_sim was named sc_main_main in an earlier version of SystemC.

4.3.3 Functions sc_argc and sc_argv

The implementation shall provide functions se_arge and sc_argv with the following declarations:

int
cot

These
sc_ela

434

The af

4342

4.3.4.

An apy
argum
int

This fi
argum
commy
Ct++c

Elabor]
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b_and_sim.

Running under application control using functions sc_main and sc_start

plication provides a function sc_main and calls the function se’start, as defined in 4.3.4

Function sc_main

lication shall provide a function sc_main with the following declaration. The order and typeq
ents and the return type shall be as shown here:

sc_main( int argc, char* argv[] );

inction shall be called once from the “kernel and is the only entry point into the applicatio
bnts arge and argv|] are command-line arguments. The implementation may pass the values
ind-line arguments (as passed, te-fimction main) through to function sc_main. The choice of]

mmand-line arguments to pass.is implementation-defined.

htion consists of the «execution of the sc_main function from the start of sc_main to th

n value of 0.from function sc_main shall indicate successful completion. An application n
eturn valyes fo indicate other termination conditions.

l—AS a,econsequence of the rules defined in 4.1, before calling function sc_start for the first time, the 1

sc_maip_rhay instantiate modules, instantiate primitive channels, bind the ports and exports of module instg
channelg, and set the time resolution. More than one top-level module may exist

two functions shall return the values of the arguments passed to function main or fynction
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NOTE 2—Throughout this standard the term call is taken to mean call directly or indirectly. Hence function sc_start

may be

called indirectly from function sc_main by another function or functions.

4.3.4.2 Function sc_start

The implementation shall provide a function sc_start, overloaded with the following signatures:

void sc_start();
void sc_start( const sc_time& );
void sc_start( double, sc_time_unit );
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The behavior of the latter function shall be equivalent to the following definition:
void sc_start( double d, sc_time unitt) { sc_start( sc_time(d, t) ); }

When called for the first time, function sc_start shall start the scheduler, which shall run up to the
simulation time passed as an argument (if an argument was passed), unless otherwise interrupted.

When called on the second and subsequent occasions, function sc_start shall resume the scheduler from the
time it had reached at the end of the previous call to sc¢_start. The scheduler shall run for the time passed as
an argument (if an argument was passed), relative to the current simulation time, unless otherwise
interrupted.

When p time is passed as an argument, the scheduler shall execute up to and including the timed notiication
phase that advances simulation time to the end time (calculated by adding the time given as af argumpent to
the sinjulation time when function sc_start is called).

When function sc_start is called without any arguments, the scheduler shall run untilGtyréaches completion,
unless jotherwise interrupted.

When [function sc_start is called with a zero-valued time argument, the scheduler shall run for onge delta
cycle.

Once gtarted, the scheduler shall run until either it reaches complefion, or the application calls the fynction
sc_stop, or an exception occurs, or simulation is stopped or aborted/by the report handler (see 8.3). Opce the
functidn sc_stop has been called, function sc_start shall not.be called again.

Functipn sc_start may be called from function sc_maingand only from function sc_main.
On cothpletion, function sc_start returns control to:the function from which it was called.

NOTE+4When the scheduler is paused between suceessive calls to function sc_start, the set of runnable procesges need
not be ¢mpty.

4.3.5 Running under control of‘the kernel

Elaborption and simulation niay ‘be initiated under the direct control of the kernel, in which cgse the
implerpentation shall not ¢allsthe function sc_main, and the implementation is not obliged to prgvide a
functidn sc_start.

An implementatiofimay permit more than one top-level module but is not obliged to do so.
NOTE [[—In-this case, the mechanisms used to initiate elaboration and simulation and to identify top-level modules are
implementatien-defined.

NOTE
in4.3.4.

a-bf those

4.4 Elaboration and simulation callbacks

Four callback functions are called by the kernel at various stages during elaboration and simulation. They
have the following declarations:

virtual void before_end_of elaboration();
virtual void end_of elaboration();

virtual void start_of simulation();

virtual void end_of simulation();
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The implementation shall define each of these four callback functions as member functions of the classes
sc_module, sc_port, sc_export, and sc_prim_channel, and each of these definitions shall have empty
function bodies. The implementation also overrides various of these functions as member functions of
various predefined channel and port classes and having specific behaviors (see Clause 6). An application
may override any of these four functions in any class derived from any of the classes mentioned in this
paragraph. If an application overrides any such callback function of a predefined class and the callback has
implementation-defined behavior (for example, sc_in::end_of elaboration), the application-defined
member function in the derived class may or may not call the implementation-defined function of the base
class, and the behavior will differ, depending on whether the member function of the base class is called.

Within each of the four categories of callback functions, the order in which the callbacks are made for
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plementation shall make callbacks to all such functions for every instance in the module-hierar
| in the following subclauses.

plementation shall provide the following two functions:
bace sc_core {

I sc_start of simulation_invoked();
I sc_end_of simulation_invoked();

n sc_start_of simulation_invoked shall return true aft€r and only after all the callbacks to fi
pf simulation have executed to completion. Function sc _end_of simulation_invoked shall

true after and only after all the callbacks to function end_‘ef-simulation have executed to completio
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2
h)

)

Port binding
Export binding
The macros SC METHOD, SC THREAD, SC CTHREAD, SC HAS PROCESS

The member sensitive and member functions dont_initialize, set_stack size, and reset_signal is

of the class sc_module
Calls to event finder functions

Calls to function s¢_spawn to create static spawned processes

Calls to member function request_update of class sc_prim_channel to create update requests (for

example by calling member function initialize of class sc_inout)
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The following constructs shall not be used directly within member function before_end_of elaboration,
but may be wused where permitted within module instances nested within callbacks to
before_end_of elaboration:

a)  The macro SC_CTOR
b) Calls to member function netify of the class sc_event

operator-> and operator[] of class sc_port should not be called from the function
before_end_of elaboration, because the implementation may not have completed port binding at the time
of this callback and hence these operators may return null pointers. The member function size may return a
value less than its final value.

Any sq_object instances created from callback before_end_of_elaboration shall be placed at a locdtion in
the module hierarchy as if those instances had been created from the constructor of the module-fo Whiich the
callbagk belongs, or to the parent module if the callback belongs to a port, export, or primitiye-charfnel. In
other words, it shall be as if the instances were created from the constructor of the object"whose callpack is
called.

Object instantiated from the member function before_end_of elaboration maythemselves overridelany of
the fopr callback functions, including the member function before end of elaboration itself. The
implementation shall make all such nested callbacks. An application can<assume that every such njember
functign will be called back by the implementation, whatever the context.in"which the object is instarftiated.

4.4.2 ¢nd_of_elaboration

The injplementation shall call member function end_of_elaberation at the very end of elaboration dfter all
callbagks to before_end_of_elaboration have completed ‘and after the completion of any instantiation or
port bihding performed by those callbacks and before starting simulation.

The pyrpose of member function end_of_elaboration is to allow an application to perform houseKeeping
actionq at the end of elaboration that do not need to modify the module hierarchy. Examples include|design
rule checking, actions that depend on the numiber of times a port is bound, and printing diagnostic m¢ssages
concerhing the module hierarchy.

The fo]lowing actions may be performed directly or indirectly from the callback end_of_elaboratiox|:

a) | The instantiation ofi.objects of classes derived from class sc_object but excluding flasses
sc_module, sc_port,/sc_export, and sc_prim_channel

b) | The macros S€, METHOD, SC THREAD, and SC HAS PROCESS

¢) | The member-"sensitive and member functions dont_initialize and set_stack_size of th¢ class
sc_module

d) | Calls to function sc_spawn to create dynamic spawned processes

e) | €alls to member function request_update of class sc_prim_channel to create update requepts (for
example by calling member function write of class sc_inout)

f)  Interface method calls using operator-> and operator[] of class sc_port, provided that those calls
do not attempt to perform actions prohibited outside simulation such as event notification

The following constructs shall not be used directly or indirectly within callback end_of elaboration:
a)  The instantiation of objects of class sc_module, sc_port, sc_export, sc_prim_channel
b) Port binding
¢) Export binding
d) The macros SC_CTOR, SC_CTHREAD
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e) The member function reset_signal _is of the class sc_module
f)  Calls to event finder functions

g) Calls to member function notify of the class sc_event
4.4.3 start_of_simulation

The implementation shall call member function start of simulation immediately when the application
calls function sc_start for the first time or at the very start of simulation, if simulation is initiated under the
direct control of the kernel. If an application makes multiple calls to sc_start, the implementation shall only
make the callbacks to start_of simulation on the first such call to sc_start. The implementation shall call
function start of simulation after the callbacks to end of elaboration and before invoking the
initialigation phase of the scheduler.

The pyrpose of member function start_of simulation is to allow an application to perform heuseleeping
actiond at the start of simulation. Examples include opening stimulus and response files and grinting
diagnostic messages. The intention is that an implementation that initiates elaboration.and simulatiof under
direct fontrol of the kernel (in the absence of functions s¢_main and sc_start) shallsmake the callbacks to
end_of elaboration at the end of elaboration and the callbacks to start_ofcsimulation at the dtart of
simulafion.

The fo]lowing actions may be performed directly or indirectly from the &allback start_of simulatior):

a) | The instantiation of objects of classes derived from c¢lass™ sc_object but excluding [lasses
sc_module, sc_port, sc_export, and sc_prim_channel

b) | Calls to function sc_spawn to create dynamic spawned processes

c) | Calls to member function request_update of class.s¢_prim_channel to create update requepts (for
example by calling member function write of class sc_inout)

d) | Interface method calls using operator-> and operator|] of class sc_port, provided that thoge calls
do not attempt to perform actions prohibited outside simulation such as event notification

The fo]lowing constructs shall not be used«directly or indirectly within callback start_of simulation
a) | The instantiation of objects of class sc_module, sc_port, sc_export, sc_prim_channel
b) | Port binding
¢) | Export binding
d) | The macros SC CTOR, SC METHOD, SC THREAD, SC CTHREAD, SC HAS PROCE$S

e) | The member sensitive and member functions dont_initialize, set _stack_size, and reset_signal_is
of the class-se-module

f) | Calls tovent finder functions

g) | Calls to member function notify of the class sc_event

4.4.4 end_of simulation

The implementation shall call member function end_of simulation at the point when the scheduler halts
because of the function sc¢_stop having been called during simulation (see 4.5.2) or at the very end of
simulation if simulation is initiated under the direct control of the kernel. The end_of simulation callbacks
shall only be called once even if function sc_stop is called multiple times.

The purpose of member function end_of_simulation is to allow an application to perform housekeeping
actions at the end of simulation. Examples include closing stimulus and response files and printing
diagnostic messages. The intention is that an implementation that initiates elaboration and simulation under
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direct control of the kernel (in the absence of functions s¢_main and sc_start) shall make the callbacks to
end_of simulation at the very end of simulation whether or not function sc_stop has been called.

As a consequence of the language mechanisms of C++, the destructors of any objects in the module
hierarchy will be called as these objects are deleted at the end of program execution. Any callbacks to
function end_of simulation shall be made before the destruction of the module hierarchy. The function
sc_end_of simulation_invoked may be called by the application within a destructor to determine whether
the callback has been made.

The implementation is not obliged to support any of the following actions when made directly or indirectly
from the member function end_of simulation or from the destructors of any objects in the module

h' 1 A W) 41 £ 4l s - - 1 decrdes - |
ierar ll_y. YV IIUUIIUT au_y Ul UILSU AL lIVUIIS vausdsy all UITUL 15 lllll)l\zlllhllLatlUll_u\zllllbU.
a) | The instantiation of objects of classes derived from class sc_object
b) | Calls to function sc_spawn to create dynamic spawned processes

¢) | Calls to member function request_update of class sc_prim_channel to create update requepts (for
example by calling member function write of class sc_inout)

d) | Calls to member function notify of the class sc_event

4.5 Other functions related to the scheduler
4.5.1 Function declarations
namespace sc_core {

enym sc_stop_mode
{
BC_STOP_FINISH_DELTA ,
5C_STOP_IMMEDIATE

¥

extern void sc_set_stop_mode( sc Stop_mode mode );
extiern sc_stop_mode sc_get _stop.mode();
vold sc_stop();

const sc_time& sc_time_stamp();
const sc_dt::uint64 se_delta_count();
bo¢l sc_is_running();

}

4.5.2 Function sc_stop, sc_set_stop_mode, and sc_get_stop_mode

The iniplcmentation shatt provide fUnchons S¢_Set_stop_mode, sc_get_stop_mode, and sc_stop with the
following declarations:

enum sc_stop_mode

{
SC_STOP_FINISH _DELTA,
SC_STOP_IMMEDIATE

3

extern void sc_set_stop_mode( sc_stop_mode mode );
extern sc_stop_mode sc_get stop_mode();
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void sc_stop();

The function sc_set_stop_mode shall set the current stop mode to the value passed as an argument. The
function sc_get_stop_mode shall return the current stop mode.

The function sc_stop may be called by the application from an elaboration or simulation callback, from a
process, from the member function update of class sc_prim_channel, or from function sc_main. The
implementation may call the function sc_stop from member function report of class sc_report_handler.

A call to function sc_stop shall cause elaboration or simulation to halt as described below and control to

return
sc_sto
shall

If the
end_o

the cufrent callback phase is complete, that is, after all callbacks of the given kindhave been made.

If the function sc_stop is called during the evaluation phase or the update phase, the scheduler shall

determ
cycle.

evalual
SC ST
compl
withou
compl
curren
execut

It shall

If fun

implementation shall issue a warning. If function stop_after of class sc_report_handler has been

cause

handlipg mechanism and shall:not make further calls to se¢_stop, preventing an infinite regression.

NOTE
providg

NOTE
may be

4.5.3

U fuuuﬁuu B\,_lllﬂill Ul tU tllb khlllb}. T‘ll\/ illlplblllblltdtiull D‘lla}} Pl;llt Uut a lllbbbasb flUlll f
b to standard output to indicate that simulation has been halted by this means. The implemeg
ake the end_of_simulation callbacks as described in 4.4.4.

function sc_stop is called from one of the -callbacks before_end of elabo
_elaboration, start_of simulation, or end_of_simulation, elaboration or simiulation shall hg

ined by the current stop mode but in any case before the delta notificdtion phase of the currey
f the current stop mode is SC_ STOP_FINISH DELTA, the scheditler shall complete both the
ion phase and the current update phase before halting simulation. If the current stop nf
OP IMMEDIATE and function sc_stop is called during‘the evaluation phase, the schedulg
te the execution of the current process and shall then halt without executing any further proces
t executing the update phase. If function sc_stop is called during the update phase, the schedul
te the update phase before halting. Whatever the stop mode, simulation shall not halt ui
ly executing process has yielded control to the scheduler (such as by calling function wai
ng a return statement).

be an error for the application to call-{unction sc_start after function sc_stop has been called.
tion sc_stop is called a second' time before or after elaboration or simulation has halt

c_stop to be called ongthe. occurrence of a warning, the implementation shall override this

1—A function se_step shall be provided by the implementation, whether or not the implementors ch
a function sc_start.

D—Throughout this standard, the term cal/ is taken to mean call directly or indirectly. Hence function
called indirectly, for example, by an interface method call.

Function sc_time_stamp

nction
ntation

ration,
It after

halt as
it delta
current
ode is
r shall
es and
er shall
itil the
or by

bd, the
ised to
report-

00se to

c_stop

The implementation shall provide a function sc_time_stamp with the following declaration:

const sc_time& sc_time_stamp();

The function sc_time_stamp shall return the current simulation time. During elaboration and initialization
the function shall return a value of zero.

NOTE—The simulation time can only be modified by the scheduler.
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4.5.4 Function sc_delta_count
The implementation shall provide a function sc_delta_count with the following declaration:
const sc_dt::uint64 sc_delta_count();

The function sc_delta_count shall return an integer value that is incremented exactly once in each delta
cycle, and thus returns a count of the absolute number of delta cycles that have occurred during simulation,
starting from zero. When the delta count reaches the maximum value of type sc_dt::uint64, the count shall
start again from zero. Hence the delta count in successive delta cycles might be maxvalue-1, maxvalue, 0, 1,
2, and so on.

NOTE+-This function is intended for use in primitive channels to detect whether an event has occurred by(comparing
the delth count with the delta count stored in a variable from an earlier delta cycle. The following code fragment will test
whethef a process has been executed in two consecutive delta cycles:

if (sc_dlelta_count() == stored_delta _count + 1) { /* consecutive */ }
stored |delta count = sc_delta_count();

4.5.5 Function sc_is_running

The infplementation shall provide a function sc_is_running with the folowing declaration:
bool s¢_is_running();

The fynction sc_is_running shall return the value true.while the scheduler is running, including the
initialigation phase, and shall return the wvalue false during elaboration, during the callbacks

start_¢f simulation and end_of simulation and when called from the destructor of any object|in the
modulg hierarchy.
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5. Core language class definitions

5.1 Class header files

To use the SystemC class library features, an application shall include either of the C++ header files
specified in this subclause at appropriate positions in the source code as required by the scope and linkage
rules of C++.

5.1.1 #include "systemc"

The he

der file named systemc shall add the names sc_core and sc_dt to the declarative reginn in wh

jch it is

includ¢d, and these two names only. The header file systemc shall not introduce into the declarative
in which it is included any other names from this standard or any names from the standard\C

librarig

Itis re

Examp

#inclu
using s
using s
using s
using s
using s

#inclu
using s
using s
using s

5.1.21

The hd
declard
as defj
additio

The he
be dep

S.

le:

le "systemc"
c_core::sc_module;
c_core::sc_signal;
c_core::SC_NS;
c_core::sc_start;
c_dt::sc_logic;

le <iostream>
td::ofstream;
td::cout;
td::endl;

finclude "systemc.h"

ader file named systemc.h shall add all of the names from the namespaces sc_core and sc_d
tive region in which-tis'included, together with selected names from the standard C or C++ 1i
ned in this subclagse=It is recommended that an implementation keep to a minimum the nun
nal implementation-specific names introduced by this header file.

ader file Systemc.h is provided for backward compatibility with earlier versions of SystemC af
Fecatedtin*future versions of this standard.

region
r C++

ommended that applications include the header file systemc rather than the header file systenjc.h.

to the
braries
hber of

id may

The heg

ader file systemc.h shall include at least the following:

#include "systemc"

// Using declarations for all the names in the sc_core namespace specified in this standard
using sc_core::sc_module;

// Using declarations for all the names in the sc_dt namespace specified in this standard
using sc_dt::sc_int;
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// Using declarations for selected names in the standard libraries
using std::ios;

using std::streambuf;
using std::streampos;
using std::streamsize;
using std::iostream;
using std::istream;
using std::ostream;
using std::cin;

using std::cout;

using std::cerr;
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usipg btd..uudl,
usinhg std::flush;
usihg std::dec;
usihg std::hex;
usihg std::oct;
usipg std::fstream;
usipg std::ifstream;
usipg std::ofstream;
usipg std::size t;
usipg std::memchr;
usipg std::memcmp;
usipg std::memcpy;
usipg std::memmove;
usihg std::memset;
usihg std::strcat;
usihg std::strncat;
usihg std::strchr;
usihg std::strrchr;
usihg std::strcmp;
usihg std::strncmp;
usihg std::strepy;
usihg std::strncpy;
usipg std::strcspn;
usipg std::strspn;
usihg std::strlen;
usipg std::strpbrk;
usihg std::strstr;
usihg std::strtok;
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5.2 sc_module
5.2.1 Description

Class sc_module is the base class for modules. Modules are the principle structural building blocks of
SystemC.

5.2.2 Class definition

namespace sc_core {

, i .
class sg—bind—proxy—{imptememarion-defined

const §¢_bind_proxy’ SC_BIND PROXY NIL;

class s module

: publif sc_object

{
public:

virtual ~s¢_module();

virtual const char* kind() const;

void operator() ( constsc_bind _proxyf& p001,
const sc_bind _proxyf& p002 = SCABIND PROXY NIL,
const sc_bind _proxyf& p003 =SCBIND PROXY NIL,

const sc_bind _proxyf& p063=SC BIND PROXY NIL,
const sc_bind_proxy’ &p064 = SC_BIND PROXY NIL );

virtual const std::vector<sc_object*>& get_child_objects() const;

prdtected:
sc_module( const sc_module) hame& );
sc_module();

void reset_signal is¢’const sc_in<bool>& , bool );
void reset_sighal is( const sc_signal<bool>& , bool );

&

sc_sensitive" sensitive;

voiddont_initialize();
void set_stack_size( size t);

void next_trigger();

void next_trigger( const sc_event& );

void next_trigger( sc_event_or_listf& );

void next_trigger( sc_event_and_list’& );

void next_trigger( const sc_time& );

void next_trigger( double , sc_time unit );

void next_trigger( const sc_time& , const sc_event& );

void next_trigger( double , sc time unit, const sc_event& );
void next_trigger( const sc_time& , sc_event_or_listf& );

void next_trigger( double , sc_time_unit , sc_event_or_list' & );
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void next_trigger( const sc_time& , const sc_event_and_listf& );
void next_trigger( double , sc_time unit, sc_event_and_listf& );

void wait();

void wait( int );

void wait( const sc_event& );

void wait( sc_event_or_listf& );

void wait( sc_event_and_listf& );

void wait( const sc_time& );

void wait( double , sc_time_unit );

void wait( const sc_time& , const sc_event& );

VUid A\AJ a;t( dUU:JlL/ ) b\;_tilll\z_ullit ) bUllDt D\/_\/V\/llt& ),
void wait( const sc_time& , sc_event_or_listf& );

void wait( double , sc_time unit , sc_event_or_listf& );
void wait( const sc_time& , sc_event_and_listf& );

void wait( double , sc_time_unit, sc_event_and_listf& );

virtual void before_end_of elaboration();
virtual void end_of_elaboration();

virtual void start_of simulation();

virtual void end_of _simulation();

1

void next_trigger();

void next_trigger( const sc_event& );

void next_trigger( sc_event_or_listf& );

void next_trigger( sc_event_and_listf& );

void next_trigger( const sc_time& );

void next_trigger( double , sc_time unit );

void next_trigger( const sc_time& , const sc_event& );

void next_trigger( double , sc_time unit, genst sc_event& );
void next_trigger( const sc_time& , sc_event_or_listf& );

void next_trigger( double , sc_time_unit, sc_event_or_listf& );
void next_trigger( const sc_time& , const sc_event_and_listf& );
void next_trigger( double , sc, time unit sc_event_and_listf& );

void wlait();

void wlait( int );

void wait( const segevent& );

void wait( sc_event_or_listf& );

void wait( sc_event_and_listf& );

void wait( const sc_time& );

void wait(*double , sc time unit );

void wait( const sc_time& , const sc_event& );

void wait( double , sc_time unit, const sc_event& );
void wait( const sc_time& , sc_event_or_listf& );

void wait( double , sc_time unit , sc_event_or_listf& );
void wait( const sc_time& , sc_event_and_listf& );
void wait( double , sc_time unit , sc_event_and_listf& );

#define SC_ MODULE(name) struct name : sc_module
#define SC_CTOR(name) implementation-defined; name(sc_module name)
#define SC_ HAS PROCESS(name) implementation-defined
#define SC_ METHOD(name) implementation-defined
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#define SC_ THREAD(name) implementation-defined
#define SC_CTHREAD(name,clk) implementation-defined

const char* sc_gen_unique_name( const char* );

typedef sc_module sc_behavior;
typedef sc_module sc_channel;

}

// namespace sc_core

5.2.3 Constraints on usage

Object]
modul

Every
such ¢
param:
of the

A strin

b during simulation.

class derived (directly or indirectly) from class sc_module shall have at least one eonstructor
bnstructor shall have one and only one parameter of class sc_module_name(but may have

onstructor.

g-valued argument shall be passed to the constructor of every module’instance. It is good pra

5 of class sc_module can only be constructed during elaboration. It shall be an error to instamtiate a

Every
further

ters of classes other than sc_module_name. That parameter is not required.te’be the first pajameter

tice to

make this string name the same as the C++ variable name through which the module is referenced, if{such a

variab

e exists.

Inter-module communication should typically be accomplished using interface method calls, thgt is, a

modul
permis

NOTE
base cl3

NOTE

NOTE
from an

5.24
Memb
5.2.5

The m
obligaf

sible, for example, for debugging or diagnostic purposes.

sS.
D—A module should be publicly derived from class sc_module.

B—It is permissible to use class sc_module as an indirect base class. In other words, a module can be
other module. This can be a useful eoding idiom.

Kind
er function kind shall-return the string ""sc_module".
5C_MODULE

hicro SC-MODULE may be used to prefix the definition of a module, but the use of this macr
ory.,

b should communicate with its environment through-its ports. Other communication mechanigms are

|l —Because the constructors are protected, class s¢, module cannot be instantiated directly but may be uged as a

derived

1S not

Example:

/I The following two class definitions are equally acceptable.

SC_ MODULE(M)

{
M(

sc_module_name) {}
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class M: public sc_module

{
public:
M(sc_module name) {}

1
5.2.6 Constructors

sc_module( const sc_ module name& );
sc_module();

Modulg names are managed by class sc_module_name, not by class sc_module. The string namg| of the
modulg instance is initialized using the value of the string name passed as an argument to the ¢onstrictor of
the claps sc_module_name (see 5.3).

5.2.7 $C_CTOR

This npacro is provided for convenience when declaring or defining a constrGetor of a module. [Macro
SC _CTOR shall only be used at a place where the rules of C++ permit a constructor to be declared qnd can
be usefl as the declarator of a constructor declaration or a constructor definition. The name of the fnodule
class being constructed shall be passed as the argument to the macro.

Example:

SC_MPDULE(M1)

{
S CTOR(M1) // Constructor definition
2i(P)
{}
int|i;

¥

SC_MPDULE(M2)

{
S CTOR(M2); //Constructor declaration
int|i;

}5

M2::M2(se _imodule name) : i(0) {}

The use of macro SC_CTOR is not obligatory. Using SC_CTOR, it is not possible to add user-defined
arguments to the constructor. If an application needs to pass additional arguments, the constructor shall be
provided explicitly. This is a useful coding idiom.

NOTE 1—The macros SC_CTOR and SC_ MODULE may be used in conjunction or may be used separately.

NOTE 2—Since macro SC_CTOR is equivalent to declaring a constructor for a module, an implementation shall ensure
that the constructor so declared has a parameter of type sc_module_name.

NOTE 3—If process macros are invoked but macro SC_CTOR is not used, macro SC_HAS PROCESS shall be used
instead (see 5.2.8).
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le:

SC_MODULE(M)

sc_module name n, int a, int b) // Additional constructor parameters

: sc_module(n)

Examp
{
M(
{
,

5.2.8 SC_HAS_PROCESS

Macro
SC (1
macro
class d
body

end_o
definit
that sa

Macro
functig
to the 1

NOTE-
sc_spa)

Examp
SC M
{
M
2 S(
{
}
Vo1
Sq
15

SC CTOR includes definitions used by the macros SC METHOD, SC THREA

is invoked from the constructor body of a module but macro SC_CTOR is not used within the

efinition, macro SC_HAS PROCESS shall be invoked within the class definition or the cong
of the module. If a process macro is invoked from the before end, of elaborat
[ elaboration callbacks of a module but macro SC_CTOR is not used,within the modul
on, macro SC_HAS PROCESS shall be invoked within the class definition of the module d
e callback.

n body of a module. The name of the module class being constructed shall be passed as the arg
nacro.

—The use of the macros SC_CTOR and SC_HAS PROCESS is not required in order to call the f
vn.

le:

DDULE(M)

sc_module name n) #SC_CTOR not used
_module(n)

SC_THREAD(T); // Process macro

d TO;

| HAS PROCESS(M); // Necessary

and

HREAD. These same definitions are introduced by the macro SC_ HAS PROCESS(If-a process

odule
tructor
on or
e class
r from

SC_HAS PROCESS shall only be used within the class definition, constructor body, or njember

rument

lunction

5.2.9 SC_METHOD, SC_THREAD, SC_CTHREAD

The argument passed to the macro SC METHOD or SC_ THREAD or the first argument passed to
SC _CTHREAD shall be the name of a member function. The macro shall associate that function with a
method process instance, a thread process instance, or a clocked thread process instance, respectively. This
shall be the only way in which an unspawned process instance can be created (see 4.1.2).

The second argument passed to the macro SC_CTHREAD shall be an expression of the type

sc_eve

nt_finder.
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These three macros shall only be invoked in the body of the constructor, in the before_end_of elaboration
or end_of _elaboration callbacks of a module, or in a member function called from the constructor or
callback. Macro SC_CTHREAD shall not be invoked from the end_of elaboration callback. The first
argument shall be the name of a member function of that same module.

A member function associated with an unspawned process instance shall have a return type of veid, and
shall have no arguments. (Note that a function associated with a spawned process instance may have a return
type and may have arguments.)

A single member function can be associated with multiple process instances within the same module. Each
process instance is a distinct object of a class derived from class sc_object, and each macro shall use the
membg i e quotatie S c—strifrgmrame—tritime assed—as—a ety to the
constr W static

a

ctor of the base class sub-object of class sc_object. Each process instance can have its-ow

sensiti

Assocli
memb
applicz
Examp

SC_M
{

SC |

sq
{

VO
VO
%Y

3
5.2.10

This sy

vity and shall be triggered or resumed independently of other process instances.

ating a member function with a process instance does not impose any explicit restrietions on h
1 function may be used by the application. For example, such a function may be’ealled directly
tion, as well as being called by the kernel.

le:

DDULE(M)
in<bool> clk;
| CTOR(M)

SC_METHOD(a_method);
SC_THREAD(a_thread);
SC_CTHREAD(a_cthread, clk.pos())

b

d a_method();
d a_thread();
d a_cthread();

Method process

belausesshall apply to both spawned and unspawned process instances.

w that
by the

Process

hod/process is said to be friggered when the kernel calls the function associated with the j

d, then

A method process instance may have static sensitivity. A method process, and only a method process, may
call the function next_trigger to create dynamic sensitivity. Function next_trigger is a member function of
class sc_module, a member function of class sc_prim_channel, and a non-member function.

An implementation is not obliged to run a method process in a separate software thread. A method process
may run in the same execution context as the simulation kernel.

NOTE 1—Any local variables declared within the process will be destroyed on return from the process. Data members
of the module should be used to store persistent state associated with the method process.
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NOTE 2—Function next_trigger can be called from a member function of the module itself, from a member function of
a channel, or from any function subject only to the rules of C++, provided that the function is ultimately called from a

method

5.2.11

process.

Thread and clocked thread processes

This subclause shall apply to both spawned and unspawned process instances.

A function associated with a thread or clocked thread process instance is called once and only once by the
kernel, except when a clocked thread process is reset, in which case the associated function may be called

again (

see 5.2.12).

A thre
the cal
functig

A thre

continfie execution, starting with the statement immediately following the most recénteall to functio

When
functig

A thre
create

Each thread or clocked thread process requires its own exeéution stack. As a result, context sw

betwed

If the thread or clocked thread process executes the entire function body or executes a return statem

thus re
The pr|

NOTE
clocked

NOTE
had wh

NOTE
never s

NOTE
channe
thread
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a thread or clocked thread process is resumed, the process executes until.it\reaches the next
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Example:

SC_MODULE(synchronous_module)
{

sc_in<bool> clock;

SC_CTOR(synchronous module)

{
SC_THREAD(thread);

sensitive << clock.pos();

VO-d th;gad‘ ’ [/ s‘]embgr functioncalled once nn]y

for (;;)
{

wait(); // Resume on positive edge of clock

15
5.2.17 Clocked thread processes and reset_signal_is

A clocked thread process shall be a static process; clocked threads cannot be spawned processes.
A clogked thread process shall be statically sensitive tya single clock, as determined by the event finder
passed| as the second argument to macro SC_CTHREAD. The clocked thread process shall be statically
sensitiye to the event returned from the given event-finder.

A clocked thread process may call either of the following functions:

void wlait();
void wlait( int );

It shall be an error for a clocked thread process to call any other overloaded form of the function wait.
void r¢set_signal_is(\const sc_in<bool>& , bool );
void r¢set_signalnis( const sc_signal<bool>& , bool );

Member function reset_signal_is of class sc_module shall determine the reset signal of a clocked|thread
procesg.

reset_signal _is shall only be called in the body of the constructor, in the before_end_of elaboration
callback of a module, or in a member function called from the constructor or callback, and only after having
created a clocked thread process instance within that same constructor or callback.

The order of execution of the statements within the body of the constructor or the
before_end_of elaboration callback shall be used to associate the call to reset_signal is with a particular
process instance; it is associated with the most recently created process instance. If a module is instantiated
within the constructor or callback between the process being created and function reset_signal is being
called, the effect of calling reset_signal is shall be undefined. It shall be an error to associate function
reset_signal_is with a process instance that is not a clocked thread process.
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The first argument passed to function reset_signal_is shall be the signal instance to be used as the reset (the
signal may be identified indirectly by passing a port instance). The second argument shall be the active level
of the reset, meaning that the clocked thread process shall be reset only when the value of the reset signal is
equal to the value of this second argument.

A clocked thread process instance shall be reset when and only when the clock event to which the process
instance is statically sensitive is notified and the reset signal is active. Resetting a clocked thread process
instance shall consist of abandoning the current execution of the process instance, which shall have been
suspended at a call to function wait, and calling the associated function again from the start of the function.
A process instance being reset shall become runnable in the evaluation phase immediately following the
delta notification phase or timed notification phase in which the clock event notification occurs. An active
reset sjgnatshe canse esetimrthe-absenceof actockeventnotifreation: eriwords,

the respt is synchronous with respect to the clock.

The figst time the clock event is notified, the function associated with a clocked threadjprocess shall be
called hether or not the reset signal is active. If a clocked thread process instance has been terminafed, the
clock gvent shall be ignored for that process instance. A terminated process cannot be(reset.

Example:

sc_in<pool> clock;
sc_in<pool> reset;

SC_CTOR(M)

{
SO CTHREAD(CT, clock.pos());
respt_signal is(reset, true);
H
void CJT()
{
if (reset)
{
// Reset actions
}
whiile(true)
{
wait(1); // Wait for 1 clock cycle
// Clocked actions
}
H

5.2.13 sensitive

sc_sensitive'/' sensitive;

This subclause describes the static sensitivity of an unspawned process. Static sensitivity for a spawned
process is created using member function set_sensitivity of class sc_spawn_options (see 5.5).

Data member sensitive of class sc_module can be used to create the static sensitivity of an unspawned
process instance using operator<< of class sc_sensitive'/' (see 5.4). This shall be the only way to create static
sensitivity for an unspawned process instance. However, static sensitivity may be enabled or disabled by
calling function next_trigger (see 5.2.16) or function wait (see 5.2.17).
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Static sensitivity shall only be created in the body of the constructor, in the before_end_of elaboration or
end_of_elaboration callbacks of a module, or in a member function called from the constructor or callback,
and only after having created an unspawned process instance within that same constructor or callback. It
shall be an error to modify the static sensitivity of a unspawned process during simulation.

The order of execution of the statements within the body of the constructor or the
before_end_of elaboration or end_of elaboration callbacks is used to associate static sensitivity with a
particular unspawned process instance; sensitivity is associated with the process instance most recently
created within the body of the current constructor or callback.

A clocked thread process cannot have static sensitivity other than to the clock itself. Using data member
sensitiyve-toereatestatresensttivity-for-actocked-thread-proeess-shattHhave noeffee

NOTE [l—Unrelated statements may be executed between creating an unspawned process instance amd.ereafing the
static s¢nsitivity for that same process instance. Static sensitivity may be created in a different function body ffom the
one in Which the process instance was created.

NOTE |2—Data member sensitive can be used more than once to add to the static sensitivity of any p4rticular
unspawned process instance; each call to operator<< adds further events to the static sensitiyity of the most fecently
created|process instance.

5.2.14 dont_initialize
void dpnt_initialize();

This spbclause describes member function dont_initialize ¢f class sc_module, which determines the
behavipr of an unspawned process instance during initialization. The initialization behavior of a spawned
process is determined by the member function dont_initialize of class sc_spawn_options (see 5.5).

Membegr function dont_initialize of class sc_module'shall prevent a particular unspawned process ifistance
from Heing made runnable during the initialization phase of the scheduler. In other words, the njember
functidn associated with the given process instance shall not be called by the scheduler until the process
instande is triggered or resumed because of the occurrence of an event.

dont_initialize shall only be called\in-the body of the constructor, in the before_end_of elaboration or
end_of elaboration callbacks of asmiodule, or in a member function called from the constructor or callback,
and only after having created dn uhspawned process instance within that same constructor or callback.

The ¢rder of execution of the statements within the body of the constructor qr the
before] end_of elaboration or end_of elaboration callbacks is used to associate the dall to
dont_initialize with-a'particular unspawned process instance; it is associated with the most recently ¢reated
procesp instanee. If a module is instantiated within the constructor or callback between the process being
created and/function dont_initialize being called, the effect of calling dont_initialize shall be undefiped.

dont_initia a e a a aderunnablelduring
the initialization phase in any case. An implementation may generate a warning but is not obliged to do so.

Example:

SC_MODULE(Mod)

{
sc_signal<bool> A, B, C, D, E;

SC_CTOR(Mod)
{
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sensitive << A; // Has no effect. Poor coding style

SC_THREAD(T);
sensitive << B << C; // Thread process T is made sensitive to B and C.

SC_METHOD(M);

size of
by the

bcution
of this

fion or

ack. It
stance.

r the
k_size
awned

f); /I Method process M is made sensitive to D.
sensitive << E; // Method process M is made sensitive to E as well as D.
dont_initialize(); // Method process M is not made runnable during initialization.
}
vord f() { sensttive D, } Amrumustat hUd;llE ot.ylu
vold T();
vold M();
55
5.2.19 set_stack_size
void s¢t_stack_size( size t);
This sybclause describes member function set_stack_size of classs¢_module, which sets the stack
an ungpawned process instance during initialization. The stagk“size of a spawned process is set
membg¢r function set_stack_size of class sc_spawn_options.(see 5.5).
An application may call member function set_stack_size to request a change to the size of the ex
stack flor the thread or clocked thread process instance for which the function is called. The effect
functidn is implementation-defined.
set_stdck size shall only be called in the body of the constructor, in the before_end_of elabora
end_of _elaboration callbacks of a module;-or in a member function called from the constructor or cdllback,
and only after having created an unspawned process instance within that same constructor or calll
shall bp an error to call set_stack_§ize at other times or to call set_stack_size for a method process in
The ¢rder of executionof the statements within the body of the constructor (
before| end_of elaboration-or end_of elaboration callbacks is used to associate the call to set_stag
with a|particular unspawned process instance; it is associated with the most recently created unsy
procesp instance.
5.2.16 nexttrigger
This sybelause shall apply to both spawned and unspawned process instances.

This subclause shall apply to member function next_trigger of class sc_module, member function
next_trigger of class sc_prim_channel, and non-member function next_trigger.

The function next_trigger shall set the dynamic sensitivity of the method process instance from which it is
called for the very next occasion on which that process instance is triggered, and for that occasion only. The

dynam

ic sensitivity is determined by the arguments passed to function next_trigger.

If function next_trigger is called more than once during a single execution of a particular method process
instance, the last call to be executed shall prevail. The effects of earlier calls to function next_trigger for
that particular process instance shall be cancelled.
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If function next_trigger is not called during a particular execution of a method process instance, the method
process instance shall next be triggered according to its static sensitivity.

A call to the function next_trigger with one or more arguments shall override the static sensitivity of the
process instance.

It shall be an error to call function next_trigger from a thread or clocked thread process.

NOTE—The function next_trigger does not suspend the method process instance; a method process cannot be
suspended but always executes to completion before returning control to the kernel.

void next_trigger();

The process shall be triggered on the static sensitivity. In the absence ol static Sensitivity Jor this

particular process instance, the process shall not be triggered again during the current simulation.

void ngxt_trigger( const sc_event& );

The process shall be triggered when the event passed as an argument is notifiéd

void next_trigger( sc_event_or_listf& );
The argument shall take the form of a list of events separated by-the-operator| of classes sc| event
and sc_event_or_listf. The process shall be triggered when any-ene of the given events is nptified.
The occurrence or non-occurrence of the other events i, thé list shall have no effect ¢n that
particular triggering of the process.

void ngxt_trigger( sc_event and list' & );
The argument shall take the form of a list of gyents separated by the operator& of classes sc| event
and sc_event_and_listf. In order for the proeess to be triggered, every single one of the given|events
shall be notified, with no explicit constraints on the time or order of those notifications. The process
is triggered when the last such eventis notified, last in the sense of being at the latest point in
simulation time, not last in the list\An event in the list may be notified more than once befpre the
last event is notified.

void next_trigger( const sc_time& );

The process shall pe\triggered after the time given as an argument has elapsed. The time shall be
taken to be relative,to the time at which function next_trigger is called. When a process is triggered
in this way, a fime-out is said to have occurred.

void next_trigger( double v, sc_time unit tu );

is‘equivalent to the following:

void next trigger(sc time( vty )):
g— =l v 7 b

void next_trigger( const sc_time& , const sc_event& );

The process shall be triggered after the given time or when the given event is notified, whichever
occurs first.

void next_trigger( double , sc_time unit, const sc_event& );
void next_trigger( const sc_time& , sc_event_or_listf& );

void next_trigger( double , sc_time unit, sc_event_or_listf& );
void next_trigger( const sc_time& , const sc_event_and_listf& );
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void next_trigger( double , sc_time unit, sc_event_and_listf& );

Each of these compound forms combines a time with an event or event list. The semantics of these
compound forms shall be deduced from the rules given for the simple forms. In each case, the
process shall be triggered after the given time-out or in response to the given event or event list,

whichever is satisfied first.

Example:
SC_ MODULE(M)
{
SC_CTOR(M)
{
SC_METHOD(entry);
sensitive << sig;
}
vold entry() // Run first at initialization.
{
if (sig==0) next_trigger(el | e2); // Trigger on event el or event €2 next time
else if (sig==1) next trigger(1, SC NS); // Time-out after 1 nanosécond.
else next_trigger(); // Trigger on signal sigaiext time.
}

sc |signal<int> sig;
sc |event el, €2;

}s
5.2.17

This sy

In addftion to causing the process instancé.te’ suspend, the function wait may set the dynamic sensit
the thrgad or clocked thread process instance from which it is called for the very next occasion on whi
procesp instance is resumed, and Afor that occasion only. The dynamic sensitivity is determined
arguments passed to function wait.

A call fo the function wait(with an empty argument list or with a single integer argument shall use th|

sensiti

A call

procesp instance.

When falling function wait with a passed-by-reference parameter, the application shall be obliged to

wait

bclause shall apply to both spawned and, gnspawned process instances.

ity of the processunstance. This is the only form of wait permitted within a clocked thread pr

o the fungetion wait with one or more non-integer arguments shall override the static sensitivity

vity of
ch that
by the

e static
cess.

' of the

ensure

that thetifetimes of any actual arguiments passed by Telerence eXIend {ToMm e time the {unction 15 ¢

lled to

the time the function call reaches completion, and moreover in the case of a parameter of type sc_time, the
application shall not modify the value of the actual argument during that period.

It shall

void w

be an error to call function wait from a method process.

ait();

The process shall be resumed on the static sensitivity. In the absence of static sensitivity for this

particular process, the process shall not be resumed again during the current simulation.
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void wait( int );
A call to this function shall be equivalent to calling the function wait with an empty argument list
for a number of times in immediate succession, the number of times being passed as the value of the
argument. It shall be an error to pass an argument value less than or equal to zero. The
implementation is expected to optimize the execution speed of this function for clocked thread
processes.

void wait( const sc_event& );

The process shall be resumed when the event passed as an argument is notified.

void wait( sc_event or_list' & );
The argument shall take the form of a list of events separated by the operator| of classes’sc| event
and Sc_event_or_listf. The process shall be resumed when any one of the given events is nptified.
The occurrence or non-occurrence of the other events in the list shall have no effect jon the
resumption of that particular process. If a particular event appears more than,once in the list, the
behavior shall be the same as if it appeared only once (see 5.8).

void wait( sc_event_and_listf& );
The argument shall take the form of a list of events separated by«th¢ operator& of classes sc| event
and sc_event_and_listf. In order for the process to be resumed, every single one of the given|events
shall be notified, with no explicit constraints on the time gr'order of those notifications. The process
is resumed when the last such event is notified, last“in the sense of being at the latest point in
simulation time, not last in the list. An event in thelist may be notified more than once befpre the
last event is notified. If a particular event appears more than once in the list, the behavior shal] be the
same as if it appeared only once (see 5.8).

void wiait( const sc_time& );

The process shall be resumed after the time given as an argument has elapsed. The time shall be
taken to be relative to the timeat which function wait is called. When a process is resumed|in this
way, a time-out is said to have.eccurred.

void wait( double v, sc_timesunit tu );

is equivalent to thefellowing:

void wait( sc.time( v, tu) );

void wait( gonst'sc_time& , const sc_event& );

The process shall be resumed after the given time or when the given event is notified, whichever

et
OCCUIy> IIrst.

void wait( double , sc_time unit, const sc_event& );

void wait( const sc_time& , sc_event_or_listf& );

void wait( double , sc_time unit , sc_event_or_listf& );

void wait( const sc_time& , const sc_event_and_listf& );

void wait( double , sc_time unit , sc_event_and_listf& );
Each of these compound forms combines a time with an event or event list. The semantics of these
compound forms shall be deduced from the rules given for the simple forms. In each case, the
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process shall be resumed after the given time-out or in response to the given event or event list,

whichever is satisfied first.

5.2.18 Positional port binding

Ports can be bound using either positional binding or named binding. Positional binding is performed using
the operator() defined in the current subclause. Named binding is performed using the operator() or the
function bind of the class sc_port (see 5.11).

void operator() (
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st sc_bind _proxyf& p002 =SC _BIND PROXY NIL,

st sc_bind _proxyf& p063 =SC_BIND PROXY NIL,
st sc_bind _proxyf& p064 = SC_BIND PROXY NIL );

perator shall bind the port instances within the module instance for which the ‘eperator is calle
| instances and port instances passed as actual arguments to the operator, the port ordet
ined by the order in which the ports were constructed. The first portto.bé constructed shall bej
first argument, the second port to the second argument, and so forthnIt’shall be an error if the 1
al arguments is greater than the number of ports to be bound.

iport instance (see 5.11.3) shall be treated as a single pestuinstance when positional binding
und by position to another multiport instance Q, the)child multiport P may be bound indirg

han one channel through the parent multiport Q. Acgiven multiport shall not be bound both by p
name.

b ignored by this operator.
han 64 arguments but is not obliged to do so. operator() shall not be called more than once for

e instance.

lowing objects, and these alone, can be used as actual arguments to operator():
A channel, which is an object of a class derived from class sc_interface

A port, whiclris an object of a class derived from class sc¢_port

be of{a port is the name of the interface passed as a template argument to class sc_port when t
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the sar

Jorrer 1 +3 4 £41 IS T 1 1
IC 45 O UCTIVOU TTOIT UIC 1y pPCT U1 UIT PUIL UTIITE DOUIIU.

An implementation may defer the completion of port binding until a later time during elaboration because
the port to which a port is bound may not yet itself have been bound. Such deferred port binding shall be
completed by the implementation before the callbacks to function end_of_elaboration.

NOTE

1—To bind more than 64 ports of a single module instance, named binding should be used.

NOTE 2—<Class sc_bind _proxyf, the parameter type of operator(), may provide user-defined conversions in the form of
two constructors, one having a parameter type of sc_interface, and the other a parameter type of sc_port_base.
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NOTE 3—The actual argument cannot be an export, because this would require the C++ compiler to perform two
implicit conversions. However, it is possible to pass an export as an actual argument by explicitly calling the user-
defined conversion sc_export::operator IF&. It is also possible to bind a port to an export using named port binding.

Example:

SC_MODULE(M1)
{

sc_inout<int> P, Q, R; // Ports

}5
SC_MPDULE(Topl)
{
sc |inout <int> A, B;
sc |signal<int> C;
M1 ml; // Module instance
S CTOR(Topl)
:mI("ml1")
{
ml(A, B, C); // Binds P-to-A, Q-to-B, R-to-C
}
}5

SC_MPDULE(M2)

{
sc |inout<int> S;
sc |[inout<int> *T; // Pointer-to-port (an;unusual coding style)
sc |inout<int> Uj;
SO CTOR(M2) { T =new sc_inout<int>; }
1
SC_MPDULE(Top2)
{
sc |inout <int> D, E;
sc |signal<int>E;
M2 m2; // Module instance
S CTOR(Top2)
s 2("m2Y)
{
m2(D, E, F); // Binds S-to-D, U-to-E, (*T)-to-F
// Note that binding order depends on the order of port construction
}
|5

5.2.19 before_end_of_elaboration, end_of_elaboration, start_of_simulation,
end_of_simulation

See 4.4.
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5.2.20

virtual

get_child_objects

const std::vector<sc_object*>& get_child_objects() const;

Member function get_child_objects shall return a std::vector containing a pointer to every instance of class
sc_object that lies within the module in the object hierarchy. This shall include pointers to all module, port,
primitive channel, unspawned process, and spawned process instances within the module and any other
application-defined objects derived from class sc_object within the module.

NOTE 1—The phrase within a module does not include instances nested within modules instances but only includes the

immediate children of the given module.
NOTE p—Atrapplieation-ean-identify-the-instanees-by-eatting-the- memberfunetionsnameand-kind-ofelass-se, object
or can determine their types using a dynamic cast.
Example:
int sc_pmain (int argc, char* argv[])
{

Top_level module top("top");

stdp:vector<sc_object*> children = top.get child_objects();

// Hrint out names and kinds of top-level objects

for|(unsigned i = 0; i < children.size(); i++)

std::cout << children[i]->name() << " " << children[i]~>kind() << std::end];

sc |start();

rethirn 0;
H
5.2.21 sc_gen_unique_name
const dhar* sc_gen_unique_name( const char* seed );
The fupction sc_gen_unique_name shall return a unique character string that depends on the context from
which [the function is called..For this purpose, each module instance shall have a separate space of junique
string [names, and there~shall be a single global space of unique string names for cglls to
sc_gerl_unique_name.not made from within any module. These spaces of unique string names shall be
maintained by function sc_gen_unique_name and are only visible outside this function in so far js they
affect fthe valug” of* the strings returned from this function. Function sc_gen_unique_name shafl only
guarantee thesuniqueness of strings within each space of unique string names. There shall be no gugrantee
that the/generated name does not clash with a string that was not generated by fiinction

sc_ge

unique name.

The unique string shall be constructed by appending a string of two or more characters as a suffix to the
character string passed as argument seed, subject to the rules given in the remainder of this subclause. The
appended suffix shall take the form of a single underscore character, followed by a series of one of more
decimal digits from the character set 0-9. The number and choice of digits shall be implementation-defined.

There shall be no restrictions on the character set of the seed argument to function sc_gen_unique_name.
The seed argument may be the empty string.

String names are case-sensitive, and every character in a string name is significant. For example, “a”, “A”,

113

a ”,and “A_” are each unique string names with respect to one another.
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NOTE—The intended use of sc_gen_unique_name is to generate unique string names for objects of class sc_object.
Class sc_object does impose restrictions on the character set of string names passed as constructor arguments. The value
returned from function sc_gen_unique_name may be used for other unrelated purposes.

5.2.22 sc_behavior and sc_channel

typedef sc_module sc_behavior;
typedef sc_module sc_channel;

The typedefs sc_behavior and sc_channel are provided for users to express their intent.

NOTE—There is no distinction between a behavior and a hierarchical channel other than a difference of intent. Either
may in¢Tude both ports and pubiic Mmember TUnctons.

Example:

class bpus_interface
: virtugl public sc_interface

{
public:
virtual void write(int addr, int data) = 0;
virtual void read (int addr, int& data) = 0;
¥5

class bus adapter
: publi¢ bus_interface, public sc_channel

{

public:

virtual void write(int addr, int data); /Nnterface methods implemented in channel
virtual void read (int addr, int& data);

sc_in<bool> clock; // Ports
sc_out<bool> wr, rd;

sc_out<int> addr_bus;

sc_out<int> data_out;

sc_in <int> data_in;

SC_CTOR(bus_adapter) { ... } // Module constructor

pripate:
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5.3 sc_module_name
5.3.1 Description

Class sc_module_name acts as a container for the string name of a module and provides the mechanism for
building the hierarchical names of instances in the module hierarchy during elaboration.

When an application creates an object of a class derived directly or indirectly from class sc_module, the
application typically passes an argument of type char* to the module constructor, which itself has a single
parameter of class sc_module_name and thus the constructor sc_module_name( const char* ) is called as
an implicit conversion. On the other hand, when an application derives a new class directly or indirectly

from fsmhterﬁe‘deﬁmﬂ‘chsmﬂmwﬂrmﬂmmmrmmrgmwnt of
class sc. module_name and thus the copy constructor sc_module_name( const sc_module nam¢& ) is

called.
5.3.2 Class definition
namespace sc_core {

class s_module_name

{
public:

sc_module name( const char* );
sc_module name( const sc_ module name& );

~sc_module_name();
operator const char*() const;
pripate:

// Disabled

sc_module_name();
sc_module name& operator=_const sc_module name& );

55
} // namespace sc_core

5.3.3 Constraints on usage

Class §c_module _name shall only be used as the type of a parameter of a constructor of a class derivdd from
class sc_medule. Moreover, every such constructor shall have exactly one parameter of type
sc_mofule ‘name, which need not be the first parameter of the constructor.

In the case that the constructor of a class C derived directly or indirectly from class sc_module is called
from the constructor of a class D derived directly from class C, the parameter of type sc_module_name of
the constructor of class D shall be passed directly through as an argument to the constructor of class C. In
other words, the derived class constructor shall pass the sc_ module name through to the base class
constructor as a constructor argument.

NOTE 1—The macro SC_CTOR defines such a constructor.

NOTE 2—1In the case of a class C derived directly from class sc_module, the constructor for class C is not obliged to
pass the sc_module_name through to the constructor for class sc_module. The default constructor for class sc_module
may be called explicitly or implicitly from the constructor for class C.

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

—48 - IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

5.3.4 Module hierarchy

To keep track of the module hierarchy during elaboration, the implementation may maintain an internal
stack of pointers to objects of class sc_module_name, referred to below as the stack. For the purpose of
building hierarchical names, when objects of class sc_module, sc_port, sc_export, or sc_prim_channel are
constructed or when spawned or unspawned processes instances are created, they are assumed to exist
within the module identified by the sc_module_name object on the top of the stack. In other words, each
instance in the module hierarchy is named as if it were a child of the module identified by the item on the top
of the stack at the point when the instance is created.

NOTE 1—The hierarchical name of an instance in the object hierarchy is returned from member function name of class
sc_object. which is the base class of all such instances.

NOTE P—The implementation is not obliged to use these particular mechanisms (a stack of pointers), buf-ifj pot, the
implemlentation shall substitute an alternative mechanism that is semantically equivalent.

5.3.5 Member functions

sc_mogule_name( const char* );

This constructor shall push a pointer to the object being constructed onto)the top of the stagk. The
constructor argument shall be used as the string name of the module being instantiated within the
module hierarchy by ultimately being passed as an argument to the eonstructor of class sc_ohject.

sc_mofule_name( const sc_module name& );
This constructor shall copy the constructor argument but shall not modify the stack.

~sc_mpdule name();

If and only if the object being destroyed was“constructed by sc_module_name( const charf ), the
destructor shall remove the sc_module_name pointer from the top of the stack.

operator const char*() const;

This conversion function shallxéturn the string name (not the hierarchical name) associated wWith the
sc_module_name.

NOTE 1—When a coniplete object of a class derived from sc_module is constructed, the constructor |for that
derived class shall.be.passed an argument of type char*. The first constructor above will be called to perform
an implicit conyetrsion from type char® to type sc_module name, thus pushing the newly created jmodule
name onto the.stack and signifying the entry into a new level in the module hierarchy. On return ffom the
constructoréfor-the class of the complete object, the destructor for class sc_module_name will be called and
will remave)the module name from the stack.

NOTE,2—When an sc_module_name is passed as an argument to the constructor of a base class, thg above
copy, Constructor is called. The sc_module_name parameter of the base class may be unused. The regson for
mandating that h con r h. rameter of cl _module nam n if the parameter is
unused) is to ensure that every such derived class can be instantiated as a module in its own right.
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Example:
struct A: sc_module
{
A(sc_module name) {} // Calls sc_module()
15
struct B: sc_module
{
B(sc_module name n)
: sc_module(n) {} // Calls sc_module(sc_module nameé&)
15
struct C: B // One module derived from another
{

C(3c_module name n)
:B[n) {} // Calls sc_module name(sc_module nameé&) then
// B(sc_module name)

15
struct Top: sc_module
{
Ag
Cg;
Top(sc_module name n)
: s¢_module(n), // Calls sc_module(sc_mogdulé name&)
a("p"), // Calls sc_module name(char*) then calls A(sc_module name)
c("e" {} // Calls sc_module _name(char*) then calls C(sc_module_name)
55

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

~ 50— IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

5.4 sc_sensitivel

5.4.1 Description

Class sc_sensitive! provides the operators used to build the static sensitivity of an unspawned process
instance. To create static sensitivity for a spawned process, use the member function set_sensitivity of the
class sc_spawn_options (see 5.5).

5.4.2 Class definition

namespace sc_core {

class s§_sensitive’

{
public:

sc_sensitivef& operator<< ( const sc_event& );

sc_sensitivef& operator<< ( const sc_interface& );

sc_sensitivef& operator<< ( const sc_port_base& );

sc_sensitivef& operator<< ( sc_event finder& );

// Other members
implementation-defined

IR
} // namespace sc_core

5.4.3 Constraints on usage

An application shall not explicitly create an objectof class sc_sensitive.

Class §¢_module shall have a data member-named sensitive of type sc_sensitivef. The use of sensitive to
create ptatic sensitivity is described in 5,2.13.

5.4.4 pperator<<
sc_sensitivef& operator<<-(const sc_event& );

The event passed as an argument shall be added to the static sensitivity of the process instancf.

sc_sensitive'/'& operator<< ( const sc_interface& );

The-&vent returned by member function default _event of the channel instance passed| as an
argument to operator<< shall be added to the static sensitivity of the process instance.

NOTE 1—If the channel passed as an argument does not override function default_event, the member function
default_event of class sc_interface is called through inheritance.

NOTE 2—An export can be passed as an actual argument to this operator because of the existence of the user-
defined conversion sc_export<IF>::operator.

sc_sensitive'/'& operator<< ( const sc_port_base& );
The event returned by member function default_event of the channel instance to which the port
instance passed as an argument to operator<< is bound shall be added to the static sensitivity of the
process instance. In other words, the process is made sensitive to the given port, calling function

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

IEC 61691-7:2009(E) ~ 51—
IEEE Std 1666-2005(E)

default_event to determine to which particular event it should be made sensitive. If the port instance
is a multiport (see 5.11.3), the events returned by calling member function default_event for each
and every channel instance to which the multiport is bound shall be added to the static sensitivity of
the process instance.

sc_sensitivef& operator<< ( sc_event finder& );

The event found by the event finder passed as an argument to operator<< shall be added to the
static sensitivity of the process instance (see 5.7).

NOTE—An event finder is necessary to create static sensitivity when the application needs to select between
multiple events defined in the channel. In a such a case the default_event mechanism is inadequate.
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5.5 sc_spawn_options and sc_spawn

5.5.1 Description

Function sc_spawn is used to create a static or dynamic spawned process instance.

Class sc_spawn_options is used to create an object that is passed as an argument to function sc_spawn
when creating a spawned process instance. The spawn options determine certain properties of the spawned

process instance when used in this way. Calling the member functions of an sc_spawn_options object shall
have no effect on any process instance unless the object is passed as an argument to sc_spawn.

5.5.2 Ctassdefinition
namespace sc_core {

class s¢_spawn_options

{
public:
sc_spawn_options();
void spawn_method();
void dont_initialize();
void set_stack_size( int );
void set_sensitivity( const sc_event* );
void set_sensitivity( sc_port base* );
void set_sensitivity( sc_export_base* );
void set_sensitivity( sc_interface* );
void set_sensitivity( sc_event finder* );
pripate:
// Disabled
sc_spawn_options( const sc.spawn_options& );
sc_spawn_options& operator= ( const sc_spawn_options& );
I8

template <typename T>
sc_progess_handle sc ‘spawn(

T gbject

cofst char* fiame p=0,

const scSpawn_options* opt p=0);

templajte <typename T>
sc_process_handle sc_spawn(

typename T::result type*r p,

T object

const char* name p=0,

const sc_spawn_options* opt p=10);

#define sc_bind boost::bind
#define sc_ref(r) boost::ref(r)
#define sc_cref(r) boost::cref(r)

#define SC_FORK implementation-defined
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#define SC_JOIN implementation-defined

}

// namespace sc_core

5.5.3 Constraints on usage

Function sc_spawn may be called during elaboration or from a static, dynamic, spawned, or unspawned
process during simulation. Similarly, objects of class sc_spawn_options may be created or modified during
elaboration or during simulation.

5.5.4 Constructors

sc_sp

n_options ();

The dgfault constructor shall create an object having the default values for the properties set by-the fu
spawn| method, dont_initialize, set_stack_size, and set_sensitivity.

5.5.5 Member functions

void spawn_method();

void d

void sd

Member function spawn_method shall set a property of the spawn options to indicate t
spawned process shall be a method process. The default is a thfead process.

bnt_initialize();

Member function dont_initialize shall set a property of the spawn options to indicate t
spawned process instance shall not be made rugnable during the initialization phase or wh
created. By default, this property is not set, anid\thus by default the spawned process instance 3
made runnable during the initialization phase of the scheduler if spawned during elaboratio
shall be made runnable in the currentor next evaluation phase if spawned during sim|
irrespective of the static sensitivity~of the spawned process instance. If the process is s
during elaboration, member function dont_initialize of class sc_spawn_options shall prov
same behavior for spawned.processes as the member function dont_initialize of class sc_n
provides for unspawned processes.

t stack size( int();

Member funetion set_stack_size shall set a property of the spawn options to set the stack sizg
spawned.process. This member function shall provide the same behavior for spawned proce
the member function set_stack size of class sc_module provides for unspawned processq
effect of calling this function is implementation-defined.

Itshall be an error to call set_stack_size for a method process.

hctions

hat the

hat the
b it 1S
hall be
n, or it
ulation
awned
ide the
hodule

of the
sses as
s. The

void set_sensitivity( const sc_event* );
void set_sensitivity( sc_port base™* );
void set_sensitivity( sc_export_base* );
void set_sensitivity( sc_interface* );
void set_sensitivity( sc_event finder* );

Member function set_sensitivity shall set a property of the spawn options to add the object

passed

as an argument to set_sensitivity to the static sensitivity of the spawned process, as described for
operator<<in 5.4.4, or if the argument is the address of an export, the process is made sensitive to
the channel instance to which that export is bound. If the argument is the address of a multiport, the
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process shall be made sensitive to the events returned by calling member function default_event for
each and every channel instance to which the multiport is bound. By default, the static sensitivity is
empty. Calls to set sensitivity are cumulative: each call to set_sensitivity extends the static
sensitivity as set in the spawn options. Calls to the four different overloaded member functions can
be mixed.

1—There are no member functions to set the spawn options to spawn a thread process or to make a process

runnable during initialization. This functionality is reliant on the default values of the sc_spawn_options object.

NOTE 2—1t is not possible to spawn a dynamic clocked thread process.

5.5.6 sc_spawn

templa
sc_pro
T ¢
cof
cof

templa
SC_pro

typ
T g

(0)
Co1}

#defin
#defin
#defin

Functi

Functi
modul
called

Functi
proces
proces

The pr
dynam
be refl

te <typename T>

cess handle sc_spawn(

bject ,

st char®* name p=0,

Ist sc_spawn_options* opt p=10);

te <typename T>

cess handle sc_spawn(

ename T::result type*r p,

bject ,

st char® name p=0,

Ist sc_spawn_options* opt p=10);

b sc¢_bind boost::bind
e sc_ref(r) boost::ref(r)
b sc_cref(r) boost::cref(r)

n sc_spawn shall create a static or dynami¢ spawned process instance.

n sc_spawn may be called during elaboration, in which case the spawned process is a child of the
b instance within which function s¢_spawn is called or is a top-level object if function sc_spjawn is
from function sc_main.

n sc_spawn may be called during simulation, in which case the spawned process is a child| of the
5 that called functien.sc_spawn. Function se¢_spawn may be called from a method process, a|thread
5, or a clocked thréad process.

pcess or module from which sc_spawn is called is the parent of the spawned process. Thus g set of
ic process.instances may have a hierarchical relationship, similar to the module hierarchy, which will
bctediin the hierarchical names of the process instances.

If func

tion sc_spawn is called during the evaluation phase, the spawned process shall be made runnable in

the current evaluation phase (unless dont_initialize has been called for this process instance). If function
sc_spawn is called during the update phase, the spawned process shall be made runnable in the very next
evaluation phase (unless dont_initialize has been called for this process instance).

The argument of type T shall be either a function pointer or a function object, that is, an object of a class that
overloads operator() as a member function and shall specify the function associated with the spawned
process instance, that is, the function to be spawned. This shall be the only mandatory argument to function

sc_spa

WI.
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If present, the argument of type T::result_type* shall pass a pointer to a memory location that shall receive
the value returned from the function associated with the process instance. In this case, the argument of type
T shall be a function object of a class that exposes a nested type named result type. Furthermore,
operator() of the function object shall have the return type result_type. See the example below.

The macros sc¢_bind, sc_ref, and sc_cref are provided for convenience when using the free Boost C++
libraries to bind arguments to spawned functions. Passing arguments to spawned processes is a powerful
mechanism that allows processes to be parameterized when they are spawned and permits processes to
update variables over time through reference arguments. boost::bind provides a convenient way to pass
value arguments, reference arguments, and const reference arguments to spawned functions but its use is not
mandatory. See the examples below and the Boost documentation available on the internet.

The ar
passed
spawn
implen
with th

The ar
no suc
memb
object

Functi

NOTE
In addi
return
with ea]

NOTE
name a

Examp
int f();

struct |

{
typ
res|

3

by the implementation to the constructor for the sc_object that forms the base class sub-objec
hentation shall create a string name for the process instance by calling function sc, gen_unique

p.

h argument is provided, the spawned process instance shall take the.défault values as defined
valid after the return from function sc¢_spawn.

n sc_spawn shall return a process handle to the spawned process instance.

lier versions of SystemC.

D—If a spawn options argument is given, a process string name argument shall also be given, although th
gument may be an empty string.

le:

functor

edef int result type;
it type eperator() ();

bument of type const char* shall give the string name of the spawned process instance and shall be

of the

pd process instance. If no such argument is given or if the argument is an empty stripg, the

| name

e seed string "thread_p" in the case of a thread process or "method_p" inlthe case of a fnethod
process

bument of type sc_spawn_options* shall set the spawn options for the spawned process instdnce. If

for the

r functions of class sc_spawn_options. The application is not obliged to keep the sc_spawn_gptions

| —Function sc_spawn provides a superset of the functignality of the macros SC_THREAD and SC_MHETHOD.
ion to the functionality provided by these macros, funiction sc_spawn provides the passing of argumdnts and
alues to and from processes spawned during elaboration or simulation. The macros are retained for compptibility

it string

Functor=result_type Functor::operator() () { return 10); |

int h(int a, int& b, const int& c);

struct MyMod: sc_module

{

sc_signal<int> sig;
void g();

SC_CTOR(MyMod)

{
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SC_THREAD(T);

)
nt ret;
void T()
{
sc_spawn(&f); // Spawn a function without arguments and discard any return value.
// Spawn a similar process and create a process handle.
sc_process_handle handle = sc_spawn(&f);
Functor fr;
sc_spawn(&ret, fr); // Spawn a function object and catch the return value.
sc_spawn_options opt;
opt.spawn_method();
opt.set_sensitivity(&sig);
opt.dont_initialize();
sc_spawn(f, "f1", &opt); // Spawn a method process named "f1", sensitiv€_tp sig, not initjalized.
// Spawn a similar process named "f2" and catcl’the return valu.
sc_spawn(&ret, fr, "f2", &opt);
// Spawn a member function using Beost bind.
sc_spawn(sc_bind(&MyMod::g, this));
intA=0,B,C;
// Spawn a function using Boost bind, pass arguments
// and catch the returhvalue.
sc_spawn(&ret, sc_bind(&h, A, sc_ref(B), sc_cref(C)));
}

};
5.5.7 8C_FORK and SC_JOIN

#defing SC_FORK implementation-defined
#defing SC_JOIN implementationidefined

The mlacros SC_FORK and SC JOIN can only be used as a pair to bracket a set of calls to fynction
sc_spawn from within a-thread or clocked thread process. It is an error to use the fork-join constryct in a
methodl process. The implementation shall make each call to sc_spawn immediately control enters the fork-
join cqnstruct and shall spawn a separate process instance for each such call. In other words, thg child
procespes shall be spawned without delay and may potentially all become runnable in the current evajuation
phase {depending on their spawn options). The spawned process instances shall be thread processes. [[t is an
error t¢ spawa a method process within a fork-join construct. Control leaves the fork-join construct when all
the spqwned process instances have terminated.

The text between SC_FORK and SC JOIN shall consist of a series of one or more calls to function
sc_spawn separated by commas. The comma after the final call to sc_spawn and immediately before
SC_JOIN shall be optional. There shall be no other characters other than white space separating SC_FORK,
the function calls, the commas, and SC_JOIN. If an application violates these rules, the effect shall be
undefined.
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Example:

SC_FORK
sc_spawn( arguments ) ,
sc_spawn( arguments ) ,
sc_spawn( arguments )
SC _JOIN

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

~ 58— IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

5.6 sc_process_handle
5.6.1 Description

Class sc_process_handle provides a process handle to an underlying spawned or unspawned process
instance. A process handle can be in one of two states: valid or invalid. A valid process handle shall be
associated with a single underlying process instance, which may or may not be in the terminated state. An
invalid process handle shall not be associated with any underlying process instance. A process instance may
be associated with zero, one or many process handles, and the number and identity of such process handles
may change over time.

Since t is in
general unsafe to manipulate a process instance through a raw pointer to the process instance (or-to.the base
class qub-object of class sc_object). The purpose of class sc_process_handle is to provide)a sqfe and

mechanism for manipulating both spawned and unspawned process instances without reliance on
raw pqinters. If control returns from the function associated with a thread process instance (that|is, the
procesp terminates), the underlying process instance may be deleted, but the process-handle will contjinue to
exist.

5.6.2 Class definition
namespace sc_core {

enum §c_curr_proc_kind
{
SC [NO_PROC _,
SC METHOD_PROC _,
SC [THREAD PROC _,
SC [CTHREAD_PROC

¥

class s¢ process_handle

{
public:

sc_process_handle();

sc_process_handle(-Const sc_process_handle& );

explicit sc_process,-handle( sc_object* );

~sc_process_handle();

bool valid() const;
s¢/ precess_handle& operator= ( const sc_process_handle& );

bool eperator== ( const sc_process_handle& ) const;
bool operator!= ( const sc_process_handle& ) const;

const char* name() const;

sc_curr_proc_kind proc_kind() const;

const std::vector<sc_object*>& get_child_objects() const;
sc_object* get_parent_object() const;

sc_object* get_process_object() const;

bool dynamic() const;

bool terminated() const;

const sc_event& terminated_event() const;
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sc_process_handle sc_get_current_process_handle();

}

// namespace sc_core

5.6.3 Constraints on usage

None. A process handle may be created, copied, or deleted at any time during elaboration or simulation. The

handle

may be valid or invalid.

5.6.4 Constructors

sc_prd

sc_prd

explici

5.6.5 Member functions

bool v

SC_pro

bool operator== ( const s¢"process_handle& ) const;

bool operator!=( const sc_process_handle& ) const;

cess_handle();

The default constructor shall create an invalid process handle.

cess_handle( const sc_process_handle& );

The copy constructor shall duplicate the process handle passed as an argument. The result
two handles to the same underlying process instance or two invalid handles.

t sc_process_handle( sc_object* );

If the argument is a pointer to a process instance, this constructor shall create a valid process
to the given process instance. Otherwise, this constructor‘shall create an invalid process hand|

lid() const;

Member function valid shall return true if'and only if the process handle is valid.

cess_handle& operator= ( const scxprocess _handle& );

The assignment operator shall duplicate the process handle passed as an argument. The result
two handles to the same underlying process instance or two invalid handles.

The equality operafor shall return true if and only if the two process handles are both valid an
the same underlying process instance.

The inequality operator shall return false if and only if the two process handles are both va

will be

handle
le.

will be

i share

id and

share the same. nnrlprlving Process instance

const char* name() const;

Member function name shall return the hierarchical name of the underlying process instance. If the
process handle is invalid, member function name shall return an empty string. The implementation

is only obliged to keep the returned string valid while the process handle is valid.

sc_curr_proc_kind proc_kind() const;

For a valid process handle, member function proc_kind shall return one of the three
SC_ METHOD PROC , SC THREAD PROC , or SC CTHREAD PROC , depending
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kind of the underlying process instance, that is, method process, thread process, or clocked thread
process, respectively. For an invalid process handle, member function proc_kind shall return the
value SC_ NO PROC .

const std::vector<sc_object*>& get_child_objects() const;

sc_obj

sc_obj

bool d

bool tdrminated() const;

Member function get child_objects shall return a std::vector containing a pointer to every instance
of class sc_object that is a child of the underlying process instance. This shall include every
dynamic process instance that was spawned during the execution of the underlying process instance
and any other application-defined objects derived from class sc_object created from the underlying
process instance. Processes that are spawned from child processes are not included (grandchildren,

as it were) If the process handle is invalid member fiinction get child objects shall return an

empty std::vector.

This same function shall be overridden in any implementation-defined classes.derived from
sc_object and associated with spawned and unspawned process instances. Such functions shqll have
identical behavior provided that the process handle is valid.

bct™ get_parent_object() const;
Member function get parent object shall return a pointer to thé module instance or process

instance from which the underlying process instance was spawned:{If the process handle is invalid,
member function get_parent_object shall return the null pointer:

ect* get_process_object() const;

Member function get_process_object shall return a.pointer to the process instance associat¢d with
the process handle. If the process handle is invalid, member function get process_objedt shall
return the null pointer. An application should test-for a null pointer before dereferencing the fgointer.
Moreover, an application should assume that the pointer remains valid only until the calling process
suspends.

ynamic() const;

Member function dynamic shall return true if the underlying process instance is a dynamic process
and false if the underlying_process instance is a static process. If the process handle is invalid,
member function dynamic shall return the value false.

Member function terminated shall return true if and only if the underlying process instarice has
terminated,“A thread or clocked thread process is terminated after the point when control is r¢turned
from.Sthe associated function. A method process is never terminated, so member finction
terminated shall always return false for a method process. If the process handle is invalid, mjember
funCtion terminated shall return the value false.

When the underlying process instance terminates, an implementation may choose to invalidate any
associated process handles but is not obliged to do so. In other words, when a process terminates, an
implementation is neither obliged to keep the handle valid nor to invalidate the handle. If the process
handle is valid, function terminated will return true, or if invalid, terminated will return false.

const sc_event& terminated_event() const;

Member function terminated_event shall return a reference to an event that is notified when the
underlying process instance terminates. If member function terminated_event is called for a
method process, the implementation shall generate a warning and the event shall never be notified. It
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shall be an error to call member function terminated_event for an invalid process handle and the

event shall never be notified.

5.6.6 sc_get_current_process_handle

sc_process_handle sc_get_current_process_handle();

The value returned from function sc_get_current_process_handle shall depend on the context in which it is
called. When called during elaboration from the body of a module constructor or from a function called from
the body of a module constructor, sc_get_current_process_handle shall return a handle to the spawned or
unspawned process instance most recently created within that module, if any. If the most recently created

proces
from (
return

simula
unspay
shall r{

Examp

SC_M

{

VO

- 4 % wdela. 41 4 J.al s, s 4 4 1 <Ll -
HIHIStarnve " wdad IIUL WILLHIT IV CULTUIIT ITTUUUIC, UL 1T TUIIVUIUIL ST gct LuUuIrInt l.ll ULUTSS 1IIAIUITU I3

turn an invalid handle.

le:

DDULE(Mod)

| CTOR(Mod)

SC_METHOD(Run);
sensitive << in;

d Run()

if (h2.proc_kind() == SC_METHOD PROC )
// Running a method process
sc_object* parent = h2get’ parent_object(); // Returns a pointer to the
// module instance
if (parent)
{

handle<’s€ process handle(parent);
if (handle.valid())

// Executed if parent were a
// valid process

sc_process_handle hl =sc_get current process handle(); // Returns a handle to process Run

sc_process_handle h2 =sc_get ‘current_process_handle(); // Returns a handle to process Run

called

ne of the callbacks before_end_of elaboration or end_of elaboration, an implementatign may
bither a handle to the most recently created process instance or an invalid handle. When(called
fion, sc_get_current_process_handle shall return a handle to the currently executing’ spawned or
ined process instance, if any. If there is no such process instance, sc_get current _process_handle

during

// Invalid handle - parent is not a process
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5.7 sc_event_finder and sc_event_finder_t
5.7.1 Description

An event finder is a member function of a port class with a return type of sc_event_finder&. When a port
instance is bound to a channel instance containing multiple events, an event finder permits a specific event
from the channel to be retrieved through the port instance and added to the static sensitivity of a process
instance. sc_event_finder_t is a templated wrapper for class sc_event finder, where the template
parameter is the interface type of the port.

An event finder function is called when creating static sensitivity to events through a port. Because port
binding S i i T i hich a
procesp is to be made sensitive at the time the process instance is created. Instead, an application-shoyld call
an event finder function, in which case the implementation shall defer the adding of events.to th¢ static
sensitiyity of the process until port binding has been completed. These deferred actions shall‘be completed
by the [implementation before the callbacks to function end_of_elaboration.

If an eyent finder function is called for a multiport bound to more than one channel instance, the evgnts for
all such channel instances shall be added to the static sensitivity of the process.

5.7.2 Class definition

namespace sc_core {

class s¢ _event_finder implementation-defined ;
templajte <class [F>

class s¢_event_finder _t
: publig sc_event_finder

{
public:
sc_event_finder_t( const sc_port_base& port _, const sc_event& (IF::*event_method ) () corjst );
// Other members
implementation-defined.
55
} // namespace st core

5.7.3 Constraints on usage

An application shall only use class sc_event_finder as the return type (passed by reference) of a njember
functiqn of’a port class, or as the base class for an application-specific event finder class template ‘ﬂ;t may

possess additional template parameters and event method parameters.

An application shall only use class sc_event_finder_t<interface> in constructing the object returned from
an event finder.

An event finder shall have a return type of sc_event finder& and shall return an object of class
sc_event_finder_t<interface> or an application-specific event finder class template, where:

a) interface shall be the name of an interface to which said port can be bound, and

b) the first argument passed to the constructor for said object shall be the port object itself, and
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c) the second argument shall be the address of a member function of said interface. The event found by

the event finder is the event returned by this function.

An event finder member function may only be called when creating the static sensitivity of a process using
operator<<, function set_sensitivity, or macro SC_CTHREAD. An event finder member function shall
only be called during elaboration, either from a constructor or from the before end_of elaboration
callback. An event finder member function shall not be called from the end_of _elaboration callback or

during simulation. Instead, an application may make a process directly sensitive to an event.

In the case of a multiport, an event finder member function cannot find an event from an individual channel

instance to which the multiport is bound using an index number. An application can work arou
restric. OYy—EC e C Ve S O 'i'ili C11a C 'i et ctaboratic

after pprt binding is complete (see example below).

Example:

#includle "systemc.h"

class if class
: virtugl public sc_interface

{
public:
virtual const sc_event& ev_func() const = 0;

¥

class chan_class
: publig if class, public sc_prim_channel

{
public:
virtual const sc_event& ev_func() cnst { return an_event; }
priyate:
sc_event an_event;
I8

template<int N = 1>
class pprt_class
: publi¢ sc_port<if.class,N>

nd this

eallback

{
public:
seevent finder& event finder() const
(
1y
return *new sc_event _finder t<if class>( *this, &if class::ev_func );
}
15
SC_MODULE(mod_class)
{

port_class<1> port_var;
port_class<0> multiport;
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SC_CTOR(mod_class)

{

SC_METHOD(method);

sensitive << port_var.event_finder(); // Sensitive to chan_class::an_event
}
void method();

void end_of elaboration()

{
SC_METHOD(method2);
£, Lottt FAVED h 4 it VAVESIITNTIAY
TUT \llll I U, 1 lllullllJUI I,.DILL/\), rrT }
sensitive << multiport[i]->ev_func(); // Sensitive to chan_class::an_event
i
vold method2();

NOTE-—For particular examples of event finders, refer to the functions pos and neg of-class sc_in<bool> (see 6.9).
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5.8 sc_event_and_list’ and sc_event_or_list’
5.8.1 Description

The classes sc_event_and_listf and sc_event_or_listf provide the & and | operators used to construct the
event lists passed as arguments to the functions wait (see 5.2.16) and next_trigger (see 5.2.17).

5.8.2 Class definition

namespace sc_core {

g 7
class sg—ever—and 1t

{
public:
sc_event_and_listf& operator& ( const sc_event& );
// Other members
implementation-defined
15
class s ”_event_or_listf
{
public:
sc_event_or_listf& operator| ( const sc_event& );
// Other members
implementation-defined
15
} // namespace sc_core

5.8.3 Constraints on usage
An application shall not explicitly (create an object of class sc_event_and_listf or sc_event_or_listf.

Classep sc_event_and_listf and sc_event_or_listf are the return types of operator& and operator|,
respectively, of class sc €vent, and are parameter types of the functions wait and next_trigger.

5.8.4 Event lists

sc_eve nt_and_list*& operator& ( const sc_event& );
sc_evept r-list’& operator| ( const sc_event& );
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5.9 sc_event

5.9.1 Description

An event is an object of class sc_event, used for process synchronization. A process instance may be
triggered or resumed on the occurrence of an event, that is, when the event is notified. Any given event may
be notified on many separate occasions.

5.9.2 Class definition

namespace sc_core {

class s¢ event
{
public:
sc_event();
~sc_event();
void netify();
void notify( const sc_time& );
void notify( double , sc_time_unit );
void cancel();
sc_event_or_listf& operator| ( const sc_event& ) const;
sc_event_and_listf& operator& ( const sc_event& )\const;
pripate:
// Disabled
sc_event( const sc_event& );
sc_event& operator= ( const sc_event&\);
¥
} // namespace sc_core
5.9.3 Constraints on usage
Objectk of class sc_event may be constructed during elaboration or simulation but events shall dnly be
notifiefl during simulation. It shall be an error to notify an event during elaboration
5.9.4 notify and)cancel
void nptify();
SHRP HERE create e-petification.

Any and all process instances sensitive to the event shall be made runnable before control is returned
from function notify.

NOTE 1—Process instances sensitive to the event will not be resumed or triggered until the process that called
notify has suspended or returned.

NOTE 2—All process instances sensitive to the event will be run in the current evaluation phase and in an order
that is implementation-defined. The presence of immediate notification can introduce non-deterministic
behavior.

NOTE 3—Member function update of class sc_prim_channel shall not call netify to create an immediate
notification.
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void n
void n

void cqncel();

5.9.5

sc_eve
sc_eve

5.9.6 Multiple event notifications

1666-2005(E)

otify( const sc_time& );
otify( double , sc_time unit );

A call to member function notify with an argument that represents a zero time shall create a delta

notification.

A call to function notify with an argument that represents a non-zero time shall create a

timed

notification at the given time, expressed relative to the simulation time when function notify is
called. In other words, the value of the time argument is added to the current simulation time to

determine the time at which the event will be notified.

NOTE—In the case of a delta notlﬁcatlon all processes that are sensitive to the event 1n the delta notification

processes sensmve to the event at the t1me the event occurs W111 be made runnable at the tlme Wthh W
future simulation time.

Member function cancel shall delete any pending notification for this event(
NOTE 1—At most one pending notification can exist for any given event.
NOTE 2—Immediate notification cannot be cancelled.

Event lists

t_or_listf& operator| ( const sc_event& ) const;
Vtt_and_listf& operator& ( const sc_event& ) const;

operator is called.

NOTE—Event lists are used as arguments tofunctions wait (see 5.2.17) and next_trigger (see 5.2.16).

ation, all

ill be a

A call to either operator shall add the event passed as an argument to the event list from whiich the

occur
ective

A givep event shall have no more than‘one pending notification.

If fungtion notify is called<for an event that already has a notification pending, only the notifiication
scheduled to occur at the €atliest time shall survive. The notification scheduled to occur at the latgr time
shall be cancelled (or never be scheduled in the first place). An immediate notification is taken td
earlier|than a delta notification, and a delta notification earlier than a timed notification. This is irresp

of the prder in which function notify is called.

Example;

sc_event €,

e.notify(SC_ZERO_TIME); // Delta notification

e.notify(1, SC_NS); // Timed notification ignored due to pending delta notification

e.notify(); // Immediate notification cancels pending delta notification. e is notified
e.notify(2, SC_NS); // Timed notification

e.notify(3, SC_NS); // Timed notification ignored due to earlier pending timed notification
e.notify(1, SC_NS); // Timed notification cancels pending timed notification

e.notify(SC_ZERO_TIME); // Delta notification cancels pending timed notification

// e is notified in the next delta cycle
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5.10 sc_time

5.10.1 Description

Class sc_time is used to represent simulation time and time intervals, including delays and time-outs. An
object of class sc_time is constructed from a double and an sc_time_unit. Time shall be represented

internally as an unsigned integer of at least 64 bits. For implementations using more than 64 bits, the return
value of member function value need not be of type sc_dt::uint64 (see member function value in 5.10.2).

5.10.2 Class definition

namespdacc SC_COIT

enum §c_time_unit {SC FS=0, SC PS, SC NS, SC US, SC_ MS, SC_SEC};

class s¢ time

{

public:

sc_time();
sc_time( double , sc_time unit );
sc_time( const sc_time& );
sc_time& operator= ( const sc_time& );
sc_dt::uint64 value() const;
double to_double() const;
double to_seconds() const;
const std::string to_string() const;
bool operator== ( const sc_time& ) cotist;
bool operator!= ( const sc_time& )const;
bool operator< ( const sc_time& )const;
bool operator<= ( const sc_time& ) const;
bool operator> ( const sc\time& ) const;
bool operator>= ( const s¢_time& ) const;
sc_time& operator:+= ( const sc_time& );
sc_time& operator-= ( const sc_time& );
sc_time& @perator*= ( double );
sc_time& operator/= ( double );
voidprint( std::ostream& = std::cout ) const;

15

const sc_time operator+ ( const sc_time&, const sc_time& );
const sc_time operator- ( const sc_time&, const sc_time& );

const sc_time operator* ( const sc_time&, double );
const sc_time operator* ( double, const sc_time& );
const sc_time operator/ ( const sc_time&, double );
double operator/ ( const sc_time&, const sc_time& );

std::ostream& operator<< ( std::ostream&, const sc_time& );
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const sc_time SC_ZERO_TIME;

void sc_set_time_resolution( double, sc_time unit );

sc_tim

}

e sc_get_time_resolution();

// namespace sc_core

5.10.3 Time resolution

Time shall be represented internally as an integer multiple of the time resolution. The default time resolution
is 1 picosecond. Every object of class sc_time shall share a single common global time resolution.

The tin
only b
constry
be pos
paragr:

The cd

resolution. Whether the value is rounded up or down is implementation-defined. The default cong

shall ¢

The v{
SC FY

The fu

5.10.4 Functions and operators

All ari
natural
of inte

sc_dt:
doublg
doublg

const

he resolution can only be changed by calling the function sc_set_time_resolution. This functig
e called during elaboration, shall not be called more than once, and shall not bé calle

tive and shall be a power of 10. It shall be an error for an application to break the rules given|
ph.

nstructor for sc_time shall scale and round the given time value to the nearest multiple of tli
feate an object having a time value of zero.

lues of enum sc_time_unit shall be taken to have their standard physical meanings, for ex
= femtosecond = 10E-15 seconds.

hction sc_get_time_resolution shall return the time.resolution.

hmetic, relational, equality, and assignment operators declared in 5.10.2 shall be taken to hay
meanings when performing integer arithmetic on the underlying representation of time. The
ber underflow and divide-by-zerg shall be implementation-defined.

hint64 value() const;
to_double() const;
to_seconds() const;

These functiomns, shall return the underlying representation of the time value, first convert
value to al{deuble in each of the two cases to_double and to_seconds, and then also scal
resultant.value to units of 1 second in the case of to_seconds.

n shall
d after

cting an object of type sc_time with a non-zero time value. The value of the double argument shall

in this

Ic time
tructor

ample,

e their
results

ng the
ng the

td:stfing to_string() const;

void print( std::ostream& = std::cout ) const;
std::ostream& operator<< ( std::ostreamé& , const sc_time& );

These functions shall return the time value converted to a string or print that string to the given

stream. The format of the string is implementation-defined.

5.10.5 SC_ZERO_TIME

Constant SC ZERO TIME represents a time value of zero. It is good practice to use this constant whenever
writing a time value of zero, for example, when creating a delta notification or a delta time-out.
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Example:

sc_event e;
e.notify(SC_ZERO_TIME); // Delta notification
wait(SC_ZERO TIME); // Delta time-out
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5.11 sc_port

5.11.1

Description

Ports provide the means by which a module can be written such that it is independent of the context in which
it is instantiated. A port forwards interface method calls to the channel to which the port is bound. A port
defines a set of services (as identified by the type of the port) that are required by the module containing the

port.

If a module is to call a member function belonging to a channel that is outside the module itself, that call
should be made using an interface method call through a port of the module. To do otherwise is considered

bad ca
curren
memb
export

5.11.2
names

enum §
{
Ne
e
e

3

class s
: publi

templal
class s
: publi
{

pul

L‘li[lg blyic. HUWCVCI, d bdﬁ O d l[lCl[leI fuuuiuu bCiU[lgi[lg L0 d bhdllllcl iIlbldIllidLCL‘l Wil
module may be made directly. This is known as portless channel access. If a moduleis-tq
1 function belonging to a channel instance within a child module, that call should be made)thrg
of the child module (see 5.12).

Class definition

bace sc_core {

c_port_policy

| ONE_ OR_ MORE BOUND, // Default
| ZERO OR_MORE BOUND,

| ALL BOUND

 port_base

L sc_object { implementation-defined };

te <class IF, int N =1, sc_port policy"POL =SC ONE OR MORE BOUND>
 port
L sc_port_base

plic:

sc_port();

explicit sc_port(/Const char* );
virtual ~sc_pott();

virtual ¢const char* kind() const;

voideperator() ([F& );

1in the
call a
ugh an

void operator() ( sc_port<IF N>& ):

void bind( IF& );
void bind( sc_port<IF,N>& );

int size() const;

IF* operator-> ();
const [F* operator-> () const;

IF* operator|] (int);
const [F* operator[] ( int ) const;
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virtual sc_interface™ get_interface();
virtual const sc_interface* get_interface() const;

protected:
virtual void before_end_of elaboration();
virtual void end_of_elaboration();
virtual void start_of simulation();
virtual void end_of _simulation();

private:

sc_port( const sc_port<IF,N>& );
sc_port<IF,N>& operator= ( const sc_port<IF,N>& );
55

} // namespace sc_core
5.11.3 Template parameters

The figst argument to template sc_port shall be the name of an interface proper. This interface is said to be
the typle of the port. A port can only be bound to a channel derived fromt the type of the port or to gnother
port or|export with a type derived from the type of the port.

The sefond argument to template sc_port is an optional integer value. If present, this argument shall $pecify
the maximum number of channel instances to which any ong instance of the port belonging to any specific
modul¢ instance may be bound. If the value of this argument is zero, the port may be bound to an atbitrary
number of channel instances. It shall be an error to bind a port to more channel instances than the qumber
permitfed by the second template argument.

The ddfault value of the second argument isA, If the value of the second argument is not 1, the port is|said to
be a multiport. If a port is bound to anether port, the value of this argument may differ between the two
ports.

The thjrd argument to template S¢_port is an optional port policy of type sc_port_policy. The port|policy
argument determines the rules:for binding multiports and the rules for unbound ports.

The pg¢licy SC_ONE tOR"MORE BOUND means that the port instance shall be bound to one of more
channgdl instances,the\maximum number being determined by the value of the second template argument. It
shall bp an error(for'the port instance to remain unbound at the end of elaboration.

The pqlicy, S€ ZERO OR_MORE BOUND means that the port instance shall be bound to zero of more
channgl instances, the maximum number being determined by the value of the second template argument.
The port instance may remain unbound at the end of elaboration.

The policy SC_ ALL BOUND means that the port instance shall be bound to exactly the number of channel
instances given by value of the second template argument, no more and no less, provided that value is
greater than zero. If the value of the second template argument is zero, policy SC_ALL BOUND shall have
the same meaning as policy SC ONE OR MORE BOUND. It shall be an error for the port instance to
remain unbound at the end of elaboration, or to be bound to fewer channel instances than the number
required by the second template argument.

It shall be an error to bind a given port instance to a given channel instance more than once, whether directly
or through another port.
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The port policy shall apply independently to each port instance, even when a port is bound to another port.
For example, if a port on a child module with a type se¢_port<IF> is bound to a port on a parent module with
a type sc_port<IF,2,SC_ALL_BOUND>, the two port policies are contradictory and one or other will
inevitably result in an error at the end of elaboration.

The port policies shall hold when port binding is completed by the implementation just before the callbacks
to function end_of elaboration but are not required to hold any earlier. For example, a port of type
sc_port<IF,2,SC_ALL_BOUND> could be bound once in a module constructor and once in the callback
function before_end_of elaboration.

Example:

sc_porf<IF> // Bound to exactly 1 channel instance

sc_porf<IF,0> // Bound to 1 or more channel instances
// with no upper limit

sc_porf<IF,3> // Bound to 1, 2 or 3 channel instance$

sc_porf<IF,0,SC_ ZERO OR MORE BOUND> // Bound to 0 or more channel instances
// with no upper limit
sc_porf<IF,1,SC_ ZERO OR MORE BOUND> //Bound to 0 or 1 channel instances
sc_porf<IF,3,SC_ ZERO OR MORE BOUND> //Boundto 0, 1, 2 or 3/chahnel instances
sc_porf<IF,3,SC_ALL BOUND> // Bound to exactly @ channel instances

NOTEH-A port may be bound indirectly to a channel by being bound to@nother port or export (see 4.1.3).

5.11.4 Constraints on usage
An implementation shall derive class sc_port_base froniclass sc_object.

Ports ghall only be instantiated during elaboration®and only from within a module. It shall be an drror to
instantjate a port other than within a module. It\shall be an error to instantiate a port during simulatiof.

The mlember functions size and get_interface can be called during elaboration or simulation, Whereas
operafor-> and operator[] should.enly be called from end_of_elaboration or during simulation.

is instgntiated, that is, within® the constructor from which the module is instantiated. Furthermorg, it is
strongly recommended thaf the port be bound to a channel or another port that is itself instantiated within the
modul¢ containing the.instance of the given module or to an export that is instantiated within a child nhodule.
This r¢commendation may be violated on occasion. For example, it is convenient to bind an otlerwise
unbound port _from' the before_end_of _elaboration callback of the port instance itself.

It is stfongly recommended thata port within a given module be bound at the point where the given £0dule

The cqnstraint that a port be instantiated within a module allows for considerable flexibility. Howevgr, it is
strongly recommmremded-thata portimstance beadata mrember of @ modute-wherever practicat; otherwise, the
syntax necessary for named port binding becomes somewhat arcane in that it requires more than simple class
member access using the dot operator.

Suppose a particular port is instantiated within module C, and module C is itself instantiated within module
P. It is permissible for the port to be bound at some point in the code remote from the point at which module
C is instantiated, it is permissible for the port to be bound to a channel (or another port) that is itself
instantiated in a module other than the module P, and it is permissible for the port to be bound to an export
that is instantiated somewhere other than in a child module of module P. However, all such cases would
result in a breakdown of the normal discipline of the module hierarchy and are strongly discouraged in
typical usage.
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5.11.5 Constructors

sc_port();
explicit sc_port( const char* );

The constructor for class sc_port shall pass the character string argument (if such argument exists) through
to the constructor belonging to the base class sc_object to set the string name of the instance in the module
hierarchy.

The default constructor shall call function sc_gen_unique_name("port'") to generate a unique string name
that it shall then pass through to the constructor for the base class sc_object.

NOTE+-A port instance need not be given an explicit string name within the application when it is constfueted.
5.11.6 kind

Membegr function kind shall return the string ""sc_port".

5.11.7 Named port binding

Ports ¢an be bound either using the functions listed in this subclause. for named binding or using the
operafor() from class sc_module for positional binding. An implé€mentation may defer the completion of
port bihding until a later time during elaboration because the port'to)which a port is bound may not y¢t itself
have bpen bound. Such deferred port binding shall be completed\by the implementation before the callbacks
to fundtion end_of_elaboration.

void operator() (IF& );
void bind( IF& );

Each of these two functions shall (bind the port instance for which the function is called|to the
channel instance passed as an aggument to the function. The actual argument can be an export, in
which case the C++ compilerwill call the implicit conversion sc_export<IF>::operator&.

void operator() ( sc_port<IE,N>& );
void bind( sc_port<IF,N>& );

Each of these gwo-functions shall bind the port instance for which the function is called to the port
instance passed as an argument to the function.

Example:
SC_MDDUTLEM)
{
sc_inout<int> P, Q, R, S; // Ports
sc_inout<int> *T; // Pointer-to-port (not a recommended coding style)

SC_CTOR(M) { T =new sc_inout<int>; }
15
SC_MODULE(Top)
{

sc_inout <int> A, B;
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sc_signal<int> C, D;

M m; // Module instance
SC_CTOR(Top)
:m("m"
{
m.P(A); // Binds P-to-A
m.Q.bind(B); // Binds Q-to-B
m.R(C); // Binds R-to-C
m.S.bind(D); // Binds S-to-D
m.T->bind(E); // Binds T-to-E
}
55
5.11.8 Member functions for bound ports and port-to-port binding
The member functions described in this subclause return information about ports. that have been
during|elaboration. These functions return information concerning the ordered set ‘of channel insta
which p particular port instance (which may or may not be a multiport) is bound:

The ogdered set S of channel instances to which a given port is bound\(for the purpose of defin;

seéman

a)
b)

¢)

Becau
the nu

ics of the functions given in this subclause) is determined as folloys.

When the port or export is bound to a channel instance, that.channel instance shall be addeq
end of the ordered set S.

When the port or export is bound to an export, rules.a) and b) shall be applied recursively
export.

When the port is bound to another port, rules'a); b), and c) shall be applied recursively to th
port.

e an implementation may defer the completion of port binding until a later time during elabg
mber and order of the channel instances as returned from the member functions described

subclayise may change during elaborationrand the final order is implementation-defined, but shall not

during
NOTE
ordered

given d
channe

5.11.8

int size

the end_of elaboration callback or during simulation.
—As a consequence of the‘above rules, a given channel instance may appear to lie at a different positioj

hannel instance may be the first channel instance to which a port of a parent module is bound but t
instance to which.a.port of a child module is bound.

.1 size

() eonst;

bound
ices to

ng the
to the
to the

e other

ration,
in this
change

h in the

set of channel instanc¢es\when viewed from ports at different positions in the module hierarchy. For exqmple, a

he third

Member function size shall return the number of channel instances to which the port instance for which it is
called has been bound.

If member function size is called during elaboration and before the callback end_of elaboration, the value
returned is implementation-defined because the time at which port binding is completed is implementation-
defined.

NOTE—The value returned by size will be 1 for a typical port but may be 0 if the port is unbound or greater than 1 for a
multiport.

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

~ 76— IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

5.11.8.2 operator->

IF* operator-> ();
const [F* operator-> () const;

operator-> shall return a pointer to the first channel instance to which the port was bound during
elaboration.

It shall be an error to call operator-> for an unbound port. If operator-> is called during elaboration and
before the callback end_of elaboration, the behavior is implementation-defined because the time at which
port binding is completed is implementation-defined.

NOTE+-operator-> is key to the interface method call paradigm in that it permits a process to call a membépfiinction,
defined|in a channel, through a port bound to that channel.

Example:

struct iface
: virtugl sc_interface

{
¥

—_

virfual int read() const = 0;

struct ¢han
: iface)sc_prim_channel

{
¥

—_

virfual int read() const;

int chap::read() const { ... }
SC_MPDULE(modu)

sc |port<iface> P;

S CTOR(modu)
SC_THREAD(thread);
void thread()

inpi'=P->read(); /I Interface method call

|5

SC_MODULE(top)
{

modu *mo;
chan *ch;

SC_CTOR(top)
{

ch = new chan;
mo = new modu("mo");
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mo->P(*ch); // Port P bound to channel *ch

5.11.8.3 operator][]

IF* operator|[] (int);
const [F* operator|] (int ) const;

operator|[] shall return a pointer to a channel instance to which a port is bound. The argument identifies

hich et ek Lol " EHL o RS 1 1 o £ 4l der i
which ermanmermstance—siar oc returnea e stances—arc mumrocreastartmg—ronr Zero 1 tne €r 1

which fhe port binding was completed, the order being implementation-defined.

The value of the argument shall lie in the range 0 to N-1, where N is the number of instances’to whiich the
port is|bound. It shall be an error to call operator[] with an argument value that lies qutside this rgnge. If
operafor[] is called during elaboration and before the callback end_of elabordtion, the behafior is
implementation-defined because the time at which port binding is completed is implementation-definjed.

operafor[] may be called for a port that is not a multiport, in which case the-valile of the argument should be
0.

Example:

class bpus_interface;

class slave_interface
: virtugl public sc_interface

{
public:
virtual void slave write(int addr, int__data) = 0;
virtual void slave read (int addryint& data) = 0;
¥

class bus_channel
: publi¢ bus_interface, public\sc_module

{

public:
sc_port<slave_interface, 0> slave port; // Multiport for attaching slaves to bus

SC’ CTOR(bus_channel)

S
T

SC_THREAD(action);
R
private:
void action()
{
for (int i = 0; i < slave_port.size(); i++) // Function size() returns number of slaves
slave port[i]->slave write(0,0); // Operator[] indexes slave port
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class memory
: public slave_interface, public sc_module

{
public:
virtual void slave write(int addr, int data);
virtual void slave read (int addr, int& data);

}s

SC _MODULE(top_level)
{

b 1 1.1
Jit CHalaivr ous,

memory  ram0, raml, ram2, ram3;

| CTOR(top_level)
is("bus"), ram0("ram0"), ram1("ram1"), ram2("ram2"), ram3("ram3")

2]
S O

bus.slave port(ram0);
bus.slave port(raml);
bus.slave port(ram2);
bus.slave port(ram3); // One multiport bound t6 four memory channels

5.11.8.4 get_interface

virtualfsc_interface* get_interface();
virtual|const sc_interface* get_interface() const;

Member function get_interface shall return-a pointer to the first channel instance to which the port is pound.
If the |port is unbound, a null pointer shall be returned. This member function may be called [during
elaborgtion to test whether a port has (yet been bound. Because the time at which deferred port binding is
compl¢ted is implementation-defined, it is implementation-defined whether get_interface returns a pointer
to a fhannel instance or a_null pointer when called during construction or from the callback
beforel end_of elaboration.

get_inferface is intended for use in implementing specialized port classes derived from sc_port. In general,
an appllication should call operator-> instead. However, get_interface permits an application to| call a
membg¢r function of the class of the channel to which the port is bound, even if such a function ip not a
memb¢r of thermterface type of the port.

NOTE-{-Eunction get_interface cannot return channels beyond the first channel instance to which a multiport i§ bound;
use operator[] instcad.

Example:

SC_MODULE(Top)
{

sc_in<bool> clock;

void before _end of elaboration()

{

sc_interface™ i_f = clock.get interface();
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sc_clock* clk = dynamic_cast<sc_clock*>(i_f);
sc_time t = clk->period(); // Call method of clock object to which port is bound

5.11.9 before_end_of_elaboration, end_of_elaboration, start_of _simulation,
end_of_simulation

See 4.4.
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5.12 sc_export
5.12.1 Description

Class sc_export allows a module to provide an interface to its parent module. An export forwards interface
method calls to the channel to which the export is bound. An export defines a set of services (as identified by
the type of the export) that are provided by the module containing the export.

Providing an interface through an export is an alternative to a module simply implementing the interface.
The use of an explicit export allows a single module instance to provide multiple interfaces in a structured
manner.

If a mpdule is to call a member function belonging to a channel instance within a child module;that call
should|{be made through an export of the child module.

5.12.2 Class definition
namespace sc_core {

class s¢_export_base
: publig sc_object { implementation-defined };

template<class IF>

class s¢ export

: publig sc_export_base

{
public:

sc_export();

explicit sc_export( const char* );

virtual ~sc_export();

virtual const char* kind() const;
void operator() ( [F& );

void bind( IF& );

operator IF& ();

IF* operator->\();
const [F* operator-> () const;

virtyalise' interface* get_interface();
virtual const sc_interface* get_interface() const;

protected:
virtual void before_end_of elaboration();
virtual void end_of_elaboration();
virtual void start_of simulation();
virtual void end_of _simulation();
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private

|5
}

5.12.3

// Disabled
sc_export( const sc_export<I[F>& );
sc_export<IF>& operator= ( const sc_export<[F>& );

// namespace sc_core

Template parameters

The argument to template sc_export shall be the name of an interface proper. This interface is said to be the

type o
anothe

NOTEA

5.12.4 Constraints on usage

An imj
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I export with a type derived from the type of the export.

—An export may be bound indirectly to a channel by being bound to another export (see 4.1.3).

plementation shall derive class s¢_export_base from class sc_object.

s shall only be instantiated during elaboration and only from withi@,module. It shall be an ¢
jate an export other than within a module. It shall be an errér to instantiate an export
fion.

have an export remaining unbound at the end of elaboration. It shall be an error to bind an ex
han one channel.

ember function get_interface can be called\during elaboration or simulation, whereas oper
only be called during simulation.

t or to

Tror to
during

export of every module instance shall be bound once and{once only during elaboration. It shall be an

port to

ator->

rongly recommended that an export“within a given module be bound within that same
a child module. Any other usage would result in a breakdown of the normal discipline of the
hy and is strongly diseotiraged (see 5.11.4).

Constructors

ort();
t sc_export( const char* );

The.constructor for class se_export shall pass the character string argument (if there is one) ¢

odule.

'more, it is strongly recommended that the export be bound to a channel that is itself instantiated
the current module or impleniented by the current module or bound to an export that is instantiated

odule

hrough

to the constructor belonging to the base class sc_object in order to set the string name of the i1

histance

in the module hierarchy.

The default constructor shall call function sc_gen_unique_name("export') in order to generate a
unique string name that it shall then pass through to the constructor for the base class sc_object.

NOTE—An export instance need not be given an explicit string name within the application when it is

constructed.

5.12.6 kind

Member function kind shall return the string ""sc_export".
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5.12.7 Export binding

Exports can be bound using either of the two functions defined here. The notion of positional binding is not
applicable to exports. Each of these functions shall bind the export immediately, in contrast to ports for
which the implementation may need to defer the binding.

void operator() ([F& );
void bind( [F& );

Each of these two functions shall bind the export instance for which the function is called to the
channel instance passed as an argument to the function.

NOTE—The actual argument could be an export, in which case operator IF& would be called as an jmplicit

conversion.
Example:
struct i_f: virtual sc_interface
{
virtual void print() = 0;
55
struct Chan: sc_channel, i_f
{
SC _CTOR(Chan) {}
void print() { std::cout << "I'm Chan, name=" <<name() << std::endl; }
55
struct Caller: sc_module
{
sc_port<i_f> p;
55
struct Bottom: sc_module
{
sc_export<i_f>(xp;
Chan ch;
SC_CTOR(Bottom) : ch("ch")
{
xp-bind(ch); // Bind export xp to channel ch
{
b
struct Middle: sc_module
{
sc_export<i_f> xp;
Bottom* b;
SC CTOR(Middle)
{

b = new Bottom ("b");
xp.bind(b->xp); // Bind export xp to export b->xp

b->xp->print(); // Call method of export within child module
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}
I
struct Top: sc_module
{
Caller* c;
Middle* m;
SC_CTOR(Top)
{
¢ =new Caller ("c");
Juny TIUW }V{iddlh ("lll"),
c->p(m->xp); // Bind port c->p to export m->xp
}
55

5.12.8 Member functions for bound exports and export-to-export binding

The mpmber functions described in this subclause return information about exports that have been|bound
during|elaboration, and hence these member functions should only be called aftér the export has been| bound
during|elaboration or during simulation. These functions return information’eOncerning the channel ifistance
to whi¢h a particular export instance has been bound.

It shal] be an error to bind an export more than once. It shall be<an/error for an export to be unbound at the
end offelaboration.

The cHannel instance to which a given export is bound>(for the purpose of defining the semantics| of the
functidns given in this subclause) is determined as follows:

a) | If the export is bound to a channel instanee; that is the channel instance in question.

b) | If the export is bound to another expeort, rules a) and b) shall be applied recursively to thg other
export.

5.12.8.1 operator-> and operator IF&

const [F* operator-> () const;
operafor IF& ();

operator->-and operator IF& shall both return a pointer to the channel instance to which the|export
was bound,during elaboration.

IF* ole‘atoro 0;

It shall-be an error for an application to call this operator if the export is unbound.

NOTE 1—operator-> is intended for use during simulation when making an interface method call thrpugh an
CXpOIT INstance rom a parent module of the module containing the eXport.

NOTE 2—operator IF& is intended for use during elaboration as an implicit conversion when passing an
object of class sc_export in a context that requires an sc_interface, for example, when binding a port to an
export or when adding an export to the static sensitivity of a process.

NOTE 3—There is no operator|[] for class sc_export, and there is no notion of a multi-export. Each export can
only be bound to a single channel.
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5.12.8.2 get_interface

virtual sc_interface* get_interface();
virtual const sc_interface* get_interface() const;

Member function get_interface shall return a pointer to the channel instance to which the export is
bound. If the export is unbound, a null pointer shall be returned. This member function may be
called during elaboration to test whether an export has yet been bound.

5.12.9 before_end_of_elaboration, end_of_elaboration, start_of simulation,
end_of_simulation

See 4 4.
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5.13 sc_interface

5.13.1 Description

sc_interface is the abstract base class for all interfaces.

An interface is a class derived from the class sc_interface. An interface proper is an abstract class derived
from class sc_interface but not derived from class sc_object. An interface proper contains a set of pure
virtual functions that shall be defined in one or more channels derived from that interface proper. Such a
channel is said to implement the interface.

NOTE

derived| indirectly from class s
interfade proper.

NOTE

of type

5.13.2 Class definition

names

class s

{
pu

prdtected:

pri

3
}
5.13.3

An apy

proper-

d ma—a—chanpnaol A _chaonool o

c i

nterface and

IF can be bound to such a channel.

hace sc_core {

*_interface

blic:

virtual void register_port( sc_port_base& , const char® );
virtual const sc_event& default_event() const;
virtual ~sc_interface();

sc_interface();

vate:

// Disabled

sc_interface( const sc_interface& );
sc_interface& operator= ('const sc_interface& );

// namespacessocore

Constraints on usage

lication should not use class sc_interface as the direct base class for any class other than an in|

a class

in that sense a channel is an interface. However, a channel)id not an

P—As a consequence of the rules of C++, an instance of a channel derived from an interface IE,or a pdinter to
such anfinstance can be passed as the argument to a function with a parameter of type IF& or IF*, respectively,

T a port

terface

An interface proper shall obey the following rules:

a)
b)
¢)

It shall be publicly derived directly or indirectly from class sc_interface
If directly derived from class sc_interface, it shall use the virtual specifier

It shall not be derived directly or indirectly from class sc_object

An interface proper should typically obey the following rules:

a)
b)

It should contain one or more pure virtual functions

It should not be derived from any other class that is not itself an interface proper
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c¢) It should not contain any function declarations or function definitions apart from the pure virtual
functions

d) It should not contain any data members

NOTE 1—An interface proper may be derived from another interface proper or from two or more other interfaces
proper, thus creating a multiple inheritance hierarchy.

NOTE 2—A channel class may be derived from any number of interfaces proper.

5.13.4 register_port

virtual void register_port( sc_port_base& , const char* );

The ddfinition of this function in class sc_interface does nothing. An application may override thisZfignction
in a chpnnel.

The pyrpose of function register_port is to enable an application to perform actionsthat'depend ¢n port
binding during elaboration, such as checking connectivity errors.

Member function register_port of a channel shall be called by the implementation’'whenever a port isl bound
to a chiannel instance. The first argument shall be a reference to the port instance being bound. The pecond
argument shall be the value returned from the expression typeid( IF ).name(), where IF is the interfage type
of the port.

Member function register_port shall not be called when an export.is bound to a channel.

If a poft P is bound to another port Q, and port Q is in turntbound to a channel instance, the first arguinent to
membg¢r function register_port shall be the port P. In othér words, register_port is not passed a referpnce to
a port pn a parent module if a port on a child modulé.is in turn bound to that port; instead, it is passgd as a
refererjce to the port on the child module, and so onrecursively down the module hierarchy.

In the|case that multiple ports are bound te the same single channel instance or port instance, mjember
functidn register_port shall be called oncefor each port so bound.

Example:

void rdgister_port( sc_port( base& port , const char* if typename )
{
stdp:string nm( ifitypename_);
if( pm == typeid(my _interface ).name() )
std::cout'<< " channel " <<name() << " bound to port " << port .name() << std::endl;

}
5.13.5-default—event

virtual const sc_event& default_event() const;

Member function default_event shall be called by the implementation in every case where a port or channel
instance is used to define the static sensitivity of a process instance by being passed directly as an argument
to operator<< of class sc_sensitivef. In such a case the application shall override this function in the
channel in question to return a reference to an event to which the process instance will be made sensitive.

If this function is called by the implementation but not overridden by the application, the implementation
may generate a warning.

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

IEC 61691-7:2009(E) —87-
IEEE Std 1666-2005(E)

Example:

struct my_if
: virtual sc_interface

{
¥

virtual int read() = 0;

class my ch
: public my _if, public sc_module

{

public:

virtual int read() { return m_val; }

virtual const sc_event& default_event() const { return m_ev; }
pripate:

int m_val;

sc_eventm_ev;
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5.14 sc_prim_channel

5.14.1 Description

sc_prim_channel is the base class for all primitive channels and provides such channels with unique access
to the update phase of the scheduler. In common with hierarchical channels, a primitive channel may

provide public member functions that can be called using the interface method call paradigm.

This standard provides a number of predefined primitive channels to model common communication
mechanisms (see Clause 6).

5.14.2€iassdefimition
namespace sc_core {

class s¢ prim_channel

: publif sc_object

{
public:

virtual const char* kind() const;

prqtected:

sc_prim_channel();

explicit sc_prim_channel( const char* );
virtual ~s¢_prim_channel();

void request_update();
virtual void update();

void next_trigger();

void next_trigger( const sc_event&);

void next_trigger( sc_event_or_listf& );

void next_trigger( sc_event ahd list' & );

void next_trigger( const s¢_time& );

void next_trigger( double., sc_time unit );

void next_trigger(,eonst sc_time& , const sc_event& );

void next_trigger( double , sc time unit, const sc_event& );
void next_trigger( const sc_time& , sc_event_or_listf& );

void next_trigger( double , sc_time_unit , sc_event_or list' & );
void next trigger( const sc_time& , sc_event_and_listf& );
voidaiext_trigger( double , sc_time unit, sc_event_and_listf& );

void wait();

void wait( int );

void wait( const sc_event& );

void wait( sc_event_or_listf& );

void wait( sc_event_and_listf& );

void wait( const sc_time& );

void wait( double , sc_time unit );

void wait( const sc_time& , const sc_event& );

void wait( double , sc_time unit , const sc_event& );
void wait( const sc_time& , sc_event_or_listf& );
void wait( double , sc_time unit , sc_event_or_listf& );
void wait( const sc_time& , sc_evenl_and_listf& );
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void wait( double , sc_time unit, sc_event_and_listf& );

virtual void before_end_of elaboration();
virtual void end_of_elaboration();

virtual void start_of simulation();

virtual void end_of _simulation();

private:

// Disabled
sc_prim_channel( const sc_prim_channel& );
sc_prim_channel& operator= ( const sc_prim_channel& );

}s
}

5.14.3

Objects of class sc_prim_channel can only be constructed during elaboration: It shall be an ¢
instantjate a primitive channel during simulation.

A prin

A prin

NOTE-{-Because the constructors are protected, class sc¢_prim_channél cannot be instantiated directly but may

as a bas

5.14.4

sc_prim_channel();
explicit sc_prim_channel( const char* );

// namespace sc_core

Constraints on usage

itive channel should be publicly derived from class sc_prim_channel:

itive channel shall implement one or more interfaces.

c class for a primitive channel.

Constructors

rror to

be used

rument

default
ce need

The cgnstructor for class sc_prim_channel shall pass the character string argument (if such arg
exists)[through to the constructor belonging to the base class sc_object to set the string name of the ifistance
in the module hierarchy.

NOTE+}-A class derived frontelass sc_prim_channel is not obliged to have a constructor, in which case the
construftor for class sc_object-will generate a unique string name. As a consequence, a primitive channel instan|

not be given an explicit string name within the application when it is constructed.

5.14.9 kind

Membegr function kind shall return the string ""se¢_prim_channel".

5.14.6

request_update and update

void request_update();

Member function request_update shall cause the scheduler to queue an update request
specific primitive channel instance making the call (see 4.2.1.3).
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virtual

void update();

Member function update shall be called back by the scheduler during the update phase in response
to a call to request_update. An application may override this member function in a primitive

channel. The definition of this function in class s¢_prim_channel itself does nothing.

When overridden in a derived class, member function update shall not perform any of the fol
actions:

lowing

a) Call any member function of class sc_prim_channel with the exception of member function update
itself if overridden within a base class of the current object
b) Call member function notify() of class sc_event with no arguments to create an immediate

notification
IT the application violates the two rules just given, the behavior of the implementation. shall be
undefined.
Member function update should not change the state of any storage except for data.members of the
current object. Doing so may result in non-deterministic behavior.
Member function update should not read the state of any primitive channel‘instance other than the
current object. Doing so may result in non-deterministic behavior.
Member function update may call function sc_spawn to create a dynamic process instance. [Such a
process shall not become runnable until the next evaluation phase.
NOTE 1—The purpose of the member functions request_update and update is to permit simultaneous
requests to a channel made during the evaluation phase to be resolved or arbitrated during the update phgse. The
nature of the arbitration is the responsibility of the application; for example, the behavior of member function
update may be deterministic or random.
NOTE 2—update will typically only read and modify data members of the current object and create delta
notifications.

5.14.7 next_trigger and wait

The behavior of the member functions wait and next_trigger of class sc_prim_channel shall be idenical to

that of{the member functions of class:se’ module with the same function names and signatures. Aside from

the faqt that they are members of different classes and so have different scopes, the restrictions con¢erning

the coptext in which the mefaber functions may be called is also identical. For example, the njember

functidn next_trigger shall'only be called from a method process.

5.14.8 before_end. of_elaboration, end_of_elaboration, start_of_simulation,

end_qf_simulation

See 4.4.

Example:

struct my _if

: virtual sc_interface // An interface proper

{

virtual int read() = 0;
virtual void write(int) = 0;

15

struct my_prim

: sc_prim_channel, my_if /I A primitive channel
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{
my_prim() // Default constructor
sc_prim_channel( sc_gen unique name("my_prim") ),
m_req(false),
m_written(false),
m_cur_val(0) {}
virtual void write(int val)
{
if (Im_req) // Only keeps the 1st value written in any one delta
t
m_new_val = val;
request_update(); /I Schedules an update request
m req = true;
H
}
virfual void update() // Called back by the scheduler in the update phase
{
m_cur_val=m_new val;
m_req = false;
m_written = true;
m_write_event.notify(SC_ZERO TIME); // A delta petification
}
virfual int read()
{
if (Im_written) wait(m_write event); // Blocked until update() is called
m_written = false;
return m_cur_val;
}
bopl m req, m_written;
sc_[event m_write_event;
intjm_new val, m_cur ~val;
¥
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5.15 sc_object
5.15.1 Description

Class sc_object is the common base class for classes sc_module, sc_port, sc_export, and
sc_prim_channel, and for the implementation-defined classes associated with spawned and unspawned
process instances. The set of sc_objects shall be organized into an object hierarchy, where each sc_object
has no more than one parent but may have multiple siblings and multiple children. Only module objects and
process objects can have children.

An sc_object is a child of a module instance if and only if that object lies within the module instance, as
define¢m3-14: —object f T T i j during
the ex¢cution of the function associated with that process instance. Object P is a parent of objeet] if and
only if|C is a child of P.

An sc |object that has no parent object is said to be a top-level object. Module instancesy spawned process
instandes, and objects of an application-defined class derived from class sc_object may'be top-level gbjects.

Each cpll to function sc_spawn shall create a spawned process instance that is either a child of the calfer or a
top-leylel object. The parent of the spawned process instance so created may.be another spawned process
instande, an unspawned process instance, or a module instance. Alternatively, the spawned process ifistance
may b¢ a top-level object.

Each sp_object shall have a unique hierarchical name reflecting-jts.position in the object hierarchy.

Attribytes may be added to each sc_object.

NOTE+-An implementation may permit multiple top-levels$e_objects (see 4.3).
5.15.2 Class definition
namespace sc_core {

class s¢ object

{
public:

const char* name().const;

const char* basename() const;

virtual const,char* kind() const;

virtual-veid print( std::ostream& = std::cout ) const;
virttalvoid dump( std::ostream& = std::cout ) const;

virtual const std::vector<sc_object*>& get child_objects() const;
sc_object* get_parent_object() const;

bool add_attribute( sc_attr base& );

sc_attr _base* get attribute( const std::string& );

const sc_attr_base™ get_attribute( const std::string& ) const;
sc_attr _base* remove_attribute( const std::string& );

void remove_all_attributes();

int num_attributes() const;

sc_attr_cltn& attr_cltn();

const sc_attr_cltn& attr_cltn() const;
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protected:
sc_object();
sc_object(const char*);
virtual ~sc_object();

|5

const std::vector<sc_object*>& sc_get_top_level objects();
sc_object* sc_find_object( const char* );

} // namespace sc_core

5.15.3 Constraints on usage

An application may use class sc_object as a base class for other classes besides modules; ports, exports,
primitive channels, and processes. An application may access the hierarchical name of such an object, or
may add attributes to such an object.

An application shall not define a class that has two or more base class sub-object§ of class sc_object.

Objecty of class sc_object may be instantiated during elaboration or may be“instantiated during simylation.
Howeyer, modules, ports, exports, and primitive channels can only be/inistantiated during elaboratidn. It is
permitfed to create a channel that is neither a hierarchical channel ot a primitive channel but is nonetheless

from class sc_object, and to instantiate such a channel either during elaboration or [during
ion. Portless channel access is permitted for any channel but a port or export cannot be boupd to a

NOTE [2—Since the classes having sc_object as a direct base class (that is, sc_module, sc_port, sc_expqrt, and
_channel) have class sc_object as a non-virtbal base class, any class derived from these classes shall |have at
most ofje direct base class derived from class sc_object. In other words, multiple inheritance from the classes |derived
from clpss s¢_object is not permitted.

5.15.4 Constructors and hierarchical names

sc_objEct();
sc_object(const char*);

Both ¢onstructors shall register the sc_object as part of the object hierarchy and shall consfruct a
hierardhical namefor the object using the string name passed as an argument. Calling the constructor
jlect(const'char*) with an empty string shall have the same behavior as the default constructor, [that is,

~starting
with the string name of a top-level sc_object instance and including the string name of each module instance
or process instance descending down through the object hierarchy until the current sc_object is reached. The
hierarchical name shall end with the string name of the sc_object itself.

Hierarchical names are case-sensitive.

It shall be an error if a string name includes the period character (.) or any white-space characters. It is
strongly recommended that an application limit the character set of a string name to the following:

a) The lower-case letters a-z

b) The upper-case letters A-Z
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¢) The decimal digits 0-9
d) The underscore character

An implementation may generate a warning if a string name contains characters outside this set but is not
obliged to do so.

There shall be a single global namespace for hierarchical names. Each sc_object shall have a unique non-
empty hierarchical name. An implementation shall not add any names to this namespace other than the
hierarchical names of sc_objects explicitly constructed by an application.

The constructor shall build a hierarchical name from the string name (either passed in as an argument or the
defaul{ name "object™) and test whether that hierarchical name 1s unique. 1T 1t 1s unique, that hierarchical
name [shall become the hierarchical name of the object. If not, the constructor shall call“fynction
sc_ger]_unique_name, passing the string name as a seed. It shall use the value returned as a replacenient for
the string name and shall repeat this process until a unique hierarchical name is generated.

If fun¢tion sc_gen_unique_name is called more than once in the course of eonstructing any| given
sc_object, the choice of seed passed to sc_gen_unique name on the second andsubsequent calls shall be
implementation-defined but shall in any case be either the string name passed as-the seed on the firgt such
call or|shall be one of the string names returned from sc_gen_unique name-in the course of constfucting
the givien sc_object. In other words, the final string name shall have theoriginal string name as a prefix.

If the donstructor needs to substitute a new string name in place of<tie original string name as the resplt of a
name ¢lash, the constructor shall generate a single warning.

NOTE-H-If an implementation were to create internal objects of class'sc_object, the implementation would be obliged by
the rulgs of this subclause to exclude those objects from the gbject hierarchy and from the namespace of hierfirchical
names. | This would necessitate an extension to the semantics of class sc_object, and the implementation wpuld be
obliged|to make such an extension transparent to the application.

5.15.9 name, basename, and kind

const dhar* name() const;

Member function name shallkreturn the hierarchical name of the sc_object instance in the| object
hierarchy.

const dhar* basename()(Corst;

Member funetion basename shall return the string name of the sc_object instance. This is th¢ string
name created-when the sc_object instance was constructed.

virtual|congt.char* kind() const;

NMefher function kind ] ing identifying the kind of il bi Member

function kind of class sc_object shall return the string "sc_object". Every class that is part of the
implementation and that is derived from class sc¢_object shall override member function kind to
return an appropriate string.
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Example:

#include "systemc.h"
SC_MODULE(Mod)

{
sc_port<sc_signal in_if<int>>p;
SC_CTOR(Mod) // p.name() returns "top.mod.p"
p("p") // p.basename() returns "p"
{} // p.kind() returns "sc_port"
15
SC_MPDULE(Top)
{
Mqd *mod,; // mod->name() returns "top.mod"
sc |signal<int> sig; /1 sig.name() returns "top.sig"
S CTOR(Top)
- sifg("sig")
{
mod = new Mod("mod");
mod->p(sig);
}
15
int sc_main(int argc, char* argv[])
{
Top top("top"); // top.name() returns "tep."
sc |start();
retyrn 0;
H

5.15.4 print and dump

virtual|void print( std::ostream& = std::cout ) const;

Member function print shall print the character string returned by member function nam¢ to the
stream passed agan-argument. No additional characters shall be printed.

virtual{void dump(<std::ostream& = std::cout ) const;

Memben function dump shall print at least the name and the kind of the sc_object to the [stream
passed as an argument. The formatting shall be implementation-dependent. The purpose of dpmp is
te'allow an implementation to print diagnostic information to help the user debug an applicatjon.

5.15.7 Functions for object hierarchy traversal

The four functions in this subclause return information that supports the traversal of the object hierarchy. An
implementation shall allow each of these four functions to be called at any stage during elaboration or
simulation. If called before elaboration is complete, they shall return information concerning the partially
constructed object hierarchy as it exists at the time the functions are called. In other words, a function shall
return pointers to any objects that have been constructed before the time the function is called but will
exclude any objects constructed after the function is called.
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virtual const std::vector<sc_object*>& get_child_objects() const;

Member function get child_objects shall return a std::vector containing a pointer to every instance
of class sc_object that is a child of the current s¢_object in the object hierarchy. The virtual function
sc_object::get child_objects shall return an empty vector but shall be overridden by the
implementation in those classes derived from class sc_object that do have children, that is, class
sc_module and the implementation-defined classes associated with spawned and unspawned
process instances.

sc_object* get parent_object() const;
Member function get_parent_object shall return a pointer to the sc_object that is the parent of the
current-objecttheobject-hierare c—current-objectis—atop-te obeet,member—fynction

» 0D 0D a Y U 00 a topP= V 00

get_parent_object shall return the null pointer.

const §td::vector<sc_object*>& sc_get_top_level objects();

Function sc_get top_level objects shall return a std::vector containing pointers to all of the top-
level sc_objects.

sc_objpct* sc_find_object( const char* );

Function sc_find_object shall return a pointer to the sc_objeét that has a hierarchical narpe that
exactly matches the value of the string argument or shall return the null pointer if ther¢ is no
sc_object having a matching name.

Examples:

void s¢an_hierarchy(sc_object* obj) HIraverse the entire object subhierarchy
// below a given object

{

stdf:vector<sc_object*> children = obj->get child objects();
for|( unsigned i = 0; i < children.size();w+ )
if ( children[i] )

scan_hierarchy( children[i});

}

std::vegtor<sc_object*> teps~ sc_get top level objects();
for (umsigned i = 0; i < tops.size(); i++)
if (Jtops[i] )
scan_hierarchy( tops[i] ); // Traverse the object hierarchy below
// each top-level object

sc_objpct*.obj =sc_find object("foo.foobar"); // Find an object given its hierarchical name

sc_module* m;
if (m = dynamic_cast<sc_module*>(obj)) // Test whether the given object is a module
// The given object is a module

sc_object® parent = obj->get parent_object(); // Get the parent of the given object
if (parent) // parent is a null pointer for a top-level object
std::cout << parent->name() <<" " << parent->kind();// Print the name and kind
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5.15.8

Member functions for attributes

bool add_attribute( sc_attr base& );

Member function add_attribute shall attempt to attach to the object of class s¢_object the attribute
passed as an argument. If an attribute having the same name as the new attribute is already attached
to this object, member function add_attribute shall not attach the new attribute and shall return the
value false. Otherwise, member function add_attribute shall attach the new attribute and shall
return the value true. The argument should be an object of class sc_attribute, not sc_attr_base.

The lifetime of an attribute shall extend until the attribute has been completely removed from all

objects. If an application deletes an attribute that is still attached to an object, the behavior
implementation shall be undefined.

sc_attr] base* get_attribute( const std::string& );

const §

sc_attr]

void r¢

int num_attributes() const;

Sc_attr
const §

c_attr_base* get_attribute( const std::string& ) const;

Member function get attribute shall attempt to retrieve from the object oficlass sc_ob]
attribute having the name passed as an argument. If an attribute with the given) name is attag
this object, member function get attribute shall return a pointer to-that attribute. Oth
member function get_attribute shall return the null pointer.

| base* remove_attribute( const std::string& );

Member function remove_attribute shall attempt to remoVv€ from the object of class sc_ob
attribute having the name passed as an argument. If an-attribute with the given name is atta
this object, member function remove_attribute shall return a pointer to that attribute and 1
the attribute from this object. Otherwise, membet. function remove_attribute shall return t
pointer.

move_all_attributes();

Member function remove_all attributes shall remove all attributes from the object o
sc_object.

Member function numbattributes shall return the number of attributes attached to the ob
class sc_object.

| cltn& attreltn();
c attr clth& attr_cltn() const;

Member function attr_cltn shall return the collection of attributes attached to the object d
s¢object (see 5.18).

of the

ect an
thed to
ErWise,

ject an
hed to
emove
he null

[ class

ject of

f class

NOTE—A pointer returned from function get_attribute needs to be cast to type sc_attribute<T>* in order to

access data member value of class sc_attribute.
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Example:
sc_signal<int> sig;

/! Add an attribute to an sc_object
sc_attribute<int> a("number", 1);
sig.add_attribute(a);

// Retrieve the attribute by name and modify the value
sc_attribute<int>* ap;

ap = (sc_attribute<int>*)sig.get _attribute("number");
++ ap-=value;
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5.16 sc_attr_base

5.16.1

Description

Class sc_attr_base is the base class for attributes, storing only the name of the attribute. The name is used as
a key when retrieving an attribute from an object. Every attribute attached to a specific object shall have a

unique name but two or more attributes with identical names may be attached to distinct objects.

5.16.2

Class definition

namespace sc_core {

class s¢_attr_base

{
pul

pri

¥
}
5.16.3

The co
to the

Memb

lic:

sc_attr_base( const std::string& );
sc_attr_base( const sc_attr base& );
virtual ~sc_attr_base();

const std::string& name() const;

ate:

// Disabled

sc_attr_base();

sc_attr base& operator= ( const sc_attr base& );

// namespace sc_core

Member functions

onstructor.

nstructors for class sc_attr_base shall set the name of the attribute to the string passed as an arg

br function name shall return the name of the attribute.

rument
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5.17 sc_attribute
5.17.1 Description

Class sc_attribute stores the value of an attribute. It is derived from class sc_attr_base, which stores the
name of the attribute. An attribute can be attached to an object of class sc_object.

5.17.2 Class definition

namespace sc_core {

template=ctass T
class s¢_attribute

: publi¢ sc_attr _base

{
public:

sc_attribute( const std::string& );

sc_attribute( const std::string&, const T& );

sc_attribute( const sc_attribute<T>& );

virtual ~sc_attribute();

T value;

pripate:
// Disabled

sc_attribute();
sc_attribute<T>& operator= ( const sc_attribute<T>& );

15
} // namespace sc_core

5.17.3 Template parameters

The argument passed to template sc .attribute shall be of a copy-constructible type.
5.17.4 Member functions and data members

The constructors shall setthe' name and value of the attribute using the name (of type std::string) angl value
(of tyge T) passed asharguments to the constructor. If no value is passed to the constructor, the default

constryctor (of typE)T) shall be called to construct the value.

Data njembervalue is the value of the attribute. An application may read or assign this public data member.
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5.18 sc_attr_clitn
5.18.1 Description

Class sc_attr_cltn is a container class for attributes, as used in the implementation of class sc_object. It
provides iterators for traversing all of the attributes in an attribute collection.

5.18.2 Class definition

namespace sc_core {

class sg—attr—chtm
{
public:
typedef sc_attr base* elem_type;
typedef elem_type* iterator;
typedef const elem_type* const_iterator;
iterator begin();
const_iterator begin() const;
iterator end();
const _iterator end() const;
// Other members
Implementation-defined
prijate:
// Disabled
sc_attr_cltn( const sc_attr cltn& );
sc_attr cltn& operator= ( const sc_attn"cltn& );
15
} // namespace sc_core
5.18.3 Constraints on usage
An application shall not” explicitly create an object of class sc_attr_cltn. An application may yse the
iteratofs to traverse th&attribute collection returned by member function attr_cltn of class sc_object
An implementation is only obliged to keep an attribute collection valid until a new attribute is attachedql to the
sc_object or-an existing attribute is removed from the sc_object in question. Hence an application [should
traversF the attribute collection immediately on return from member function attr_cltn.

5.18.4 Iterators

iterator begin();

const_iterator begin() const;

iterator end();

const_iterator end() const;
Member function begin shall return a pointer to the first element of the collection. Each element of
the collection is itself a pointer to an attribute.
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Member function end shall return a pointer to the element following the last element of the
collection.

Example:

sc_signal<int> sig;

// Tterate through all the attributes of an sc_object
sc_attr_cltn& ¢ = sig.attr cltn();
for (sc| attr_cltn::iterator i = c.begin(); i < c.end(); i++)

{

sc |attribute<int>* ap = dynamic_cast<sc_attribute<int>*>(*1);
if (pp) std::cout << ap->name() << "=" << ap->value << std::endl;
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6. Predefined channel class definitions

6.1 sc_signal_in_if

6.1.1 Description

Class sc_signal_in_if is an interface proper used by predefined channels, including sc_signal. Interface
sc_signal _in_if gives read access to the value of a signal.

6.1.2 Class definition

names

templa
class s
: virtug
{

pul

prd

pri

6.1.3 Member functions

The {4
definit
seman

Memb

bace sc_core {

te <class T>
b signal_in_if
1 public sc_interface

plic:

virtual const T& read() const = 0;

virtual const sc_event& value changed_event() const = 0;
virtual bool event() const = 0;

tected:
sc_signal_in_if();

vate:

// Disabled

sc_signal_in_if( const sc_signal in_if<T>&\);

sc_signal _in_if<T>& operator= ( const.§0 signal in if<T>& );

// namespace sc_core

llowing member ‘functions are all pure virtual functions. The descriptions refer to the e
ons of the funetions when overridden in a channel that implements this interface. The
ics will bechannel-specific.

br function read shall return a reference to the current value of the channel.

pected
brecise

Member function value_changed_event shall return a reference to an event that is notified whenever the
value of the channel is written or modified.

Member function event shall return the value true if and only if the value of the channel was written or
modified in the immediately preceding delta cycle.

NOTE—The value of the channel may have been modified in the evaluation phase or in the update phase of the
immediately preceding delta cycle, depending on whether it is a hierarchical channel or a primitive channel (for
example, sc_signal).
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6.2 sc_signal_in_if<bool> and sc_signal_in_if<sc_dt::sc_logic>
6.2.1 Description

Classes sc_signal_in_if<bool> and sc_signal_in_if<sc_dt::sc_logic> are interfaces proper that provide
additional member functions appropriate for two-valued signals.

6.2.2 Class definition

namespace sc_core {

templae

class s¢ signal_in_if<bool>

: virtugl public sc_interface

{
public:

virtual const T& read() const = 0;

virtual const sc_event& value_changed_event() const = 0;
virtual const sc_event& posedge_event() const = 0;
virtual const sc_event& negedge_event() const = 0;

virtual bool event() const = 0;
virtual bool posedge() const = 0;
virtual bool negedge() const = 0;

prdtected:
sc_signal_in_if();

prijate:

// Disabled

sc_signal_in_if( const sc_signal jin“if<bool>& );
sc_signal_in_if<bool>& operator= ( const sc_signal in_if<bool>& );

templajte <>

class s¢ signal_in_if<sc.dt::sc_logic>

: virtugl public sc dnterface

{
public:

virtual const T& read() const = 0;

virtual const sc_event& value changed_event() const = 0;
virtual const sc_event& posedge event() const = 0;
virtual const sc_event& negedge event() const = 0;

virtual bool event() const = 0;
virtual bool posedge() const =0;
virtual bool negedge() const = 0;

protected:
sc_signal_in_if();
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private:
// Disabled
sc_signal_in_if( const sc_signal in_if<sc_dt::sc_logic>& );
sc_signal_in_if<sc_dt::sc_logic>& operator= ( const sc_signal in_if<sc dt::sc_logic>& );

I
} // namespace sc_core
6.2.3 Member functions

The following list is incomplete. For the remaining member functions, refer to the definitions of the member
functiqns-for-ctassse—signal—in—iftsee6-+35-

Membgr function posedge_event shall return a reference to an event that is notified whenevet the vplue of
the chgnnel (as returned by member function read) changes and the new value of the channel is truejor '1'.

Membgr function negedge_event shall return a reference to an event that is notified Whenever the vplue of
the chdnnel (as returned by member function read) changes and the new value of thé-¢hannel is falsejor '0'.

Membgr function posedge shall return the value true if and only if the value.of the channel changed in the
update|phase of the immediately preceding delta cycle and the new valug of'the channel is true or '1'

Membgr function negedge shall return the value true if and only ifithe value of the channel changed in the
update|phase of the immediately preceding delta cycle and the new,value of the channel is false or '0].
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6.3 sc_signal_inout_if

6.3.1 Description

Class sc_signal_inout_if is an interface proper that is used by predefined channels, including sc_signal.
Interface sc_signal_inout_if gives both read and write access to the value of a signal, and is derived from a
further interface proper sc_signal_write_if.

6.3.2 Class definition

namespace sc_core {

template <class T>

class s¢_signal_write_if

{
public:

virtual void write( const T& ) = 0;

prdtected:
sc_signal_write_if();

pripate:

// Disabled

sc_signal_write_if( const sc_signal write if<T>& );
sc_signal write if<T>& operator= ( const sc_signalowrite if<T>& );
b
template <class T>

class s¢_signal_inout_if

: publi¢ sc_signal in if<T>, public sc_signal_write if<T>

{
prdtected:
sc_signal_inout_if();
prijate:
// Disabled
sc_signal_inout if(~const sc_signal inout if<T>& );
sc_signal_inout, if<T>& operator= ( const sc_signal inout if<T>& );
55
} // namespace sc_core
6.3.3 write

Member function write shall modify the value of the channel such that the channel appears to have the new
value (as returned by member function read) in the next delta cycle but not before then. The new value is
passed as an argument to the function.
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6.4 sc_signal
6.4.1 Description

Class sc_signal is a predefined primitive channel intended to model the behavior of a single piece of wire
carrying a digital electronic signal.

6.4.2 Class definition

namespace sc_core {

templae=<ctassT

class s¢_signal

: publi¢ sc_signal inout if<T>, public sc prim_channel

{
public:

sc_signal();

explicit sc_signal( const char* );

virtual ~sc_signal();

virtual void register_port( sc_port_base&, const char* );

virtual const T& read() const;
operator const T& () const;

virtual void write( const T& );
sc_signal<T>& operator= ( const T& );
sc_signal<T>& operator= ( const sc_signal<I>& );

virtual const sc_event& default_event() const;
virtual const sc_event& value changed_event() const;
virtual bool event() const;

virtual void print( std::ostream& = std::cout ) const;
virtual void dump( stdi;ostream& = std::cout ) const;
virtual const char* kind() const;

prdtected:
virtual void update();

prijate:
//Disabled
s¢, Signal( const sc_signal<T>& ):

3

template <class T>
inline std::ostream& operator<< ( std::ostream&, const s¢_signal<T>& );

} // namespace sc_core
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6.4.3 Template parameter T

The argument passed to template sc_signal shall be either a C++ type for which the predefined semantics for
assignment and equality are adequate (for example, a fundamental type or a pointer), or a type T that obeys
each of the following rules:

a) The following equality operator shall be defined for the type T and should return the value true if
and only if the two values being compared are to be regarded as indistinguishable for the purposes of
signal propagation (that is, an event occurs only if the values are different). The implementation
shall use this operator within the implementation of the signal to determine whether an event has
occurred.

bool T::operator==( const T& );

b) | The following stream operator shall be defined and should copy the state of the object giver] as the
second argument to the stream given as the first argument. The way in which the state information is
formatted is undefined by this standard. The implementation shall use this operator in implenpenting
the behavior of the member functions print and dump.

std::ostream& operator<< ( std::ostreamé&, const T& );

¢) | If the default assignment semantics are inadequate (in the (sénse given in this subclause), the
following assignment operator should be defined for the type(T. In either case (default assignipent or
explicit operator), the semantics of assignment should b®sufficient to assign the state of an objject of
type T such that the value of the left operand is indistinguishable from the value of the right gperand
using the equality operator mentioned in this subclatise. The implementation shall use this pssign-
ment operator within the implementation of the.signal when assigning or copying values of type T.

const T& operator= ( const T& );
d) | If any constructor for type T existsya default constructor for type T shall be defined.

e) | If the class template is uséd o define a signal to which a port of type sc_in, sc_inout, or sc| out is
bound, the following function shall be defined:

void sc_trace( s¢_trace file*, const T&, const std::string& );

NOTE [[—The equality.and assignment operators are not obliged to compare and assign the complete state of thq object,
although they shotld)typically do so. For example, diagnostic information may be associated with an object that {s not to
be proppgated through the signal.

NOTE p—<The’SystemC data types proper (sc_dt::sc_int, sc_dt::sc_logic, and so forth) all conform to the rule|set just
given.

NOTE 3—1t is illegal to pass class sc_module (for example) as a template argument to class sc_signal, because
sc_module::operator== does not exist. It is legal to pass type sc_module* through a signal, although this would be
regarded as an abuse of the module hierarchy and thus bad practice.

6.4.4 Reading and writing signals
A signal is read by calling member function read or operator const T& ().
A signal is written by calling member function write or operator= of the given signal object. It shall be an

error to write a given signal instance from more than one process instance. A signal may be written during
elaboration to initialize the value of the signal.
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Signals are typically read and written during the evaluation phase but the value of the signal is only modified
during the subsequent update phase. If and only if the value of the signal actually changes as a result of
being written, an event (the value-changed event) shall be notified in the delta notification phase that
immediately follows.

If a given signal is written on multiple occasions within a particular evaluation phase, the value to which the
signal changes in the immediately following update phase shall be determined by the most recent write, that
is, the last write wins.

NOTE 1—The specialized ports sc_inout and sc_out have a member function initialize for the purpose of initializing
the value of a signal during elaboration.

NOTE g re—vattre-of-a—stetatsread-du
created|by the default constructor for type T.

meg-claborattom-the—vahtereturned-wil-be-thetmttal-valre-oftresignal as

NOTE B—If a given signal is written and read during the same evaluation phase, the old value will be-read. THe value
written|will not be available to be read until the subsequent evaluation phase.

6.4.5 Constructors

sc_signal();
This constructor shall call the base class constructor from its initializer.list as follows:
sc_prim_channel( sc_gen unique name( "signal"))

explicit sc_signal( const char* name_);
This constructor shall call the base class constructor from its initializer list as follows:
sc_prim_channel( name )

Both cpnstructors shall initialize the value of the’signal by calling the default constructor for type T from
their irfitializer lists.

6.4.6 register_port

virtualfvoid register_port( sc_port-base&, const char* );
Member function register _port of class sc_interface shall be overridden in class sc_signpl, and
shall perform the._following error check. It is an error if more than one port of type
sc_signal_inout “if is bound to a given signal.

6.4.7 Memberfunctions for reading

virtual|const. P& read() const;

Méember function read shall return a reference to the current value of the signal but shall not modify
the state of the signal.

operator const T& () const;

operator const T& () shall return a reference to the current value of the signal (as returned by
member function read).
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6.4.8 Member functions for writing

virtual void write( const T& );

Member function write shall modify the value of the signal such that the signal appears to have the
new value (as returned by member function read) in the next delta cycle but not before then. This
shall be accomplished using the update request mechanism of the primitive channel. The new value
is passed as an argument to member function write.

operator=
The behavior of operator= shall be equivalent to the following definitions:

sc_signal<T>& operator= ( const T& arg ) { write( arg ); return *this; }
sc_signal<T>& operator= ( const sc_signal<T>& arg ) { write( arg.read() ); return *this; }

virtual|void update();

Member function update of class sc_prim_channel shall be overridden by the implementgtion in
class sc_signal to implement the updating of the signal value that oecurs as a result of the| signal
being written. Member function update shall modify the current value-of the signal such thaf it gets
the new value (as passed as an argument to member function¢write), and shall cause the|value-
changed event to be notified in the immediately following deltd notification phase if the valug¢ of the
signal has changed.

NOTE—Member function update is called by the scheduler but typically is not called by an application.
However, member function update of class sc_signal may,be called from member function update of a class
derived from class sc_signal.

6.4.9 Member functions for events

virtual|const sc_event& default_event() const;
virtual|const sc_event& value_changed_évent() const;

Member functions default_event and value changed_event shall both return a reference|to the
value-changed event.

virtual[bool event() const;

Member function_évent shall return the value true if and only if the value of the signal changged in
the update phase of the immediately preceding delta cycle; that is, a member function write or
operator=<was called in the immediately preceding evaluation phase, and the value wriften or
assigned'was different from the previous value of the signal.

NOTE!—Member function event returns true when called from a process that was executed as a direct gesult of
the value-changed event of that same signal instance being notified.

6.4.10 Diagnostic member functions

virtual void print( std::ostream& = std::cout ) const;

Member function print shall print the current value of the signal to the stream passed as an
argument by calling operator<< (std::ostream&, T&). No additional characters shall be printed.
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virtual void dump( std::ostreamé& = std::cout ) const;

Member function dump shall print at least the hierarchical name, the current value, and the new
value of the signal to the stream passed as an argument. The formatting shall be implementation-

defined.

virtual const char* kind() const;

Member function kind shall return the string "sc_signal".

6.4.11 operator<<

td::ostream& operator<< ( std::ostreamé& , const sc_ signal<T>& );

operator<< shall print the current value of the signal passed as the second argument,to the
passed as the first argument by calling operator<< ( std::ostream& , T& ).

// Sensitive to the default event

// Calls operator= ( const T& )

// Reads a value of 2

templ c—~<ctass—TF
inline
Exampyle:
SC_MPDULE(M)
{
sc |signal<int> sig;
S CTOR(M)
{
SC THREAD(writer);
SC THREAD(reader);
SC_METHOD(writer2);
sensitive << sig;
}
void writer()
{
wait(50, SC_NS);
sig.write(1);
sig.write(2);
wait(50, SC_NS);
sig = 3;
}
void reader()
{
wait(sig:value changed event());
int,i(= gig.read();
wait(sig.value_changed event());
T=73ig;
}
void writer2()
{
sig.write(sig + 1);
}

3

Catisoperator const T& () Wilich Teturns a vatue of 3

// An error. A signal shall not have multiple writers
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NOTE—The following classes are related to class sc_signal:

The classes sc_signal<bool> and sc_signal<sc_dt::sc_logic> provide additional member functions appropriate
for two-valued signals.

The class sc_buffer is derived from sc_signal but differs in that the value-changed event is notified whenever
the buffer is written whether or not the value of the buffer has changed.

The class sc_clock is derived from sc_signal and generates a periodic clock signal.
The class sc_signal_resolved allows multiple writers.

The classes sc_in, sc_out, and sc_inout are specialized ports that may be bound to signals, and which provide
functions to conveniently access the member functions of the signal through the port.
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6.5 sc_signal<bool> and sc_signal<sc_dt::sc_logic>
6.5.1 Description

Classes sc_signal<bool> and sc_signal<sc_dt::sc_logic> are predefined primitive channels that provide
additional member functions appropriate for two-valued signals.

6.5.2 Class definition

namespace sc_core {

templae

class s¢_signal<bool>

: publi¢ sc_signal inout if<bool>, public sc prim channel

{
public:

sc_signal();

explicit sc_signal( const char* );

virtual ~sc_signal();

virtual void register_port( sc_port_base&, const char* );

virtual const bool& read() const;
operator const bool& () const;

virtual void write( const bool& );
sc_signal<bool>& operator= ( const bool& );
sc_signal<bool>& operator= ( const sc_signal<bool>& );

virtual const sc_event& default_event().const;

virtual const sc_event& value_changed_event() const;
virtual const sc_event& posedge event() const;
virtual const sc_event& negedge event() const;

virtual bool event()-eonst;
virtual bool posedge() const;
virtual bool negedge() const;

virtual y0id print( std::ostream& = std::cout ) const;
virtyalyoid dump( std::ostream& = std::cout ) const;
virtual const char* Kind() const;

protected:
virtual void update();

private:
// Disabled
sc_signal( const sc_signal<bool>& );

template <>
class sc_signal<sc_dt::sc_logic>
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: public sc_signal_inout_if<sc_dt::sc_logic>, public sc_prim_channel
{
public:
sc_signal();
explicit sc_signal( const char* );
virtual ~sc_signal();

virtual void register_port( sc_port_base&, const char* );

virtual const sc_dt::sc_logic& read() const;
operator const sc_dt::sc_logic& () const;

IEC 61691-7:2009(E)
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virtual void write( const sc_dt::sc_logic& );
sc_signal<sc_dt::sc_logic>& operator= ( const sc_dt::sc_logic& );
sc_signal<sc dt::sc_logic>& operator= ( const sc_signal<sc dt::sc_logic>& )

virtual const sc_event& default_event() const;

virtual const sc_event& value_changed_event() const;
virtual const sc_event& posedge_event() const;
virtual const sc_event& negedge_event() const;

virtual bool event() const;
virtual bool posedge() const;
virtual bool negedge() const;

virtual void print( std::ostream& = std::cout ) const;
virtual void dump( std::ostream& = std::cout) const;
virtual const char* kind() const;

prdtected:
virtual void update();

pripate:
// Disabled
sc_signal( const sc_signal<sc dt::sc logic>& );
¥
} // namespace sC_core

6.5.3 Member-functions

>

The following list is incomplete. For the remaining member functions, refer to the definitions of the njember

functions for class sc_signal (see 6.4).

virtual const sc_event& posedge_event () const;
Member function posedge_event shall return a reference to an event that is

notified whenever the

value of the signal (as returned by member function read) changes and the new value of the signal is

true or '1'.
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virtual const sc_event& negedge_event() const;

Member function negedge_event shall return a reference to an event that is notified whenever the
value of the signal (as returned by member function read) changes and the new value of the signal is
false or '0".

virtual bool posedge () const;

Member function posedge shall return the value true if and only if the value of the signal changed in

the update phase of the immediately preceding delta cycle and the new value of the signal is true or
1.

virtual|bool negedge() const;

Member function negedge shall return the value true if and only if the value of the signal changed
in the update phase of the immediately preceding delta cycle and the new value of the signal |s false
or'0".

Example:

sc_sighal<bool> clk;

void thread process()
{
for|(;3)
{
if (clk.posedge())

wait(clk.negedge event());
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6.6 sc_buffer

6.6.1 Description

Class sc_buffer is a predefined primitive channel derived from class sc_signal. Class sc_buffer differs from
class sc_signal in that a value-changed event is notified whenever the buffer is written rather than only when
the value of the signal is changed. A buffer is an object of the class sc_buffer.

6.6.2 Class definition

namespace sc_core {

template <class T>
class s¢ buffer
: publif sc_signal<T>

{
public:

sc_buffer();
explicit sc_buffer( const char* );

virtual void write( const T& );

sc_buffer<T>& operator= ( const T& );
sc_buffer<T>& operator= ( const sc_signal<T>& );
sc_buffer<T>& operator= ( const sc_buffer<T>& );

virtual const char* kind() const;

prdtected:
virtual void update();

prijate:

// Disabled
sc_buffer( const sc_buffer<T>& );

53
} // namespace sc_gcore
6.6.3 Constructors

sc_buffer();

This constructor shall call the base class constructor from its initializer list as follows:

SC_Signal<1>( SC_gen _Umique_name( - putfer: J )

explicit sc_buffer( const char* name_);
This constructor shall call the base class constructor from its initializer list as follows:

sc_signal<T>(name )
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6.6.4 Member functions

virtual void write( const T& );

Member function write shall modify the value of the buffer such that the buffer appears to have the
new value (as returned by member function read) in the next delta cycle but not before then. This
shall be accomplished using the update request mechanism of the primitive channel. The new value

is passed as an argument to member function write.

operator=

virtual

virtual

The behavior of operator= shall be equivalent to the following definitions:

sc_buffer<T>& operator= ( const T& arg ) { write( arg ); return *this; }
sc_buffer<T>& operator= ( const sc_signal<T>& arg ) { write( arg.read() ); returh\*this; }

sc_buffer<T>& operator= ( const sc_buffer<T>& arg ) { write( arg.read() );return *this; }

void update();

Member function update of class sc_signal shall be overridden\by the implementation i
sc_buffer to implement the updating of the buffer value that 6ccurs as a result of the buffe
written. Member function update shall modify the current.¥alue of the buffer such that it g
new value (as passed as an argument to member function ‘write) and shall cause the value-cl

h class
" being
ets the
hanged

value of the buffer has changed (see 6.4.4 and 6.4.8)(This is in contrast to member function
of the base class sc_signal, which only causes't¢he value-changed event to be notified if t
value is different from the old value.)

In other words, suppose the current value,of the buffer is V, and member function write is
with argument value V. Function write\will store the new value V (in some implementation-(
storage area distinct from the current value of the buffer) and will call request_update. M
function update will be called-back during the update phase and will set the current value
buffer to the new value V. The current value of the buffer will not change, because the old ¥
equal to the new value but the value-changed event will be notified nonetheless.

const char* kind() Censt;

Member function kind shall return the string "sc_buffer".

event to be notified in the immediately following delta notification phase, regardless of whe]?er the

pdate
e new

called
lefined
[ember

of the
alue is
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Example:

SC_MODULE(M)
{

sc_buffer<int> buf;

SC_CTOR(M)

{
SC_THREAD(writer);
SC_METHOD(reader);
sensitive << buf;

vold writer()

buf.write(1);
wait(SC_ZERO_TIME);
buf.write(1);

void reader()

{ // Executed during initialization and then twice mote with buf =0, 1, 1
std::cout << buf << std::endl;
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6.7 sc_clock

6.7.1 Description

Class sc_clock is a predefined primitive channel derived from the class sc_signal and intended to model the
behavior of a digital clock signal. A clock is an object of the class se_clock. The value and events associated
with the clock are accessed through the interface sc_signal_in_if<bool>.

6.7.2 Class definition

namespace sc_core {

class s¢ clock

: publi¢ sc_signal<bool>

{
public:

sc_clock();

explicit sc_clock( const char* name_);

sc_clock( const char* name ,
const sc_time& period_,
double duty cycle =0.5,
const sc_time& start time =SC ZERO TIME;
bool posedge first = true);

sc_clock( const char* name ,
double period v _,
sc_time unit period tu_,
double duty cycle =0.5);

sc_clock( const char* name |,
double period v _,
sc_time unit period.tu_,
double duty cyecle |,
double startytime v ,
sc_timeAanit start_time tu ,
bool posedge first = true);

virtual ~sc£elock();

virtyaliyoid write( const bool& );

const sc_time& period() const;
double duty_cycle() const;

const sc_time& start_time() const;
bool posedge_first() const;

virtual const char* Kind() const;

protected:
virtual void before_end_of elaboration();

private:
// Disabled
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sc_clock( const sc_clock& );
sc_clock& operator= ( const sc_clock& );

I

typedef sc_in<bool> sc_in_clk ;

} // namespace sc_core

6.7.3 Characteristic properties

A clock is characterized by the following properties:

a) [Period—The time interval between two consecutive transitions from valuc false to valug true,
which shall be equal to the time interval between two consecutive transitions from valué’frue to
value false. The period shall be greater than zero. The default period is 1 nanosecond-

b) | Duty cycle—The proportion of the period during which the clock has the value trae. The duty cycle
shall lie between the limits 0.0 and 1.0, exclusive. The default duty cycle is 0,5,

¢) | Start time—The absolute time of the first transition of the value of the clock\(false to true or frue to
false). The default start time is zero.

d) | Posedge_first—If posedge first is true, the clock is initialized to thewvdlue false, and changgs from
false to true at the start time. If posedge first is false, the clock is.initialized to the value true, and
changes from true to false at the start time. The default value of\posedge_first is true.

NOTEH-A clock does not have a stop time but will stop in any case when-ftinction sc_stop is called.

6.7.4 Constructors
The canstructors shall set the characteristic properties of‘the clock as defined by the constructor argyments.
Any cljaracteristic property not defined by the constractor arguments shall take a default value as defiined in
6.7.3.
The dgfault constructor shall call the base class constructor from its initializer list as follows:
sc_signal<bool>( sc_gen_ unique; name( "clock" ) )

6.7.5 write

virtualfvoid write( const’bool& );

It shall be an.etror for an application to call member function write. The member function write of
the base class-sc_signal is not applicable to clocks.

6.7.6 Piagnostic member functions

. .
const Se—time&-periodO-const;

Member function period shall return the period of the clock.

double duty_cycle() const;
Member function duty_cycle shall return the duty cycle of the clock.

const sc_time& start_time() const;

Member function start_time shall return the start time of the clock.
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bool posedge_first() const;

virtual

Member function posedge_first shall return the value of the posedge_first property of the clock.

const char* kind() const;

Member function Kkind shall return the string "sc_clock".

6.7.7 before_end_of_elaboration

virtual

NOTE
the clod

NOTE
before |
functio

6.7.8

typede

sc_in_clk

void before_end_of elaboration();

Member function before_end_of elaboration, which is defined in the class sc_prim_channel,

shall be overridden by the implementation Im {he current class with a behavior
implementation-defined.

| —An implementation may use before_end_of elaboration to spawn one or more static processes to g
k.

D—If this member function is overridden in a class derived from the cutrent class, f
end_of_elaboration as overridden in the current class should be called explicitly from the overridden 1
h of the derived class in order to invoke the implementation-defined behavior.

[ sc_in<bool>sc_in_clk ;

The typedef sc_in_clk is provided for convenience whemadding clock inputs to a module
backward compatibility with earlier versions of SystemC. An application may use sc_in |
sc_in<bool> interchangeably.

hat is

enerate

unction
member

ind for
clk or
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6.8 sc_in
6.8.1 Description
Class sc_in is a specialized port class for use with signals. It provides functions to conveniently access

certain member functions of the channel to which the port is bound. It may be used to model an input pin on
a module.

6.8.2 Class definition

namespace sc_core {

template <class T>

class s¢_in

: publi¢ sc_port<sc_signal in if<T>,1>

{
public:

sc_in();

explicit sc_in( const char* );

virtual ~sc_in();

void bind ( const sc_signal in if<T>& );
void operator() ( const sc_signal in if<T>& );

void bind ( sc_port<sc_signal in if<T>, 1>&);
void operator() ( sc_port<sc_signal in if<T>, 1>&);

void bind ( sc_port<sc_signal inout if<T>, I&& );
void operator() ( sc_port<sc_signal inoutif<T>, 1>& );

virtual void end_of _elaboration();

const T& read() const;
operator const T& () const;

const sc_event& default event() const;

const sc_event& value_changed_event() const;
bool event() const;

sc_event_finder& value changed() const;

virtyaliconst char* Kind() const;

priyate?
// Disabled
sc_in( const sc_in<T>& );
sc_in<T>& operator= ( const sc_in<T>& );

¥

template <class T>
inline void sc_trace( sc_trace_file*, const sc_in<T>&, const std::string& );

} // namespace sc_core
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6.8.3 Member functions

The constructors shall pass their arguments to the corresponding constructor for the base class sc_port.

Member function bind and operator() shall each call member function bind of the base class sc_port,
passing through their parameters as arguments to function bind, in order to bind the object of class sc_in to
the channel or port instance passed as an argument.

Member function read and operator const T&() shall each call member function read of the object to
which the port is bound using operator-> of class sc_port, that is:

(*this)->read()

Memb
memb

Memb
object
Memb

6.8.4

templal
inline

6.8.5 ¢nd_of_elaboration

virtual

NOTE

NOTE
as over
order td

er functions default_event, value_changed_event, and event shall each call the copresp,
r function of the object to which the port is bound using operator-> of class sc_port, for'¢xar
(*this)->event()

er function value_changed shall return a reference to class sc_event_finder, Whete the event
itself shall be constructed using the member function value_changed_event. (see 5.7).

er function kind shall return the string "sc_in"".
Function sc_trace

te <class T>
boid sc_trace( sc_trace file*, const sc_in<T>&, conststd:string& );

Function sc_trace shall trace the channel to whichithe port passed as the second argument is
(see 8.1) by calling function sc_trace with a _sécond argument of type const T& (see 6.4.
port need not have been bound at the point,during elaboration when function sc_trace is ca
this case, the implementation shall deferthe call to trace the signal until after the port hq
bound and the identity of the signal is.known.

void end_of _elaboration();

Member function end_of elaboration, which is defined in the class sc_port, shall be overrid
the implementation 1n the current class with a behavior that is implementation-defined.

| —An implementation may use end_of_elaboration to implement the deferred call to sc_trace.

D—I[f this member function is overridden in a class derived from the current class, function end_of elab
idden in the-current class should be called explicitly from the overridden member function of the derived
invoke the implementation-defined behavior.

ponding
hple:

finder

bound
). The
led. In
s been

den by

pration
class in
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6.9 sc_in<bool> and sc_in<sc_dt::sc_logic>
6.9.1 Description

Class sc_in<bool> and sc_in<sc_dt::sc_logic> are specialized port classes that provide additional member
functions for two-valued signals.

6.9.2 Class definition

namespace sc_core {

templae

class s¢ _in<bool>

: publig sc_port<sc_signal in_if<bool>,1>

{
public:

sc_in();

explicit sc_in( const char* );

virtual ~sc_in();

void bind ( const sc_signal in_if<bool>& );
void operator() ( const sc_signal in_if<bool>& );

void bind ( sc_port<sc_signal in_if<bool>, 1>& );
void operator() ( sc_port<sc_signal in if<bool>, 1>&);

void bind ( sc_port<sc_signal inout_if<bool>, I3& );
void operator() ( sc_port<sc_signal inout_if<bool>, 1>& );

virtual void end_of_elaboration();

const bool& read() const;
operator const bool& () const;

const sc_event& default_event() const;

const sc_event& value“changed_event() const;
const sc_event& posedge_event() const;

const sc_event& negedge event() const;

bool event() const;
boolposedge() const;
bool'megedge() const;

sc_event_finder& value_changed() const;
sc_event finder& pos() const;
sc_event_finder& neg() const;

virtual const char* kKind() const;

private:
// Disabled
sc_in( const sc_in<bool>& );
sc_in<bool>& operator= ( const sc_in<bool>& );

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

IEC 61691-7:2009(E) —125-
IEEE Std 1666-2005(E)

template <>
inline void sc_trace<bool>( sc_trace file*, const sc_in<bool>&, const std::string& );

template <>
class sc_in<sc_dt::sc_logic>
: public sc_port<sc_signal in_if<sc_dt::sc_logic>,1>

{
public:
sc_in();
L/Al)‘li\./it Bb_ill( bUllDt b}lal* ),
virtual ~sc_in();
void bind ( const sc_signal in if<sc dt::sc logic>& );
void operator() ( const sc_signal in_if<sc dt::sc logic>& );
void bind ( sc_port<sc signal in if<sc dt::sc logic>, 1>& );
void operator() ( sc_port<sc_signal in if<sc dt::sc logic>, 1>& );
void bind ( sc_port<sc_signal inout if<sc dt::sc_logic>, 1>& );
void operator() ( sc_port<sc signal inout if<sc dt::sc logic>(1>& );
virtual void end_of_elaboration();
const sc_dt::sc_logic& read() const;
operator const sc_dt::sc_logic& () const;
const sc_event& default_event() const;
const sc_event& value_changed_event()-Const;
const sc_event& posedge_event() const;
const sc_event& negedge_event() const;
bool event() const;
bool posedge() const;
bool negedge() const;
sc_event_findex& value_changed() const;
sc_event finder& pos() const;
sc_event{ finder& neg() const;
virtual const char* kind() const;
private:

// Disabled
sc_in( const sc_in<sc_dt::sc_logic>& );
sc_in<sc_dt::sc_logic>& operator= ( const sc_in<sc_dt::sc_logic>& );

¥

template <>
inline void
sc_trace<sc_dt::sc_logic>( sc_trace file*, const sc_in<sc_dt::sc_logic>&, const std::string& );

} // namespace sc_core
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6.9.3 Member functions

The following list is incomplete. For the remaining member functions and for the function sc_trace, refer to
the definitions of the member functions for class s¢_in (see 6.8.3).

Member functions posedge_event, negedge event, posedge, and negedge shall each call the corresponding
member function of the object to which the port is bound using operator-> of class sc_port, for example:
(*this)->negedge()

Member functions pos and neg shall return a reference to class sc_event_finder, where the event finder
object itself shall be constructed using the member function posedge_event or negedge_event, respectively
(see 5.7

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

IEC 61691-7:2009(E) —127 -
IEEE Std 1666-2005(E)

6.10 sc_inout

6.10.1 Description

Class sc_inout is a specialized port class for use with signals. It provides functions to conveniently access
certain member functions of the channel to which the port is bound. It may be used to model an output pin or
a bidirectional pin on a module.

6.10.2 Class definition

namespace sc_core {

template <class T>

class s¢ inout

: publi¢ sc_port<sc_signal inout if<T>1>

{
public:

sc_inout();

explicit sc_inout( const char* );

virtual ~sc_inout();

void initialize( const T& );
void initialize( const sc_signal in if<T>& );

virtual void end_of elaboration();

const T& read() const;
operator const T& () const;

void write( const T& );

sc_inout<T>& operator= ( const T&);

sc_inout<T>& operator= ( const sc” signal_in_if<T>& );

sc_inout<T>& operator= ( const'sc_port< sc_signal_in_if<T>, 1>&);
sc_inout<T>& operator= ( const sc_port<sc_signal inout if<T>, 1>& );
sc_inout<T>& operator= ( const sc_inout<T>& );

const sc_event& default_event() const;

const sc_event& value changed_event() const;
bool event()const;

sc_event finder& value_changed() const;

virtual const char* kind() const;

private:
// Disabled
sc_inout( const sc_inout<T>& );

¥

template <class T>
inline void sc_trace( sc_trace_file*, const sc_inout<T>&, const std::string& );

} // namespace sc_core
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6.10.3 Member functions
The constructors shall pass their arguments to the corresponding constructor for the base class sc_port.

Member function read and operator const T&() shall each call member function read of the object to
which the port is bound using operator-> of class sc_port, that is:
(*this)->read()

Member function write and operator= shall each call the member function write of the object to which the
port is bound using operator-> of class sc_port, calling member function read to get the value of the
parameter, where the parameter is an interface or a port, for example:

. O % L " . PRDPla a0} )
oL HIUUL™1T (X-Ul_)blalul  VUIISL SU HIUUt~1 LX./PULL )

{ (*this)->write( port_->read() ); return *this; }
Membegr function write shall not be called during elaboration before the port has been bound (see 6.1j0.4).

Membgr functions default _event, value_changed_event, and event shall each call the corresppnding
membg¢r function of the object to which the port is bound using operator-> of class s¢’ port, for exarpple:
(*this)->event()

Membgr function value_changed shall return a reference to class sc_eyentfinder, where the even{ finder
object fitself shall be constructed using the member function value_changed_event (see 5.7).

Member function kind shall return the string "sc_inout".
6.10.4 initialize

Membegr function initialize shall set the initial value of the signal to which the port is bound by [calling
membg¢r function write of that signal using the valie'passed as an argument to member function initiglize. If
the actual argument is a channel, the initial value’shall be determined by reading the value of the channel.
The p¢rt need not have been bound at the~point during elaboration when member function initiglize is
called.|In this case, the implementation shall defer the call to write until after the port has been bound and
the identity of the signal is known.

NOTE [—A port of class sc_in will be bound to exactly one signal but the binding may be performed indirectly through
a port gf the parent module.

NOTE pP—The purpose of member function initialize is to allow the value of a port to be initialized during elaloration
before the port being bound:-However, member function initialize may be called during elaboration or simulation.

6.10.9 Function.sc_trace

templajte <class T>
inline yoid sc_trace( sc_trace file*, const sc_in<T>&, const std::string& );

Function sc_trace shall trace the channel to which the port passed as the second argument is bound
(see 8.1) by calling function sc_trace with a second argument of type const T& (see 6.4.3). The
port need not have been bound at the point during elaboration when function sc_trace is called. In
this case, the implementation shall defer the call to trace the signal until after the port has been
bound and the identity of the signal is known.
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6.10.6 end_of_elaboration

virtual void end_of_elaboration();
Member function end_of elaboration, which is defined in the class sc¢_port, shall be overridden by
the implementation in the current class with a behavior that is implementation-defined.

NOTE 1—An implementation may use end_of_elaboration to implement the deferred calls for initialize and sc_trace.

NOTE 2—If this member function is overridden in a class derived from the current class, function end_of_elaboration
as overridden in the current class should be called explicitly from the overridden member function of the derived class in
order to invoke the implementation-defined behavior.

6.10.7Binding

Becauge interface sc_signal_inout_if is derived from interface sc_signal_in_if, a port of class'sc_jn of a
child odule may be bound to a port of class sc¢_inout of a parent module but a port of classisc_inout of a
child module cannot be bound to a port of class sc¢_in of a parent module.
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6.11 sc_inout<bool> and sc_inout<sc_dt::sc_logic>
6.11.1 Description

Class sc_inout<bool> and sc_inout<sc_dt::sc_logic> are specialized port classes that provide additional
member functions for two-valued signals.

6.11.2 Class definition

namespace sc_core {

templae

class s¢ inout<bool>

: publi¢ sc_port<sc_signal inout if<bool>,1>

{
public:

sc_inout();

explicit sc_inout( const char* );

virtual ~sc_inout();

void initialize( const bool& );
void initialize( const sc_signal in_if<bool>& );

virtual void end_of elaboration();

const bool& read() const;
operator const bool& () const;

void write( const bool& );

sc_inout<bool>& operator= ( const bool& );

sc_inout<bool>& operator= ( const'sc_signal in_if<bool>& );
sc_inout<bool>& operator= ( const’sc_port<sc_signal in_if<bool>, 1>& );
sc_inout<bool>& operator=; const sc_port<sc_signal inout if<bool>, 1>&);
sc_inout<bool>& operator=/ const sc_inout<bool>& );

const sc_event& default _event() const;

const sc_event& value_changed_event() const;
const sc_event& posedge_event() const;

const sc_event& negedge event() const;

bool.event() const;
bool'posedge() const;
bool negedge() const;

sc_event_finder& value_changed() const;
sc_event_finder& pos() const;
sc_event_finder& neg() const;

virtual const char* kind() const;
private:

// Disabled
sc_inout( const sc_inout<bool>& );
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template <>

-131-

inline void sc_trace<bool>( sc_trace file*, const sc_inout<bool>&, const std::string& );

template <>

class sc_inout<sc_dt::sc_logic>
: public sc_port<sc_signal inout_if<sc_dt::sc_logic>,1>

{
public:
sc_inout();

sc_inout<sc dt::
sc_inout<sc dt::
sc_inout<sc_dt:
sc_inout<sc_dt:
sc_inout<sc_dt:

h BV - v R | CEAY
L/Al)ll\./lb SU_IHUUut CULIST Liial )

virtual ~sc_inout();

void initialize( const sc_dt::sc_logic& );
void initialize( const sc_signal in if<sc dt::sc_logic>& );

virtual void end_of_elaboration();

const sc_dt::sc_logic& read() const;
operator const sc_dt::sc_logic& () const;

void write( const sc_dt::sc_logic& );

sc_logic>& operator= ( const sc_dt::scrlegic& );

sc_logic>& operator= ( const sc_signal*in_if<sc dt::sc logic>& );
sc_logic>& operator= ( const sc popt< sc_signal in if<sc dt::sc_logic>, 1
sc_logic>& operator= ( const s¢’;port< sc_signal inout_if<sc dt::sc_logic>
sc_logic>& operator= ( const's¢_inout<sc dt::sc_logic>& );

const sc_event& default_event() const;

const sc_event& value_changed_event() const;
const sc_event& posedge_event() const;

const sc_event& negedge_event() const;

bool event() const;
bool posedge() const;
bool negedge() const;

sc_event finder& value_changed() const;
sc_event{ finder& pos() const;

sc_event* finder& neg() const;

vitthal const char* Kind() const;

private:
// Disabled

sc_inout( const sc_inout<sc_dt::sc_logic>& );

}s

template <>
inline void

sc_trace<sc_dt::sc_logic>( sc_trace file*, const sc_inout<sc_dt::sc_logic>&, const std::string& );

} // namespace sc_core
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6.11.3 Member functions

The following list is incomplete. For the remaining member functions and for the function sc_trace, refer to
the definitions of the member functions for class s¢_inout.

Member functions posedge_event, negedge event, posedge, and negedge shall each call the corresponding
member function of the object to which the port is bound using operator-> of class sc_port, for example:
(*this)->negedge()

Member functions pos and neg shall return a reference to class sc_event_finder, where the event finder
object itself shall be constructed using the member function posedge_event or negedge_event, respectively
(see 5.7

Membegr function kind shall return the string ""sc_inout".
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6.12 sc_out

6.12.1

Description

Class sc_out is derived from class sc_inout and is identical to class sc_inout except for differences inherent
in it being a derived class, for example, constructors and assignment operators. The purpose of having both
classes is to allow users to express their intent, that is, sc_out for output pins and sc_inout for bidirectional

pins.

6.12.2

Class definition

names
templa
class s

: publi

{
pul

pri

3
}
6.12.3

The ¢

dCT ST_TOIT §

te <class T>
 out
L sc_inout<T>

lic:

sc_out();

explicit sc_out( const char* );
virtual ~sc_out();

sc_out<T>& operator= ( const T& );

sc_out<T>& operator= ( const sc_signal in if<T>& );

sc_out<T>& operator= ( const sc_port<sc_signal ii\if<T>, 1>& );
sc_out<T>& operator= ( const sc_port< sc_signalinout if<T>, 1>&);
sc_out<T>& operator= ( const sc_out<T>& );

virtual const char* kind() const;

ate:

// Disabled

sc_out( const sc_out<T>& );

// namespace sc_core

Member functions

bnstructofs )shall pass their arguments to the corresponding constructors for the basg

sc_inoEt<T>.

The behavior of the assignment operators shall be identical to that of class s¢_inout but with the clas

class

sc_out substituted in place of the class name sc_inout wherever appropriate.

Member function Kind shall return the string "sc_out".
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6.13 sc_signal_resolved

6.13.1 Description

Class sc_signal_resolved is a predefined primitive channel derived from class sc_signal. A resolved signal
is an object of class sc_signal resolved or class sc_signal_rv. Class sc_signal_resolved differs from class
sc_signal in that a resolved signal may be written by multiple processes, conflicting values being resolved

within the channel.

6.13.2 Class definition

namespace ST_TOIT §

class s¢ signal resolved

: publi¢ sc_signal<sc_dt::sc_logic>

{
public:

sc_signal_resolved();

explicit sc_signal resolved( const char* );

virtual ~sc_signal_resolved();

virtual void register_port( sc_port base&, const char* );
virtual void write( const sc_dt::sc_logic& );
sc_signal_resolved& operator= ( const sc_dt::sc_logie&');
sc_signal resolved& operator= ( const sc_signal esolved& );

virtual const char* kind() const;

prdtected:
virtual void update();

prijate:
// Disabled
sc_signal resolved( const.sc_signal resolved& );

15
} // namespace st core

6.13.3 Constractors

sc_signal’ resolved();
sc_signal<sc_dt::sc_logic>( sc_gen unique name( "signal resolved" ))
explicit sc_signal resolved( const char* name_);

This constructor shall call the base class constructor from its initializer list as follows:

sc_signal<sc_dt::sc_logic>( name_)
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6.13.4 Resolution semantics

A resolved signal is written by calling member function write or operator= of the given signal object. Like
class sc_signal, operator= shall call member function write.

Each resolved signal shall maintain a /ist of written values containing one value for each distinct process
instance that writes to the resolved signal object. This list shall store the value most recently written to the
resolved signal object by each such process instance.

If and only if the written value is different from the previous written value or this is the first occasion on
which the particular process instance has written to the particular signal object, the member function write

h 11 t1_ 11 4l 1 ol s 4 i
sna JUIT Uall uUlIv ITIvITioTl TUICUIvUIIL lCl.lllCDl lll]ualc.

During the update phase, member function update shall first use the list of written values.foycalculate a
single fesolved value for the resolved signal, and then perform update semantics similar to-cldss sc | signal
but usipg the resolved value just calculated.

A valuk shall be added to the list of written values on the first occasion that each patticular process ifistance
writes [to the resolved signal object. Values shall not be removed from the list of Wwritten values. Befpre the
first odcasion on which a given process instance writes to a given resolved signal, that process instange shall
not conptribute to the calculation of the resolved value for that signal.

The regolved value shall be calculated from the list of written valueSaising the following algorithm:
1) Take a copy of the list.

2) Take any two values from the copy of the list and'replace them with one value according to the
truth table shown in Table 1.

3) Repeat 2 until only a single value remains, “This is the resolved value.

Table 1—Resolution;table for sc_signal_resolved

0’ " 'z X'
0" 0 X 0 X'
" X' ' ' X'
A 0 ok VA X'
X' X' X X X

Beford the (first occasion on which a given process instance writes to a given resolved signal, th¢ value
writter] by{that process instance is effectively 'Z' in terms of its effect on the resolution calculation. [On the
other hand, the default mitial value for a resolved signal (as would be returned by member function read
before the first write) is 'X'. Thus it is strongly recommended that each process instance that writes to a
given resolved signal perform a write to that signal at time zero.

NOTE 1—The order in which values are passed to the function defined by the truth table in Table 1 does not affect the
result of the calculation.

NOTE 2—The calculation of the resolved value is performed using the value most recently written by each and every
process that writes to that particular signal object, regardless of whether the most recent write occurred in the current
delta cycle, in a previous delta cycle, or at an earlier time.

NOTE 3—These same resolution semantics apply, whether the resolved signal is accessed directly by a process or is
accessed indirectly through a port bound to the resolved signal.
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Member function register_port of class sc_signal shall be overridden in class sc_signal resolved, such that
the error check for multiple output ports performed by sc_signal::register_port is disabled for channel

objects of class sc_signal resolved.

Member function write, operator=, and member function update shall have the same behavior as the
corresponding members of class sc¢_signal, except where the behavior differs for multiple writers as defined

in 6.13.4.

Member function kind shall return the string ""sc_signal_resolved".

Example:
SC_MPDULEM)
{
sc |signal resolved sig;
S CTOR(M)
{
SC_THREAD(T1);
SC_THREAD(T2);
SC_THREAD(T3);
}
vold T1()
{ // Time=0 ns, no written values sig=X
wait(10, SC_NS);
sig=sc dt::SC_LOGIC 0; // Time=10 ns, written values=0 sig=0
wait(20, SC_NS);
sig=sc_dt:SC_LOGIC Z; // Time=30'ns, written values=72,Z sig=Z
}
vold T2()
{
wait(20, SC_NS);
sig=sc dt:SC_LOGIG. Z; // Time=20 ns, written values=0,Z  sig=0
wait(30, SC_NS);
sig=sc_dt::SC_LOGIC 0; // Time=50 ns, written values=7,0,1 sig=X
}
void T3()
{
wait(40, SC_NS);
sig=35c_dt::SC LOGIC 1; // Time=40 ns, written values=7,Z,1 sig=1
}
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6.14 sc_in_resolved

6.14.1

Description

-137 -

Class sc_in_resolved is a specialized port class for use with resolved signals. It is similar in behavior to port
class sc_in<sc_dt::sc_logic> from which it is derived. The only difference is that a port of class
sc_in_resolved shall be bound to a channel of class sc_signal resolved, whereas a port of class
sc_in<sc_dt::sc_logic> may be bound to a channel of class sc_signal<sc_dt::sc_logic> or class
sc_signal_resolved.

6.14.2

Class definition

names
class s

: publi

{
pul

pri

3
}

6.14.3

The ¢

bace sc_core {

C in_resolved
L sc_in<sc_dt::sc_logic>

lic:

sc_in_resolved();

explicit sc_in_resolved( const char* );
virtual ~sc_in_resolved();

virtual void end_of elaboration();

virtual const char* kind() const;

ate:
// Disabled

// namespace sc_core

Member functions

sc_in<gsc_dt::sc_logic>,

Memb
a chan

Memb

NOTE—As always, the port may be bound indirectly through a port of a parent module.

sc_in_resolved( const sc_in_resolved& );
sc_in_resolved& operator= (const sc_in resolved& );

bnstructors shall/pass their arguments to the corresponding constructors for the basg

er function eénd_of elaboration shall perform an error check. It is an error if the port is not b
nel of-Class sc_signal resolved.

pr function kind shall return the string "'sc_in_resolved"'.
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6.15 sc_inout_resolved
6.15.1 Description

Class sc_inout_resolved is a specialized port class for use with resolved signals. It is similar in behavior to
port class sc_inout<sc_dt::sc_logic> from which it is derived. The only difference is that a port of class
sc_inout_resolved shall be bound to a channel of class sc_signal_resolved, whereas a port of class
sc_inout<sc_dt::sc_logic> may be bound to a channel of class sc_signal<sc_dt::sc_logic> or class
sc_signal_resolved.

6.15.2 Class definition

namespace sc_core {

class s¢ inout_resolved

: publi¢ sc_inout<sc dt::sc_logic>

{
public:

sc_inout_resolved();

explicit sc_inout_resolved( const char* );

virtual ~sc_inout_resolved();

virtual void end_of elaboration();

sc_inout_resolved& operator= ( const sc_dt::sc_logic& );

sc_inout_resolved& operator= ( const sc_signal in\if<sc dt::sc logic>& );
sc_inout_resolved& operator= ( const sc_port<sg, signal in_if<sc dt::sc_logic>, 1>& );
sc_inout_resolved& operator= ( const sc_port<sc_signal inout if<sc dt::sc logic>, 1>&);
sc_inout_resolved& operator= ( const sc_siniout_resolved& );

virtual const char* kind() const;
pripate:

// Disabled
sc_inout_resolved( const sc_inout_resolved& );

I8
} // namespace §g, core
6.15.3 Member functions

The cpnstruetors shall pass their arguments to the corresponding constructors for the basg class
sc_inout<sc_dt::sc_logic>.

Member function end_of _elaboration shall perform an error check. It is an error if the port is not bound to
a channel of class sc_signal_resolved.

The behavior of the assignment operators shall be identical to that of class sc_inout<sc_dt::sc_logic> but
with the class name sc_inout_resolved substituted in place of the class name sc_inout<sc_dt::sc_logic>
wherever appropriate.

Member function Kind shall return the string "sc_inout_resolved".

NOTE—As always, the port may be bound indirectly through a port of a parent module.
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6.16 sc_out_resolved
6.16.1 Description

Class sc_out_resolved is derived from class sc_inout_resolved, and is identical to class sc_inout_resolved
except for differences inherent in it being a derived class, for example, constructors and assignment
operators. The purpose of having both classes is to allow users to express their intent, that is,
sc_out_resolved for output pins connected to resolved signals and sc_inout_resolved for bidirectional pins
connected to resolved signals.

6.16.2 Class definition

namespace sc_core {

class s¢ out_resolved

: publig sc_inout resolved

{
public:

sc_out_resolved();

explicit sc_out_resolved( const char* );

virtual ~sc¢_out_resolved();

sc_out_resolved& operator= ( const sc_dt::sc_logic& );

sc_out_resolved& operator= ( const sc_signal in_if<sg"dtzsc logic>& );
sc_out_resolved& operator= ( const sc_port<sc_signal in if<sc dt::sc_logic>, 1>&);
sc_out_resolved& operator= ( const sc_port<sc_signal inout if<sc dt::sc_logic>, 1>& );
sc_out_resolved& operator= ( const sc_out_res¢lyed& );

virtual const char* kind() const;
pripate:

// Disabled
sc_out_resolved( const sc_out'resolved& );

55
} // namespace sc_core
6.16.3 Member functions
The cpnstructofs )shall pass their arguments to the corresponding constructors for the basq¢ class

sc_inout_resolved.
The thavior of the assignment operators shall be identical to that of class sc_inout_resolved but with the

class name sc_out_resolved substituted in place of the class name sc_inout_resolved wherever appropriate.

Member function kind shall return the string ""sc_out_resolved"'.
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6.17 sc_signal_rv

6.17.1 Description

Class sc_signal_rv is a predefined primitive channel derived from class sc_signal. Class sc_signal_rv is
similar to class sc_signal_resolved. The difference is that the argument to the base class template sc_signal
is type sc_dt::sc_lv<W> instead of type sc_dt::sc_logic.

6.17.2 Class definition

namespace sc_core {

templajte <int W>

class s¢_signal_rv

: publif sc_signal<sc dt::isc Ilv<W>>

{
public:

sc_signal_rv();

explicit sc_signal_rv( const char* );

virtual ~sc_signal_rv();

virtual void register_port( sc_port base&, const char* );
virtual void write( const sc_dt::sc_lv<W>& );

sc_signal rv<W>& operator= ( const sc_dt::sc_Iv<W>& );
sc_signal rv<W>& operator= ( const sc_signal rv<W>& );

virtual const char* kKind() const;

prdtected:
virtual void update();

prijate:
// Disabled
sc_signal_rv( const scesignal rv<W>& );

}s
} // namespace_st, core
6.17.3 Semantics and member functions

The semanties of class s¢_signal rv shall be identical to the semantics of class sc_signal resolved|except
for differerices due to the fact that the value to be resolved is of type sc_dt::sc_lv (see 6.13.4).

The value shall be propagated through the resolved signal as an atomic value; that is, an event shall be
notified, and the entire value of the vector shall be resolved and updated whenever any bit of the vector
written by any process changes.

The list of written values shall contain values of type sc_dt::sc_lv, and each value of type sc_dt::sc_lv shall
be treated atomically for the purpose of building and updating the list.

If and only if the written value differs from the previous written value (in one or more bit positions) or this is
the first occasion on which the particular process has written to the particular signal object, the member
function write shall then call the member function request_update.
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The resolved value shall be calculated for the entire vector by applying the rule described in 6.13.4 to each
bit position within the vector in turn.

The default constructor shall call the base class constructor from its initializer list as follows:
sc_signal<sc_dt::sc_lv<W>>('sc_gen unique name( "signal rv"))

Member function kind shall return the string ""sc_signal_rv".
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6.18 sc_in_rv

6.18.1 Description

Class sc_in_rv is a specialized port class for use with resolved signals. It is similar in behavior to port class
sc_in<sc_dt::sc_lv<W> > from which it is derived. The only difference is that a port of class sc_in_rv shall
be bound to a channel of class sc_signal rv, whereas a port of class sc_in<sc_dt::sc_lv<W> > may be

bound to a channel of class sc_signal<sc_dt::sc_Iv<W> > or class sc_signal_rv.

6.18.2 Class definition

namespace ST_TOIT

templajte <int W>

class s¢ in_rv

: publig sc_in<sc dt::sc_lv<W>>

{
public:

sc_in_rv();

explicit sc_in_rv( const char* );

virtual ~s¢_in_rv();

virtual void end_of _elaboration();

virtual const char* kind() const;

prijate:

// Disabled

sc_in_rv( const sc_in rv<W>& );

sc_in_rv<W>& operator= ( const sc_in\rv<wW>& );
15
} // namespace sc_core

6.18.3 Member functions

The cpnstructors shall/pass their arguments to the corresponding constructors for the basq¢ class
sc_in<gsc_dt::sc_Ilv<W> >,

Member function end_of elaboration shall perform an error check. It is an error if the port is not bgund to
a chanpel of-class sc_signal_rv.

Member function kind shall return the string "sc_in_rv"'.

NOTE—As always, the port may be bound indirectly through a port of a parent module.
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6.19 sc_inout_rv
6.19.1 Description

Class sc_inout_rv is a specialized port class for use with resolved signals. It is similar in behavior to port
class sc_inout<sc_dt::sc_Iv<W> > from which it is derived. The only difference is that a port of class
sc_inout_rv shall be bound to a channel of class sc_signal rv, whereas a port of class
sc_inout<sc_dt::sc_lv<W> > may be bound to a channel of class sc_signal<sc_dt::sc_lv<W> > or class
sc_signal_rv.

6.19.2 Class definition

namespace sc_core {

template <int W>

class s¢_inout_rv

: publi¢ sc_inout<sc_dt::sc Iv<W>>

{
public:

sc_inout_rv();

explicit sc_inout_rv( const char* );

virtual ~sc_inout_rv();

sc_inout_rv<W>& operator= ( const sc_dt::sc_lv<W>&));

sc_inout_rv<W>& operator= ( const sc_signal in_if<sc' dt::sc_Iv<W>>& );
sc_inout_rv<W>& operator= ( const sc_port<sc_Signal in_if<sc dt::sc_Iv<W>> 1>&);
sc_inout_rv<W>& operator= ( const sc_port<s¢/signal inout_if<sc dt::sc_Iv<W>> 1>&)
sc_inout_rv<W>& operator= ( const sc_inout rv<W>& );

virtual void end_of_elaboration();
virtual const char* kind() const;

pripate:

// Disabled

sc_inout_rv( constsexinout rv<W>& );
¥
} // namespacCe.sc_core

6.19.3 Member functions

The cbnstructors shall pass their arguments to the corresponding constructors for the basd class
sc_inout<sc_dt::sc_Iv<W> >,

Member function end_of elaboration shall perform an error check. It is an error if the port is not bound to
a channel of class sc_signal_rv.

The behavior of the assignment operators shall be identical to that of class sc¢_inout<sc_dt::s¢c_lv<W> >
but with the class name sc_inout_rv substituted in place of the class name sc_inout<sc_dt::sc_lv<W> >
wherever appropriate.
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Member function kind shall return the string ""sc_inout_rv".

NOTE—The port may be bound indirectly through a port of a parent module.
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6.20

sc_out_rv

6.20.1 Description

Class sc_out_rv is derived from class sc_inout_rv, and is identical to class sc_inout rv except for
differences inherent in it being a derived class, for example, constructors and assignment operators. The
purpose of having both classes is to allow users to express their intent, that is, sc_out_rv for output pins
connected to resolved vectors and sc¢_inout_rv for bidirectional pins connected to resolved vectors.

6.20.2 Class definition

namespace SC_COIT 3

template <int W>

class s¢ out_rv

: publig sc_inout rv<W>

{

public:
sc_out_rv();
explicit sc_out_rv( const char* );
virtual ~s¢_out_rv();
sc_out_rv<W>& operator= ( const sc_dt::sc_Iv<W>& );
sc_out_rv<W>& operator= ( const sc_signal in_if<sc.dtusc lv<W>>&);
sc_out_rv<W>& operator= ( const sc_port<sc_signahin if<sc dt::isc_lv<W>> 1>&);
sc_out_rv<W>& operator= ( const sc_port<sc_signal inout if<sc dt::isc_lv<W>> 1>&);
sc_out_rv<W>& operator= ( const sc_out_ rv<W>& );
virtual const char* kind() const;
pripate:

// Disabled
sc_out_rv( const sc_out rv<W=& );

55

} // namespace sc_core

6.20.3 Member functions

The cpnstructofs )shall pass their arguments to the corresponding constructors for the basqg

sc_in

out_ry<w>.
The thaVior of the assignment operators shall be identical to that of class sc_inout_rv<W>_ but w

class

ith the

class name sc_out_rv<W> substituted in place of the class name sc_inout_rv<W> wherever appropriate.

Member function Kkind shall return the string "sc_out_rv".
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6.21 sc_fifo_in_if

6.21.1 Description

Class sc_fifo_in_if is an interface proper and is implemented by the predefined channel sc_fifo. Interface
sc_fifo_in_if gives read access to a fifo channel, and is derived from two further interfaces proper,
sc_fifo_nonblocking_in_if and sc_fifo_blocking_in_if.

6.21.2 Class definition

namespace sc_core {

templatte <class T>
class s¢_fifo_nonblocking_in_if
: virtugl public sc_interface

{
public:
virtual bool nb_read( T& ) = 0;
virtual const sc_event& data_written_event() const = 0;
15

template <class T>
class s¢_fifo_blocking_in_if
: virtugl public sc_interface

{
public:
virtual void read( T& ) = 0;
virtual T read() = 0;
55

templajte <class T>

class s¢_fifo_in_if : public sc_fifo nonblocking in if<T>, public sc_fifo blocking in if<T>

{
public:

virtual int num_available() const = 0;

prdtected:
sc_fifo_in_if();

prijate:

// Disabled

s¢/ fifo_in_if( const sc_fifo in if<T>& );

s¢ fifo_in_if<T>& operator= (_const sc_fifo_in_if<T>& ):

55
} // namespace sc_core

6.21.3 Member functions

The following member functions are all pure virtual functions. The descriptions refer to the expected
definitions of the functions when overridden in a channel that implements this interface. The precise
semantics will be channel-specific.
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Member functions read and nb_read shall return the value least recently written into the fifo, and shall
remove that value from the fifo such that it cannot be read again. If the fifo is empty, member function read
shall suspend until a value has been written to the fifo, whereas member function nb_read shall return
immediately. The return value of the function nb_read shall indicate whether a value was read.

When calling member function veid read(T&) of class sc_fifo_blocking_in_if, the application shall be
obliged to ensure that the lifetime of the actual argument extends from the time the function is called to the
time the function call reaches completion. Moreover, the application shall not modify the value of the actual
argument during that period.

Member function data_written_event shall return a reference to an event that is notified whenever a value

: : SR R
1S writferrmto-threttto-

Membgr function num_available shall return the number of values currently available in the fifo,to Qe read.
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6.22 sc_fifo_out_if

6.22.1 Description

Class sc_fifo_out_if is an interface proper and is implemented by the predefined channel sc_fifo. Interface
sc_fifo_out_if gives write access to a fifo channel and is derived from two further interfaces proper,
sc_fifo_nonblocking_out_if and sc_fifo_blocking_out_if.

6.22.2 Class definition

namespace sc_core {

template <class T>
class s¢_fifo_nonblocking_out_if
: virtugl public sc_interface

{
public:
virtual bool nb_write( const T& ) = 0;
virtual const sc_event& data_read_event() const = 0;
15

templajte <class T>

class s¢_fifo_blocking_out_if

: virtugl public sc_interface

{
public:

virtual void write( const T& ) = 0;

3

templajte <class T>

class s¢ fifo_out_if : public sc_fifo_nonblocking out if<T>, public sc_fifo blocking out if<T>

{
public:

virtual int num_free() const = 0;

prdtected:
sc_fifo_out_if();

pripate:

// Disabled

sc_fifo_out_if( const sc_fifo out if<T>&);

s¢/ fifo_out if<T>& operator= ( const sc_fifo out if<T>& );

¥

} // namespace sc_core
6.22.3 Member functions
The following member functions are all pure virtual functions. The descriptions refer to the expected

definitions of the functions when overridden in a channel that implements this interface. The precise
semantics will be channel-specific.
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Member functions write and nb_write shall write the value passed as an argument into the fifo. If the fifo is
full, member function write shall suspend until a value has been read from the fifo, whereas member
function nb_write shall return immediately. The return value of the function nb_write shall indicate
whether a value was written into an empty slot.

When calling member function void write(const T&) of class sc_fifo_blocking_out_if, the application
shall be obliged to ensure that the lifetime of the actual argument extends from the time the function is called
to the time the function call reaches completion, and moreover the application shall not modify the value of
the actual argument during that period.

Member function data_read_event shall return a reference to an event that is notified whenever a value is

R
read frpmrthe—ftfo-

Membgr function num_free shall return the number of unoccupied slots in the fifo available~to|accept
writter] values.
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6.23 sc_fifo

6.23.1 Description

Class sc_fifo is a predefined primitive channel intended to model the behavior of a fifo, that is, a first-in-
first-out buffer. A fifo is an object of class sc_fifo. Each fifo has a number of slots for storing values. The
number of slots is fixed when the object is constructed.

6.23.2 Class definition

namespace sc_core {

template <class T>

class s¢_fifo

: publig sc_fifo_in_if<T>, public sc_fifo out if<T>, public sc_prim_channel

{
public:

explicit sc_fifo( int size = 16);

explicit sc_fifo( const char* name , int size = 16);

virtual ~sc¢_fifo();

virtual void register_port( sc_port_base&, const char* );

virtual void read( T& );
virtual T read();

virtual bool nb_read( T& );
operator T ();

virtual void write( const T& );
virtual bool nb_write( const T& );
sc_fifo<T>& operator= ( const T&);

virtual const sc_event& data. written_event() const;
virtual const sc_event& data)read_event() const;

virtual int num_available() const;
virtual int num_free() const;

virtual void print( std::ostream& = std::cout ) const;
virtual yoid dump( std::ostream& = std::cout ) const;
virtyaliconst char* kind() const;

prdtected:
virtual void update();

private:
// Disabled
sc_fifo( const sc_fifo<T>& );
sc_fifo& operator= ( const sc_fifo<T>& );
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template <class T>
inline std::ostream& operator<< ( std::ostreamé&, const sc_fifo<T>& );

}

// namespace sc_core

6.23.3 Template parameter T

The argument passed to template sc_fifo shall be either a C++ type for which the predefined semantics for
assignment are adequate (for example, a fundamental type or a pointer), or a type T that obeys each of the
following rules:

a) The following stream operator shall be defined and should copy the state of the object given as the
second argument to the stream given as the first argument. 1he way i which the state information is
formatted is undefined by this standard. The implementation shall use this operator in implenjenting
the behavior of the member functions print and dump.
std::ostream& operator<< ( std::ostreamé&, const T& );

b) | If the default assignment semantics are inadequate to assign the state ofythe object, the following
assignment operator should be defined for the type T. The implementation shall use this opefator to
copy the value being written into a fifo slot or the value being read dut of a fifo slot.
const T& operator= ( const T& );

¢) | If any constructor for type T exists, a default constructor for type T shall be defined.

NOTE [[—The assignment operator is not obliged to assign th¢complete state of the object, although it should typically
do so. For example, diagnostic information may be associated with an object that is not to be propagated through the
fifo.
NOTE P—The SystemC data types proper (sc_dt::$¢-int, sc_dt::sc_logic, and so forth) all conform to the abgve rule
set.
NOTE B—TIt is legal to pass type sc_module through a fifo, although this would be regarded as an abuse of the[module
hierarcly and thus bad practice.
6.23.4 Constructors
explicif sc_fifo( int size ,/~\16 );
This constructor shall call the base class constructor from its initializer list as follows:
sc_prim_channel( sc_gen unique name( "fifo" ) )
explicit se’_fifo( const char* name , int size =16 );
This constructor shall call the base class constructor from its initializer list as follows:

sc_prim_channel( name )

Both constructors shall initialize the number of slots in the fifo to the value given by the parameter size_.
The number of slots shall be greater than zero.
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6.23.5 register_port

virtual void register_port( sc_port_base&, const char* );

Member function register_port of class sc_interface shall be overridden in class sc_fifo and shall
perform an error check. It is an error if more than one port of type sc_fifo_in_if is bound to a given
fifo, and an error if more than one port of type sc_fifo_out_if is bound to a given fifo.

6.23.6 Member functions for reading
virtual void read( T& );

virtual T read();
virtual[bool nb_read( T& );

Member functions read and nb_read shall return the value least recently written into.thef{fo and
shall remove that value from the fifo such that it cannot be read again. Multiple values may be read
within a single delta cycle. The order in which values are read from the fifo shall ptecisely match the
order in which values were written into the fifo. Values written into the fifo during the currept delta
cycle are not available for reading in that delta cycle but become available for reading|in the
immediately following delta cycle.

The value read from the fifo shall be returned as the value of the,member function or as an argument
passed by reference, as appropriate.

If the fifo is empty (that is, no values are available for reading), member function read shall spispend
until the data-written event is notified. At that point)\it shall resume (in the immediately following
evaluation phase) and complete the reading of thewvalue least recently written into the fifo[before
returning.

If the fifo is empty, member function nbread shall return immediately without modifying tle state
of the fifo, without calling request_update, and with a return value of false. Otherwise, if a yalue is
available for reading, the return yalue of member function nb_read shall be true.

operatfor T ();

The behavior of operator T() shall be equivalent to the following definition:

operator T (){ teturn read(); }
6.23.7] Member functions for writing

virtual|void‘write( const T& );
virtual|bool nb write( const T& );

Member functions write and nb_write shall write the value passed as an argument into the fifo.
Multiple values may be written within a single delta cycle. If values are read from the fifo during the
current delta cycle, the empty slots in the fifo so created do not become free for the purposes of
writing until the immediately following delta cycle.

If the fifo is full (that is, no free slots exist for the purposes of writing), member function write shall
suspend until the data-read event is notified. At which point, it shall resume (in the immediately
following evaluation phase) and complete the writing of the argument value into the fifo before
returning.
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If the fifo is full, member function nb_write shall return immediately without modifying the state of
the fifo, without calling request_update, and with a return value of false. Otherwise, if a slot is free,
the return value of member function nb_write shall be true.

operator=

The behavior of operator= shall be equivalent to the following definition:

sc_fifo<T>& operator= ( const T& a ) { write( a ); return *this; }

6.23.8 The update phase

Membgr functions read, nb_read, write, and nb_write shall complete the act of reading or writing’the fifo
by calling member function request_update of class sc_prim_channel.

virtual{void update();

Member function update of class sc¢_prim_channel shall be overridden.in class sc_fifo to jupdate
the number of values available for reading and the number of free slots for writing and shal| cause
the data-written event or the data-read event to be notified in, the immediately following delta
notification phase as necessary.
NOTE—If a fifo is empty and member functions write and read ar€ both called (from the same process for from
two different processes) during the evaluation phase of the same)delta cycle, the write will completq in that
delta cycle, but the read will suspend because the fifo is empty/The number of values available for readjng will

be incremented to one during the update phase, and theMead will complete in the following deltg cycle,
returning the value just written.

6.23.9 Member functions for events

virtual|const sc_event& data_written_event().const;

Member function data_written_event shall return a reference to an event, the data-writter] event,
that is notified in the delta notification phase that occurs at the end of the delta cycle in which a
value is written into the fifo:

virtual|const sc_event& datac.read_event() const;
Member function-data_read_event shall return a reference to an event, the data-read event|that is
notified in theydelta notification phase that occurs at the end of the delta cycle in which a value is
read from thefifo.

6.23.10 Member functions for available values and free slots

virtual|int wum_available() const;

Member function num_available shall return the number of values that are available for reading in
the current delta cycle. The calculation shall deduct any values read during the current delta cycle
but shall not add any values written during the current delta cycle.

virtual int num_free() const;

Member function num_free shall return the number of empty slots that are free for writing in the
current delta cycle. The calculation shall deduct any slots written during the current delta cycle but
shall not add any slots made free by reading in the current delta cycle.
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6.23.11 Diagnostic member functions

virtual void print( std::ostream& = std::cout ) const;

Member function print shall print a list of the values stored in the fifo and that are available for
reading. They will be printed in the order they were written to the fifo and are printed to the stream
passed as an argument by calling operator<< (std::ostream&, T&). The formatting shall be
implementation-defined.

virtual void dump( std::ostream& = std::cout ) const;

Member function dump shall print at least the hierarchical name of the fifo and a list of the values

4 = 41 o 41 % dalal £, = La i) SIS RS | s | t
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The formatting shall be implementation-defined.

virtual|const char* kind() const;

Member function Kind shall return the string "sc_fifo"'.
6.23.12 operator<<

templajte <class T>
inline §td::ostream& operator<< ( std::ostream&, const s¢_fifo<T>& );

operator<< shall call member function print to print the éentents of the fifo passed as the second

argument to the stream passed as the first argument by calling operator operator<<
(std::ostream&, T&)

Example:

SC_MPDULE(M)
{

sc |fifo<int> fifo;

Sd CTORM) : fifo(4)

{
SC_THREAD(T);
}
void T()
{
int d;
fifo.write(t);
fifoprint(std::cout); /1
fifo.write(2);
fifo.print(stdcout); T2
fifo.write(3);
fifo.print(std::cout); /1123
std::cout << fifo.num_available();  // 0 values available to read
std::cout << fifo.num_free(); //'1 free slot
fifo.read(d); // read suspends and returns in the next delta cycle
fifo.print(std::cout); /123
std::cout << fifo.num_available();  // 2 values available to read
std::cout << fifo.num_free(); //'1 free slot
fifo.read(d);
fifo.print(std::cout); /13
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fifo.read(d);

fifo.print(std::cout);

std::cout << fifo.num_available();
std::cout << fifo.num_free();
wait(SC_ZERO_TIME);
std::cout << fifo.num_free();

- 1556 -

// Empty
// 0 values available to read
// 1 free slot

/] 4 free slots
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6.24 sc_fifo_in
6.24.1 Description

Class sc_fifo_in is a specialized port class for use when reading from a fifo. It provides functions to
conveniently access certain member functions of the fifo to which the port is bound.

6.24.2 Class definition

namespace sc_core {

templafe=ctassT

class s¢_fifo_in

: publi¢ sc_port<sc_fifo in if<T>,0>

{
public:

sc_fifo_in();

explicit sc_fifo_in( const char* );

virtual ~sc_fifo_in();

void read( T& );

T read();

bool nb_read( T& );

const sc_event& data_written_event() const;
sc_event finder& data_written() const;

int num_available() const;

virtual const char* kind() const;

prijate:

// Disabled

sc_fifo_in( const sc_fifo in<T>& );

sc_fifo in<T>& operator= ( const sc¢_fifo_in<T>& );

53
} // namespace sc_core
6.24.3 Member functions
The constructors shall\pass their arguments to the corresponding constructor for the base class sc_port.
Membgr functions read, nb_read, data written_event, and num_available shall each c3ll the
corresponding member function of the object to which the port is bound using operator-> of class s¢_port,

for exdqmplé:
T read() { return (*this)->read(); }

Member function data_written shall return a reference to class sc_event_finder, where the event finder
object itself shall be constructed using the member function data_written_event (see 5.7).

Member function kind shall return the string "sc_fifo_in".
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6.25 sc_fifo_out

6.25.1

Description

Class sc_fifo_out is a specialized port class for use when writing to a fifo. It provides functions to
conveniently access certain member functions of the fifo to which the port is bound.

6.25.2

Class definition

namespace sc_core {

templ

class s¢_fifo_out
: publi¢ sc_port<sc_fifo out if<T>0>

{
pul

pri

H
6.25.3

The co

Memb
memb:

g=ctass T

lic:

sc_fifo_out();

explicit sc_fifo_out( const char* );
virtual ~sc_fifo_out();

void write( const T& );

bool nb_write( const T& );

const sc_event& data_read_event() const;
sc_event finder& data_read() const;

int num_free() const;

virtual const char* kind() const;

ate:
// Disabled

sc_fifo_out( const sc_fifo out<T>& );
sc_fifo out<T>& operator= ( constsc_fifo out<T>& );

// namespace sc_core
Member functions
nstructors shiall\pass their arguments to the corresponding constructor for the base class sc¢_po

br functions write, nb_write, data_read_event, and num_free shall each call the corresp|
r fanetion of the object to which the port is bound using operator-> of class sc_port, for exar

't

pnding
hple:

void W

rite(“const T& a ) { (*this)->write(a); }

Member function data_read shall return a reference to class sc_event_finder, where the event finder object
itself shall be constructed using the member function data_read_event (see 5.7).

Member function kind shall return the string "sc_fifo_out".
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Example:
/l Type passed as template argument to sc_fifo<>
class U
{
public:
U(int val = 0) //' If any constructor exists, a default constructor is required.
{
ptr = new int;
*ptr = val;
H
int get() const { return *ptr; }
void set(int i) { *ptr=1; }
// Default assignment semantics are inadequate
const U& operator= (const U& arg) { *(this->ptr) = *(arg.ptr); return *this; }
pripate:
int *ptr;
15
// operfitor<< required
std::osfream& operator<< (std::ostream& os, const U& arg) { return (os <<‘rg.get()); }
SC_MPDULE(M1)
{
sc |fifo_out<U> fifo_out;
S CTOR(M1)
{
SC_THREAD(producer);
}
vold producer()
{
Uu;
for (inti=0; i <4; i++)
{
u.set(i);
bool status;
do {
wait(l, SC_NS);
status = fifo_out.nb_write(u); // Non-blocking write
howhile (!status);
h
}
I8
SC_ MODULE(M?2)
{

sc_fifo in<U> fifo in;

SC CTOR(M2)

{
SC_THREAD(consumer);
sensitive << fifo in.data written();
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}

void consumer()
{
for (;;)
{
wait(fifo_in.data_written_event());
Unu;
bool status = fifo_in.nb_read(u);
std::cout <<u<<""; /0123

SC_MPDULE(Top)

sc |fifo<U> fifo;
M1 ml;
M2 m2;

S CTOR(Top)
:m1("ml1"), m2("m2")

ml.fifo_out(fifo);
m2.fifo_in (fifo);
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6.26 sc_mutex_if

6.26.1 Description

Class sc_mutex_if is an interface proper, and is implemented by the predefined channel sc_mutex.
6.26.2 Class definition

namespace sc_core {

class sc_mutex_if

: virtugtpubiicscimterface

{

public:

virtual int lock() = 0;
virtual int tryleck() = 0;
virtual int unlock() = 0;

prqtected:
sc_mutex_if();

prijate:

// Disabled

sc_mutex_if( const sc_ mutex_if& );
sc_mutex_if& operator= ( const sc mutex if& );
IR
} // namespace sc_core

6.26.3 Member functions

The bghavior of the member functions of class sc_mutex_if is defined in class sc_mutex.
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6.27 sc_mutex
6.27.1 Description

Class sc_mutex is a predefined primitive channel intended to model the behavior of a mutual exclusion lock
used to control access to a resource shared by concurrent processes. A mutex is an object of class sc_mutex.
A mutex shall be in one of two exclusive states: unlocked or locked. Only one process can lock a given
mutex at one time. A mutex can only be unlocked by the particular process instance that locked the mutex
but may be locked subsequently by a different process.

NOTE-Atthougirstmmatex-sderved-fromrse—prinr—chrammet; st matexdoes ot usethe request update mechanism.
6.27.2 Class definition

namespace SC_core {

class sf mutex
: publig sc_mutex_if, public sc_prim_channel

{
public:

sc_mutex();

explicit sc_mutex( const char* );

virtual int lock();
virtual int trylock();
virtual int unlock();

virtual const char* kind() const;
pripate:

// Disabled

sc_mutex( const sc_mutex& );

sc_mutex& operator= ( canst'sc_mutex& );

55
} // namespace sc_seore
6.27.3 Constructors

sc_multex();

This-constructor shall call the base class constructor from its initializer list as follows:

. L 1L M yauil 4 LIEAWAY
Db_l}l llll_\allﬂllll\.al\ D\J_sbll_ulll\iu\/_llﬂlllw\ IITULUA ) }
explicit sc_mutex( const char* name );

This constructor shall call the base class constructor from its initializer list as follows:

sc_prim_channel( name )

Both constructors shall unlock the mutex.
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6.27.4 Member functions

virtual int lock();
If the mutex is unlocked, member function lock shall lock the mutex and return.

If the mutex is locked, member function lock shall suspend until the mutex is unlocked (by another
process). At that point, it shall resume and attempt to lock the mutex by applying these same rules
again.

Member function lock shall unconditionally return the value 0.

If multiple processes attempt to lock the mutex in the same delta cycle, the choice of which process
instance is given the lock in that delta cycle shall be non-deterministic; that is, it will rely|on the
order in which processes are resumed within the evaluation phase.

virtual|int trylock();

If the mutex is unlocked, member function trylock shall lock the mutex and shall return the yjalue 0.

If the mutex is locked, member function trylock shall immediately return the value -1. The|mutex
shall remain locked.

virtual|int unlock();

If the mutex is unlocked, member function unlogk shall return the value -1. The mutex shall pemain
unlocked.

If the mutex was locked by a process \instance other than the calling process, member finction
unlock shall return the value -1. The’mutex shall remain locked.

If the mutex was locked by the'calling process, member function unlock shall unlock the mufex and
shall return the value 0. If processes are suspended and are waiting for the mutex to be unlocKed, the
lock shall be given telexactly one of these processes (the choice of process instance beinlg non-
deterministic) while the remaining processes shall suspend again. This shall be accomplished|within
a single evaluation' phase; that is, an implementation shall use immediate notification to signal the
act of unlogking a mutex to other processes.

virtual|const-char* kind() const;

Me¢mber function kind shall return the string ""sc_mutex".
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6.28 sc_semaphore_if

6.28.1 Description

Class sc_semaphore_if is an interface proper and is implemented by the predefined channel sc_semaphore.
6.28.2 Class definition

namespace sc_core {

class sc_semaphore_if

: virtugtpublicscimterface

{

public:

virtual int wait() = 0;

virtual int trywait() = 0;

virtual int post() = 0;

virtual int get_value() const = 0;

prdtected:
sc_semaphore_if();

pripate:

// Disabled

sc_semaphore_if( const sc_semaphore if& );
sc_semaphore if& operator= ( const sc_semaphofe\if& );
15
} // namespace sc_core

6.28.3 Member functions

The bghavior of the member functiouns‘of class sc_semaphore_if is defined in class sc_semaphore.
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Class sc_semaphore is a predefined primitive channel intended to model the behavior of a software
semaphore used to provide limited concurrent access to a shared resource. A semaphore has an integer
value, the semaphore value, which is set to the permitted number of concurrent accesses when the
semaphore is constructed.

NOTE—Although sc¢_semaphore is derived from sc_prim_channel, sc_semaphore does not use the request update
mechanism.

6.29.2

Class definition

namespace sc_core {

class s¢_semaphore
: publig sc_semaphore _if, public sc_prim_channel

{
pul

pri

}s
}
6.29.3

explici

lic:
explicit sc_semaphore( int );
sc_semaphore( const char®, int );

virtual int wait();

virtual int trywait();

virtual int post();

virtual int get_value() const;

virtual const char* kind() const;

ate:

// Disabled

sc_semaphore( const sc_semaphore& );
sc_semaphore& operator= ( ctonst sc_semaphore& );
// namespace sc (core

Constructors

t sc_semaphore( int );

This Constructor shall call the base class constructor from its initializer list as follows:

sc_semaphore( const char* name , int );

SC_prim_chanmei( S¢_gen_Uunique_Name( ' semaphore: ) )

This constructor shall call the base class constructor from its initializer list as follows:

sc_prim_channel( name )

Both constructors shall set the semaphore value to the value of the int parameter, which shall be non-
negative.
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6.29.4 Member functions

virtual

virtual

virtual

virtual

virtual

int wait();

If the semaphore value is greater than 0, member function wait shall decrement the semaphore value

and return.

If the semaphore value is equal to 0, member function wait shall suspend until the semaphore value
is incremented (by another process). At that point, it shall resume and attempt to decrement the

semaphore value by applying these same rules again.

Member tunction wait shall unconditionally return the value 0.

The semaphore value shall not become negative. If multiple processes attempt to' decrem
semaphore value in the same delta cycle, the choice of which process instance\decreme
semaphore value and which processes suspend shall be non-deterministic; thatyis; it will rely
order in which processes are resumed within the evaluation phase.

int trywait();
If the semaphore value is greater than 0, member function trywait shall decrement the sem
value and shall return the value 0.

If the semaphore value is equal to 0, member function. trywait shall immediately return the |
without modifying the semaphore value.

int post();

Member function post shall increment.fhe semaphore value. If processes exist that are sus
and are waiting for the semaphore value to be incremented, exactly one of these processes §
permitted to decrement the semaphore value (the choice of process instance being
deterministic) while the remaininig processes shall suspend again. This shall be accomplished|
a single evaluation phase;(that'is, an implementation shall use immediate notification to sig
act incrementing the semaphore value to any waiting processes.

Member functiofi post shall unconditionally return the value 0.

int get_value() const;

Memberfunction get_value shall return the semaphore value.

ent the
hts the
on the

aphore

alue -1

pended
hall be
} non-
within
nal the

P | FUSE TR 1 4
CUIISU UIldal ™ KHIu( ) CUILISL,

Member function Kind shall return the string "sc_semaphore".

NOTE 1—The semaphore value may be decremented and incremented by different processes.

NOTE 2—The semaphore value may exceed the value set by the constructor.
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6.30 sc_event_queue

6.30.1 Description

Class sc_event_queue represents an event queue. Like class sc_event, an event queue has a member
function notify. Unlike an sc_event, an event queue is a hierarchical channel and can have multiple
notifications pending.

6.30.2 Class definition

namespace sc_core {

class s¢_event_queue_if
: publi¢ virtual sc_interface

{
public:
virtual void notify( double , sc_time unit ) =0;
virtual void notify( const sc_time& ) = 0;
virtual void cancel_all() = 0;
IR

class s¢_event_queue
: publig sc_event queue_if , public sc_module

{
public:
sc_event_queue();
explicit sc_event_queue( sc_module name );
~sc_event_queue();
virtual const char* Kind() const;
virtual void notify( double , sc_time” unit );
virtual void notify( const sc time& );
virtual void cancel_all();
virtual const sc_event& default_event() const;
55
} // namespacCe.sc_core

6.30.3 Constraints on usage

Class §c_‘event_queue is a hierarchical channel, and thus sc_event_queue objects can only be consfructed
during elaboration.

NOTE—An object of class sc_event_queue cannot be used in most contexts requiring an sc_event but can be used to
create static sensitivity because it implements member function sc_interface::default_event.

6.30.4 Constructors

sc_event_queue();
The default constructor shall call the base class constructor from its initializer list as follows:

sc_module( sc_gen unique name( "event_queue" ) )
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explicit sc_event_queue( sc_module name );

This constructor shall pass the module name argument through to the constructor for the bas
sc_module.

6.30.5 kind

Member function kind shall return the string ""sc_event_queue".

6.30.6 Member functions

virtual
virtual

virtual

virtual

e class

void notify( double , sc_time unit );
void notify( const sc_time& );

A call to member function notify with an argument that represents a zero time shall| cause
notification on the default event.

A call to function notify with an argument that represents a non-zero timie’shall cause 4
notification on the default event at the given time, expressed relative to the-simulation tim
function notify is called. In other words, the value of the time argumént is added to the

simulation time to determine the time at which the event will be notified.

a delta

timed
t when
current

If function notify is called when there is a already one or more. hotifications pending, the new

notification shall be queued in addition to the pending notifications. Each queued notificatig
occur at the time determined by the semantics of functiop-natify, irrespective of the order in
the calls to notify are made.

The default event shall not be notified more than“once in any one delta cycle. If n
notifications are pending for the same delta cycle, those notifications shall occur in successiy
cycles. If multiple timed notification are pending for the same simulation time, those notifi
shall occur in successive delta cycles starting with the first delta cycle at that simulation tin
and with no gaps in the delta cycle sequence.

void cancel_all();

Member function cancel_all shall immediately delete every pending notification for this
queue object including both delta and timed notifications, but shall have no effect on othe
queue objects.

const sc_event& default_event() const;
Member funetion default_event shall return a reference to the default event.

The mechanism used to queue notifications shall be implementation-defined, with the provi
an €vent queue object must provide a single default event that is notified once for every
mhember function notify.

n shall
which

ultiple
e delta
Cations
he step

event
[ event

so that
call to

NOTE—Event queue notifications are anonymous 1n the sense that the only information carried by the

default

event is the time of notification. A process instance sensitive to the default event cannot tell which call to

function notify caused the notification.
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Example:

sc_event queue EQ;

SC_CTOR(Mod)

{
SC_THREAD(T);
SC_METHOD(M);
sensitive << EQ;
dont_initialize();
}
vold T()
{
EQ.notify(2, SC_NS); // M runs at time 2ns
EQ.notify(1, SC_NS); // M runs at time 1ns, 1% or 2" delta cycle
EQ.notify(SC_ZERO TIME); // M runs at time Ons
EQ.notify(1, SC_NS); // M runs at time 1ns, 2™ or 15! delta c¥cle
}
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7. Data types

7.1 Introduction
All native C++ types are supported within a SystemC application. SystemC provides additional data type
classes within the sc_dt namespace to represent values with application-specific word lengths applicable to

digital hardware. These data types are referred to as SystemC data types.

The SystemC data type classes consist of the following:

value at a precision limited by its u

— | finite-precision integers, which are classes derived from class sc_signed, class seyunsigned, or
instances of such classes. A finite-precision integer shall represent a signed or unsigned’integer value
at a precision limited only by its specified word length.

— |finite-precision fixed-point types, which are classes derived from class se(fxnum or instances of
such classes. A finite-precision fixed-point type shall represent a signed ‘or unsigned fixefl-point
value at a precision limited only by its specified word length, integer word length, quantization
mode, and overflow mode.

— |limited-precision fixed-point types, which are classes derived from class sc_fxnum_fast or ingtances
of such classes. A limited-precision fixed-point type shall represent a signed or unsigned fixefl-point
value at a precision limited by its underlying native C++4loating-point representation and it{ speci-
fied word length, integer word length, quantization modg, and overflow mode.

— |variable-precision fixed-point type, which is the clags s¢_fxval. A variable-precision fixed-point type
shall represent a fixed-point value with a precisipn that may vary over time and is not subject to
quantization or overflow.

— | limited variable-precision fixed-point type;-which is the class s¢_fxval fast. A limited varialjle-pre-
cision fixed-point type shall represent a‘fixed-point value with a precision that is limited by itsfunder-
lying C++ floating-point represenfation and that may vary over time and is not subject to
quantization or overflow.

— | single-bit logic types implemet a four-valued logic data type with states logic 0, logic 1} high-
impedance, and unknown, and shall be represented by the symbols '0', '1', 'X', and 'Z', respegtively.
The lower-case symbols\ix' and 'z' are acceptable alternatives for 'X' and 'Z', respectively, as ¢harac-
ter literals assigned(to)single-bit logic types.

— | bit vectors, which-are classes derived from class sc_bv_base, or instances of such classes. A bit vec-
tor shall implement a multiple bit data type, where each bit has a state of logic 0 or logic 1 and|is rep-
resented by the symbols '0' or '1', respectively.

— | logic-vectors, which are classes derived from class sc_lv_base, or instances of such classes. A logic
vector/'shall implement a multiple-bit data type, where each bit has a state of logic 0, logic 1, high-
impedance, or unknown and is represented by the symbols '0', '1', 'X', or 'Z'. The lower-case sym-
bols 'x' and 'z' are acceptable alternatives for 'X' and 'Z’, respectively, within string literals assigned
to logic vectors.

Apart from the single-bit logic types, the variable-precision fixed-point types, and the limited variable-
precision fixed-point types, the classes within each category are organized as an object-oriented hierarchy
with common behavior defined in base classes. A class template shall be derived from each base class by the
implementation such that applications can specify word lengths as template arguments.

The term fixed-point type is used in this standard to refer to any finite-precision fixed-point type or limited-
precision fixed-point type. The variable-precision and limited variable-precision fixed-point types are fixed-
point types only in the restricted sense that they store a representation of a fixed-point value and can be
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mixed with other fixed-point types in expressions, but they are not fixed-point types in the sense that they do
not model quantization or overflow effects and are not intended to be used directly by an application.

The term numeric type is used in this standard to refer to any limited-precision integer, finite-precision
integer, finite-precision fixed-point type, or limited-precision fixed-point type. The term vector is used to
refer to any bit vector or logic vector. The word length of a numeric type or vector object shall be set when
the object is initialized and shall not subsequently be altered. Each bit within a word shall have an index. The
right-hand bit shall have index 0 and is the least-significant bit for numeric types. The index of the left-hand
bit shall be the word length minus 1.

The limited-precision signed integer base class is sc¢_int_base. The limited-precision unsigned integer base
class igse—ui e e et

The finpite-precision signed integer base class is se_signed. The finite-precision unsigned integérbade class
is sc_unsigned. The corresponding class templates are sc_bigint and sc_biguint, respectiyely.

The signed finite-precision fixed-point base class is sc_fix. The unsigned finite-precision fixed-point base
class ig sc_ufix. Both base classes are derived from class sc_fxnum. The corresponding class templdtes are
sc_fix¢d and sc_ufixed, respectively.
The signed limited-precision fixed-point base class is sc_fix_fast. The ‘unsigned limited-precision| fixed-
point base class is sc_ufix_fast. Both base classes are derived from class'se_fxnum_fast. The corresppnding
class t¢mplates are sc_fixed_fast and sc_ufixed_fast, respectively.
The variable-precision fixed-point class is sc_fxval. The limited variable-precision fixed-point dlass is
sc_fxvpl_fast. These two classes are used as the operandrtypes and return types of many fixefl-point
operatjons.

The bif vector base class is sc_bv_base. The corresponding class template is sc_bv.
The logic vector base class is sc_lv_base. The corresponding class template is sc_lv.

The sifigle-bit logic type is sc_logic.

It is refommended that applications create SystemC data type objects using the class templates given| in this
clause [(for example, sc_int)-rather than the untemplated base classes (for example, sc_int_base).

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

IEC 61691-7:2009(E) -171 -

IEEE Std 1666-2005(E)

The relationships between the SystemC data type classes are shown in Table 2.

Table 2—SystemC data types

Class template Base class | Generic base class Representation Precision

sc_int sc_int_base sc_value base signed integer limited

sc_uint sc_uint base | sc_value base unsigned integer limited

sc_bigint sc signed sc value base signed integer finite

sc |biguint sc_unsigned sc_value base unsigned integer finite

sc |fixed sc_fix sc_fxnum signed fixed-point finité

sc |ufixed sc_ufix sc_fxnum unsigned fixed-point . (_finite

sc |fixed fast sc_fix_fast sc_fxnum_fast signed fixed-point limited

sc |ufixed fast sc_ufix_fast sc_fxnum_fast unsigned fixed-point | limited
sc_fxval fixed-point variable
sc_fxval fast fixéd-point limited-variable

sc_logic single bit
sc_|bv sc_bv_base bit vector
sc |lv sc_lv_base logic vector
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7.2 Common characteristics

This subclause specifies some common characteristics of the SystemC data types such as common operators
and functions. This subclause should be taken as specifying a set of obligations on the implementation to
provide operators and functions with the given behavior. In some cases the implementation has some
flexibility with regard to how the given behavior is implemented. The remainder of Clause 7 gives a detailed
definition of the SystemC data type classes.

An underlying principle is that native C++ integer and floating-point types, C++ string types, and SystemC
data types may be mixed in expressions.

ata types. Arithmeticand Tetatiomat operators
of the equality operators, bitwise~op¢rators,

User-defined conversions supplied by the implementation support translation from SystemC types fo C++

ct, part-select, and concatenation operators return an instance of a proxy ‘¢lass. The term proxy class
in this standard to refer to a class whose purpose is to represent a SystemC data type object within an
exprespion and which provides additional operators or features not othetwise present in the repr¢sented
object{An example is a proxy class that allows an sc_int variable to be @sed as if it were a C++ array pf bool
distinguish between its use as an rvalue or an lvalue within-aa expression. Instances of proxy glasses
are only intended to be used within the expressions that create them. An application should not call 4 proxy
class cpnstructor to create a named object and should not declare'a pointer or reference to a proxy clags. It is
recommended that an application avoid the use ‘ofla proxy class as the return type of a fynction
e the lifetime of the object to which the proxy class refers may not extend beyond the functior] return
statemgnt.

NOTE [[—The bitwise shift left or shift right operatienhas no meaning for a single-bit logic type and is undefingd.

NOTE P—The term user-defined conversions in(this context has the same meaning as in the C++ standard. It agjplies to
type cdnversions of class objects by calling constructors and conversion functions that are used for implifit type
converdions and explicit type conversions,

NOTE B—~Care should be taken whenumixing signed and unsigned numeric types in expressions that use implicit type
converdions, since an implementation is not required to issue a warning if the polarity of a converted value is chgnged.

7.2.1 Initialization and-assignment operators

Overldaded constructors shall be provided by the implementation for all integer (limited-precision finteger
and finjite-precision integer) class templates that allow initialization with an object of any SystemC data

type.

Overldaded constructors shall be provided for all vector (bit vector and logic vector) class templafes that
allow initialization with an object of any SystemC integer or vector data type.

Overloaded constructors shall be provided for all finite-precision fixed-point and limited precision fixed-
point class templates that allow initialization with an object of any SystemC integer data type.

All SystemC data type classes shall define a copy constructor that creates a copy of the specified object with
the same value and the same word length.

Overloaded assignment operators and constructors shall perform direct or indirect conversion between
types. The data type base classes may define a restricted set of constructors and assignment operators that
only permit direct initialization from a subset of the SystemC data types. As a general principal, data type
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class template constructors may be called implicitly by an application to perform conversion from other
types since their word length is specified by a template argument. On the other hand, the data type base class
constructors with a single parameter of a different type should only be called explicitly since the required
word length is not specified.

If the target of an assignment operation has a word length that is insufficient to hold the value assigned to it,
the left-hand bits of the value stored shall be truncated to fit the target word length. If truncation occurs, an
implementation may generate a warning but is not obliged to do so, and an application can in any case
disable such a warning (see 3.3.5).

If a data type object or string literal is assigned to a target having a greater word length, the value shall be
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ypes shall insert bits with a value of logic 0 and is referred to as zero extension.

ment of a fixed-point type to an integer type shall use the integer component ,only; any fra
nent is discarded.

ment of a value with a word length greater than 1 to a single-bit logic type(shall be an error.

—An integer literal is always treated as unsigned unless prefixed by a minus symbol. An unsigned integg
Fays be extended with leading zeros when assigned to a data type object having a larger word length, re
her the object itself is signed or unsigned.

Precision of arithmetic expressions

pe of the value returned by any arithmetic expression containing only limited-precision inte
-precision integers and native C++ integer types shall be an implementation-defined C++ integ]

s and any combination of limited-precision or native C++ integer types shall be a finite-pr
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pn or limited variable-precision fixed-point type (see 7.10.4).
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maximum word length of 64 bits. The action taken by an implementation if the precision requjred by
the retpirn value exceeds 64 bits is undefined and'the value is implementation-dependent.
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Examp

inti=

10;

sc_dt::int64 164 = 100; // long long int
sc_int<16>sci = 2;

sc_bigint<16> bi = 20;

float f=2.5;

sc_fixed<16,8> scf=2.5;

(1*sci); // Ambiguous
(1 * static_cast<sc_dt::int_type>(sci) ); // Implementation-defined C++ integer
(1*bi); // 48-bit finite-precision integer (assumes int = 32 bits)
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(164 * bi ); // 80-bit finite-precision integer

(f*bi), // Ambiguous

(‘static_cast<int>(f) * bi ); // 48-bit finite-precision integer (assumes int = 32 bits)
('scf* sci); // Variable-precision fixed-point type

7.2.3 Base class default word length

The default word length of a data type base class shall be used where its default constructor is called
(implicitly or explicitly). The default word length shall be set by the length parameter in context at the point
of construction. A length parameter may be brought into context by creating a length context object. Length
contexts shall have local scope and by default be activated immediately. Once activated, they shall remain in
effect for-astongasthey-arctmsce . thanothertengthcontextts—activated—Aettvattomrofay length
contexf shall be deferred if its second constructor argument is SC_LATER (the default value is SEONOW).
A defefred length context can be activated by calling its member function begin.

O a Va .

LengtH contexts shall be managed by a global length context stack. When a length context is activpted, it
shall bg placed at the top of the stack. A length context may be deactivated and removed from the top of the
stack By calling its member function end. The end method shall only be called“for the length ¢ontext
currenfly at the top of the context stack. A length context is also deactivated and removed from thg stack
when it goes out of scope. The current context shall always be the length context at the top of the stagk.

A length context shall only be activated once. An active length contextshall only be deactivated oncg.

The clgsses sc_length_param and sc_length_context shall beused to create length parameters and|length
contex}s, respectively, for SystemC integers and vectors.

In addjition to the word length, the fixed-point types shall have default integer word length and mode
attribufes. These shall be set by the fixed-point typé&parameter in context at the point of construction. A
fixed-goint type parameter shall be brought into context by creating a fixed-point type context objeft. The
use of p fixed-point type context shall follow the'same rules as a length context. A stack for fixed-point type
contex}s with the same characteristics as the-length context stack shall exist.

The clfsses sc_fxtype params and.s¢_fxtype context shall be used to create fixed-point type pargmeters
and fiXed-point type contexts, respectively.

Example:

sc_length param lengthl0(10);

sc_length contextontxtl0(length10); // length10 now in context
sc_int |base int\ array[2]; /I Array of 10-bit integers
sc_corp::scesignal<sc_int_base> S1; // Signal of 10-bit integer

{

sddength—paramlensthl2(12):
sc_length context cntxt12(length12,SC_LATER); // entxt12 deferred
sc_length param length14(14);
sc_length context cntxt14(length14,SC_LATER); // entxtl4 deferred

sc_uint_base varl; // length 10
cntxt12.begin(); // Bring length12 into context
sc_uint_base var2; // length 12
cntxt14.begin(); // Bring length14 into context
sc_uint_base var3; // length 14
cntxt14.end(); /I end cntx14, cntx12 restored
sc_bv_base var4; // length 12
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} // entxt12 out of scope, cntx10 restored
sc_bv_base var5; // length 10

NOTE 1—The context stacks allow a default context to be locally replaced by an alternative context and subsequently
restored.

NOTE 2—An activated context remains active for the lifetime of the context object or until it is explicitly deactivated. A
context can therefore affect the default parameters of data type objects created outside of the function in which it is
activated. An application should ensure that any contexts created or activated within functions whose execution order is
non-deterministic do not result in temporal ordering dependencies in other parts of the application. Failure to meet this
condition could result in behavior that is implementation-dependent.

7.2.4 Word length

The word length (a positive integer indicating the number of bits) of a SystemC integer, vector,partiselect,
or cong¢atenation shall be returned by the member function length.

7.2.5 Bit-select

Bit-selpcts are instances of a proxy class that reference the bit at the specified position within an asspciated
object that is a SystemC numeric type or vector.

The Ci+ subscript operator (operator|] ) shall be overloaded by the implementation to create a bif-select
when dalled with a single non-negative integer argument specifying the(bit position. It shall be an errdr if the
specifipd bit position is outside the bounds of its numeric type or yeefor object.

User-defined conversions shall allow bit-selects to be used«in_expressions where a bool object operand is
expectpd. A bit-select of an lvalue may be used as an rvali¢'or an lvalue. A bit-select of an rvalue shgll only
be useql as an rvalue.

A bit-gelect or a bool value may be assigned to anlvalue bit-select. The assignment shall modify the $tate of
the selgcted bit within the associated numeric type or vector object represented by the lvalue. An application
shall npt assign a value to an rvalue bit-select,

Bit-selpcts for integer, bit vector, andhlogic vector types shall have an explicit to_bool conversion fiinction
that refurns the state of the selected.bit.

Example:
sc_int§4> I1; // 4 bit signed integer
I1[1] A true; // Selected bit used as lvalue

bool b =11[0]:te-bool();  // Selected bit used as rvalue

NOTE [1>Bit-selects corresponding to lvalues and rvalues of a particular type are themselves objects of two |distinct
classes.

NOTE 2—A bit-select class can contain user-defined conversions for both implicit and explicit conversion of the
selected bit value to bool.

7.2.6 Part-select

Part-selects are instances of a proxy class that provide access to a contiguous subset of bits within an
associated object that is a numeric type or vector.

The member function range( int , int ) of a numeric type, bit vector, or logic vector shall create a part-select.
The two non-negative integer arguments specify the left- and right-hand index positions. A part-select shall

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

~176 - IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

provide a reference to a word within its associated object, starting at the left-hand index position and
extending to, and including, the right-hand index position. It shall be an error if the left-hand index position
or right-hand index position lies outside the bounds of the object.

The C++ function call operator (operator()) shall be overloaded by the implementation to create a part-
select and may be used as a direct replacement for the range function.

User-defined conversions shall allow a part-select to be used in expressions where the expected operand is
an object of the numeric type or vector type associated with the part-select, subject to certain constraints (see
7.5.7.3,7.6.8.3, 7.9.8.3). A part-select of an Ivalue may be used as an rvalue or an Ivalue. A part-select of an
rvalue shall only be used as an rvalue.

Integet part-selects may be directly assigned to an object of any other SystemC data type, with the'ex¢eption
of bit-gelects. Fixed-point part-selects may be directly assigned to any SystemC integer or vedtor; arly part-
select pr any concatenation. Vector part-selects may only be directly assigned to a vector, yecter parttselect,
or vectfor concatenation (assignments to other types are ambiguous or require an explicit conversion),

The bits within a part-select do not reflect the sign of their associated objeet ‘and shall be tajken as
repres¢nting an unsigned binary number when converted to a numeric value. Assignments of part-selects to
a targef having a greater word length shall be zero extended, regardless of the'\type of their associated jobject.

Example:

sc_int48> 12 =2; // "0b00000010"
12.range(3,2) = 12.range(1,0); // "0b00001010"
sc_int48> I3 = I2.range(3,0); // "0b00001010"

// Zero-extended t0<8 bits

sc_bv48>bl ="0b11110000";

bl.range(5,2) = bl.range(2,5); //"0b1100H 00"

// Reversed bit-order between position 5 and 2

NOTE [[—A part-select cannot be used to reverse the bit-order of a limited-precision integer type.

NOTE pP—Part-selects corresponding to ivalues and rvalues of a particular type are themselves objects of two |distinct
classes

NOTE B—A part-select is notrequired to be an acceptable replacement where an object reference operand is exp¢cted. If
an impjlementation provides ‘a“mechanism to allow such replacements (for example, by defining the appfopriate
overloaded member functions), it is not required to do so for all data types.

7.2.7 Concatenation

Concalengtions are instances of a proxy class that reference the bits within multiple objects as if they were
part of|asingle aggregate object.

The concat( arg0 , argl ) function shall create a concatenation. The concatenation arguments (arg0 and
argl) may be two SystemC integer, vector, bit-select, part-select, or concatenation objects. The C++ comma
operator (operator,) shall also be overloaded to create a concatenation and may be used as a direct
replacement for the concat function.

The type of a concatenation argument shall be a concatenation base type, or it shall be derived from a
concatenation base type. An implementation shall provide a common concatenation base type for all
SystemC integers and a common concatenation base type for all vectors. The concatenation base type of bit-
select and part-select concatenation arguments is the same as their associated integer or vector objects. The
concatenation arguments may be any combination of two objects having the same concatenation base type.
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A concatenation object shall have the same concatenation base type as the concatenation arguments passed
to the function that created the object. The set of permissible concatenation arguments for a given
concatenation base type consists of the following:

a)
b)
c)
d)

Objects whose base class or concatenation base type matches the given concatenation base type

Bit-selects of a)
Part-selects of a)

Concatenations of a) and/or b) and/or ¢) in any combination

When both concatenation arguments are lvalues, the concatenation shall be an lvalue. If any concatenation
argument is an rvalue, the concatenation shall be an rvalue.

A sing
bit-sel

e concatenation argument may be a bool value when the other argument is a SystemC integer)
ct, part-select, or concatenation object. The resulting concatenation shall be an rvalue,

An expression may be assigned to an lvalue concatenation if the base type of the expression return ¥

the sa
concat
sign-e3
numer
the vall

A cong
Where|
extend|
the co
occurs
case di

Examp
The fo

sc_uin
sc_uin
sc_uin

(U2[0]
concat

ne as the base type of the Ivalue concatenation. If the word length of dJvalue assigng
bnation with a signed base type is smaller than the word length of the concatenation, the value

c types and vectors shall be zero-extended (if required). Assignment to.a concatenation shall
ues of the objects specified by its concatenation arguments.

atenation may be assigned to an object whose base class is.the same as the concatenation bag
a concatenation is assigned to a target having a greater word/length than the concatenation, it i
ed to the target length. When a concatenation is assigned to a target having a shorter word leng

an implementation may generate a warning but ig'not obliged to do so, and an application can
sable such a warning (see 3.3.5).

le:
lowing concatenations are well-formed:

<8>Ul =2; // "0b00000010"
<2>U2=1; //"0b01"
<8> U3 = (true,Ul.fange(3,0),U2,U2[0]); /U3 ="0b10010011"

// Base class same as concatenation base type
L U1[0],Ul.range(7,1)) = (U1[7],U1); // Copies U1[7] to U2[0], U1 rotated left
U2[0],concat(U1[0],Ul.range(7,1))) = concat(U1[7],U1);

// Same as previous example but using concat

vector,

alue is
d to a
hall be

(tended to match the word length of the concatenation. Assignments to‘Concatenations of all other

update

c type.
S zero-

th than

catenation, the left-hand bits of the value shall be ttuneated to fit the target word length. If trupcation

in any

The fo

1 - + — 1 1
10WIIIE COLUAICIIAUOLS dIT IT1=10IIIICU.

sc_bv<§> Bvl;

(Bv1,Ul) = "Oxffff"; // Bvl and U1 do not share common base type
bool Cl=true; bool C2 = false;

U2 = (CL,Cl); // Cannot concatenate 2 bool objects
(CL,I1)="0x1ff"; // Bool concatenation argument creates rvalue

NOTE 1—Parentheses are required around the concatenation arguments when using the C++ comma operator because
of its low operator precedence.
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NOTE 2—An implementation is not required to support bit-selects and part-selects of concatenations.

NOTE 3—Concatenations corresponding to lvalues and rvalues of a particular type are themselves objects of two

distinct

classes.

7.2.8 Reduction operators

The reduction operators shall perform a sequence of bitwise operations on a SystemC integer or vector to
produce a bool result. The first step shall be a boolean operation applied to the first and second bits of the
object. The boolean operation shall then be re-applied using the previous result and the next bit of the object.
This process shall be repeated until every bit of the object has been processed. The value returned shall be
the result of the final boolean operation. The following reduction operators shall be provided:

a)
b)
¢)
d)
e)
f)

7.2.9 Integer conversion

All Sy
value o

Systen

follow:

a)
b)
¢)
d)
e)
f)

These
part-s¢

integets and signed fixed-point types.

Trunca

Attemy]

and_reduce performs a bitwise AND between all bits.
nand_reduce performs a bitwise NAND between all bits.
or_reduce performs a bitwise OR between all bits.
nor_reduce performs a bitwise NOR between all bits.
xor_reduce performs a bitwise XOR between all bits.

xnor_reduce performs a bitwise XNOR between all bits.

stemC data types shall provide an assignment operator that can aecept a C++ integer value. A
hall be sign-extended to match the length of the SystemC data-type target.

1C data types shall provide member functions for explicit type conversion to C++ integer ty

to_int converts to native C++ int type.

to_uint converts to native C++ unsigned type.

to_long converts to native C++ long type.

to_ulong converts to native C++ unsigned long type.

to_uint64() converts to a native €++ unsigned integer type having a word length of 64 bits.
to_int64() converts to natiye)C++ integer type having a word length of 64 bits.

member functions shallinterpret the bits within a SystemC integer, fixed-point type or vector,
lect or concatenation-thereof, as representing an unsigned binary value, with the exception of]
tion shall’be performed where necessary for the value to be represented as a C++ integer.

ting to’convert a logic vector containing 'X' or 'Z' values to an integer shall be an error.

signed

'pes as

or any
signed

7.2.10 String input and output

void scan( std::istreamé& is = std::cin );
void print( std::ostream& os = std::cout ) const;

All SystemC data types shall provide a member function scan that allows an object value to be set

by reading a string from the specified C++ input stream. The string content may use any
representations permitted by 7.3.

of the

All SystemC data types shall provide a member function print that allows an object value to be

written to a C++ output stream.
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SystemC numeric types shall be printed as signed or unsigned decimal values. SystemC vector types
shall be printed as a string of bit values.

All SystemC data types shall support the output stream inserter (operator<<) for formatted printing
to a C++ stream. The format shall be the same as for the member function print.

The C++ ostream manipulators dec, oct, and hex shall have the same effect for limited-precision
and finite-precision integers and vector types as they do for standard C++ integers: that is, they shall
cause the values of such objects to be printed in decimal, octal or hexadecimal formats, respectively.
The formats used shall be those described in 7.3 with the exception that vectors shall be printed as a
bit-pattern string when the dec manipulator is active.

All SystemC data types shall support the input stream inserter (operator>>) for formatted input

void dpimp ( std::ostream& os = std::cout ) const;

7.2.11

The go
used a

All Sy
operat
classeg
referen]

NOTE-
types”

froma C++ input stream The permi‘m:d formats shall be the same as those permi‘rted for the member

function scan.

All fixed-point types shall additionally provide a member function dump that-shall print at I¢ast the
type name and value to the stream passed as an argument. The purpose of\dump is to alfow an
implementation to dump out diagnostic information to help the user debug an application.

Conversion of application-defined types in integer expressions

neric base proxy class template sc_generic_base shall be proyvided by the implementation and may be
a base class for application-defined classes.

stemC integer, integer part-select, and integer concatenation classes shall provide an assignment
r that accepts an object derived from the generic base proxy class template. All SystemC [nteger
shall additionally provide an overloaded coumsfructor with a single argument that is a cpnstant
ce to a generic base proxy object.

—The generic base proxy class is not included in the collection of classes described by the term “SystetnC data
s used in this standard.
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7.3 String literals

A string literal representation may be used as the value of a SystemC numeric or vector type object. It shall
consist of a standard prefix followed by a magnitude expressed as one or more digits.

The magnitude representation for SystemC integer types shall be based on that of C++ integer literals.

The magnitude representation for SystemC vector types shall be based on that of C++ unsigned integer
literals.

The magnitude representation for SystemC fixed-point types shall be based on that of C++ floating literals

but WiﬂlULlL LhC UpLiUIld‘l ﬂUdLillg bufﬁ)&.
The p¢rmitted representations are identified with a symbol from the enumerated type s¢. mumjrep as
specified in Table 3.
Table 3—String literal representation
sC_numrep Prefix Magnitude format

SC DEC 0d decimal

SC _BIN 0b binaty

SC BIN US Obus binary unsigned

SC_BIN_SM Obsm binary sign & magnitude

SC OCT 0o octal

SC OCT_US Qous octal unsigned

SC OCT_SM Oosm octal sign & magnitude

SC HEX 0x hexadecimal

SC HEX US Oxus hexadecimal unsigned

SC_HEX\'SM Oxsm hexadecimal sign & magnitude

SC_CSD Ocsd canonical signed digit
An implementation shall provide overloaded constructors and assignment operators that permit the value of

any SystemC numeric type or vector to be set by a character string having one of the prefixes specified in
Table 3. The character ‘“+’ or ‘-> may optionally be placed before the prefix for decimal and “sign &
magnitude” formats to indicate polarity. The prefix shall be followed by an unsigned integer value, except in
the cases of the binary, octal, and hexadecimal formats, where the prefix shall be followed by a two’s
complement value expressed as a binary, octal, or hexadecimal integer, respectively. An implementation
shall sign-extend any integer string literal used to set the value of an object having a longer word length.

The canonical signed digit representation shall use the character ‘-’ to represent the bit value -1.
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A bit-pattern string (containing bit or logic character values with no prefix) may be assigned to a vector. If
the number of characters in the bit-pattern string is less than the vector word length, the string shall be zero
extended at its left-hand side to the vector word length. The result of assigning such a string to a numeric

type is

undefined.

An instance of a SystemC numeric type, vector, part-select, or concatenation may be converted to a C++
std::string object by calling its member function to_string. The signature of to_string shall be as follows:

std

:string to_string( sc_numrep numrep , bool with_prefix );

The numrep argument shall be one of the sc_numrep values given in Table 3. The magnitude

Trepresq
except
numr
with

It shall
the vall

The v{
memb

Examp

sc_int
I1="0
std::sti
sc_int
12="(
std::sti
sc_uin
13="0
std::sti
sc_Iv<
Iv="0
std::sti
sc_bv
bv="
std::sty

NOTE-
argume

utaﬁuu ill a Dtlills bl\aatbd flUlll all ullbiéllbd illt\zé\xl Ul VbbtUl Dlla‘ll :J\.z PlbﬁA\zd 1IJ_)’ a Dillél
where numrep is SC DEC. If the with_prefix argument is true, the prefix corresponding
p value in Table 3 shall be appended to the left-hand side of the resulting string. The default vj
refix shall be true.

be an error to call the member function to_string of a logic-vector object if anyyof its elemen
pe 'X' or 'Z'.

lue of an instance of a single-bit logic type may be converted to a 'sifigle character by cal
1 function to_char.

le:

4> 11, // 4-bit signed integer

b10100"; /I 5-bit signed'binary literal truncated to 4 bits

ing S1 =11.to_string(SC_BIN,true); // The contents of S1 will be the string "0b0100"
10> 12; // 10-bit integer

d478"; // Decimal equivalent of "0b0111011110"

ing S2 = 12.to_string(SC_CSD, false); /L The contents of S2 will be the string "1000-000-0"
<8>13; # 8-bit unsigned integer

x7"; /] Zero-extended to 8-bit value "0x07"

ing S3 =13.to_string(SC_HEX), // The contents of S3 will be the string "0x007"

16> 1v; // 16-bit logic vector

xff'"; // Sign-extended to 16-bit value "Oxffft"

ing S4 = lv.to_string(S€_HEX); // The contents of S4 will be the string "0xOfftf"

8> bv; // 8-bit bit vector

1110000"; // Bit-pattern string

ing S5 = bvito-string(SC_BIN); // The contents of S5 will be the string "0b011110000"

-SystemC data types may provide additional overloaded to_string functions that require a different nu
nts:

e Zero,
to the
hlue of

ts have

ling its

mber of
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7.4 sc_value_base’

7.4.1 Description

Class sc_value_basef provides a common base class for all SystemC limited-precision integers and finite-
precision integers. It provides a set of virtual methods that may be called by an implementation to perform
concatenation operations.

7.4.1.1 Class definition

namespace sc_dt {

class s¢_value base

{
frignd class sc_concatreﬁ ;
pripate:
virtual void concat_clear_data( bool to_ones=false );
virtual bool concat_get_ctrl( unsigned long* dst p, int low i) const;
virtual bool concat_get_data( unsigned long* dst p , int low i) const;
virtual uint64 concat_get uint64() const;
virtual int concat_length( bool* xz present p=0 ) const;
virtual void concat_set( int64 src, int low i);
virtual void concat_set( const sc_signed& src , int low 1 );
virtual void concat_set( const sc_unsigned& src , int low)i);
virtual void concat_set( uint64 src , int low 1i);
¥
} // namespace sc_dt

7.4.1.2 Constraints on usage

An application should not create an object of type sc_value_'basef and should not directly call any njember
functidn inherited by a derived class.frtom an sc_value base’ parent.

If an application-defined classyderived from the generic base proxy class template sc_generic_base|is also
derivedl from sc_value_basef, objects of this class may be used as arguments to an integer concatenation.
Such 4 class shall override the virtual member functions of sc_value_basef as private members to provide
the corjcatenation opefations permitted for objects of that type.

It shal] be an erfor)for any member function of sc_value_base’ that is not overriden in a derived clags to be
called for an-0bject of the derived class.

7.4.1.3 Mémber functions

virtual void concat_clear_data( bool to_ones=false );

Member function concat_clear_data shall set every bit in the sc_value_base'f object to the state
provided by the argument.

virtual bool concat_get_ctrl( unsigned long* dst p, int low i) const;
Member function concat_get_ctrl shall copy control data to the packed-array given as the first
argument, starting at the bit position within the packed-array given by the second argument. The
return value shall always be false.
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virtual bool concat_get data( unsigned long* dst p, int low_i) const;

Member function concat_get data shall copy data to the packed-array given as the first argument,
starting at the bit position within the packed-array given by the second argument. The return value

shall be true if the data is non-zero; otherwise, it shall be false.

virtual uint64 concat_get uint64() const;

Member function concat_get_uint64 shall return the value of the sc_value_base’ object as
unsigned integer having a word length of exactly 64-bits.

a C++

virtual[int concat_length( bool* xz_present p=0 ) const;

Member function concat_length shall return the number of bits in the sc_value_basef obje
value of the object associated with the optional argument shall be set to true if anyibits h
value 'X" or 'Z'.

virtual|void concat_set( int64 src , int low_1i);

virtual[void concat_set( const sc_signed& src , int low_i);
virtual{void concat_set( const sc_unsigned& src , int low i );
virtualfvoid concat_set( uint64 src , int low_i);

integer given by the first argument. The bit-pattern shall.be read as a contiguous sequence
starting at the position given by the second argument.

ct. The
wve the

Member function concat_set shall set the value of the sc_value_basef object to the bit-pattern of the

of bits
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7.5 Limited-precision integer types

7.5.1 Type definitions

The following type definitions are used in the limited-precision integer type classes:
namespace sc_dt {

typedef implementation-defined int_type;

typedef implementation-defined uint_type;
typedef implementation-defined int64;

typedefimpiemerntarion-defined wimte4;

} // namespace sc_dt

int_type is an implementation-dependent native C++ integer type. An implementation ‘shall prqvide a
minimpm representation size of 64 bits.

uint_type is an implementation-dependent native C++ unsigned integer type!{’An implementatiop shall
providg a minimum representation size of 64 bits.

int64 is a native C++ integer type having a word length of exactly 64 bits:

uint64]is a native C++ unsigned integer type having a word length.of exactly 64 bits.
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7.5.2 sc_int_base

7.5.2.1 Description

Class sc_int_base represents a limited word-length integer. The word length is specified by a constructor
argument or, by default, by the sc_length_context object currently in scope. The word length of an

sc_int_base object shall be fixed during instantiation and shall not subsequently be changed.

The integer value shall be held in an implementation-dependent native C++ integer type. A minimum
representation size of 64 bits is required.

Sc_int__baac ts-thebascclassforthe a\,_iut class tblllp}atb.
7.5.2.2 Class definition
namespace sc_dt {

class s¢_int_base

: publi¢ Sc_value_basef

{
frignd class sc_uint_bitref_rf;
frignd class sc_uint_bitreﬁ ;
frignd class sc_uint_subref_rf;
frignd class sc_uint_subreﬁ ;

public:

// Constructors

explicit sc_int_base( int w =sc_length param().len() );
sc_int_base( int_type v, int w );

sc_int_base( const sc_int base& a );

template< typename T >

explicit sc_int_base( const s¢c. generic_base<T>& a );
explicit sc_int_base( const sc_int_subref_rf& a);
explicit sc_int_base( const sc_signed& a );

explicit sc_int_base(const sc_unsigned& a );

explicit sc_int_base(-const sc bv_base& v );

explicit sc_inttbase( const sc_lv_base& v );

explicit sc Ant. base( const sc_uint_subref_rf& v);
explicit scint_base( const sc_signed_subref_rf& v);
explicitsc_int_base( const sc_unsigned_subref_rf& v);

/INDestructor
~sc_int_base();

/I Assignment operators

sc_int_base& operator= ( int_type v );

sc_int_base& operator= ( const sc_int base& a );
sc_int_base& operator= ( const sc_int_subref_rf& a);
template<class T>

sc_int_base& operator= ( const sc_generic_base<T>& a );
sc_int _base& operator= ( const sc_signed& a );
sc_int_base& operator= ( const sc_unsigned& a );
sc_int_base& operator= ( const sc_fxval& a );
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sc_int_base& operator= ( const sc_fxval fast& a);
sc_int_base& operator= ( const sc_fxnumé& a );
sc_int_base& operator= ( const sc_fxnum_fast& a );
sc_int _base& operator= ( const sc_bv_base& a );
sc_int_base& operator= ( const sc_lv_base& a );
sc_int_base& operator= ( const char* a );
sc_int_base& operator= ( unsigned long a );
sc_int_base& operator= ( long a );

sc_int _base& operator= ( unsigned int a );

sc_int base& operator= (inta );

sc_int base& operator= (uint64 a );

IEC 61691-7:2009(E)
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// Prefix and postfix increment and decrement operators

sc_int base& operator++ (); /I Prefix
const sc_int_base operator++ ( int ); // Postfix
sc_int base& operator-- (); // Prefix
const sc_int_base operator-- (int ); // Postfix

// Bit selection
sc_int_bitrefL operator[] (inti);
sc_int_bitref_rf operator[] (int i) const;

// Part selection

sc_im_subreﬁ operator() (int left , int right );
sc_int_subref_rf operator() ( int left, int right ) const;
sc_int_subrefL range( int left , int right );
sc_int_subref_rf range( int left , int right ) const;

/I Capacity
int length() const;

// Reduce methods

bool and_reduce() const;
bool nand_reduce() const;
bool or_reduce() const;
bool nor_reduce() censt;
bool xor_reduce() const;
bool xnor rediice() const;

// Implicit conversion to int_type
operator int_type() const;

/I Explicit conversions

int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;
double to_double() const;

// Explicit conversion to character string
const std::string to_string( sc_numrep numrep = SC_DEC ) const;
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}s
}

const std::string to_string( sc_numrep numrep , bool w_prefix ) const;
// Other methods

void print( std::ostream& os = std::cout ) const;
void scan( std::istreamé& is = std::cin );

// namespace sc_dt

7.5.2.3 Constraints on usage
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constructor when w is not specified (in which case its value shall-be set by the current
context). The initial value of the object shall be 0.

| base( int_type v, int w);
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7.5.2.6 Implicit type conversion

operator int_type() const;

Operator int_type can be used for implicit type conversion from sc_int_base to the native C++

integer representation.

NOTE 1—This operator enables the use of standard C++ bitwise logical and arithmetic operators with

sc_int_base objects.

NOTE 2—This operator is used by the C++ output stream operator and by the member functions of other data

type classes that are not explicitly overload for sc_int_base.
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7.5.2.7 Explicit type conversion

const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc_numrep numrep, bool w_prefix ) const;

Member function to_string shall perform the conversion to an std::string, as described in 7.2.11.
Calling the to_string function with a single argument is equivalent to calling the to_string function
with two arguments where the second argument is true. Calling the to_string function with no
arguments is equivalent to calling the to_string function with two arguments, where the first
argument is SC_DEC and the second argument is true.

7.5.2.8 Arithmetic, bitwise, and comparison operators

Operatlions specified in Table 4 are permitted. The following applies:
— | n represents an object of type sc_int_base.
— |irepresents an object of integer type int_type.

The arguments of the comparison operators may also be of any other class that is derived from sc_in{_base.
Table 4—sc_int_base arithmetic, bitwise, and comparison operations
Expression Return type Operation

n+=i sc_int_base& schint “base assign sum

n-=i sc_int base& sc_int base assign difference
n *=1i sc_int_base& sc_int_base assign product

n /=1 sc_int base& sc_int base assign quotient

n %=1 sc_int base& sc_int base assign remainder
n&=1i scaint-base& sc_int base assign bitwise and
nl|=1 sc_int_base& sc_int_base assign bitwise or
n =i sc_int base& sc_int base assign bitwise exclusive or
n<<=1i sc_int_base& sc_int_base assign left-shift
n>>=|i sc_int base& sc_int base assign right-shift
n==n bool test equal

nl=n bool test not equal

n<n bool test less than

n<=n bool test less than or equal

n>n bool test greater than

n>=n bool test greater than or equal
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Arithmetic and bitwise operations permitted for C++ integer types shall be permitted for sc_int_base objects
using implicit type conversions. The return type of these operations is an implementation-dependent C++
integer type.

NOTE—An implementation is required to supply overloaded operators on sc_int_base objects to satisfy the
requirements of this subclause. It is unspecified whether these operators are members of s¢_int_base, global operators,
or provided in some other way.

7.5.2.9 Other member functions

void scan( std::istreamé& is = std::cin );

Member function scan shall set the value by reading the next formatted character string from the
specified input stream (see 7.2.10).

void print( std::ostream& os = std::cout ) const;

Member function print shall write the value as a formatted character string to'the specified|output
stream (see 7.2.10).

int length() const;

Member function length shall return the word length (see 7.2.4).
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7.5.3 sc_uint_base
7.5.3.1 Description

Class sc_uint_base represents a limited word-length unsigned integer. The word length shall be specified by
a constructor argument or, by default, by the sc_length_context object currently in scope. The word length
of an sc_uint_base object shall be fixed during instantiation and shall not subsequently be changed.

The integer value shall be held in an implementation-dependent native C++ unsigned integer type. A
minimum representation size of 64 bits is required.

sc_uint—basets-the-baseclassfor-theseuwintclasstemptate———MmMm
7.5.3.2 Class definition
namespace sc_dt {

class s¢_uint_base

: publi¢ sc_value_basef

{
frignd class sc_uint_bitref_rf;
frignd class sc_uint_bitreﬁ ;
frignd class sc_uint_subref_rf;
frignd class sc_uint_subreﬁ ;

public:

// Constructors

explicit sc_uint_base( int w =sc_length_param().len() );
sc_uint_base( uint_type v, int w);

sc_uint_base( const sc_uint_base& a );

explicit sc_uint_base( const sc_uint_subref_rf& a);

template <class T>

explicit sc_uint_base( const s¢_generic_base<T>& a );
explicit sc_uint_base(const sc bv_base& v );

explicit sc_uint_base{eonst sc_lv_base& v );

explicit sc_uint_base( const sc_int_subref_rf& v);
explicit sc_uint._base( const sc_signed_subref_rf& v);
explicit sc aint_base( const sc_unsigned_subref_rf& v);
explicit sc uint_base( const sc_signed& a );
explicitse_uint_base( const sc_unsigned& a );

/INDestructor
~sc_uint_base();

/I Assignment operators

sc_uint_base& operator= (uint_type v );

sc_uint_base& operator= ( const sc_uint base& a );
sc_uint_base& operator= ( const sc_uint_subref_rf& a);
template <class T>

sc_uint_base& operator= ( const sc_generic_base<T>& a );
sc_uint_base& operator= ( const sc_signed& a );
sc_uint_base& operator= ( const sc_unsigned& a );
sc_uint_base& operator= ( const sc_fxval& a );
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sc_uint_base& operator= ( const sc_fxval fast& a);
sc_uint_base& operator= ( const sc_fxnumé& a );
sc_uint_base& operator= ( const sc_fxnum_fast& a );
sc_uint_base& operator= ( const sc_bv_base& a );
sc_uint_base& operator= ( const sc_lv_base& a );
sc_uint_base& operator= ( const char* a );
sc_uint_base& operator= (unsigned long a );
sc_uint_base& operator=( long a );

sc_uint_base& operator= ( unsigned int a );
sc_uint_base& operator= (int a );

sc_uint_base& operator= ( int64 a );

bR | ) 4+ Ll 1ol AY
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// Prefix and postfix increment and decrement operators

sc_uint_base& operator++ (); // Prefix
const sc_uint_base operator++ ( int ); // Postfix
sc_uint_base& operator-- (); // Prefix
const sc_uint base operator-- (int ); // Postfix

// Bit selection
sc_uint_bitref operator[] (inti);
sc_uint_bitref_rf operator|[] (inti) const;

// Part selection

sc_uint_subref* operator() ( int left, int right );
sc_uint_subref_rf operator() ( int left, int right ) const;
sc_uint_subref% range( int left, int right );
sc_uint_subref_rf range( int left, int right ) const;

/I Capacity
int length() const;

// Reduce methods

bool and_reduce() const;
bool nand_reduce() const;
bool or_reduce() const;
bool nor_reduce() censt;
bool xor_reduce() const;
bool xnor rediice() const;

// Implicit conversion to uint_type
operator uint_type() const;

/I Explicit conversions

int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;
double to_double() const;

// Explicit conversion to character string
const std::string to_string( sc_numrep numrep = SC_DEC ) const;
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const std::string to_string( sc_numrep numrep , bool w_prefix ) const;

/I Other methods
void print( std::ostream& os = std::cout ) const;
void scan( std::istreamé& is = std::cin );

55
} // namespace sc_dt

7.5.3.3 Constraints on usage
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integel representation used to hold its value.
7.5.3.4 Constructors

explicit sc_uint_base( int w =sc_length_param().len() );
Constructor sc_uint_base shall create an object of word length specified by 'w. This is the default
constructor when w is not specified (in which case its value is set by the current length context). The
initial value of the object shall be 0.

sc_uinjt base( uint_type v, int w );
Constructor sc_uint_base shall create an object of word\length specified by w with initia| value
specified by v. Truncation of most significant bits shall*occur if the value cannot be represepted in
the specified word length.

templajte< class T >

sc_uinft_base( const sc_generic_base<T>& a );
Constructor sc_uint_base shall create*an sc_uint _base object with a word length matching the
constructor argument. The constructor shall set the initial value of the object to the value r¢turned
from the member function to, uint64 of the constructor argument.

The other constructors shall create an sc_uint _base object whose size and value matches that|of the
argument. The size of the argumient shall not be greater than the maximum word length of an sc_uint_base
object,

7.5.3.5 Assignment-operators

Overlgaded assignment operators shall provide conversion from SystemC data types and the natiye C++
integel represéntation to sc_uint_base, using truncation or sign-extension as described in 7.2.1.

7.5.3.6 Implicit type conversion

operator uint_type() const;

Operator uint_type can be used for implicit type conversion from sc_uint_base to the native C++
unsigned integer representation.

NOTE 1—This operator enables the use of standard C++ bitwise logical and arithmetic operators with
sc_uint_base objects.

NOTE 2—This operator is used by the C++ output stream operator and by the member functions of other data
type classes that are not explicitly overload for sc_uint_base.
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7.5.3.7 Explicit type conversion

const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc_numrep numrep , bool w_prefix ) const;

Member function to_string shall perform the conversion to an std::string, as described in 7.2.11.
Calling the to_string function with a single argument is equivalent to calling the to_string function
with two arguments, where the second argument is true. Calling the to_string function with no
arguments is equivalent to calling the to_string function with two arguments, where the first
argument is SC_DEC and the second argument is true.

7.5.3.8 Arithmetic, bitwise, and comparison operators

Operatlions specified in Table 5 are permitted. The following applies:
— | U represents an object of type sc_uint_base.
— |u represents an object of integer type uint_type.
The afguments of the comparison operators may also be of any other classCthat is derived from
sc_uinft base.
Table 5—sc_uint_base arithmetic, bitwise, and comparison operations
Expression Return type Operation

V+=u sc_uint_base& sc\uint_base assign sum
V-=u sc_uint _base& sc_uint base assign difference
U *=u sc_uint base& sc_uint_base assign product
U/=u sc_uint_base& sc_uint_base assign quotient
W %=u sc_uint jbase& sc_uint_base assign remainder
U &=u sc_uint_base& sc_uint_base assign bitwise and
Ul=u sc_uint_base& sc_uint_base assign bitwise or
Vr=u sc_uint _base& sc_uint_base assign bitwise exclusive or
V<<=u sc_uint base& sc_uint base assign left-shift
U >=v sc_uint_base& sc_uint_base assign right-shift
U=U bool test equal
U!l=U bool test not equal
Uu<u bool test less than
U<=U bool test less than or equal
U>u bool test greater than
U>=U bool test greater than or equal
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Arithmetic and bitwise operations permitted for C++ integer types shall be permitted for sc_uint_base
objects using implicit type conversions. The return type of these operations is an implementation-dependent
C++ integer type.

NOTE—An implementation is required to supply overloaded operators on sc_uint_base objects to satisfy the
requirements of this subclause. It is unspecified whether these operators are members of s¢_uint_base, global operators,
or provided in some other way.

7.5.3.9 Other member functions

void scan( std::istreamé& is = std::cin );

Member function scan shall set the value by reading the next formatted character string from the
specified input stream (see 7.2.10).

void print( std::ostream& os = std::cout ) const;

Member function print shall write the value as a formatted character string to'the specified|output
stream (see 7.2.10).

int length() const;

Member function length shall return the word length (see 7.2.4).
7.5.4 $c_int
7.5.4.1 Description

Class template sc_int represents a limited word-length signed integer. The word length shall be specified by
a tempjlate argument.

Any public member functions of the base class$¢~int_base that are overridden in class sc_int shall have the
same Hehavior in the two classes. Any public,;member functions of the base class not overridden in tlfis way
shall bp publicly inherited by class sc_int.

7.5.4.2 Class definition
namespace sc_dt {

templajte <int W>

class s¢ _int

: publi¢ sc_int Base

{
publig:

//"Constructors

sc_int();

sc_int( int_type v );

sc_int( const sc_int<W>& a );

sc_int( const sc_int base& a );

sc_int( const sc_int_subref_rf& a);

template <class T>

sc_int( const sc_generic_base<T>& a );
sc_int( const sc_signed& a );

sc_int( const sc_unsigned& a );

explicit sc_int( const sc_fxval& a );
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explicit sc_int( const sc_fxval fast& a);
explicit sc_int( const sc_fxnumé& a );
explicit sc_int( const sc_fxnum_fast& a );
sc_int( const sc_bv_base& a);

sc_int( const sc_lv_base& a );

sc_int( const char* a );

sc_int( unsigned long a );

sc_int( long a );

sc_int( unsigned int a );

sc_int( inta );

sc_int( uint64 a );

kil 1ol AY
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/I Assignment operators

sc_int<W>& operator= (int_type v );

sc_int<W>& operator= ( const sc_int base& a );
sc_int<W>& operator= ( const sc_int_subref_rf& a);
sc_int<W>& operator= ( const sc_int<W>& a );
template <class T>

sc_int<W>& operator= ( const sc_generic_base<T>& a );
sc_int<W>& operator= ( const sc_signed& a );
sc_int<W>& operator= ( const sc_unsigned& a );
sc_int<W>& operator= ( const sc_fxval& a );
sc_int<W>& operator= ( const sc_fxval fast& a);
sc_int<W>& operator= ( const sc_fxnumé& a );
sc_int<W>& operator= ( const sc_fxnum_fast& a.);
sc_int<W>& operator= ( const sc_bv_base& a );
sc_int<W>& operator= ( const sc_lv_base&'a));
sc_int<W>& operator= ( const char* a );
sc_int<W>& operator= ( unsigned long.&’);
sc_int<W>& operator=( long a );

sc_int<W>& operator= ( unsigned'mnt a );
sc_int<W>& operator= ( int:a();

sc_int<W>& operator= ( tint64 a );

sc_int<W>& operator= ( double a );

// Prefix and postfix-increment and decrement operators

sc_int<W>& operator++ (); /1 Prefix
const sc_intxW> operator++ ( int ); // Postfix
sc_int<W>& operator-- (); /1 Prefix
const.sc-int<W> operator-- ( int ); // Postfix
¥
} // namespace sc_dt

7.5.4.3 Constraints on usage

The word length of an sc_int object shall not be greater than the maximum word length of an sc_int_base.
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7.5.4.4 Constructors

sc_int();
Default constructor sc_int shall create an sc_int object of word length specified by the template
argument W. The initial value of the object shall be 0.

template< class T >

sc_int( const sc_generic_base<T>& a );
Constructor sc_int shall create an sc_int object of word length specified by the template argument.
The constructor shall set the initial value of the object to the value returned from the member

£ e 4. —addad 4l - % 4
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The other constructors shall create an sc_int object of word length specified by the template{argunment W
and vallue corresponding to the integer magnitude of the constructor argument. If the word!length| of the

specifipd initial value differs from the template argument, truncation or sign-extension shall be ysed as
descrifjed in 7.2.1.

7.5.4.5 Assignment operators

Overldaded assignment operators shall provide conversion from System€data types and the natiye C++
integel representation to sc¢_int, using truncation or sign-extension as deseribed in 7.2.1.

7.5.4.6 Arithmetic and bitwise operators

Operatjions specified in Table 6 are permitted. The following applies:
— | n represents an object of type sc_int.

— |irepresents an object of integer type int_type.

Table 6—sc_int @rithmetic and bitwise operations

Expression Return type Operation
n+=i sc_int<W>& sc_int assign sum
n-=i sc_int<W>& sc_int assign difference
n*=i sc_int<W>& sc_int assign product
n /=i sc_int<W>& sc_int assign quotient
%=1 sc_int<W>& sc_int assign remainder
n&=i sc_int<W>& sc_int assign bitwise and
nj=i sc_int<W>& sc_int assign bitwise or
n"=i sc_int<W>& sc_int assign bitwise exclusive or
n<<=i sc_int<W>& sc_int assign left-shift
n>>=i sc_int<W>& sc_int assign right-shift
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Arithmetic and bitwise operations permitted for C++ integer types shall be permitted for sc_int objects using
implicit type conversions. The return type of these operations is an implementation-dependent C++ integer
type.

NOTE—An implementation is required to supply overloaded operators on sc_int objects to satisfy the requirements of
this subclause. It is unspecified whether these operators are members of sc_int, global operators, or provided in some
other way.

7.5.5 sc_uint

7.5.5.1 Description

specifipd by a template argument. Any public member functions of the base class sc_uint_base-that are
overridden in class sc_uint shall have the same behavior in the two classes. Any public memberfunc
the bade class not overridden in this way shall be publicly inherited by class sc_uint.

Class femplate sc_uint represents a limited word-length unsigned integer. The word length inall be

ions of

7.5.5.2 Class definition
namespace sc_dt {

templajte <int W>

class s¢ uint

: publi¢ sc_uint_base

{
public:

// Constructors

sc_uint();

sc_uint( uint_type v );

sc_uint( const sc_uint<W>& a );
sc_uint( const sc_uint_base& a );
sc_uint( const sc_uint_subref_rf& a);
template <class T>

sc_uint( const sc_generic_base<T>& a );
sc_uint( const sc_signéd&'a );

sc_uint( const sc_unsigned& a );

explicit sc_uint({const sc_fxval& a);
explicit sc_uint(.const sc_fxval fast& a);
explicit sc <wint( const sc_fxnumé& a );
explicitscuint( const sc_fxnum_fast& a );
sc_uint( const sc_bv_base& a);

se_uint( const sc_lv_base& a );

setwintlconst-char® g ).
SE—tHRH—conRSteatr—a—);

sc_uint( unsigned long a );
sc_uint( long a );

sc_uint( unsigned int a );
sc_uint( inta);

sc_uint( int64 a );
sc_uint( double a );

/I Assignment operators
sc_uint<W>& operator= ( uint_type v );
sc_uint<W>& operator= ( const sc_uint_base& a );
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sc_uint<W>& operator= ( const sc_uint_subref_rf& a);
sc_uint<W>& operator= ( const sc_uint<W>& a );
template <class T>

sc_uint<W>& operator= ( const sc_generic_base<T>& a );
sc_uint<W>& operator= ( const sc_signed& a );
sc_uint<W>& operator= ( const sc_unsigned& a );
sc_uint<W>& operator= ( const sc_fxval& a );
sc_uint<W>& operator= ( const sc_fxval fast& a);
sc_uint<W>& operator= ( const sc_fxnum& a );
sc_uint<W>& operator= ( const sc_fxnum_fast& a );
sc_uint<W>& operator= ( const sc_bv_base& a );

D\./_blillt ‘V‘V’ & UPC[ atUl ( bUllDt bb_}\/_bab\z& d ),
sc_uint<W>& operator= ( const char* a );
sc_uint<W>& operator= (unsigned long a );
sc_uint<W>& operator= ( long a );
sc_uint<W>& operator= (unsigned int a );
sc_uint<W>& operator= ( inta );

sc_uint<W>& operator= ( int64 a );
sc_uint<W>& operator= ( double a );

// Prefix and postfix increment and decrement operators

sc_uint<W>& operator++ (); /I Prefix
const sc_uint<W> operator++ ( int ); // Postfix
sc_uint<W>& operator-- (); /1 Prefix
const sc_uint<W> operator-- ( int ); // Postfix
¥
} // namespace sc_dt

7.5.5.3 Constraints on usage

The word length of an sc_uint object shall not be greater than the maximum word length| of an
sc_uint_base.

7.5.5.4 Constructors
sc_uinjt();

Default constructor sc_uint shall create an sc_uint object of word length specified by the tgmplate
argument W--The initial value of the object shall be 0.

templage<.class T >
sc_uinjt(\Corist sc_generic_base<T>& a );

Constructor sc_uint shall create an sc_uint object of word length specified by the template
argument. The constructor shall set the initial value of the object to the value returned from the
member function to_uint64 of the constructor argument.

The other constructors shall create an sc_uint object of word length specified by the template argument W
and value corresponding to the integer magnitude of the constructor argument. If the word length of the
specified initial value differs from the template argument, truncation or sign-extension shall be used as
described in 7.2.1.
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7.5.5.5 Assignment operators

Overloaded assignment operators shall provide conversion from SystemC data types and the native C++
integer representation to sc_uint. If the size of a data type or string literal operand differs from the sc_uint

word length, truncation or sign-extension shall be used as described in 7.2.1.
7.5.5.6 Arithmetic and bitwise operators

Operations specified in Table 7 are permitted. The following applies:
— U represents an object of type sc_uint.

— u represents an object of integer type uint type.

Table 7—sc_uint arithmetic and bitwise operations

Expression Return type Operation
U+=u sc_uint<W>& sc_uint assign sum
U-=u sc_uint<W>& sc_uint assigi difference
U*=u sc_uint<W>& sc_uint assign product
U/=u sc_uint<W>& se\wint assign quotient
U%=u sc_uint<W>& sc_uint assign remainder
U&=u sc_uint<W>& sc_uint assign bitwise and
UlFu sc_uint<W>& sc_uint assign bitwise or

A= sc_uint<W>& sc_uint assign bitwise exclusive or

U<<=u sc lunt<W>& sc_uint assign left-shift
U>>=u sc_uint<W>& sc_uint assign right-shift

Arithnjetic and bitwisé.operations permitted for C++ integer types shall be permitted for sc_uint
using fmplicit typ€.econversions. The return type of these operations is an implementation-depende
integer|.

NOTE+{An implementation is required to supply overloaded operators on sc_uint objects to satisfy the requiren
this suljclause. It is unspecified whether these operators are members of sc_uint, global operators, or provided

bbjects
ht C++

hents of
n some

other way.

7.5.6 Bit-selects

7.5.6.1 Description

Class sc_int_bitref r' represents a bit selected from an sc_int_base used as an rvalue.
Class sc_int_bitref’ represents a bit selected from an sc_int_base used as an lvalue.

Class sc_uint_bitref r' represents a bit selected from an sc_uint_base used as an rvalue.
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Class sc_uint_bitreﬁ represents a bit selected from an sc_uint_base used as an lvalue.
7.5.6.2 Class definition
namespace sc_dt {

class sc_int_bitref_rf
: public sc_value_basef

{

friend class sc_int_base;

pulptre:
/! Copy constructor
sc_int_bitref_rf( const sc_int_bitref_rf& a);

// Destructor
virtual ~sc_int_bitref r'();

/I Capacity
int length() const;

// Implicit conversion to uint64
operator uint64 () const;

bool operator! () const;

bool operator~ () const;

/! Explicit conversions
bool to_bool() const;

/I Other methods
void print( std::ostream& os = std::eeut ) const;

prdtected:
sc_int_bi tref_rf();

pripate:

// Disabled '
sc_int_bitref_rf& operator= ( const sc_int_bitref r'&);

/

class sc_int_bitreﬁ
: public sc_int_bitref_rf
{

friend class sc_int_base;

public:
/I Copy constructor '
sc_int_bitreﬁ (const sc_int bitref & a);

/I Assignment operators
sc_int_bitreﬁ & operator= ( const sc_int bitref r’'&b);
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sc_int_bitreﬁ & operator= ( const sc_int_bitreﬁ'& b);
sc_int_bitreﬁ & operator=( bool b );

sc_int_bitreﬁ & operator&= (bool b );

sc_int_bitreﬁ & operator|= ( bool b );

sc_int_bitreﬁ & operator”= (' bool b );

/I Other methods
void scan( std::istreamé& is = std::cin );

private:
sc_int_bi trefL 0;
¥

/

class s _uint_bitref_rf
: publi¢ sc_value_basJ
{

frignd class sc_uint base;

public:
/! Copy constructor
sc_uint_bitref_rf( const sc_uint_bitref_rf& a);

// Destructor
virtual ~sc_uint_bitref_r7LO;

// Capacity
int length() const;

// Implicit conversion to uint64
operator uint64 () const;

bool operator! () const;

bool operator~ () const;

// Explicit conversion$
bool to_bool() const;

// Other methods
void print()std::ostream& os = std::cout ) const;

prdtegted:
sectint bitref v ();

private:
// Disabled '
sc_uint_bitref r’ & operator= ( const sc_uint_bitref_rf& );
I
//

class sc_uint_bitreﬁ
: public sc_uint_bitref_rf

{
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friend class sc_uint base;

public:
/! Copy constructor
sc_uint_bitreﬁ'( const sc_uint_bitreﬁ &a);

/I Assignment operators

sc_uint_bitref%& operator= ( const sc_uint_bitref_rf& b);
sc_uint_bitref%& operator= ( const sc_uint_bitreﬁ &b);
sc_uint_bitref’ & operator= (bool b );

sc_uint_bitref' & operator&= ( bool b );

DL_M[‘I!L_I’J!ALI CJ .& Ul.lcl atUl i ( 1l.}\)\)‘l 1L) ),

sc_uint_bitref' & operator™= (bool b );

/I Other methods
void scan( std::istreamé& is = std::cin );

pripate:
sc_uint_bitref ();
I
} // namespace sc_dt

7.5.6.3 Constraints on usage

Bit-select objects shall only be created using the bit-seléct)operators of an sc_int_base or sc_uint_base
object [(or an instance of a class derived from sc_int_base,or sc_uint_base).

An application shall not explicitly create an instande*of any bit-select class.
An application should not declare a referenge, or pointer to any bit-select object.
It is styongly recommended that an application avoid the use of a bit-select as the return type of a fynction

because the lifetime of the object to which the bit-select refers may not extend beyond the function return
statemgnt.

Example:

sc_dt::pc_int bitrefget bit n(sc_int base i, int n) {
retprn i[n]; // Unsafe: returned bit-select references local variable

H
7.5.6.4-Assignmentoperators

Overloaded assignment operators for the Ivalue bit-selects shall provide conversion from bool values.
Assignment operators for rvalue bit-selects shall be declared as private to prevent their use by an
application.
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7.5.6.5 Implicit type conversion

operator uint64() const;

Operator uint64 can be used for implicit type conversion from a bit-select to the native C++
unsigned integer having exactly 64 bits. If the selected bit has the value '1' (true), the conversion

shall return the value 1; otherwise, it shall return 0.

bool operator! () const;
bool operator~ () const;

operator! and operator~ shall return a C++ bool value that is the inverse of the selected bit.

7.5.6.15 Other member functions

void sq

void p

int len

7.5.7
7.5.7.
Class
Class
Class
Class

7.5.7.]

an( std::istream& is = std::cin );
Member function scan shall set the value of the bit referenced by an Ivalue bitéselect. Thg
shall correspond to the C++ bool value obtained by reading the next formatted-character strin
the specified input stream (see 7.2.10).

Fint( std::ostream& os = std::cout ) const;

Member function print shall print the value of the bit referenced by the bit-select to the sp

b value
g from

ecified

output stream (see 7.2.10). The formatting shall be implenientation-defined but shall be equiivalent

to printing the value returned by member function to_beol.

bth() const;
Member function length shall unconditionally{return a word length of 1 (see 7.2.4).

Part-selects

Description
cﬁintﬁsubrefjf represents asigned integer part-select from an sc_int_base used as an rvalue.
c_int_subref represents\a signed integer part-select from an sc_int_base used as an lvalue.
c_uint_subref_r'/' represents an unsigned integer part-select from an sc_uint_base used as an 1
c_uint_subreﬂ represents an unsigned integer part-select from an sc_uint_base used as an lva

P Class definition

value.

lue.

namespace sc_dt {

class sc_int_subref_rf

{

friend class sc_int_base;
friend class sc_int_subref" ;

public:

// Copy constructor
sc_int_subref_r'/'( const sc_int_subref_rf& a);
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// Destructor
virtual ~sc_int_subref_r7LO;

/I Capacity
int length() const;

// Reduce methods

bool and_reduce() const;
bool nand_reduce() const;
bool or_reduce() const;
bool nor_reduce() const;

IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)
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UUUL' AUT_ITUutit) CULIST,

bool xnor_reduce() const;

// Implicit conversion to uint_type
operator uint_type() const;

// Explicit conversions

int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;
double to_double() const;

// Explicit conversion to character string
const std::string to_string( sc_numrep numrep;= SC_DEC ) const;
const std::string to_string( sc_numrep nunitep , bool w_prefix ) const;

/I Other methods
void print( std::ostream& os = std:ieout ) const;

protecfed:
sc | int_subref_rf();

privatd:

// Disabled

sc_int_subref_rf& operator= ( const sc_int_subref_rf& );
I
//

class sc_int_subreﬁ
: public sc_int_subref_rf
{

friend class sc_int_base;

public:
/I Copy constructor
sc_int_subreﬁ ( const sc_int_subreﬁ &a);

/I Assignment operators
sc_int_subreﬁ & operator= ( int_type v );
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prd
|5

//
class s
{

sc_int_subrefL & operator= ( const sc_int_base& a );
sc_int_subrefL & operator= ( const sc_int_subref_rf& a);
sc_int_subrefL & operator= ( const sc_int_subreﬁ &a);
template< class T >

sc_int_subrefL & operator= ( const sc_generic_base<T>& a );
sc_int_subreﬁ & operator= ( const char* a );
sc_int_subrefL & operator= (unsigned long a );
sc_int_subreﬁ & operator=( long a );

sc_int_subreﬁ & operator= (unsigned int a );
sc_int_subreﬁ & operator= ( int a);

sc_int_subreﬁ & operator= (uint64 a );

;)L_I:ILL_QMZ/I €J & UPCI atUl ( dUublb a ),
sc_int_subrefL & operator= ( const sc_signed& );
sc_int_subrefL & operator= ( const sc_unsigned& );
sc_int_subrefL & operator= ( const sc_bv_base& );
sc_int_subrefL & operator= ( const sc_lv_base& );

/I Other methods
void scan( std::istreamé& is = std::cin );

tected:
sc_int_subrefL 0;

frig
frig

pul

_uint_subref_rf

nd class sc_uint_base;
nd class sc_uint_subreﬁ ;

blic:
/I Copy constructor
sc_uint_subref_rf( const sc_uint_subref_rf& a);

// Destructor
virtual ~sc_uint_subref r();

/I Capacity
int length() const;

//NR€duce methods

bool and_reduce() const;
bool nand_reduce() const;
bool or_reduce() const;
bool nor_reduce() const;
bool xor_reduce() const;
bool xnor_reduce() const;

// Implicit conversion to uint_type
operator uint_type() const;
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/I Explicit conversions

int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;
double to_double() const;

/! Explicit conversion to character string
const std::string to_string( sc_numrep numrep = SC_DEC ) const;

IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

prq
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// Other methods
void print( std::ostreamé& os = std::cout ) const;

tected:
sc_uint_subref_l’f();

pripate:
// Disabled
sc_uint_subref r& operator= ( const sc_uint subref r& );
55
/
class s _uint_subrefL
: publi¢ sc_uint_subref_rf
{
frignd class sc_uint base;
public:

/! Copy constructor
sc_uint_subref%( const sc_uint_subreff &a);

/I Assignment operatots

sc_uint_subreﬁ & operator= (uint_type v );

sc_uint_subreﬁ & operator= ( const sc_uint base& a);
sc_uint_subreﬁ & operator= ( const sc_uint_subref r& a);
sc_uint_subreﬁ & operator= ( const sc_uint_subref& a );
template<class T>

sc_uint_subreﬁ & operator= ( const sc_generic_base<I>& a );

se tint subreﬁ & operator= ( const char* a );

sc_uint_subreﬁ & operator= (unsigned long a );
sc_uint_subreﬁ & operator=( long a );
sc_uint_subreﬁ & operator= (unsigned int a );
sc_uint_subreﬁ & operator=(int a );
sc_uint_subreﬁ & operator= ( int64 a );
sc_uint_subreﬁ & operator= ( double a );
sc_uint_subreﬁ & operator= ( const sc_signed& );
sc_uint_subreﬁ & operator= ( const sc_unsigned& );
sc_uint_subreﬁ & operator= ( const sc_bv_base& );
sc_uint_subreﬁ & operator= ( const sc_lv_base& );
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/I Other methods
void scan( std::istreamé& is = std::cin );

protected:

|5
}

sc_uint_subref'();

// namespace sc_dt

7.5.7.3 Constraints on usage

An apy

It shall
index.

part=screct—ooeets—sna onry—ocT—ccreatta—usmeg Cpart=screctoperators—or—a

_base object (or an instance of a class derived from sc_int_base or sc_uint_base), as des¢r

lication shall not explicitly create an instance of any integer part-select class.

lication should not declare a reference or pointer to any integer part-select object.

pase or

ibed in

be an error if the left-hand index of a limited-precision integer partyselect is less than the right-hand

It is stgongly recommended that an application avoid the use of a part-select as the return type of a fynction

because the lifetime of the object to which the part-select refersymay not extend beyond the functior]
statemgnt.
Example:

sc_dt::;pc_int subref get byte(sc_int base ib, intpos) {
retyirn ib(pos+7,pos); // Unsafe: returnéd part-select references local variable

}

7.5.7.4 Assignment operators

Overldaded assignment operators®shall provide conversion from SystemC data types and the natiy

integet

representation to lvalye integer part-selects. If the size of a data type or string literal operand

return

e C++
differs

from the integer part-sélect word length, truncation, zero-extension, or sign-extension shall be ysed as

descril

edin7.2.1.

Assignment operators for rvalue integer part-selects shall be declared as private to prevent their us¢ by an

applics

7.5.7 .5dmplicittype conversion

tiony

sc_int_subref_r'/'::operator uint_type() const;
sc_uint_subref_rf::operator uint_type() const;

operator int_type and operator uint_type can be used for implicit type conversion from
part-selects to the native C++ unsigned integer representation.

integer

NOTE 1—These operators enable the use of standard C++ bitwise logical and arithmetic operators with integer

part-select objects.

NOTE 2—These operators are used by the C++ output stream operator and by member functions of other data

type classes that are not explicitly overload for integer part-selects.
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7.5.7.6 Explicit type conversion

const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc_numrep numrep , bool w_prefix ) const;

Member function te_string shall perform the conversion to an std::string, as described in 7.2.11.
Calling the to_string function with a single argument is equivalent to calling the to_string function
with two arguments, where the second argument is true. Calling the to_string function with no
arguments is equivalent to calling the to_string function with two arguments, where the first
argument is SC_DEC and the second argument is true.

7.5.7.7 Other member functions

void sdan( std::istream& is = std::cin );

Member function scan shall set the values of the bits referenced by an lvalue part-select by feading
the next formatted character string from the specified input stream (see 7.2.10).

void print( std::ostreamé& os = std::cout ) const;

Member function print shall print the values of the bits referenced by, thepart-select to the specified
output stream (see 7.2.10).

int length() const;
Member function length shall return the word length ofthepart-select (see 7.2.4).
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7.6 Fi

nite-precision integer types

7.6.1 Type definitions

The following type definitions are used in the finite-precision integer type classes:

namespace sc_dt{

typedef implementation-defined int64;
typedef implementation-defined uint64;

}

int64 i

uint64]is a native C++ unsigned integer type having a word length of exactly 64 bits.

7.6.2
Overlg

expres
standa

a)

b)
¢)

d)

7.6.3
7.6.3.
Class §
argum

object

The in
precisi

$c_signed

TIATIESPAce SC_dt

5 a native C++ integer type having a word length of exactly 64 bits.

Constraints on usage

aded arithmetic and comparison operators allow finite-precision, ‘integer objects to be Y
sions following similar but not identical rules to standard C++ integer types. The differences fi
d C++ integer operator behavior are the following:

Where one operand is unsigned and the other is signed; the unsigned operand shall be convg
signed and the return type shall be signed.

The return type of a subtraction shall always be sighed.

The word length of the return type of an arithmetic operator shall depend only on the naturg
operation and the word length of its operands.

A floating-point variable or literal shallknot be directly used as an operand. It should first t
verted to an appropriate signed or unsigned integer type.

Description
c_signed represents a‘finite word-length integer. The word length shall be specified by a cons

shall be fixed:during instantiation and shall not subsequently be changed.

prsshall not depend on the limited resolution of any standard C++ integer type.

sed in
om the

rted to

of the

€ con-

tructor

bnt or, by default, .by the length context object currently in scope. The word length of an sc_jsigned

teger-vatue shall be stored with a finite precision determined by the specified word length. The

sc_signed is the base class for the s¢_bigint class template.

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

-210-

7.6.3.2 Class definition

namespace sc_dt {

class sc_signed

: public sc_value base

{

+

friend class sc_concatrefL ;

friend class sc_signed_bitref_rf;
friend class sc_signed_bitreﬁ ;
friend class sc_signed_subref_rf;

IEC 61691-7:2009(E)
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frig
frig

pul

1 1 . L L
IV UIASS DL_QLSILCM_;)MUI Cj )
nd class sc_unsigned;
nd class sc_unsigned_subref;

blic:

// Constructors

explicit sc_signed( int nb =sc_length_param().len() );
sc_signed( const sc_signed& v );

sc_signed( const sc_unsigned& v );

template<class T>

explicit sc_signed( const sc_generic_base<T>& v );
explicit sc_signed( const sc bv_base& v );

explicit sc_signed( const sc_Iv_base& v );

explicit sc_signed( const sc_int_subref r& v );
explicit sc_signed( const sc_uint subref r& v );
explicit sc_signed( const sc_signed subref r& v);
explicit sc_signed( const sc_unsigned subref<r& v );

/I Assignment operators

sc_signed& operator= ( const sc_signed& v );
sc_signed& operator= ( const sc_signed_subref_rf& a);
template< class T >

sc_signed& operator= ( const'sc_generic_base<T>& a );
sc_signed& operator=,( const sc_unsigned& v );
sc_signed& operator=- const sc_unsigned_subref_rf& a);
sc_signed& operator= ( const char* v );

sc_signed& operator= ( int64 v );

sc_signed& opeérator= (uint64 v );

sc_signed& operator= ( long v );

sc_signed& operator= ( unsigned long v );

s¢/ signed& operator= (int v );

so.s1igned& operator= ( unsigned int v );

sc_signed& operator= ( double v );

sc_signed& operator= ( const sc_int_base& v );
sc_signed& operator= ( const sc_uint_base& v );
sc_signed& operator= ( const sc_bv_base& );
sc_signed& operator= ( const sc_lv_base& );
sc_signed& operator= ( const sc_fxval& );
sc_signed& operator= ( const sc_fxval fast& );
sc_signed& operator= ( const sc_fxnum& );
sc_signed& operator= ( const sc_fxnum_fast& );
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// Destructor
~sc_signed();

// Increment operators.
sc_signed& operator++ ();
const sc_signed operator++ ( int );

// Decrement operators.
sc_signed& operator-- ();
const sc_signed operator-- ( int );

- Bit Db}\/bti\)ll
sc_signed_bitref’ operator|[] (inti);
sc_signed_bitref_rf operator|[] (inti) const;

// Part selection

sc_signed_subreﬁ. range(inti, intj);
sc_signed_subref_rf range( inti, intj ) const;
sc_signed_subreﬁ' operator() (inti, intj);
sc_signed_subref_rf operator() (inti, intj ) const;

/I Explicit conversions

int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;
double to_double() const;

/! Explicit conversion to character string
const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc.fivmrep numrep, bool w_prefix ) const;

// Print functions
void print( std::ostream& os = std::cout ) const;
void scan( std::istréamé& is = std::cin );

// Capacity,
int length() const;

// Reduce methods
bool and reduce() const;

bool nand_reduce() const;
bool or_reduce() const;
bool nor_reduce() const;
bool xor_reduce() const;
bool xnor_reduce() const;

// Overloaded operators

} // namespace sc_dt
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7.6.3.3 Constraints on usage

An object of type sc_signed shall not be used as a direct replacement for a C++ integer type, since no
implicit type conversion member functions are provided. An explicit type conversion is required to pass the
value of an sc_signed object as an argument to a function expecting a C++ integer value argument.

7.6.3.4 Constructors

explicit sc_signed( int nb =sc_length_param().len() );
Constructor sc_signed shall create an sc_signed object of word length specified by nb. This is the

default constructor when nb is not specified (in which case its value is set by the current length
confext). The initial value of the object shall be U.

templajte< class T >
sc_signed( const sc_generic_base<T>& a );

Constructor sc_signed shall create an sc_signed object with a word length matching the congtructor
argument. The constructor shall set the initial value of the object to the\value returned frpm the
member function to_sc_signed of the constructor argument.

The other constructors create an sc_signed object with the same word léngth and value as the constfuctor
argument.

7.6.3.9 Assignment operators

Overldaded assignment operators shall provide conversion from SystemC data types and the natiye C++
integey representation to sc_signed, using truncation ersign-extension as described in 7.2.1.

7.6.3.6 Explicit type conversion

const §td::string to_string( sc_numrep numtep = SC_DEC ) const;
const §td::string to_string( sc_numrep numrep, bool w_prefix ) const;

Member function to_string shall perform conversion to an std::string representation, as degcribed
in 7.2.11. Calling the to_string function with a single argument is equivalent to calling the to |string
function with two arguments, where the second argument is true. Calling the to_string fynction
with no arguments'is.equivalent to calling the to_string function with two arguments, where the first
argument is SC DEC and the second argument is true.

7.6.3.7 Arithmetic, bitwise, and comparison operators

OperaTons spéecified in Table 8, Table 9, and Table 10 are permitted. The following applies:

S'tepresents an object of type s¢ signed.

— U represents an object of type sc_unsigned.

— i represents an object of integer type int, long, unsigned int, unsigned long, sc_signed,
sc_unsigned, sc_int_base, or sc_uint_base.

— s represents an object of signed integer type int, long, sc_signed, or sc_int_base.
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The operands may also be of any other class that is derived from those just given.

Table 8—sc_signed arithmetic operations

Expression Return type Operation
S+i sc_signed sc_signed addition
i+S sc_signed sc_signed addition
U+s sc_signed addition of sc_unsigned and signed
st U sc_signed addition of signed and sc_unsigned
S=i sc_signed& sc_signed assign sum
Sti sc_signed sc_signed subtraction
i4S sc_signed sc_signed subtraction
Ul-i sc_signed sc_unsigned subtraction
i{U sc_signed sc_unsigned subtraction
St=i sc_signed& sc_signedsassign difference
Sfi sc_signed sc_signed multiplication
1S sc_signed schysigned multiplication
Ul*s sc_signed multiplication of sc_unsigned by signed
stU sc_signed multiplication of signed by sc_unsigned
Sf=1 sc_signed& sc_signed assign product
Sfi sc_signed sc_signed division
i/S sc ‘signed sc_signed division
Ul/s sc_signed division of sc_unsigned by signed
s{U sc_signed division of signed by sc_unsigned
St=1 sc_signed& sc_signed assign quotient
Spoi sc_signed sc_signed remainder
i %0S sc_signed sc_signed remainder
U%s sc_signed remainder of sc_unsigned with signed
s% U sc_signed remainder of signed with sc_unsigned
S %=1 sc_signed& sc_signed assign remainder
+S sc_signed sc_signed unary plus
-S sc_signed sc_signed unary minus
-U sc_signed sc_unsigned unary minus
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If the result of any arithmetic operation is zero, the word length of the return value shall be set by the
sc_length_context in scope. Otherwise, the following rules apply:

Addition shall return a result with a word length that is equal to the word length of the longest oper-
and plus one.

Multiplication shall return a result with a word length that is equal to the sum of the word lengths of
the two operands.

Remainder shall return a result with a word length that is equal to the word length of the shortest
operand.

All other arithmetic operators shall return a result with a word length that is equal to the word length
of the longest operand.

Table 9—sc_signed bitwise operations
Expression Return type Operation

5 & i sc_signed sc_signed bitwise and

&S sc_signed sc_signed bitwise and
J & s sc_signed sc_unsigned bitwise and signed
b & U sc_signed signed bitwise and sc_unsigned
B &= 1 sc_signed& sc ¢Signed assign bitwise and
S | 1 sc_signed sc signed bitwise or

|S sc_signed sc_signed bitwise or
U |s sc_signed sc_unsigned bitwise or signed
5 | U sc_signed signed bitwise or sc_unsigned
S |=1 sc_signed& sc_signed assign bitwise or
8 A i se_signed sc_signed bitwise exclusive or

~S sc_signed sc_signed bitwise exclusive or
s sc_signed sc_unsigned bitwise exclusive or signed
5 U sc_signed sc_unsigned bitwise exclusive or signed
S =1 sc_signed& sc_signed assign bitwise exclusive or
<< sc_signed sc_signed left-shift
U<<S sc_unsigned sc_unsigned left-shift
S<<=i sc_signed& sc_signed assign left-shift
S>>i sc_signed sc_signed right-shift
U>>S sc_unsigned sc_unsigned right-shift
S>>=i sc_signed& sc_signed assign right-shift
~S sc_signed sc_signed bitwise complement
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Binary bitwise operators shall return a result with a word length that is equal to the word length of the
longest operand.

The left shift operator shall return a result with a word length that is equal to the word length of its sc_signed
operand plus the right (integer) operand. Bits added on the right-hand side of the result shall be set to zero.

The right shift operator shall return a result with a word length that is equal to the word length of its
sc_signed operand. Bits added on the left-hand side of the result shall be set to the same value as the left-
hand bit of the sc_signed operand (a right-shift preserves the sign).

The behavior of a shift operator is undefined if the right operand is negative.

Table 10—sc_signed comparison operations
Expression Return type Operation

S=i bool test equal

i== bool test equal

Sl=i bool test'not equal

i!=S bool test not equal

S<i bool test less than

i<S bool test less than

S<=i bool test less than or equal

i<=S bool test less than or equal

S>i bool test greater than

i>8S bool test greater than

S>=i bool test greater than or equal

i>=S bool test greater than or equal
NOTE-An ifhplementation is required to supply overloaded operators on sc_signed objects to satisfy the requitements
of this fubClapse. It is unspecified whether these operators are members of sc_signed, global operators, or proyided in
some other way.

7.6.3.8 Other member functions

void scan( std::istreamé& is = std::cin );
Member function scan shall set the value by reading the next formatted character string from the
specified input stream (see 7.2.10).

void print( std::ostream& os = std::cout ) const;

Member function print shall write the value as a formatted character string to the specified output
stream (see 7.2.10).
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int length() const;
Member function length shall return the word length (see 7.2.4).

7.6.4 sc_unsigned
7.6.4.1 Description
Class sc_unsigned represents a finite word-length unsigned integer. The word length shall be specified by a

constructor argument or, by default, by the length context currently in scope. The word length of an
sc_unsigned object is fixed during instantiation and shall not be subsequently changed.

The integer value shall be stored with a finite precision determined by the specified word lengtL-x. The
precisipn shall not depend on the limited resolution of any standard C++ integer type.

sc_undigned is the base class for the s¢_biguint class template.
7.6.4.2 Class definition
namespace sc_dt {

class sf_unsigned

: publi¢ Sc_value_basef

{
frignd class sc_concatrefL ;
frignd class sc_unsigned_bitref_rf;
frignd class sc_unsigned_bitreﬁ ;
frignd class sc_unsigned_subref_rf;
frignd class sc_unsigned_subreﬁ ;
frignd class sc_signed;
frignd class sc_signed_subreﬁ ;

public:

/I Constructors

explicit sc_unsigned(int nb = sc_length_param().len() );
sc_unsigned( const s¢ ‘unsigned& v );

sc_unsigned( consfsc_signed& v );

template<class >

explicit se-unsigned( const sc_generic_base<T>& v );
explicit\se“unsigned( const sc_bv_base& v );
explicit'sc_unsigned( const sc_lv_base& v );

explicit sc_unsigned( const sc_int_subref r& v );
Txpticitscumsigned( const scumtsubref T8v);
explicit sc_unsigned( const sc_signed subref r& v);
explicit sc_unsigned( const sc_unsigned subref r& v );

/I Assignment operators

sc_unsigned& operator= ( const sc_unsigned& v);
sc_unsigned& operator= ( const sc_unsigned_subref_rf& a);
template<class T>

sc_unsigned& operator= ( const sc_generic_base<T>& a );
sc_unsigned& operator= ( const sc_signed& v );
sc_unsigned& operator= ( const sc_signed_subref_rf& a);
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sc_unsigned& operator= ( const char* v);
sc_unsigned& operator= ( int64 v );
sc_unsigned& operator= ( uint64 v );
sc_unsigned& operator= ( long v );

sc_unsigned& operator= ( unsigned long v );
sc_unsigned& operator= (int v );

sc_unsigned& operator= ( unsigned int v );
sc_unsigned& operator= ( double v );
sc_unsigned& operator= ( const sc_int_base& v );
sc_unsigned& operator= ( const sc_uint_base& v );
sc_unsigned& operator= ( const sc_bv_base& );

Db_ullbisll\zd& UPCI atUl ( \./Ullbt Db_}V_‘lJaDL«& ),
sc_unsigned& operator= ( const sc_fxval& );
sc_unsigned& operator= ( const sc_fxval fast& );
sc_unsigned& operator= ( const sc_fxnum& );
sc_unsigned& operator= ( const sc_fxnum_fast& );

// Destructor
~sc_unsigned();

// Increment operators
sc_unsigned& operator++ ();
const sc_unsigned operator++ (int );

// Decrement operators
sc_unsigned& operator-- ();
const sc_unsigned operator-- ( int) ;

// Bit selection
sc_unsigned_bitref7L operator|[] (inti);
sc_unsigned_bitref_rf operator[] (int 1) const;

// Part selection

sc_unsigned_subreﬁ rangé (inti, intj);
sc_unsigned_subref_rf range( int i, intj ) const;
sc_unsigned_subreﬁ operator() (inti, intj);
sc_unsigned_subref_rf operator() (inti, intj ) const;

/I Explicit eonversions

int to_int())Const;

unsigniedint to_uint() const;
lorig:te_long() const;

unsigned long to ulong() const;

int64 to_int64() const;
uint64 to_uint64() const;
double to_double() const;

/! Explicit conversion to character string
const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc_numrep numrep, bool w_prefix ) const;

// Print functions
void print( std::ostreamé& os = std::cout ) const;
void scan( std::istream& is = std::cin );
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/I Capacity
int length() const; // Bit width

// Reduce methods

bool and_reduce() const;
bool nand_reduce() const;
bool or_reduce() const;
bool nor_reduce() const;
bool xor_reduce() const;
bool xnor_reduce() const;

1
}

7.6.4.3 Constraints on usage

An ob
implic
value

7.6.4.4 Constructors

explicit sc_unsigned( int nb = sc_length param().len() );

templa
sc_ung

The ot
tor arg

7.6.4.

// Overloaded operators

// namespace sc_dt

the default constructor when nb is not speeified (in which case its value is set by the current
context). The initial value shall be 0.

te< class T >

igned( const sc_generic_basessI>& a );
Constructor sc_unsigned.shall create an sc_unsigned object with a word length matchi
constructor argumenti;The constructor shall set the initial value of the object to the value r¢
from the member-function to_sc_unsigned of the constructor argument.

her constructors create an sc_unsigned object with the same word length and value as the co
iment.

b-Assignment operators

7:2009(E)
IEEE Std 1666-2005(E)

ect of type sc_unsigned may not be used as a direct replacement\for a C++ integer type since no
t type conversion member functions are provided. An explicit type conversion is required to pass the
f an sc_unsigned object as an argument to a function expecting a C++ integer value argument.

Constructor sc_unsigned shall create an sc_unsigned object of word length specified by nb. [This is

length

ng the
turned

struc-

Overloaded assignment operators shall provide conversion from SystemC data types and the native C++
integer representation to sc_unsigned, using truncation or sign-extension as described in 7.2.1.

7.6.4.6 Explicit type conversion

const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc_numrep numrep, bool w_prefix ) const;

Member function to_string shall perform the conversion to an std::string, as described in

7.2.11.

Calling the to_string function with a single argument is equivalent to calling the to_string function
with two arguments, where the second argument is true. Calling the to_string function with no
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arguments is equivalent to calling the to_string function with two arguments, where the first
argument is SC_DEC and the second argument is true.

7.6.4.7 Arithmetic, bitwise, and comparison operators

Operations specified in Table 11, Table 12, and Table 13 are permitted. The following applies:
— S represents an object of type sc_signed.
— U represents an object of type sc_unsigned.

— i represents an object of integer type int, long, unsigned int, unsigned long, sc_signed,
sc_unsigned, sc_int_base, or sc_uint_base.

— | u represents an object of unsigned integer type unsigned int, unsigned long, sc_unsigned, or
sc_uint_base.
The ofjerands may also be of any other class that is derived from those just given.
Table 11—sc_unsigned arithmetic operations
Expression Return type Operation

U +u sc_unsigned sc_unsigfied addition
L+ U sc_unsigned sc_unsigned addition
U +s sc_signed addition of sc_unsigned and signed
5+ U sc_signed addition of signed and sc_unsigned
U +=1 sc_unsigned& sc_unsigned assign sum
U -1 sc_signéd sc_unsigned subtraction

-U sc_gigned sc_unsigned subtraction
J =1 sc_unsigned& sc_unsigned assign difference
[J *u sc_unsigned sc_unsigned multiplication
L * U sc_unsigned sc_unsigned multiplication
[J * s sc_signed multiplication of sc_unsigned by signed

] scsigned multiplication of signed by sc unsigned
U *=i sc_unsigned& sc_unsigned assign product
U/u sc_unsigned sc_unsigned division
u/U sc_unsigned sc_unsigned division
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Table 11—sc_unsigned arithmetic operations (continued)

Expression Return type Operation

U/s sc_signed division of sc_unsigned by signed
s/U sc_signed division of signed by sc_unsigned
U/=i sc_unsigned& sc_unsigned assign quotient
U%u sc_unsigned sc_unsigned remainder

%U sc_unsigned sc_unsigned remainder
U % s sc_signed remainder of sc_unsigned with signed
5 % U sc_signed remainder of signed with sc_unsigned
U %=1 sc_unsigned& sc_unsigned assign remaitider
U sc_unsigned sc_unsigned unary plus
U sc_signed sc_unsigned unary minus

If the fesult of any arithmetic operation is zero, the word length of the return value shall be set|[by the
sc_lenpth_context in scope. Otherwise, the following rules. apply:

— | Addition shall return a result with a word length¢that is equal to the word length of the longest oper-

and plus one.

— | Multiplication shall return a result with aword length that is equal to the sum of the word lenigths of

the two operands.

— |Remainder shall return a result with-a word length that is equal to the word length of the shortest

operand.

— | All other arithmetic operatots shall return a result with a word length that is equal to the word| length

of the longest operand.
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Table 12—sc_unsigned bitwise operations

Expression Return type Operation
U&u sc_unsigned sc_unsigned bitwise and
u&U sc_unsigned sc_unsigned bitwise and
U&ks sc signed sc unsigned bitwise and signed
& U sc_signed signed bitwise and sc_unsigned
U &=i sc_unsigned& sc_unsigned assign bitwise and
Ulu sc_unsigned sc_unsigned bitwise or
y|U sc_unsigned sc_unsigned bitwise or
Uls sc_signed sc_unsigned bitwise or signed
4| U sc_signed signed bitwise or sc_unsigned
V=i sc_unsigned& sc_tnsigned assign bitwise or
U u sc_unsigned s¢_unsigned bitwise exclusive or
Yy~ U sc_unsigned sc_unsigned bitwise exclusive or
Wrs sc_signed sc_unsigned bitwise exclusive or signed
4§~ U sc_signed sc_unsigned bitwise exclusive or signed
U =i sc~unsigned& sc_unsigned assign bitwise exclusive or
V<<i s¢_unsigned sc_unsigned left-shift
J<<U sc_signed sc_signed left-shift
P <<=i sc_unsigned& sc_unsigned assign left-shift
W>>1i sc_unsigned sc_unsigned right-shift
§ > sc_signed sc_signed right-shift
U>>=i sc_unsigned& sc_unsigned assign right-shift
~U sc_unsigned sc_unsigned bitwise complement

Binary bitwise operators shall return a result with a word length that is equal to the word length of the
longest operand.

The left shift operator shall return a result with a word length that is equal to the word length of its
sc_unsigned operand plus one. The bit on the right-hand side of the result shall be set to zero.
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The right shift operator shall return a result with a word length that is equal to the word length of its
sc_unsigned operand. The bit on the left-hand side of the result shall be set to zero.

Table 13—sc_unsigned comparison operations

NOTEA

or prov

7.6.4.8 Other member functions

void sq

void p

Expression Return type Operation
U==i bool test equal
i== bool test equal
Ul=i bool test not equal
il=U bool test not equal
U<i bool test less than
i<u bool test less than
U<=i bool test less than or equal
i<=U bool test'less than or equal
U>i bool test greater than
i>U bool test greater than
U>=i bool test greater than or equal
i>=U bool test greater than or equal

ded in some other way.

an( std::istream& is = std::cin );

Fint(/std::ostream& os = std::cout ) const;

Member fanction scan shall set the value by reading the next formatted character string fi|
specified input stream (see 7.2.10).

—An implementation is required td-supply overloaded operators on sc_unsigned objects to satisfy the
requirements of this subclause. It is unspecified whether these operators are members of sc_unsigned, global op

crators,

bm the

Member function print shall write the value as a formatted character string to the specified output

stream (see 7.2.10).

int length() const;

Member function length shall return the word length (see 7.2.4).
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7.6.5 sc_bigint
7.6.5.1 Description

Class template sc_bigint represents a finite word-length signed integer. The word length shall be specified
by a template argument. The integer value shall be stored with a finite precision determined by the specified
word length. The precision shall not depend on the limited resolution of any standard C++ integer type.

Any public member functions of the base class sc_signed that are overridden in class sc_bigint shall have
the same behavior in the two classes. Any public member functions of the base class not overridden in this
way shall be publicly inherited by class sc¢_bigint. The operations specified in 7.6.3.7 are permitted for

Obj ects Uf t'ypu a\,_big;ut.
7.6.5.2 Class definition
namespace sc_dt {

templafte< int W >

class s¢_bigint

: publi¢ sc_signed

{
public:

// Constructors

sc_bigint();

sc_bigint( const sc_bigint<W>& v );

sc_bigint( const sc_signed& v );

sc_bigint( const sc_signed_subreﬁ &Vv);

template< class T >

sc_bigint( const sc_generic_base<T>& a );

sc_bigint( const sc_unsigned& v );

sc_bigint( const sc_unsigned_subreﬁ &V);

sc_bigint( const char* v );

sc_bigint( int64 v );

sc_bigint( uint64 v );

sc_bigint( long v );

sc_bigint( unsignedlong v );

sc_bigint( int v );

sc_bigint( unsigned int v );

sc_bigint(.double v );

sc_bigint('const sc_bv_base& v );

sc_bigint( const sc_lv_base& v );

explicit sc_bigint( const sc_fxval& v );

explicit sc¢_bigint( const sc fxval fast& v);

explicit sc_bigint( const sc_fxnumé& v );

explicit sc_bigint( const sc_fxnum_fast& v );

// Destructor
~sc_bigint();

/I Assignment operators

sc_bigint<W>& operator= ( const sc_bigint<W>& v );
sc_bigint<W>& operator= ( const sc_signed& v );
sc_bigint<W>& operator= (const sc_signed_subreﬁ &Vv);
template< class T >
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sc_bigint<W>& operator= ( const sc_generic_base<T>& a );
sc_bigint<W>& operator= ( const sc_unsigned& v );
sc_bigint<W>& operator= ( const sc_unsigned_subreﬁ'& v);
sc_bigint<W>& operator= ( const char* v );

sc_bigint<W>& operator= ( int64 v );

sc_bigint<W>& operator= (uint64 v );

sc_bigint<W>& operator= ( long v );

sc_bigint<W>& operator= (unsigned long v );
sc_bigint<W>& operator= ( int v );

sc_bigint<W>& operator= (unsigned int v );
sc_bigint<W>& operator= ( double v );

};
}
7.6.5.

An obj
type ¢

an sc_bigint object as an argument to a function expecting a C++ integer value argument.

7.6.5.4

sc_big

templa
sc_big

Db_‘l.}isillt ‘V‘VT & UPCI atUl ( \./Ullb‘l: D\/_1U v_‘uaau& v ),
sc_bigint<W>& operator= ( const sc_lv_base& v );
sc_bigint<W>& operator= ( const sc_int base& v );
sc_bigint<W>& operator= ( const sc_uint base& v );
sc_bigint<W>& operator= ( const sc_fxval& v );
sc_bigint<W>& operator= ( const sc_fxval fast& v );
sc_bigint<W>& operator= ( const sc_fxnum& v );
sc_bigint<W>& operator= ( const sc_fxnum_fast& v );

// namespace sc_dt
B Constraints on usage

ect of type sc_bigint may not be used as a direct replacement for a C++ integer type, since no i
nversion member functions are provided. An explicit type conversion is required to pass the v

i Constructors

int();
Default constructor sc_bigint shall create an sc_bigint object of word length specified
template argument W and-shall set the initial value to 0.

te< class T >
int( const sc~generic_base<T>& a );

Constructor’ sc_bigint shall create an sc_bigint object of word length specified by the te
argumnient. The constructor shall set the initial value of the object to the value returned fr
member function to_sc_signed of the constructor argument.

mplicit
alue of

by the

mplate
bm the

Other constructors shall create an s¢_bigint object of word length specified by the template argument W and
value corresponding to the integer magnitude of the constructor argument. If the word length of the specified
initial value differs from the template argument, truncation or sign-extension shall be used as described in

7.2.1.

NOTE—Most of the constructors can be used as implicit conversions from fundamental types or SystemC data types to
sc_bigint. Hence a function having an sc_bigint parameter can be passed a floating-point argument, for example, and
the argument will be implicitly converted. The exceptions are the conversions from fixed-point types to sc_bigint, which
must be called explicitly.
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7.6.5.5 Assignment operators

Overloaded assignment operators shall provide conversion from SystemC data types and the native C++
integer representation to sc_bigint, using truncation or sign-extension as described in 7.2.1.

7.6.6 sc_biguint
7.6.6.1 Description

Class template sc_biguint represents a finite word-length unsigned integer. The word length shall be
specified by a template argument. The integer value shall be stored with a finite precision determined by the

ified 11 T . 1ol o 1 oo lemmibad Lok £ tamdard-E+int
Speciiiparwora reng i Trc precrston snatt ot acpenaon e mmtea resortron o any standara-C—nicger

type.

Any pyiblic member functions of the base class sc_unsigned that are overridden in clasg sc \biguint shall
have the same behavior in the two classes. Any public member functions of the base class-not overrididen in
this wgy shall be publicly inherited by class sc_biguint. The operations specified in 7%64.7 are permifted for
objectq of type sc_biguint.

7.6.6.2 Class definition
namespace sc_dt {

templafte< int W >

class s¢_biguint

: publif sc_unsigned

{
public:

// Constructors

sc_biguint();

sc_biguint( const sc_biguint<W>& w);

sc_biguint( const sc_unsigned& v );

sc_biguint( const sc_unsigned Gsubref & v );

template< class T >

sc_biguint( const sc_generic base<T>& a );

sc_biguint( const sc-Signed& v );

sc_biguint( const sc_signed_subreﬁ &v);

sc_biguint( constchar* v );

sc_biguint(int64 v );

sc_biguint( uint64 v );

sc_biguint( long v );

s¢/ biguint( unsigned long v );

se.biguint( int v );

sc_biguint( unsigned int v );

sc_biguint( double v );

sc_biguint( const sc_bv_base& v );

sc_biguint( const sc_lv_base& v);

explicit sc_biguint( const sc_fxval& v );

explicit sc_biguint( const sc_fxval fast& v );

explicit sc_biguint( const sc_fxnum& v );

explicit sc_biguint( const sc_fxnum_fast& v );

// Destructor
~sc_biguint();
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/I Assignment operators

sc_biguint<W>& operator= ( const sc_biguint<W>& v );
sc_biguint<W>& operator= ( const sc_unsigned& v );
sc_biguint<W>& operator= ( const sc_unsigned_subreﬁ'& v);
template< class T >

sc_biguint<W>& operator= ( const sc_generic_base<T>& a );
sc_biguint<W>& operator= ( const sc_signed& v );
sc_biguint<W>& operator= ( const sc_signed_subreﬁ &v);
sc_biguint<W>& operator= ( const char* v );
sc_biguint<W>& operator= ( int64 v );

bu_‘uisuiut ‘V‘V’ & UPC[ atUl ( uiut()—/‘r A4 ),

sc_biguint<W>& operator= ( long v );

sc_biguint<W>& operator= ( unsigned long v );
sc_biguint<W>& operator= (int v );

sc_biguint<W>& operator= ( unsigned int v );
sc_biguint<W>& operator= ( double v );

sc_biguint<W>& operator= ( const sc bv_base& v );
sc_biguint<W>& operator= ( const sc_lv_base& v );
sc_biguint<W>& operator= ( const sc_int base& v );
sc_biguint<W>& operator= ( const sc_uint_base& v );
sc_biguint<W>& operator= ( const sc_fxval& v );
sc_biguint<W>& operator= ( const sc_fxval fast& v);
sc_biguint<W>& operator= ( const sc_fxnum& v );
sc_biguint<W>& operator= ( const sc_fxnum_fast&w );

55
} // namespace sc_dt

7.6.6.3 Constraints on usage
An object of type sc_biguint may not be*used as a direct replacement for a C++ integer type, sipce no
implic]t type conversion member functions are provided. An explicit type conversion is required to plass the
value ¢f an sc_biguint object as an argument to a function expecting a C++ integer value argument.

7.6.6.4 Constructors

sc_biguint();
Default constructor sc_biguint shall create an sc_biguint object of word length specified |by the
template.argument W and shall set the initial value to 0.

template<olass T >
sc_biguint( const sc_generic base<I>& a ),

Constructor shall create an sc_biguint object of word length specified by the template argument.
The constructor shall set the initial value of the object to the value returned from the member
function to_sc_unsigned of the constructor argument.

The other constructors shall create an sc_biguint object of word length specified by the template argument
W and value corresponding to the integer magnitude of the constructor argument. If the word length of the
specified initial value differs from the template argument, truncation or sign-extension shall be used as
described in 7.2.1.
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NOTE—Most of the constructors can be used as implicit conversions from fundamental types or SystemC data types to
sc_biguint. Hence a function having an sc_biguint parameter can be passed a floating-point argument, for example, and
the argument will be implicitly converted. The exceptions are the conversions from fixed-point types to sc_biguint,
which must be called explicitly.

7.6.6.5 Assignment operators

Overloaded assignment operators shall provide conversion from SystemC data types and the native C++
integer representation to sc_biguint, using truncation or sign-extension, as described in 7.2.1.

7.6.7 Bit-selects

7.6.7.1 Description

Class sc_signed_bitref_r./' represents a bit selected from an sc_signed used as an rvalue.
Class c_signed_bitref represents a bit selected from an sc_signed used as an Ivalue.

Class c_unsigned_bitref_r'/' represents a bit selected from an sc_unsigned used as ‘an rvalue.
Class c_unsigned_bitreﬂ' represents a bit selected from an sc_unsigned used as an Ivalue.
7.6.7.2 Class definition

namespace sc_dt {

class s _signed_bitref_rf

: publi¢ sc_value_basef

{

frignd class sc_signed;
frignd class sc_signed_bitre}d' ;

public:
/I Copy constructor
sc_signed_bitref_rf( const sc_signed_bitref_r-/'& a);

// Destructor
virtual ~sc_signed_bitref_r%();

/I Capacity
int length() const;

/[dAmplicit conversion to uint64

Loperatoruinté4-O-const:
MLV i

bool operator! () const;

bool operator~ () const;

/I Explicit conversions
bool to_bool() const;

/I Other methods
void print( std::ostreamé& os = std::cout ) const;
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protected:
sc_signed_bitref 1 ();

private:
// Disabled
sc_signed_bitref_rf& operator= ( const sc_signed_bitref_rf& );
I
//

class sc_signed_bitreﬁ

. publl ST igncu’_l/[u C‘/[_I

{

frignd class sc_signed;

public:
/! Copy constructor
sc_signed_bitref{'( const sc_signed_bitreﬁ &a);

/I Assignment operators

sc_signed_bitref%& operator= ( const sc_signed_bitref_rf& );
sc_signed_bitref%& operator= ( const sc_signed_bitreﬁ &);
sc_signed_bitref' & operator= ( bool );

sc_signed_bitref' & operator&= ( bool );
sc_signed_bitref' & operator|= ( bool );
sc_signed_bitref' & operator”= ( bool );

/I Other methods
void scan( std::istreamé& is = std::cin );

prqtected:
sc_signed_bitref'();
¥

/

class s _unsigned_bitref_rf
: publif sc_value base"
{

frignd class-sc_unsigned;

publie:
/! Copy constructor '
sc_unsigned_bitref_rf( const sc_unsigned_bitref r'& a);

// Destructor
virtual ~sc_unsigned_bitref_rf();

// Capacity
int length() const;

// Implicit conversion to uint64
operator uint64 () const;
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bool operator! () const;
bool operator~ () const;

/I Explicit conversions
bool to_bool() const;

/I Other methods
void print( std::ostream& os = std::cout ) const;

protected:
sc_unsigned_bi tref_rf();

pripate:
// Disabled
sc_unsigned_bitref_rf& operator= ( const sc_unsigned_bitref_rf& );

|5

/l

class s _unsigned_bitref%
: publi¢ sc_unsigned_bitref_rf
{

frignd class sc_unsigned;

public:
/! Copy constructor
sc_unsigned_bitreﬁ ( const sc_unsigned_bitreﬁ'& a);

/I Assignment operators

sc_unsigned_bitreﬁ & operator= ( const sc_unsigned_bitref_rf& );
sc_unsigned_bitreﬁ & operator= ( const sc_unsigned_bitreﬁ &);
sc_unsigned_bitreﬁ & operator= ( bool );

sc_unsigned_bitreﬁ & operator&= ( bool );
sc_unsigned_bitreﬁ & gperator|= ( bool );
sc_unsigned_bitreﬁ &operator”= ( bool );

/I Other methods
void scan('std::istream& is = std::cin );

prqtested:
sevunsigned bitreﬁ 0);

¥
} // namespace sc_dt
7.6.7.3 Constraints on usage

Bit-select objects shall only be created using the bit-select operators of an sc_signed or sc_unsigned object
(or an instance of a class derived from sc_signed or sc_unsigned).

An application shall not explicitly create an instance of any bit-select class.
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An application should not declare a reference or pointer to any bit-select object.

It is strongly recommended that an application avoid the use of a bit-select as the return type of a function
because the lifetime of the object to which the bit-select refers may not extend beyond the function return
statement.

Example:

sc_dt::sc_signed bitref get bit n(sc_signed iv, int n) {
return iv[n]; // Unsafe: returned bit-select references local variable

}

7.6.7 .4

Overld
Assign
applics

7.6.7.

Ll Assignment operators
aded assignment operators for the lvalue bit-selects shall provide conversion ffom”bool
ment operators for rvalue bit-selects shall be declared as private to prevent”their use

tion.

b Implicit type conversion

operafor uint64 () const;

operator uint64 can be used for implicit type conversion ftom a'bit-select to a native C++ ur
integer having exactly 64 bits. If the selected bit has the ¥alue '1' (true), the conversion shal
the value 1; otherwise, it shall return 0.

bool 0£erat0r! () const;

bool o

erator~ () const;

operator! and operator~ shall return a G+ bool value that is the inverse of the selected bit.

7.6.7.6 Other member functions

void sq

void p

an( std::istreamé& is = std::cin);
Member function scan shall set the value of the bit referenced by an Ivalue bit-select. Thg

shall correspond to the\€++ bool value obtained by reading the next formatted character strin
the specified input(sticam (see 7.2.10).

Fint( std::ostteam& os = std::cout ) const;

Member function print shall print the value of the bit referenced by the bit-select to the sp

té printing the value returned by member function to_bool.

values.
by an

signed
return

b value
g from

ecified

outputsstream (see 7.2.10). The formatting shall be implementation-defined but shall be equivalent

int length() const;

Member function length shall unconditionally return a word length of 1 (see 7.2.4).
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7.6.8 Part-selects

7.6.8.1 Description

Class sc_signed_subref_rf represents a signed integer part-select from an sc_signed used as an rvalue.

Class sc_signed_subreﬂ represents a signed integer part-select from an sc_signed used as an lvalue.

Class sc_unsigned_subref_rf represents an unsigned integer part-select from an sc_unsigned used as an

rvalue.

Class

Ivalue.
7.6.8.
names
class s

: publi
{

frig
frig

pul

P Class definition
pace sc_dt {

_signed_subref_rf
C sc_value_basef

nd class sc_signed;
nd class sc_unsigned;

blic:
/I Copy constructor
sc_signed_subref_rf( const sc_signed_subref_rf& a);

// Destructor
virtual ~sc_unsigned_subref_rf();

/I Capacity
int length() const;

// Implicit conversion tg sc. unsigned
operator sc_unsigned:() const;

// Explicit conversions

int to_int()/const;

unsigned 1nt'to_uint() const;
long te-long() const;

unsigned long to_ulong() const;

mt64 to int64() const;

. L L % - ot . 1 PR o M 2l
C Mlh)lzgllcu JMUICJ llel\/D\/lll,D all ullbléllbu Jlltbébl lJall,—b\/lL/\/l ITUILIT all ST uualgucu UusS\L

uint64 to_uint64() const;
double to_double() const;

// Explicit conversion to character string
const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc_numrep numrep, bool w_prefix ) const;

// Reduce methods

bool and_reduce() const;
bool nand_reduce() const;
bool or_reduce() const;

[Publishe
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bool nor_reduce() const;
bool xor_reduce() const;
bool xnor_reduce() const;

/I Other methods
void print( std::ostreamé& os = std::cout ) const;

protected:

sc_signed_subref r'();

private:

IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

|5

/

D Lol L
LISUUICUH

sc_signed_subref_rf& operator= ( const sc_signed_subref_rf& );

class s
: publi
{

frig

pul

_signed_subreﬁ
> sc_signed_subref_rf

nd class sc_signed;

blic:
/! Copy constructor
sc_signed_subreﬁ( const sc_signed_subreﬁ &a);

/I Assignment operators

sc_signed_subre)d’& operator= ( const sc_signed_subref_rf& a);
sc_signed_subreﬁ.& operator= ( const sc_signed_subreﬁ &a);
sc_signed_subreﬁ'& operator= ( const $¢-signed& a );

template< class T >

sc_signed_subreﬁ.& operator=.(,const sc_generic_base<T>& a );
sc_signed_subreﬁ.& operator= ( const sc_unsigned_subref_rf'& a);
sc_signed_subreﬁ.& operator= ( const sc_unsigned& a );
sc_signed_subreﬁ.& operator= ( const char* a );
sc_signed_subreff &-operator= ( unsigned long a );
sc_signed_subreﬁ &-operator= ( long a );

sc_signed_subreff & operator= ( unsigned int a );
sc_signed_subreff & operator=( int a );

sc_signed_subreff & operator= ( uint64 a );

sc_signed_subreff & operator= ( int64 a );

sc_signed_subreff & operator= ( double a );

sesigned subreff & operator= ( const sc int base& a);

sc_signed_subreff & operator= ( const sc_uint _base& a );

/I Other methods
void scan( std::istreamé& is = std::cin );

private:

/

// Disabled '
sc_signed_subref ();
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class sc_unsigned_subref_rf
: public sc_value_basef
{
friend class sc_signed;
friend class sc_unsigned;

public:
/I Copy constructor
sc_unsigned_subref_rf( const sc_unsigned_subref_rf& a);

h . &
LU ULiuUl

virtual ~sc_unsigned_subref_rf();

/I Capacity
int length() const;

// Implicit conversion to sc_unsigned
operator sc_unsigned () const;

/! Explicit conversions

int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;
double to_double() const;

// Explicit conversion to character string
const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc_numrep numrep , bool w_prefix ) const;

// Reduce methods

bool and_reduce() const;
bool nand_reduce()-const;
bool or_reduce()const;
bool nor_reduee() const;
bool xor_reduce() const;
bool xnar reduce() const;

// Other methods
void print( std::ostream& os = std::cout ) const;

protected:
sc_unsign ed_subref_rf();

private:

// Disabled
sc_unsigned subref r& operator= ( const sc_unsigned_subref_rf& );

/
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class sc_unsigned_subreﬁ'
: public sc_unsigned _subref r

{

./.
friend class sc_unsigned;
public:

/I Copy constructor

sc_unsigned_subreﬁ ( const sc_unsigned_subreﬁ &a);

/I Assignment operators
sc_unsigned_subreff & operator= ( const sc_unsigned_subref_rf& a);

AL_MILD[SI!CJ_DMLI Cj & UlJCl at\u ( bUllDt DL_MILJI:SILC(&’_DM(’JI CJ & a ),
sc_unsigned_subreﬁ & operator= ( const sc_unsigned& a );
template<class T>

sc_unsigned_subreff & operator= ( const sc_generic_base<T>& a );
sc_unsigned_subreff & operator= ( const sc_signed_subref r& a);
sc_unsigned_subreff & operator= ( const sc_signed& a );
sc_unsigned_subreff & operator= ( const char* a );
sc_unsigned_subreff & operator= ( unsigned long a );
sc_unsigned_subreff & operator=( long a );

sc_unsigned_subreff & operator= (unsigned int a );
sc_unsigned_subreﬁ & operator=(int a );

sc_unsigned_subreﬁ & operator= (uint64 a );

sc_unsigned_subreﬁ & operator= ( int64 a );

sc_unsigned_subreff & operator= ( double a );

sc_unsigned_subreff & operator= ( const sc_int base& a );
sc_unsigned_subreff & operator= ( const sc_uinp’base& a );

// Other methods
void scan( std::istreamé& is = std::cin );

prdtected:
sc_unsi gned_subreﬁ 0;

¥
} // namespace sc_dt
7.6.8.3 Constraintston‘usage

Integef part-seléct “objects shall only be created using the part-select operators of an sc_sighed or
sc_ungigned.abject (or an instance of a class derived from sc_signed or sc_unsigned), as described i 7.2.6.

An application shall not explicitly create an instance of any integer part-select class.

An application should not declare a reference or pointer to any integer part-select object.

It is strongly recommended that an application avoid the use of a part-select as the return type of a function
because the lifetime of the object to which the part-select refers may not extend beyond the function return
statement.
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Example:

sc_dt:

sc_signed subref get byte(sc_signed s, int pos) {

return s(pos+7,pos); /I Unsafe: returned part-select references local variable

}

NOTE—The left-hand index of a finite-precision integer part-select may be less than the right-hand index. The bit order

in the p

art-select is then the reverse of that in the original integer.

7.6.8.4 Assignment operators

Overloaded assignment operators shall provide conversion from SystemC data types and the native C++

integet
from t
descril

Assign
applics

7.6.8.

sc_sig

sc_unaigned_subref_rf:: operator sc_unsigned () const;

7.6.8.6 Explicit type conversion

const
const §

7.6.8.

void sq

representation to value integer part-selects. If the size of a data type or string literal operand|differs
he integer part-select word length, truncation, zero-extension, or sign-extension shall be uped, as
edin 7.2.1.

ment operators for rvalue integer part-selects shall be declared as private to prevent their us¢ by an
tion.

b Implicit type conversion

zed_subref_rf:: operator sc_unsigned () const;

operator sc_unsigned can be used for implicit type{conversion from integer part-selgcts to
sc_unsigned.

NOTE—These operators are used by the output stream operator and by member functions of other daita type
classes that are not explicitly overloaded for finite<precision integer part-selects.

td::string to_string( sc_numrep numtep = SC_DEC ) const;

td::string to_string( sc_numrepmumrep , bool w_prefix ) const;
Member function to_string shall perform a conversion to an std::string representation, as described
in 7.2.11. Calling the to_string function with a single argument is equivalent to calling the to | string
function with two arguments, where the second argument is true. Calling the to_string finction
with no arguments is‘equivalent to calling the to_string function with two arguments where the first
argument is S€, DEC and the second argument is true.

f Other member functions

an( std::istream& is = std::cin );

Memabe n n-r 1 0 e ne eSO he bi clerenced-b 0 e pa

the next formatted character string from the specified input stream (see 7.2.10).

void print( std::ostream& os = std::cout ) const;

Member function print shall print the values of the bits referenced by the part-select to the specified
output stream (see 7.2.10).

int length() const;

Member function length shall return the word length of the part-select (see 7.2.4).
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7.7 Integer concatenations
7.7.1 Description

Class sc_concatreﬁ represents a concatenation of bits from one or more objects whose concatenation base
types are SystemC integers.

7.7.2 Class definition

namespace sc_dt {

class s _cuncuu’ej%

: publi¢ sc_generic_base<sc_c0ncatreﬁ >, public sc_value_basef

{
public:

// Destructor

virtual ~sc_concatreﬁ 0;

// Capacity
unsigned int length() const;

// Explicit conversions

int to_int() const;

unsigned int to_uint() const;

long to_long() const;

unsigned long to_ulong() const;

int64 to_int64() const;

uint64 to_uint64() const;

double to_double() const;

void to_sc_signed( sc_signed& target )const;

void to_sc_unsigned( sc_unsigned&-target ) const;

// Implicit conversions
operator uint64() const;
operator const sc_unsigned&() const;

// Unary operatoys

sc_unsigned operator+ () const;
sc_unsignedoperator- () const;
sc_unsigned operator~ () const;

// Explicit conversion to character string
const std::string to_string( sc_numrep numrep = SC_DEC ) const;
const std::string to_string( sc_numrep numrep , bool w_prefix ) const;

/I Assignment operators

const sc_concatref & operator= (int v );

const sc_concatreﬁ & operator= (unsigned int v );

const sc_concatreﬁ & operator=( long v );

const sc_concatreﬁ & operator= (unsigned long v );

const sc_concatreﬁ & operator= ( int64 v );

const sc_concatreﬁ & operator= (uint64 v );

const sc_concatreﬁ & operator= ( const sc_concatreﬁ &v);
const sc_concatreﬁ & operator= ( const sc_signed& v );
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const sc_concatreﬁ & operator= ( const sc_unsigned& v );
const sc_concatreﬁ & operator= ( const char* v_p);

const sc_concatreﬁ & operator= ( const sc_bv_base& v );
const sc_concatreﬁ & operator= ( const sc_lv_base& v );

// Reduce methods

bool and_reduce() const;
bool nand_reduce() const;
bool or_reduce() const;
bool nor_reduce() const;
bool xor_reduce() const;

1 1 <L L\ 4
UUUL AIIUT _ ITTUutL() CULISL,

/I Other methods
void print( std::ostreamé& os = std::cout ) const;
void scan( std::istream& is );

priyate:
sc_concatreﬁ ( const sc_concatreﬁ &);
~sc_concatref ();

|5

sc_concatreﬁ & concat( sc_value_basef& a, sc_value_basef& b );

const sc_concatreﬁ & concat( const sc_value_basef& a, const sc_value_basef& b);
const sc_concatreﬁ & concat( const sc_value_basef& a, bool\b );

const sc_concatreﬁ & concat( bool a, const sc_value_basef& b);

sc_con catreﬁ & operator, ( sc_value_basef& a, sc_value_basef& b);

const sc_concatreﬁ & operator, ( const sc_value_basef& a, const sc_value_basef& b);
const sc_concatreﬁ & operator, ( const sc_value_basef& a,boolb);

const sc_concatreﬁ & operator, ( bool a, const sc_value_basef& b);

} // namespace sc_dt
7.7.3 Constraints on usage

Integet concatenation objects'shall only be created using the concat function (or operator,) according to the
rules ip 7.2.7.

At leagt one of the'goncatenation arguments shall be an object with a SystemC integer concatenatiqn base
type, that is, an instance of a class derived directly or indirectly from class sc_value_basef.

A sing]e goncatenation argument (that is, one of the two arguments to the concat function or operatot,) may
be a|beol value, a reference to a sc core::sc signal<bool> channel, or a reference| to a
sc_core::sc_in<bool>, sc_core::sc_inout<bool>, or sc_core::sc_out<bool> port.

An application shall not explicitly create an instance of any integer concatenation class. An application shall
not implicitly create an instance of any integer concatenation class by using it as a function argument or as a
function return value.

An application should not declare a reference or pointer to any integer concatenation object.
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7.7.4 Assignment operators

Overloaded assignment operators shall provide conversion from SystemC data types and the native C++
integer representation to lvalue integer concatenations. If the size of a data type or string literal operand
differs from the integer concatenation word length, truncation, zero-extension, or sign-extension shall be
used, as described in 7.2.1.

Assignment operators for rvalue integer concatenations shall not be called by an application.

7.7.5 Implicit type conversion

Opel‘aiﬁl tinto4 () const;

operafor const sc_unsigned& () const;
Operators uint64 and sc_unsigned shall provide implicit unsigned type conversion from an integer
concatenation to a native C++ unsigned integer having exactly 64 bits or a an se\unsigned| object
with a length equal to the total number of bits contained within the objects, feferenced [by the
concatenation.

NOTE-{-Enables the use of standard C++ and SystemC bitwise logical and arithiketic operators with |integer
concatgnation objects.

7.7.6 Explicit type conversion

const gtd::string to_string( sc_numrep numrep = SC_DEC ) const;

const dtd::string to_string( sc_numrep numrep , bool w_prefix Yconst;
Member function to_string shall convert the object\to an std::string representation, as descrjibed in
7.2.11. Calling the to_string function with a single argument is equivalent to calling the to |string
function with two arguments, where the secofidiargument is true. Calling the to_string functi¢gn with
no arguments is equivalent to calling thete_string function with two arguments, where the first
argument is SC_DEC and the second argument is true.

7.7.7 Other member functions

void s¢an( std::istreamé& is = std::€iny );

Member function scan, shall set the values of the bits referenced by an lvalue concatenafion by
reading the next formatted character string from the specified input stream (see 7.2.10).

void print( std::ostr¢am& os = std::cout ) const;

Member function print shall print the values of the bits referenced by the concatenation|to the
specified output stream (see 7.2.10).

int lengtht)corst;

Member function length shall return the word length of the concatenation (see 7.2.4).
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7.8 Generic base proxy class

7.8.1 Description

Class template sc_generic_base provides a common proxy base class for application-defined data types that
are required to be converted to a SystemC integer.

7.8.2 Class definition

namespace sc_dt {

class s¢_generic_base

templ
{

pul
55
}

7.8.3 Constraints on usage

An apy

Any application-defined type derived from sc_genericibase shall provide the following publid

memb

int length() const;

uint64

int64 t

void td

T=<Tlass T

lic:
inline const T* operator-> () const;
inline T* operator-> ();

// namespace sc_dt

lication shall not explicitly create an instance of sc_generic/base.

r functions:

Member function length shall return the'number of bits required to hold the integer value.

to_uint64() const;
64 bits.
p_int64() const;

bits.

_sc/unsigned( sc_unsigned& ) const;

sc_unsigned argument passed by reference.

void to_sc_signed( sc_signed& ) const;

const

Member function to_uint64 shall return the value as a native C++ unsigned integer having ¢xactly

Member function to_int64 shall return the value as a native C++ signed integer having exaftly 64

Member function to_sc_signed shall return the value as a signed integer using the sc_signed

argument passed by reference.
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7.9 Logic and vector types
7.9.1 Type definitions

The following enumerated type definition is used by the logic and vector type classes. Its literal values
represent (in numerical order) the four possible logic states: logic 0, logic 1, high-impedance, and unknown,
respectively. This type is not intended to be used directly by an application, which should instead use the
character literals '0', '1', 'Z', and 'X"' to represent the logic states, or the application may use the constants
SC _LOGIC 0,SC _LOGIC 1,SC LOGIC Z,SC _LOGIC X in contexts where the character literals would
be ambiguous.

namespace sc_dt {

enum $c_logic_value_t

{
Log 0=0,
Log 1,
Log Z,
Log X
IR
} // namespace sc_dt
7.9.2 $c_logic

7.9.2.1 Description

Class pc_logic represents a single bit with a yalue corresponding to any one of the four logic|states.
Applications should use the character literals '071", 'Z', and 'X"' to represent the states logic 0, logic 1, high-
impedgnce, and unknown, respectively. Fhe lower-case character literals 'z' and 'x' are accgptable
alternaives to 'Z' and 'X", respectively..Any other character used as an sc_logic literal shall be interpreted as
the unknown state.

The C1+ bool values false and.true may be used as arguments to sc_logic constructors and operators. They
shall bp interpreted as logic-0'and logic 1, respectively.

Logic |operations shall be permitted for sc_logic values following the truth tables shown in Taple 14,
Table |5, Table 16;and Table 17.

Table 14—sc_logic AND truth table

'O' '1' 'Z' 'X'
'0 0" 0" 0" 0"
7 0" " D'd D'd
‘7' 0 D'd D'd D'd
X' 0" D¢ D¢ X'
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Table 15—sc_logic OR truth table

'0' '1' 'Z' 'X'
'0 0" " D'd D'd
7 " " " "
'7' hd 1 ! !
X' D'd " D'd D'd

Table 16—sc_logic exclusive or truth table

'0' '1' 'Z' 'X'
'0 0" Uk > X'
7 " 0’ D¢ D¢
A D¢ b'd ¢ D¢
X' D'd D'd D¢ D¢

Table 17—sc_logic complement truth table

7.9.2.2€Classdefinition

namespace sc_dt {

class sc_logic
{
public:
/I Constructors
sc_logic();
sc_logic( const sc_logic& a);
sc_logic( sc_logic_value tv);
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explicit s¢_logic( bool a );
explicit sc_logic( char a );
explicit sc_logic( int a );

// Destructor
~sc_logic();

/I Assignment operators

sc_logic& operator= ( const sc_logic& a );
sc_logic& operator= ( sc_logic value tv);
sc_logic& operator=( bool a );

IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

1 M 0} 4. VA, ) AY
Y luélb“ UPCI alvul | ar-aj,

sc_logic& operator=(inta);

/1 Explicit conversions
sc_logic value t value() const;
char to_char() const;

bool to_bool() const;

bool is_01() const;

void print( std::ostream& os = std::cout ) const;
void scan( std::istreamé& is = std::cin );

priate:

b
}

// Disabled
explicit sc_logic( const char* );
sc_logic& operator= ( const char™* );

// namespace sc_dt

7.9.2.3 Constraints on usage

An inf
sc_log
3.

A liter
but nof

7.9.2.4

a string literal:

I Constructors

sc_log

c():

eger argument to an sc_logic constructor or operator shall be equivalent to the corresppnding
c_value_t enumerated yalue. It shall be an error if any such integer argument is outside the range 0 to

hl value assigned.toan sc_logic object or used to initialize an sc_logic object may be a charactef literal

Default constructor sc¢_logic shall create an se_logic object with a value of unknown.

sc_logic( const sc_logic& a );
sc_logic( sc_logic value tv);

explici
explici
explici

t sc_logic( bool a);
t sc_logic( char a);
t sc_logic( int a);

Constructor sc¢_logic shall create an sc_logic object with the value specified by the argument.
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7.9.2.5 Explicit type conversion

sc_logic_value t value() const;

Member function value shall convert the sc_logic value to the s¢_logic_value_t equivalent.

char to_char() const;

Member function to_char shall convert the sc_logic value to the char equivalent.

bool to_bool() const;

bool is| 01() const;

this function if the s;_logic value is not logic 0 or logic 1.

7.9.2.6 Bitwise and comparison operators

Member function is_01 shall return true if the sc_logic value is logic 0 or-legic 1; otherw
return value shall be false.

Operatfions specified in Table 18 shall be permitted. The following applies:

— | L represents an object of type sc_logic.

— | n represents an object of type int, sc_logic, sc_logic_value_t, bool, char, or int.

Table 18—sc_logic bitwise:and comparison operations

Expression Returitype Operation
~L const sc( logic sc_logic bitwise complement
L&n cohst'sc_logic sc_logic bitwise and
n&L const sc_logic sc_logic bitwise and
L&=n sc_logic& sc_logic assign bitwise and
L|n const sc_logic sc_logic bitwise or
n|L const sc_logic sc_logic bitwise or
LFn sc_logic& sc_logic assign bitwise or
L n const sc_logic sc logic bitwise exclusive or
n" L const sc_logic sc_logic bitwise exclusive or
L”=n sc_logic& sc_logic assign bitwise exclusive or
L==n bool test equal
n== bool test equal
L!=n bool test not equal
n!l=L bool test not equal
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NOTE—An implementation is required to supply overloaded operators on sc_logic objects to satisfy the requirements of
this subclause. It is unspecified whether these operators are members of sc_logic, global operators, or provided in some
other way.

7.9.2.7 Other member functions
void scan( std::istreamé& is = std::cin );

Member function scan shall set the value by reading the next non-white-space character from the
specified input stream (see 7.2.10).

void print( std::ostream& os = std::cout ) const;

Member function print shall write the value as the character literal '0', '1', 'X', or 'Z' to the-specified
output stream (see 7.2.10).

7.9.2.8 sc_logic constant definitions

A congtant of type sc_logic shall be defined for each of the four possible sc_logic~value_t states| These
constapts should be used by applications to assign values to, or compare values with, other se_logic dbjects,
particylarly in those cases where an implicit conversion from a C++ char value would be ambiguous.

namespace sc_dt {

const §c_logic SC_LOGIC 0( Log 0);
const §c_logic SC_ LOGIC 1(Log 1);
const §c_logic SC_ LOGIC Z(Log Z);
const §¢_logic SC_ LOGIC X( Log X);

} // namespace sc_dt

Example:

sc_corp::sc_signal<sc logic> A;

A="0 // Error: ambiguous conversion

A = stgtic_cast<sc_logic>("0"); // Correct but not recommended

A =8¢ LOGIC 0; // Recommended representation of logic 0

7.9.3 $c_bv_base

7.9.3.1 Description

Class §c\bv__base represents a finite word-length bit vector. It can be treated as an array of bool or ah array
of sc_logic_value_t (with the restriction that only the states logic 0 and logic 1 are legal). The word length
shall be specified by a constructor argument or, by default, by the length context object currently in scope.
The word length of an sc_bv_base object shall be fixed during instantiation and shall not subsequently be
changed.

sc_bv_base is the base class for the sc¢_bv class template.
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7.9.3.2 Class definition
namespace sc_dt {

class sc_bv_base

{

friend class sc_lv_base;

public:
// Constructors
explicit sc_bv_base( int nb = sc_length _param().len() );

L/Al)‘li\./it Bb_b v_baac( 1IJU\)I d, illt 111IJ Db_lbllétll_t}al alll().lbll() ),
sc_bv_base( const char* a );

sc_bv_base( const char* a , int nb );

template <class X>

sc_bv_base( const sc_subref r'<X>& a);

template <class T1, class T2>

sc_bv_base( const sc_concref_rf< T, T2>& a);

sc_bv_base( const sc_Iv_base& a);

sc_bv_base( const sc_bv_base& a );

// Destructor
virtual ~sc_bv_base();

/I Assignment operators

template <class X>

sc_bv_base& operator= ( const sc_subref_r7.<X>& a);
template <class T1, class T2>

sc_bv_base& operator= ( const sc_concref_rf< T, T2>& a);
sc_bv_base& operator= ( const sc_bv base& a );
sc_bv_base& operator= ( const sc_}v_base& a);
sc_bv_base& operator= ( const char* a );

sc_bv_base& operator= ( const bool* a );
sc_bv_base& operator= ( const sc_logic* a);
sc_bv_base& operator=( const sc_unsigned& a );
sc_bv_base& operator='( const sc_signed& a );
sc_bv_base& operator= ( const sc_uint base& a );
sc_bv_base& aperator= ( const sc_int_base& a );
sc_bv_base& eperator= (unsigned long a );
sc_bv_bassé& operator=( long a );

sc_byvsbase& operator= (unsigned int a );
s¢/bv/base& operator= (int a );

so.bv base& operator= (uint64 a );

sc_bv_base& operator= ( int64 a );

// Bitwise rotations
sc_bv_base& Irotate( int n );
sc_bv_base& rrotate( intn );

// Bitwise reverse
sc_bv_base& reverse();

// Bit selection
sc_bitreﬁ <sc_bv_base> operator|[] (inti);
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sc_bitref_rf<sc_bv_base> operator[] (inti) const;

// Part selection
sc_subreﬁ <sc_bv_base> operator() ( int hi, int lo );
sc_subref_rf<sc_bv_base> operator() (int hi, int lo ) const;

sc_subrefL <sc_bv_base> range( int hi, int lo );
sc_subref_rf<sc_bv_base> range( int hi , int lo ) const;

// Reduce functions
sc_logic_value t and_reduce() const;

ou_lugib_va}uu_t 11a11d_1 cdu\,c() bUllDt,
sc_logic_value t or_reduce() const;
sc_logic_value t nor_reduce() const;
sc_logic_value t xor_reduce() const;
sc_logic_value t xnor_reduce() const;

// Common methods
int length() const;

/I Explicit conversions to character string

const std::string to_string() const;

const std::string to_string( sc_numrep ) const;

const std::string to_string( sc_numrep , bool ) const;

// Explicit conversions

int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
bool is_01() const;

/I Other methods
void print( std::ostreamé& Qs 5 std::cout ) const;
void sean( std::istreamé& is = std::cin );

¥
} // namespace s¢, dt
7.9.3.3 Constraints on usage

Attempting\te assign the sc_logic_value t values high-impedance or unknown to any element of an
sc_bv [basé object shall be an error.

The result of assigning an array of bool or an array of sc_logic to an sc_bv_base object having a greater
word length than the number of array elements is undefined.

7.9.3.4 Constructors

explicit sc_bv_base( int nb =sc_length param().len() );
Default constructor sc_bv_base shall create an sc_bv_base object of word length specified by nb

and shall set the initial value of each element to logic 0. This is the default constructor when nb is
not specified (in which case its value is set by the current length context).
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explicit sc_bv_base( bool a, int nb = sc_length param().len() );

Constructor sc_bv_base shall create an sc_bv_base object of word length specified by nb. If nb is
not specified the length shall be set by the current length context. The constructor shall set the initial
value of each element to the value of a.

sc_bv_base( const char* a );

Constructor sc_bv_base shall create an sc_bv_base object with an initial value set by the string a.
The word length shall be set to the number of characters in the string.

sc_bv |base( const char* a , int nb );

Constructor sc_bv_base shall create an sc_bv_base object with an initial value set by the string and
word length nb. If the number of characters in the string does not match the value ‘of nb, thg initial
value shall be truncated or zero extended to match the word length.

templalte <class X> sc¢_bv_base( const sc_subref_rf<X>& a);

templajte <class T1, class T2> sc_bv_base( const sc_concref_r7<T 1,T2>&a);
sc_bv |base( const sc_lv_base& a );

sc_bv |base( const sc_bv_base& a );

Constructor sc_bv_base shall create an sc_bv_base objectwith the same word length and vplue as
a.

NOTE+An implementation may provide a different set\of-Constructors to create an sc_bv_base object from an
sc_subi ef_rf<T>, sc_concref_rf< T1,T2>, or sc_lv_base,object, for example, by providing a class template that| is used
as a cotnmon base class for all these types.

7.9.3.5 Assignment operators

Overldaded assignment operators shallprovide conversion from SystemC data types and the natiye C++
intege1 representation to sc_bv_base) using truncation or zero-extension, as described in 7.2.1.

7.9.3.6 Explicit type conversion

const §
const

d::string to_string() const;
d::string to/string( sc_numrep ) const;
d::string(to) string( sc_numrep , bool ) const;

Member function to_string shall perform the conversion to an std::string representat
described in 7.2.11. Calling the to_string function with a single argument is equivalent to callli

on h a aumen here th ond
ct1o O EtHRCHTSS S e-SecoRaargEtHhRe y

Calling the to_string function with no arguments shall create a binary string with a single '1' or '0’
corresponding to each bit. This string shall not be prefixed by "0b" or a leading zero.

Example:

sc_bv_base B(4); // 4-bit vector

B ="0x{f"; // Each bit set to logic 1

std::string S1 = B.to_string(SC_BIN,false); // The contents of S1 will be the string "01111"
std::string S2 = B.to_string(SC_BIN); // The contents of S2 will be the string "0b01111"
std::string S3 = B.to_string(); // The contents of S3 will be the string "1111"
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bool is_01() const;
Member function is_01 shall always return true, since an sc_bv_base object can only contain

elements with a value of logic 0 or logic 1.

Member functions that return the integer equivalent of the bit representation shall be provided to

satisfy the requirements of 7.2.9.

7.9.3.7 Bitwise and comparison operators

Operations specified in Table 19 and Table 20 are permitted. The following applies:

The op

B represents an object of type sc_bv _base
. Y . —DV_

Vi represents an object of logic vector type sc_bv_base, sc_lv_base, sc_subref_r7'<
sc_concref_rf<T],T2> or integer type int, long, unsigned int, unsigned long,"\sc
sc_unsigned, sc_int_base, or sc_uint_base.

i represents an object of integer type int.

A represents an array object with elements of type char, bool, or sc_logic.

erands may also be of any other class that is derived from those just given.

Table 19—sc_bv_base bitwise operations

7> or
igned,

Expression Return type Operation
B & Vi const sc_lv_base sc_bv_base bitwise and
Vi& B const sc_lv_base sc_bv_base bitwise and
B&A const sc_lv_bas¢ sc_bv_base bitwise and
A&B const s¢_lv base sc_bv_base bitwise and
B &= Vi sC bv_base& sc_bv_base assign bitwise and
B&=A sc_bv_base& sc_bv_base assign bitwise and
B| Vi const sc_lv_base sc_bv_base bitwise or
Vi|B const sc_lv_base sc_bv_base bitwise or
B|A const sc_lv_base sc_bv_base bitwise or
AN B const sc_lv_base sc_bv_base bitwise or
B|=Vi sc_bv base& sc_bv_base assign bitwise or
Bl=A sc_bv_base& sc_bv_base assign bitwise or
B Vi const sc_lv_base sc_bv_base bitwise exclusive or
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Table 19—sc_bv_base bitwise operations (continued)

Expression Return type Operation
Vi*B const sc_lv_base sc_bv_base bitwise exclusive or
B"A const sc_lv_base sc_bv_base bitwise exclusive or
A™B const sc_lv_base sc_bv_base bitwise exclusive or
B *=Vi sc_bv_base& sc_bv_base assign bitwise exclusive or
N=A sc_bv_base& sc_bv_base assign bitwise exclusive or
B <<i const sc_lv_base sc_bv_base left-shift
B<<=i sc_bv_base& sc_bv_base assign left-shift
B>>i const sc_lv_base sc_bv_base right-shift
B>>=i sc_bv _base& sc_bv_base assign right-shift
~B const sc_lv_base sc_bv_base bitwise complement

Binary] bitwise operators shall return a result with a word length that is equal to the word length

longes} operand.

The l¢fft shift operator shall return a result with a Wword length that is equal to the word length
sc_bv [base operand plus the right (integer) operand, Bits added on the right-hand side of the result

set to gero.

The right shift operator returns a result with'a word length that is equal to the word length of its sc_b

operand. Bits added on the left-hand side of the result shall be set to zero.

It is an] error if the right operand of a shift operator is negative.

Table 20—sc_bv_base comparison operations

of the

of its
hall be

v_base

Expression Return type Operation
B==Vi bool test equal
V—3B boot testequat
=A bool test equal
A== bool test equal

sc_bv_base& Irotate( intn );

Member function lrotate shall rotate an sc_bv_base object n places to the left.
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sc_bv_base& rrotate( intn );

Member function rrotate shall rotate an sc_bv_base object n places to the right.

sc_bv_base& reverse();
Member function reverse shall reverse the bit order in an sc_bv_base object.
NOTE—An implementation is required to supply overloaded operators on sc_bv_base objects to satisfy the

requirements of this subclause. It is unspecified whether these operators are members of sc_bv_base, global operators,
or provided in some other way.

7.9.3.8 Other memberfunctions.

void s¢an( std::istreamé& is = std::cin );

Member function scan shall set the value by reading the next formatted character*string frpm the
specified input stream (see 7.2.10).

void print( std::ostream& os = std::cout ) const;

Member function print shall write the value as a formatted character string to the specified|output
stream (see 7.2.10).

int length() const;
Member function length shall return the word length (Se¢ 7.2.4).
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7.9.4 sc_lv_base

7.9.4.1 Description

Class sc_lv_base represents a finite word-length bit vector. It can be treated as an array of sc_logic_value_t
values. The word length shall be specified by a constructor argument or, by default, by the length context
object currently in scope. The word length of an sc_lv_base object shall be fixed during instantiation and
shall not subsequently be changed.

sc_lv_base is the base class for the sc_lv class template.

7.9.4.2-Class-definition

namespace sc_dt {

class s¢ lv_base

{

frignd class sc_bv_base;

public:

// Constructors

explicit sc_lv_base( int length = sc length param().len() );
explicit sc_lv_base( const sc_logic& a, int length =sc_length param().len() );
sc_lv_base( const char* a );

sc_lv_base( const char* a, int length );

template <class X>

sc_lv_base( const sc_subref_rf<X>& a);

template <class T1, class T2>

sc_lv_base( const sc_concref_rf< T1,T72>&a);

sc_lv_base( const sc_ bv_base& a );

sc_lv_base( const sc_Iv_base& a );

// Destructor
virtual ~sc_lv_base();

/I Assignment operatots

template <class X>

sc_lv_base& operator= ( const sc_subref_rf<X>& a);
template <elass'T1, class T2>

sc_lv_base& operator= ( const sc_concref_rf< T1,T2>& a);
sc_ly.“base& operator= ( const sc bv_base& a );

s¢/ Jv—base& operator= ( const sc_Iv_base& a );

so.1v base& operator= ( const char* a );

sc_lv_base& operator= ( const bool* a );

sc_lv_base& operator= ( const sc_logic* a );
sc_lv_base& operator= ( const sc_unsigned& a );
sc_lv_base& operator= ( const sc_signed& a );
sc_lv_base& operator= ( const sc_uint_base& a );
sc_lv_base& operator= ( const sc_int base& a );
sc_lv_base& operator= ( unsigned long a );
sc_lv_base& operator=( long a );

sc_lv_base& operator= ( unsigned int a );

sc_lv_base& operator=( inta );

sc_lv_base& operator= (uint64 a );
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sc_lv_base& operator= ( int64 a );

// Bitwise rotations
sc_lv_base& Irotate( int n );
sc_lv_base& rrotate( int n );

// Bitwise reverse
sc_lv_base& reverse();

// Bit selection
sc_bitreﬁ <sc_bv_base> operator|[] (inti);
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// Part selection
sc_subreﬁ <sc_lv_base> operator() (int hi, int lo );
sc_subref_rf<sc_lv_base> operator() (int hi, int lo ) const;

sc_subrefL <sc_lv_base> range(inth i, intlo );
sc_subref_rf<sc_lv_base> range( int hi, int lo ) const;

// Reduce functions

sc_logic_value t and_reduce() const;
sc_logic_value t nand_reduce() const;
sc_logic_value t or_reduce() const;
sc_logic_value t nor_reduce() const;
sc_logic_value t xor_reduce() const;
sc_logic_value t xnor_reduce() const;

// Common methods
int length() const;

// Explicit conversions to character string

const std::string to_string() cofist;

const std::string to_string({(sc) numrep ) const;

const std::string to_string(. sc_numrep , bool ) const;

// Explicit conversions

int to_int() const;

unsigned int)te. uint() const;
long to_long() const;
unsighed-long to_ulong() const;
bool\s' 01() const;

/I Other methods
void print( std::ostream& os = std::cout ) const;
void sean( std::istreamé& is = std::cin );

¥
} // namespace sc_dt
7.9.4.3 Constraints on usage

The result of assigning an array of bool or an array of s¢_logic to an sc_lv_base object having a greater word
length than the number of array elements is undefined.
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7.9.4.4 Constructors

explicit sc_lv_base( int nb = sc_length param().len() );

Constructor sc_lv_base shall create an sc_lv_base object of word length specified by nb and shall
set the initial value of each element to logic 0. This is the default constructor when nb is not
specified (in which case its value shall be set by the current length context).

explicit s¢_lv_base( bool a, int nb = sc_length_param().len() );
Constructor sc_lv_base shall create an sc_lv_base object of word length specified by nb and shall
set the initial value of each element to the value of a. If nb is not specified, the length shall be set by

4L 4l 41 4 4
uUIv CvuIrIreIit l\zllslll CUIITLUATL.

sc_lv_pase( const char* a );

Constructor sc_lv_base shall create an sc_lv_base object with an initial value set by the string literal
a. The word length shall be set to the number of characters in the string literal:

sc_lv_pase( const char* a, int nb );

Constructor sc_lv_base shall create an sc_lv_base object with afxinitial value set by the string literal
and word length nb. If the number of characters in the string literal does not match the valug of nb,
the initial value shall be truncated or zero extended to match the word length.

templajte <class X> sc_lv_base( const sc_subref_r1.<X >&a);
template <class T1, class T2> sc_lv_base( const sc_concref_rf< T1,T2>& a);

sc_lv_pase( const sc_bv_base& a );

Constructor sc_lv_base shall create an'sc_lv_base object with the same word length and valug as a.

sc_lv_pase( const sc_lv_base& a );

Constructor sc_lv_base shall/create an sc_lv_base object with the same word length and valug as a.

NOTE}—An implementation may provide a different set of constructors to create an sc_lv_base obje¢t from
an sc_. ‘ubref_rf<T>, s¢ ‘concref ¥7, or sc_bv_base object, for example, by providing a class template that
is used as a commonibase class for all these types.

7.9.4.5 Assignment operators

Overloadedassignment operators statt-provide conversiomr fronr SystemC—datatypesamd-themative C++
integer representation to sc_lv_base, using truncation or zero-extension, as described in 7.2.1.

7.9.4.6 Explicit type conversion

const std::string to_string() const;
const std::string to_string( sc_numrep ) const;
const std::string to_string( sc_numrep , bool ) const;

Member function to_string shall perform a conversion to an std::string representation, as described
in 7.2.11. Calling the to_string function with a single argument is equivalent to calling the to_string
function with two arguments, where the second argument is true. Attempting to call the single or
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double argument to_string function for an sc_lv_base object with one or more elements set to the

high-impedance or unknown state shall be an error.

Calling the to_string function with no arguments shall create a logic value string with a single '1',
'0', 'Z', or 'X' corresponding to each bit. This string shall not be prefixed by "0b" or a leading zero.

Example:

sc_lv_base L(4); // 4-bit vector

L ="0xf"; // Each bit set to logic 1

std::string S1 = L.to_string(SC_BIN,false); // The contents of S1 will be the string "01111"
std::string S2 = L.to_string(SC_BIN); // The contents of S2 will be the string "0b01111"
std::string S3 = L.to_string(); // The contents of S3 will be the string "1111'

value of logic 0 or logic 1. If any element has the value high-impedance or unknown, it shal
false.

object having one or more bits set to the high-impedance or unknown state shall be an error.

f Bitwise and comparison operators

L represents an object of type sc_lv_base.

Vi represents an object of logic vector type” sc_bv_base, sc lv_base, sc_subref_rf

sc_unsigned, sc_int_base, or sc_uint_hase.
i represents an object of integer type.int.

A represents an array object withielements of type char, bool, or sc_logic.

Member function is_01 shall return true only when every element of an sc¢_lv_base object has a

return

Member functions that return the integer equivalent of the bit representation shall be provided to
satisfy the requirements of subclause 7.2.9. Calling any such integer’ conversion function|for an

7> or

sc_concref_rT<T 1,T2>, or integer type ,(nt,” long, unsigned int, unsigned long, sc_gigned,
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The operands may also be of any other class that is derived from those just given.

Table 21—sc_Iv_base bitwise operations

Expression Return type Operation
L & Vi const sc_lv_base sc_lv_base bitwise and
Vi&L const sc_lv_base sc_lv_base bitwise and
L&A const sc_lv_base sc_lv_base bitwise and
A&L const sc_lv_base sc_lv_base bitwise and
I &= Vi sc_lv_base& sc_lv_base assign bitwise and
L &=A sc_Iv_base& sc_lv_base assign bitwise and
Vi const sc_lv_base sc_Iv_base bitwise or
Yi|L const sc_lv_base sc_lv_base bitwist,or
LA const sc_lv_base sc_Iv_base bitwise or
AL const sc_lv_base sc_1y/ base bitwise or
L |=Vi sc_lv_base& s¢_lv_base assign bitwise or
L=A sc_lv_base& sc_lv_base assign bitwise or
L"Vi const sc_lv_base sc_lv_base bitwise exclusive or
Yi~L const sc_lw base sc_lv_base bitwise exclusive or
IL~A const.sc_lv base sc_lv_base bitwise exclusive or
ANL const sc_lv_base sc_lv_base bitwise exclusive or
L "=Vi sc_Iv_base& sc_lv_base assign bitwise exclusive or
IL"=A sc_lv base& sc_lv_base assign bitwise exclusive or
I <<i const sc_lv_base sc_Iv_base left-shift
I <&A sc_Iv_base& sc_lv_base assign left-shift
L>>i const sc_lv_base sc_lv_base right-shift
L>>=i sc_lv_base& sc_lv_base assign right-shift
~L const sc_lv_base sc_lv_base bitwise complement

Binary bitwise operators shall return a result with a word length that is equal to the word length of the

longest operand.
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The left shift operator shall return a result with a word length that is equal to the word length of its
sc_lv_base operand plus the right (integer) operand. Bits added on the right-hand side of the result shall be
set to zero.

The right shift operator shall return a result with a word length that is equal to the word length of its
sc_lv_base operand. Bits added on the left-hand side of the result shall be set to zero.

Itis an

error if the right operand of a shift operator is negative.

Table 22—sc_Iv_base comparison operations

sc_lv |

sc_lv |

sc_lv |

NOTEA

Expression Return type Operation
=Vi bool test equal
Vi== bool test equal
L== bool test equal
A== bool test equial

pbase& Irotate( int n );
Member function Irotate shall rotate an sc_lv_base gbjeet n places to the left.

base& rrotate( int n );
Member function rrotate shall rotate an sexIv_base object n places to the right.

base& reverse();

Member function reverse shall feverse the bit order in an sc_Iv_base object.

—An implementation is ‘required to supply overloaded operators on sc_lv_base objects to sati

requirenents of this subclause~It\s unspecified whether these operators are members of sc_lv_base, global oper:

providg

d in some other way:

7.9.4.8 Other member functions

void sq

an( stdszistream& is = std::cin );
Member function scan shall set the value by reading the next formatted character string fr

specified input stream (see 7.2.10).

kfy the
tors, or

bm the

void print( std::ostream& os = std::cout ) const;

Member function print shall write the value as a formatted character string to the specified
stream (see 7.2.10).

int length() const;

Member function length shall return the word length (see 7.2.4).
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7.9.5 sc_bv

7.9.5.1 Description

Class template sc¢_bv represents a finite word-length bit vector. It can be treated as an array of bool or an
array of sc_logic_value_t values (with the restriction that only the states logic 0 and logic 1 are legal). The

word length shall be specified by a template argument.

Any public member functions of the base class s¢_bv_base that are overridden in class sc_bv shall have the
same behavior in the two classes. Any public member functions of the base class not overridden in this way

shall be publicly inherited by class sc_bv.

7.9.5.]
names

templa
class s
: publi
{

pul

P Class definition
pace sc_dt {

te <int W>
t bv
L sc_bv_base

lic:

// Constructors

sc_bv();

explicit sc_bv( bool init_value );
explicit sc_bv( char init_value );
sc_bv( const char* a );

sc_bv( const bool* a );

sc_bv( const sc_logic* a );
sc_bv( const sc_unsigned& a );
sc_bv( const sc_signed& a );
sc_bv( const sc_uint_base& a );
sc_bv( const sc_int base& a );
sc_bv( unsigned long a );
sc_bv(longa);

sc_bv( unsigned int a );
sc_bv(inta);

sc_bv( uint64 a );

sc_bv( int64 a¥);

template <elass X>

sc_bv( const sc_subref_rf<X>& a);
template<class T1, class T2>
s¢/bv( const sc_concref_r7< T,T2>& a);

se.bv( const sc bv base& a);

sc_bv( const sc_lv_base& a );
sc_bv( const sc bv<W>& a);

/I Assignment operators

template <class X>

sc_bv<W>& operator= ( const sc_subref_rT<X>& a);
template <class T1, class T2>

sc_bv<W>& operator= ( const sc_concref_r7< TL,T2>& a);
sc_bv<W>& operator= ( const sc_bv_base& a );
sc_bv<W>& operator= ( const sc_lv_base& a );
sc_bv<W>& operator= ( const sc bv<W>& a );
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sc_bv<W>& operator= ( const char* a );
sc_bv<W>& operator= ( const bool* a );
sc_bv<W>& operator= ( const sc_logic* a );
sc_bv<W>& operator= ( const sc_unsigned& a );
sc_bv<W>& operator= ( const sc_signed& a );
sc_bv<W>& operator= ( const sc_uint_base& a );
sc_bv<W>& operator= ( const sc_int_base& a );
sc_bv<W>& operator= ( unsigned long a );
sc_bv<W>& operator= ( long a );

sc_bv<W>& operator= ( unsigned int a );
sc_bv<W>& operator= (int a );

DM_IIJV “v"V7 & UPCI atUl ( uiut\):'r a ),

sc_bv<W>& operator= ( int64 a );

IR
} // namespace sc_dt
7.9.5.3 Constraints on usage

Attempting to assign the sc_logic_value_t values high-impedance or unknewn’to any element of ar} sc_bv
object ghall be an error.

The repult of assigning an array of bool or an array of sc_logic to\@n sc_bv object having a greater word
length [than the number of array elements is undefined.

7.9.5.4 Constructors
sc_bv();

The default constructor sc_bv shall create-an sc_bv object of word length specified by the tgmplate
argument W and it shall set the initial.value of every element to logic 0.

The other constructors shall create an s¢_bv object of word length specified by the template argunjent W
and vqlue corresponding to the constructor argument. If the word length of a data type or string literal
argument differs from the template.argument, truncation or zero-extension shall be applied, as descrjbed in
7.2.1. If the number of elements in an array of bool or array of sc_logic used as the constructor argunent is
less thgn the word length, the mitial value of all elements shall be undefined.

NOTE+An, implementation may provide a different set of constructors to create an sc_bv object ffom an

sc_subi ef_rf<T>, sc_concref_rf< T1,T72>, sc_bv_base, or sc_lv_base object, for example, by providing |a class
template that is used\as a common base class for all these types.

7.9.5.5 Assignment operators

Overloaded assigMment operators siait provide COnversion {Ton Systemc data types and the native C++
integer representation to sc_bv, using truncation or zero-extension, as described in 7.2.1. The exception is
assignment of an array of bool or an array of sc_logic to an sc_bv object, as described in 7.9.5.4.
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7.9.6 sc_lv
7.9.6.1 Description

Class template sc_lv represents a finite word-length bit vector. It can be treated as an array of
sc_logic_value_t values. The word length shall be specified by a template argument.

Any public member functions of the base class s¢_lv_base that are overridden in class sc_lv shall have the
same behavior in the two classes. Any public member functions of the base class not overridden in this way
shall be publicly inherited by class sc_lv.

7.9.6.2-Class-definition

namespace sc_dt {

template <int W>

class s¢_lv

: publig sc_lv_base

{
public:

// Constructors

sc_lv();

explicit sc_lv( const sc_logic& init value );

explicit sc_lv( bool init_value );

explicit sc_Iv( char init_value );

sc_lv( const char* a );

sc_lv( const bool* a);

sc_lv( const sc_logic* a);

sc_lv( const sc_unsigned& a );

sc_lv( const sc_signed& a );

sc_lv( const sc_uint_base& a );

sc_lv( const sc_int base& a );

sc_lv(unsigned long a );

sc_lv(longa);

sc_lv( unsigned int a );

sc_lv(inta);

sc_lv( uint64 a );

sc_lv(int64 a );

template <elass X>

sc_lv( canst sc_subref_rf<X>& a);

template’<class T1, class T2>

s¢/Jw(const sc_concref_rf< T1,T2>& a);

se.1v( const sc bv base& a);

sc_lv( const sc_lv_base& a );

sc_lv( const sc_lv<W>& a );

/I Assignment operators

template <class X>

sc_lv<W>& operator= ( const sc_subref_rf<X >& a);
template <class T1, class T2>

sc_lv<W>& operator= ( const sc_concref_rf< T, T2>& a);
sc_lv<W>& operator= ( const sc_bv_base& a );
sc_lv<W>& operator= ( const sc_lv_base& a);
sc_lv<W>& operator= ( const sc_Iv<W>& a);
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sc_lv<W>& operator= ( const char* a );
sc_lv<W>& operator= ( const bool* a );
sc_lv<W>& operator= ( const sc_logic* a);
sc_lv<W>& operator= ( const sc_unsigned& a );
sc_lv<W>& operator= ( const sc_signed& a );
sc_lv<W>& operator= ( const sc_uint_base& a );
sc_lv<W>& operator= ( const sc_int_base& a );
sc_lv<W>& operator= (unsigned long a );
sc_lv<W>& operator= (long a );

sc_lv<W>& operator= (unsigned int a );
sc_lv<W>& operator=(int a );

D\z_lV \AJ oC UPCI atvl \ uIiimv=s a ),

sc_lv<W>& operator= ( int64 a );

} // namespace sc_dt
7.9.6.3 Constraints on usage

The repult of assigning an array of bool or an array of sc_logic to an sc_ly.object having a greater word
length [than the number of array elements is undefined.

7.9.6.4 Constructors

sc_lIv(});
Default constructor sc¢_lv shall create an sc_lv object of word length specified by the tegmplate
argument W and shall set the initial value of eyéry element to unknown.

The other constructors shall create an s¢_lv objectof word length specified by the template argument|[W and
value gorresponding to the constructor argument: If the word length of a data type or string literal argument
differs|from the template argument, truncation or zero-extension shall be applied, as described in 7}2.1. If
the nuinber of elements in an array of bool or array of s¢_logic used as the constructor argument is lejss than
the wopd length, the initial value of all.elements shall be undefined.

NOTE+-An implementation may provide a different set of constructors to create an sc_lv object ffom an
sc_sub;ef_rf<T>, sc_concref_rf<T 1,72>, sc_bv_base, or sc_lv_base object, for example, by providing [a class
template that is used as a common base class for all these types.

7.9.6.5 Assignment.\operators

Overldaded assignment operators shall provide conversion from SystemC data types and the natiye C++
intege1) representation to sc_lv, using truncation or zero-extension, as described in 7.2.1. The exception is
assign1nent from an array of bool or an array of sc¢_logic to an sc¢_lv object, as described in 7.9.6.4.
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7.9.7 Bit-selects

7.9.7.1 Description

Class template sc_bitref_r7.<T> represents a bit selected from a vector used as an rvalue.
Class template sc_bitrej%< T> represents a bit selected from a vector used as an lvalue.

The use of the term vector here includes part-selects and concatenations of bit vectors and logic vectors. The
template parameter is the name of the class accessed by the bit-select.

7.9.7.2-Class-definition

namespace sc_dt {

templajte <class T>

class s _bitref_rf

{
frignd class sc_bv_base;
frignd class sc_lv_base;

public:
/! Copy constructor
sc_bitref_rf( const sc_bitref_rf< >&a);

// Bitwise complement
const sc_logic operator~ () const;

// Implicit conversion to sc_logic
operator const sc_logic() const;

/! Explicit conversions
bool is_01() const;
bool to_bool() const;
char to_char() const;

// Common methods
int length() const;

/I Other meéthods
void print( std::ostream& os = std::cout ) const;

pripate:
// Disabled
sc_bitref_rf();
sc_bitref_rf< T>& operator= ( const sc_bitref_rf<7>& );

|5

/

template <class T>

class sc_bitreﬁ '

: public sc_bitref r' <T>
{
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friend class sc_bv_base;
friend class sc_lv_base;

public:

pri

1
}

/I Copy constructor
sc_bitreﬁ ( const sc_bitreﬁ <T>&a);

/I Assignment operators

sc_bitreﬁ <T>& operator= ( const sc_bitref_rf<7>& a);
sc_bitreﬁ <T>& operator= ( const sc_bitreﬁ <I>&a);
sc_bitreﬁ <T>& operator= ( const sc_logic& a );

IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)
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sc_bitreﬁ <T>& operator= ( bool a);
sc_bitreﬁ <T>& operator= ( char a );
sc_bitreﬁ <T>& operator=( int a );

// Bitwise assignment operators

sc_bitreﬁ <T>& operator&= ( const sc_bitref_rf< >&a);
sc_bitreﬁ <T>& operator&= ( const sc_logic& a );
sc_bitreﬁ <T>& operator&= ( sc_logic_value tv);
sc_bitreﬁ <T>& operator&= ( bool a );

sc_bitreﬁ <T>& operator&= ( char a );

sc_bitreﬁ <T>& operator&=(int a );

sc_bitreﬁ <T>& operator|= ( const sc_bitref_r7'<7>& aY);
sc_bitreﬁ <T>& operator|= ( const sc_logic& a);
sc_bitreﬁ <T>& operator|= ( sc_logic value t )
sc_bitreﬁ <T>& operator|= ( bool a );

sc_bitreﬁ <T>& operator|= ( char a );

sc_bitreﬁ <T>& operator|= (int a );

sc_bitreﬁ <T>& operator”= ( const sc_bitref_r7'<T>& a);
sc_bitreﬁ <T>& operator”=-((const sc_logic& a );
sc_bitreﬁ <T>& operatort=)('sc_logic_value tv);
sc_bitreﬁ <T>& operator”= ( bool a );

sc_bitreﬁ <T>& operator"= ( char a);

sc_bitreﬂ <T>& operator"= (int a );

/I Other methods
void scan(‘std::istream& is = std::cin );

ate:

/\Disabled

sc_bitref();

// namespace sc_dt

7.9.7.3 Constraints on usage

Bit-select objects shall only be created using the bit-select operators of an sc_bv_base or sc_lv_base object
(or an instance of a class derived from sc_bv_base or sc_lv_base) or a part-select or concatenation thereof,
as described in 7.2.6.

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

IEC 61691

-7:2009(E) — 263 -

IEEE Std 1666-2005(E)

An application shall not explicitly create an instance of any bit-select class.

An application should not declare a reference or pointer to any bit-select object.

It is strongly recommended that an application avoid the use of a bit-select as the return type of a function
because the lifetime of the object to which the bit-select refers may not extend beyond the function return

statement.
Example:
sc_dt::sc_bitref<sc_bv_base> get bit n(sc_bv_base bv, int n) {
retprn bv|n]; / Unsate: returned bit-select references local variable
H
7.9.7.4 Assignment operators
Overldaded assignment operators for the lvalue bit-select shall provide conversioni-to sc_logic_value_t
values| The assignment operator for the rvalue bit-select shall be declared as priyate.to prevent its us¢ by an
applicgtion.
7.9.7.5 Implicit type conversion
operafor const sc_logic() const;
Operator sc_logic shall create an sc¢_logic object with the same value as the bit-select.
7.9.7.6 Explicit type conversion
char tq_char() const;
Member function to_char shall convert.the bit-select value to the char equivalent.
bool tq_bool() const;
Member function to_bool shall convert the bit-select value to false or true. It shall be an errot to call
this function if the sc_logic value is not logic 0 or logic 1.
bool is| 01() const;
Member function is_01 shall return true if the sc_logic value is logic 0 or logic 1; otherwise, the

return value shall be false.
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Table 23—sc_bitref_rT<T> bitwise and comparison operations

Expression Return type Operation
& B enstsc—logi se—bits ,?f_VT' T bitwise-and
]1! | B const sc_logic sc_bitref'_rf<7> bitwise or
li) B const sc_logic scﬁbitrefirf<T> bitwise exclusive\or
lii =B bool test equal
]JS =B bool test not equal

NOTE+An implementation is required to supply overloaded operators/on scﬁbitrefir'/'<T> objects to sat{sfy the

requirenents of this subclause. It is unspecified whether these operators.are members of sc_bitref_r7<T>

operatofs, or provided in some other way.

7.9.7.8 Other member functions

void s¢an( std::istream& is = std::cin );

void print( std::ostream& os = std:cout ) const;

int length() const;

7.9.8 Part<selects

Membenfunction length shall unconditionally return a word length of 1 (see 7.2.4).

global

Member function scan shall set the value~of the bit referenced by an lvalue bit-select. Th¢ value
shall correspond to the C++ bool value\obtained by reading the next formatted character strinlg from
the specified input stream (see 7.2.10).

Member function pring shall print the value of the bit referenced by the bit-select to the specified
output stream (see,/72,10). The formatting shall be implementation-defined but shall be equiivalent
to printing the valuge-feturned by member function to_bool.

7.9.8.1 Description

Class template sc_subref r'<T> represents a part-select from a vector used as an rvalue.

Class template sc_subref <T> represents a part-select from a vector used as an Ivalue.

The use of the term vector here includes part-selects and concatenations of bit vectors and logic vectors. The
template parameter is the name of the class accessed by the part-select.
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The set of operations that can be performed on a part-select shall be identical to that of its associated vector
(subject to the constraints that apply to rvalue objects).

7.9.8.2 Class definition
namespace sc_dt {

template <class T>
class sc_subref_rf

{
public:
CU}))’ \./Ullbtl u\atUI
sc_subref_rf( const sc_subref r’'<T>& a);
// Bit selection
sc_bitref r’<sc_subref r’<T>> operator[] (inti) const;
// Part selection
sc_subref r’<sc_subref r'<T>> operator() (int hi, int lo ) const;
sc_subref r’<sc_subref r'<T>> range( int hi , int lo ) const;
// Reduce functions
sc_logic_value t and_reduce() const;
sc_logic_value t nand_reduce() const;
sc_logic_value t or_reduce() const;
sc_logic_value t nor_reduce() const;
sc_logic_value t xor_reduce() const;
sc_logic_value t xnor_reduce() const;
// Common methods
int length() const;
/I Explicit conversions to character string
const std::string to_string() const;
const std::string to_string( sc_numrep ) const;
const std::string to_string( sc_numrep , bool ) const;
// Explicit gonversions
int to_inf())const;
unsigned int to_uint() const;
long-te_long() const;
unsiened long to ulong() const;
bool is_01() const;
// Other methods
void print( std::ostream& os = std::cout ) const;
bool reversed() const;
private:
// Disabled
sc_subref_rf();
sc_subref r’<T>& operator= ( const sc_subref r'<T>&);
I
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/

template <class T>
class sc_subreﬁ
: public sc_subref r’<T>
{
public:
/I Copy constructor
sc_subreﬁ ( const sc_subref <Tr>&a);,

A . & "
2D 51511111\/11 U UlJ\/l atvulrs

template <class T>

sc_subref' <T>& operator= ( const sc_subref r'<T>& a);
template <class T1, class T2>

sc_subref'<T>& operator= ( const sc_concref r'<TI1,T2>& a);
sc_subref'<T>& operator= ( const sc_bv_base& a );
sc_subref'<T>& operator= ( const sc_lv_base& a );
sc_subref' <T>& operator= ( const sc_subref r’<T>& a);
sc_subref' <T>& operator= ( const sc_subref <T>& a );
sc_subref'<T>& operator= ( const char* a );
sc_subref'<T>& operator= ( const bool* a );
sc_subref'<T>& operator= ( const sc_logic* a );
sc_subref'<T>& operator= ( const sc_unsigned& aJ;
sc_subref'<T>& operator= ( const sc_signed& a);
sc_subref/ <T>& operator= ( const sc_uint _base& a );
sc_subref/ <T>& operator= ( const sc_int_base& a );
sc_subref' <T>& operator= (unsigned long'a );

sc_subref' <T>& operator=(long a );

sc_subref/ <T>& operator= (unsigned int a );
sc_subref'<T>& operator= (inta);

sc_subref/ <T>& operator=(dint64 a );

sc_subref' <T>& operator= (int64 a );

// Bitwise rotations
sc_subref <T>&Aretate( int n );
sc_subref/ <T>& rrotate( int n );

// Bitwis€ reverse
sc_subref <T>& reverse();

/IBit selection
sc_bitref'<sc_subref'<T>> operator[] (inti);

// Part selection
sc_subref'<sc_subref'<T>> operator() (int hi , int lo );

sc_subref'<sc_subref'<T>> range( int hi , int lo );

/1 Other methods
void scan( std::istream& = std::cin );
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private:
// Disabled
sc_subrefL 0;
55
} // namespace sc_dt

7.9.8.3 Constraints on usage

Part-select objects shall only be created using the part-select operators of an sc_bv_base or sc_lv_base

object

(or an instance of a class derived from sc_bv_base or sc_lv_base) or a part-select or concatenation

Ve

thereo
An apy
An apy
An rva
It is st

becaus
statem

fasdesertbedmr7-2-6-
lication shall not explicitly create an instance of any part-select class.

lication should not declare a reference or pointer to any part-select object.

lue part-select shall not be used to modify the vector with which it is associated.
ongly recommended that an application avoid the use of a part-select as.the return type of a fynction

e the lifetime of the object to which the part-select refers may not exténd beyond the function return
ent.

Example:
sc_dt::;pc_subref<sc_bv_base> get byte(sc_bv_base bv, int\pos) {

refurn bv(pos+7,pos);  // Unsafe: returned part-select references local variable
H

7.9.8.4 Assignment operators

Overldaded assignment operators shall\provide conversion from SystemC data types and the natiy
integey representation to lvalue part=s¢lects. If the size of a data type or string literal operand differs fy
part-sdlect word length, truncation‘or zero-extension shall be used, as described in 7.2.1. If an array

e C++
om the
f bool

or arr

length the value of the pant-select shall be undefined.
The dgfault assignment operator for an rvalue part-select is private to prevent its use by an applicatio

7.9.8.% Explicit type conversion

of sc_logic is assignedh\to’a part-select and its number of elements is less than the part-seledt word

|

const gtd<string to_string() const;
const std=string-to—string(-se—aumrep)-const;
const std::string to_string( sc_numrep , bool ) const;

Member function to_string shall convert to an std::string representation, as described in 7.2.11.
Calling the to_string function with a single argument is equivalent to calling the to_string function
with two arguments, where the second argument is true. Attempting to call the single or double
argument to_string function for a part-select with one or more elements set to the high-impedance
or unknown state shall be an error.

Calling the to_string function with no arguments shall create a logic value string with a single '1",
'0','Z' , or 'X' corresponding to each bit. This string shall not prefixed by "0b" or a leading zero.
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Member functions that return the integer equivalent of the bit representation shall be provided to
satisfy the requirements of 7.2.9. Calling any such integer conversion function for an object having
one or more bits set to the high-impedance or unknown state shall be an error.

Operations specified in Table 24 and Table 27 are permitted for all vector part-selects. Operations specified
in Table 25 are permitted for lvalue vector part-selects only. The following applies:

The op

P represents an lvalue or rvalue vector part-select.

L represents an lvalue vector part-select.

Vi represents an object of logic vector type sc_bv_base, sc_lv_base, sc subref r'<
sc_concref ¥'<TI1,T2>, or integer type int, long, unsigned int, unsigned long, sc_s

sc_unsigned, sc_int_base, or sc_uint_base.

i represents an object of integer type int.

A represents an array object with elements of type char, bool, or sc_logic.

erands may also be of any other class that is derived from those just given.

Table 24—sc_subref_rT<T> bitwise operations

>, or
igned,

Expression Return type Operation
B & Vi const sc_lv_base sc_subref_rf< T> bitwise and
Yi&P const sc_lv_base sc_subref_r*<T> bitwise and
P& A const sc lv-base sc_subref_rf< T> bitwise and
A &P cofistsc_lv_base sc_subref_r*<T> bitwise and
B|Vi const sc_lv_base sc_subref_rf< T> bitwise or
Yi|P const sc_lv_base sc_subref_r*<T> bitwise or
BIA const sc_lv_base sc_subref_rf< T> bitwise or
AP const sc_lv_base sc_subref_r*<T> bitwise or
B2V const sc_lv_base sc_subref_rf< T> bitwise exclusive or
VirP const sc_lv_base sc_subref_r*<T> bitwise exclusive or
PMA const sc_lv_base sc_subref_rf< T> bitwise exclusive or
ANP const sc_lv_base sc_subref_r*<T> bitwise exclusive or
P<<i const sc_lv_base sc_subref_rf< T> left-shift
P>>i const sc_lv_base sc_subref_r*<T> right-shift
~P const sc_lv_base sc_subref_rf< T> bitwise complement
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Table 25—sc_subrefT<T> bitwise operations

Expression Return type Operation
L &=Vi sc_subref_r7< r>& sc_subref_r7<7> assign bitwise and
L&=A sc_subref 1'<T>& sc_subref r'<T> assign bitwise and
L|=Vi sc_subref_r7< >& sc_subref_r7<T> assign bitwise or
LA sc_subref 1'<T>& sc_subref r'<T> assign bitwise or
L A= se—sebraf- LT se—stbraf- LT assign-bitwise-exelusive-or
L1=A sc_subref 1'<T>& sc_subref r'<T> assign bitwise exclusive:ob
L f<=i sc_subref_r7< >& sc_subref_r7<7> assign left-shift
L}>=i sc_subref 1'<T>& sc_subref r'<T> assign right’shift
Binary] bitwise operators shall return a result with a word length that is¢equal to the word length
longest operand.
The left shift operator shall return a result with a word length thatds equal to the word length of i

select
Zero.

The rig
select

It is an|

perand plus the right (integer) operand. Bits added on the right-hand side of the result shall b

bht shift operator shall return a result with a word“length that is equal to the word length of i
perand. Bits added on the left-hand side of the'result shall be set to zero.

error if the right operand of a shift operator is negative.

Table 26—sc_subref_rT<T> comparison operations

Expression Return type Operation
P==Vi bool test equal
Vi== bool test equal
— A bool test equal
A== bool test equal

of the

s part-
b set to

s part-

sc_subref' <T>& Irotate( int n );

Member function Irotate shall rotate an lvalue part-select n places to the left.

sc_subref' <T>& rrotate( intn );

Member function rrotate shall rotate an lvalue part-select n places to the right.
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sc_subref' <T>& reverse();

Member function reverse shall reverse the bit order in an lvalue part-select.

NOTE—An implementation is required to supply overloaded operators on sc_subref_rf<7> and sc_subreﬁ <T> objects
to satisfy the requirements of this subclause. It is unspecified whether these operators are members of sc_subref' <T>,
members of sc_subreﬁ <T>, global operators, or provided in some other way.

7.9.8.7 Other member functions

void scan( std::istream& is = std::cin );

Member function scan shall set the values of the bits referenced by an lvalue part-select by reading

void p

int len

bool r¢

7.9.9
7.9.9.

Class t
rvalue

Class
lvalue,

The us
templa

The sg
vector:

the next formatted character string from the specified input stream (see 7.2.10).

Fint( std::ostream& os = std::cout ) const;

Member function print shall print the values of the bits referenced by the part-select to the sp
output stream (see 7.2.10).

bth() const;
Member function length shall return the word length of the partzselect (see 7.2.4).

versed() const;

Member function reversed shall return true if the elem@nts of a part-select are in the revers
to those of its associated vector (if the left-hand index used to form the part-select is less tl
right-hand index); otherwise, the return value shall be false.

Concatenations

Description

emplate sc_concref r'<T1,T2>xé&presents a concatenation of bits from one or more vector use

emplate sc_concref <€LT2> represents a concatenation of bits from one or more vector use

e of the term-veetor here includes part-selects and concatenations of bit vectors and logic vectol
te parameters are the class names of the two vectors used to create the concatenation.

t of operations that can be performed on a concatenation shall be identical to that of its ass
(stibject to the constraints that apply to rvalue objects).

ecified

e order
nan the

d as an

1l as an

rs. The

bciated

7.9.9.2 Class definition

namespace sc_dt {

template <class T1, class T2>
class scﬁconcrefirf

{

public:

// Copy constructor
sc_concref_r'/'( const sc_concref r'<T1,T2>& a);
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/

pri

// Destructor
virtual ~sc_concref r();

// Bit selection
sc_bitref r’<sc_concref r’<TI,T2>> operator[] (inti) const;

// Part selection
sc_subref r’<sc_concref r’<TI,T2>> operator() (int hi, int lo ) const;

sc_subref r’<sc_concref r’<T1,T2>> range( int hi , int lo ) const;

// Reduce functions

sc_logic_value t and_reduce() const;
sc_logic_value t nand_reduce() const;
sc_logic_value t or_reduce() const;
sc_logic_value t nor_reduce() const;
sc_logic_value t xor_reduce() const;
sc_logic_value t xnor_reduce() const;

// Common methods
int length() const;

/I Explicit conversions to character string

const std::string to_string() const;

const std::string to_string( sc_numrep ) const;

const std::string to_string( sc_numrep , bool ) const;

// Explicit conversions

int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
bool is_01() const;

// Other methods
void print( std::gstreamé& os = std::cout ) const;

vate:

// Disabled

sc_concreﬁ 0;
s¢z corcref r'<T1,T2>& operator= ( const sc_concref r'<T1,T2>& );

template <class T1, class T2>
class sc_concre
: public sc_concref r’<TI,T2>

{

public:

/I Copy constructor
sc_concreﬁ (const sc_concref <TI1,T2>& a );
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/I Assignment operators

template <class T>

sc_concref'<T1,T2>& operator= ( const sc_subref r'<T>& a);
template <class T1, class T2>

sc_concref'<T1,T2>& operator= ( const sc_concref r'<T1,T2>& a);

sc_concref'<T1,T2>& operator= ( const sc_bv_base& a );
sc_concref'<T1,T2>& operator= ( const sc_lv_base& a );

sc_concref'<T1,T2>& operator= ( const sc_concref <T1,T2>& a);

sc_concref'<T1,T2>& operator= ( const char* a );
sc_concref'<T1,T2>& operator= ( const bool* a );
sc_concref'<T1,T2>& operator= ( const sc_logic* a );

le ale)

Veilokend ] Q % ya " : 10 AN
DL_LUILLI CJ 11,1 o UPCI atvl \ CUIISU Db_ullbléllbu‘x a ),
sc_concref'<T1,T2>& operator= ( const sc_signed& a );
sc_concref'<T1,T2>& operator= ( const sc_uint_base& a );
sc_concref'<T1,T2>& operator= ( const sc_int_base& a );
sc_concref'<T1,T2>& operator= (unsigned long a );
sc_concref'<T1,T2>& operator= ( long a );
sc_concref'<T1,T2>& operator= (unsigned int a );
sc_concref'<T1,T2>& operator= (inta);
sc_concref'<T1,T2>& operator= (uint64 a );
sc_concref'<T1,T2>& operator= (int64 a );

// Bitwise rotations
sc_concref'<T1,T2>& lrotate( intn );
sc_concref'<T1,T2>& rrotate( int n );

// Bitwise reverse
sc_concref'<T1,T2>& reverse();

// Bit selection
sc_bitref <sc_concref'<T1,T2>> operator[] (inti);

// Part selection
sc_subref'<sc_concref'<TU,T2>> operator() (int hi , int o );

sc_subref <sc_concref'<T1,T2>> range( int hi , int lo );

/I Other methods
void scan(std:istream& = std::cin );

ate:
// Disabled

SC concreﬁ 0;

// r-value concatenation operators and functions

template <typename C1, typename C2>
sc_concref r’<CI1,C2> operator, (C1,C2);

template <typename C1, typename C2>
sc_concref r’<CI,C2> concat( Cl,C2);

// 1-value concatenation operators and functions
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template <typename C1, typename C2>
sc_concref'<C1,C2> operator, (C1,C2);

template <typename C1, typename C2>
sc_concref'<C1,C2> concat( C1,C2);

} // namespace sc_dt

7.9.9.3 Constraints on usage

Concatenatiorn U‘Ujb\ztb shatt Ull‘l_y be-ereated ubillé the-coneat-function (Ul oper atul,) aubuldiué to—the rules
in 7.2]7. The concatenation arguments shall be objects with a common concatenation base-type of
sc_bv [base or sc_lv_base (or an instance of a class derived from sc_bv_base or sc_Iv_base) ot aparf-select
or congatenation of them.

An application shall not explicitly create an instance of any concatenation class.
An application should not declare a reference or pointer to any concatenation objeet.

An rvglue concatenation shall be created when any argument to the concat function (or operator]) is an
rvalue] An rvalue concatenation shall not be used to modify any vector(with which it is associated.

It is sfrongly recommended that an application avoid the use-9f.a concatenation as the return type of a
functiqn because the lifetime of the objects to which the concatenation refer may not extend beygnd the
functidn return statement.

Example:

sc_dt::;pc_concref r<sc _bv_base,sc_bv_base> pad(sc_bv_base& bv, char pchar) {

cofst sc_bv<4> padword(pchar); // Unsafe: returned concatenation references
/4-a non-static local variable (padword)
retpirn concat(bv,padword);

}

7.9.9.4 Assignment operators

Overldaded assigniment operators shall provide conversion from SystemC data types and the natiye C++
integel representation to lvalue concatenations. If the size of a data type or string literal operand diffefs from
the comcatenation word length, truncation or zero-extension shall be used, as described in 7.2.1. If ah array
of bodl or afray of sc_logic is assigned to a concatenation and its number of elements is less than the

The default assignment operator for an rvalue concatenation shall be declared as private to prevent its use by
an application.

7.9.9.5 Explicit type conversion
const std::string to_string() const;

const std::string to_string( sc_numrep ) const;
const std::string to_string( sc_numrep , bool ) const;
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Member function to_string shall perform the conversion to an std::string representation, as
described in 7.2.11. Calling the to_string function with a single argument is equivalent to calling the
to_string function with two arguments, where the second argument is true. Attempting to call the
single or double argument to_string function for a concatenation with one or more elements set to
the high-impedance or unknown state shall be an error.

Calling the to_string function with no arguments shall create a logic value string with a single '1',
'0','Z', or 'X' corresponding to each bit. This string shall not prefixed by "0b" or a leading zero.

bool is_01() const;

Member function is_01 shall return true only when every element of a concatenation has a value of

any-—crente a vVarac o1 ocaa OTUIRITOWITY; S11a ctt ajse.

Member functions that return the integer equivalent of the bit representation shall be provided to
satisfy the requirements of 7.2.9. Calling any such integer conversion function for apyobject having
one or more bits set to the high-impedance or unknown state shall be an error.

7.9.9.6 Bitwise and comparison operators

Operations specified in Table 27 and Table 29 are permitted for all vecter eoncatenations; operations
specifipd in Table 28 are permitted for lvalue vector concatenations only. Thefollowing applies:

— | C represents an lvalue or rvalue vector concatenation.
— | L represents an lvalue vector concatenation.

— | Vi represents an object of logic vector type sc_bw,base, sc_lv_base, sc_subref r'<[>, or
sc_concref ¥’<TI1,T2>, or integer type int, long; unsigned int, unsigned long, sc_gigned,
sc_unsigned, sc_int_base, or sc_uint_base.

— |i represents an object of integer type int.

— | A represents an array object with elements of type char, bool, or sc_logic.
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The operands may also be of any other class that is derived from those just given.

Table 27—sc_concref_rT<T1,T2> bitwise operations

Expression Return type Operation

C& Vi const sc_lv_base sc_concref_rT'<T 1,T2> bitwise and

Vi& C const sc_lv_base sc_concref_rf< T1,T2> bitwise and

C&A const sc lv base sc concref ¥ <T1,T2> bitwise and

A&C const sc_lv_base sc_concref_rT'<T 1,T2> bitwise and

ClMi const sc_lv_base sc_concref_rf< T1,T2> bitwise or

Vi|C const sc_lv_base sc_concref r<T1,T2> bitwise.or

ClA const sc_lv_base sc_concref r<T1,T2> bitwise or

AllC const sc_lv_base sc_concref r<T1,L2>/bitwise or

CAVi const sc_lv_base sc_concref 4#<T1,T2> bitwise exclusive or

Vit C const sc_lv_base sc_cofigref r<T1,T2> bitwise exclusive or

CHA const sc_lv_base se>eoncref r<T1,T2> bitwise exclusive or

ANC const sc_lv_base sc_concref r<T1,T2> bitwise exclusive or

C<i const sc_lv_base sc_concref r<T1,T2> left-shift

C>pi const sc_lv_base sc_concref r<T1,T2> right-shift

~C constso.lv_base sc_concref r<T1,T2> bitwise complement

Table 28—sc_concrefT<T1 , 12> bitwise operations
Expression Return type Operation

L &+ Vi sc_concreﬁ <T1,T2>& sc_concref <T1,T2> assign bitwise and
L&FA scﬁconcref# <T1,T2>& scﬁconcreﬂ' <T1,T2> assign bitwise and
L=Vi scﬁconcref’h< T1,T72>& sc_concreﬂ<T1,T2> assign bitwise or
LFA sc_concreﬁ <T1,T2>& sc_concref <T1,T2> assign bitwise or
L"=Vi scﬁconcrefL <T1,T2>& scﬁconcreﬂ' <T1,T2> assign bitwise exclusive or
L*=A scﬁconcref’n <T1,T2>& sc_concreﬂ <T1,T2> assign bitwise exclusive or
L<<=1 sc_concreﬁ <T1,T2>& sc_concref <T1,T2> assign left-shift
L>>=i sc_concreff< T1,T2>& sc_concref{' <T1,T2> assign right-shift
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Binary bitwise operators shall return a result with a word length that is equal to the word length of the
longest operand.

The left shift operator shall return a result with a word length that is equal to the word length of its
concatenation operand plus the right (integer) operand. Bits added on the right-hand side of the result shall

be set to zero.

The right shift operator shall return a result with a word length that is equal to the word length of its
concatenation operand. Bits added on the left-hand side of the result shall be set to zero.

Expression Return type Operation
C==Vi bool test equal
Vi== bool test equal
C== bool test equal
A== bool testiequral

sc_con creﬁ< T1,T2>& Irotate( int n );

Member function Irotate shall rotate an lvalue part:select n places to the left.

sc_concref' <T1,T2>& rrotate(intn );

Member function rrotate shall rotate an lyvalue part-select n places to the right.

sc_con creﬁ <T1,T2>& reverse();
Member function reverse shall feverse the bit order in an lvalue part-select.
NOTE+{-An implementation i$\ réquired to supply overloaded operators on sc_concref_rf< T1,T2> and

sc_con reff <T1,T2> objects to-satisfy the requirements of this subclause. It is unspecified whether these operators are
membe}s of sc_concref ! <TF2>, members of sc_concref <T'l,T2>, global operators, or provided in some otlfer way.

7.9.9.7 Other member functions

void s¢an( std::istreamé& is = std::cin );

Member function scan shall set the values of the bits referenced by an lvalue concatenafion by
reading the next formatted character string from the specified input stream (see 7.2.10).

void print( std::ostream& os = std::cout ) const;

Member function print shall print the values of the bits referenced by the concatenation to the
specified output stream (see 7.2.10).

int length() const;

Member function length shall return the word length of the concatenation (see 7.2.4).
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7.9.9.8 Function concat and operator,

template <typename C1, typename C2>

sc_con

cref r’<C1,C2> operator, (C1, C2);

template <typename C1, typename C2>

sc_con

cref_,,?‘<(j],C2> concat( Cl,C2);

template <typename C1, typename C2>

sc_con

cref <C1,C2> operator, (C1,C2);

templ
sc_con

Explic
concat

specialization for function concat or operator, defined shall be an error.

A tem]
argum

sc_biti
sc_subj
sc_con
const
const

Argum

sc_biti
sc_subj
sc_con
sc_bv |
sc_lv |

Additi
argum

equivajent single-bit const sc_lv_base object.

A tem]
argum

4 ok s Falal
v t_ypuuauu, o1, lyt}bllalllb L

cref! <C1,C2> concat( C1,C2);

t template specializations of function concat and operator, shall be provided.for all pe
enations.  Attempting to concatenate any two objects that do not haveCan explicit tg

late specialization for rvalue concatenations shall be provided for all eombinations of concat
ent types C1 and C2. Argument C1 has a type in the following list:

ef_rf< >
ref_rf< >
cref_rf< T1,T72>
c_bv_base&

c lv_base&

ent C2 has one of the types just given or a type in the following list:

eﬁ <7>

refL <7T>
cref <T1,T2>
base&

base&

nal template speeializations for rvalue concatenations shall be provided for the cases where 4

ent has type bool, const char®, or const sc_logic&. This argument shall be implicitly convertg

late specialization for lvalue concatenations shall be provided for all combinations of concat
enttypes C1 and C2, where each argument has a type in the following list:

'mitted
mplate

tnation

single
d to an

tnation

sc_bitreﬁ <7>

sc_sub

reﬁ<T>

sc_concreﬁ <T1,T2>
sc_bv_base&
sc_lv_base&
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7.10 Fixed-point types

This subclause describes the fixed-point types and the operations and conventions imposed by these types.
7.10.1 Fixed-point representation

In the SystemC binary fixed-point representation, a number shall be represented by a sequence of bits with a
specified position for the binary-point. Bits to the left of the binary point shall represent the integer part of

the number, and bits to the right of the binary point shall represent the fractional part of the number.

A SystemC fixed-point type shall be characterized by the following:

— | The word length (wl), which shall be the total number of bits in the number representation,

— | The integer word length (iwl), which shall be the number of bits in the integer part (the\position of
the binary point relative to the left-most bit).

— | The bit encoding (which shall be signed, two’s compliment, or unsigned).

The right-most bit of the number shall be the least significant bit (LSB), and thejleft-most bit shall|be the
most s{gnificant bit (MSB).

The bihary point may be located outside of the data bits. That is, the binafy”point may be a number of bit
positions to the right of the LSB or it may be a number of bit positions to'the left of the MSB.

The fiyed-point representation can be interpreted according to thé\following three cases:
— | wl<iwl

There are (iwl-wl) zeros between the LSB and the¢“binary point. See index 1 in Table 30(for an
example of this case.
— | 0<=iwl <=wl

The binary point is contained within the'bit representation. See index 2, 3, 4, and 5 in Tablg 30 for
examples of this case.
— | iwl<0

There are (-iwl) sign-extendedbits between the binary point and the MSB. For an unsigned ty|pe, the

sign-extended bits are zero--For a signed type, the extended bits repeat the MSB. See index ¢ and 7
in Table 30 for examples of this case.

The MBSB in the fixed-péint representation of a signed type shall be the sign bit. The sign bit may be [behind
the binfary point.

The rapge of values for a signed fixed-point format shall be given by the following:

—(wl—-iwl)

[_z(iwl— l)f ,2(iwl— D_,

The range of values for a unsigned fixed-point format shall be given by the following:

—(wl-1iwl)

0 ’2(iwl) 9
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Table 30—Examples of fixed-point formats

Index wl iwl Fixed-point repre- Range signed Ranged unsigned
sentation”
1 5 7 xxxxx00. [-64,60] [0,124]
2 5 5 XXXXX. [-16,15] [0,31]
3 5 3 XXX.XX [-4,3.75] [0,7.75]
4 5 1 X.XXXX [-1,0.9375] [0,1.9375]
5 5 0 XXXXX [-0.5,0.46875] [0,0.96875]
6 5 -2 SSXXXXX [0.125,0.1171875] [0,0.2421875]
7 1 -1 X [-0.25,0] [0,0.25]
"X is ar arbitrary binary digit, 0, or 1. s is a sign-extended digit, 0, or 1,

7.10.2

Fixed-

If the 1
precisi
represq

a)

b)

If the t
extend|
be per
most s

pboint type conversion (conversion of a value to ‘a specific fixed-point representation) sl
perforned whenever a value is assigned to a fixed-peint-type variable (including initialization).

nagnitude of the value is outside the range’of the fixed-point representation, or the value has
pn than the fixed-point representation provides, it shall be mapped (converted) to a value that

Fixed-point type conversion

nted. This conversion shall be performed in two steps:

If the value is within range but has greater precision (it is between representable
quantization shall be performed to reduce the precision.

nall be

oreater

can be

alues),

If the magnitude of the value is outside the range, overflow handling shall be performed to [reduce

the magnitude.

hrget fixed-pointrepresentation has greater precision, the additional least significant bits shall be zero

bd. If the target fixed-point representation has a greater range, sign extension or zero extensig
formed for signed and unsigned fixed-point types, respectively, to extend the representation
gnifieant bits.

n shall
f their

Multiy

e ghantization modes (distinct guantization characteristics) and multiple overflow maodes (dlistinct

overflow characteristics) are defined (see 7.10.9.1 and 7.10.9.9).

7.10.3 Fixed-point data types

This subclause describes the classes that are provided to represent fixed-point values.
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7.10.3.1 Finite-precision fixed-point types
The following finite- and variable-precision fixed-point data types shall be provided:

sc_fixed<wl,iwl,q_mode,0_mode,n_bits>
sc_ufixed<wl,iwl,q_mode,0o_mode,n_bits>
sc_fix

sc_ufix

sc_fxval

These YPTSs shatt-be par amreterized-as—to-the ﬁAud-PU;ut TCpT csentattorr (w}, iw}) atd ﬁAhd'l_}Uillt conyersion
modes|(q_mode, o_mode, n_bits). The declaration of a variable of one of these types shall spedify the
values|for these parameters. The type parameter values of a variable shall not be modified after the vjariable
declargtion. Any data value assigned to the variable shall be converted to specified representation (with the
specifipd word length and binary point location) with the specified quantization and gverflow prog¢essing
(q_mode, o_mode, n_bits) applied if required.

The flnite-precision fixed-point types have a common base class sc_fxnum. An applicatjon or
implementation shall not directly create an object of type sc_fxnum. A '\reference or pointer tp class
sc_fxnum may be used to access an object of any type derived from sc_fxnwm.

The type sc_fxval is a variable-precision type. A variable of type se/fxval may store a fixed-point vplue of
arbitrafy width and binary point location. A value assigned to asse/fxval variable shall be stored without a
loss of|precision or magnitude (the value shall not be modified by quantization or overflow handling).

Types |sc_fixed, sc_fix, and sc_fxval shall have a signed (two’s compliment) representation. | Types
sc_ufixed and sc_ufix have an unsigned representation:

A fixegl-point variable that is declared without.aninitial value shall be uninitialized. Uninitialized vdriables
may bp used wherever the use of an initialized variable is permitted. The result of an operation| on an
uninitiplized variable shall be undefined.

7.10.3.2 Limited-precision fixed-point types
The following limited-precision versions of the fixed-point types shall be provided:

sc_fix¢d fast<wl,iwl,q.niode,0 mode,n bits>
sc_ufiyed fast<wlkiwlq mode,o mode,n bits>
sc_fix | fast

sc_ufif fast

sc_fxvpl fast

The limited-precision types shall use the same semantics as the finite-precision fixed-point types. Finite-
precision and limited-precision types may be mixed freely in expressions. A variable of a limited-precision
type shall be a legal replacement in any expression where a variable of the corresponding finite-precision
fixed-point type is expected.

The limited-precision fixed-point value shall be held in an implementation-dependent native C++ floating-
point type. An implementation shall provide a minimum length of 53 bits to represent the mantissa.

NOTE—For bit-true behavior with the limited-precision types, the word length of the result of any operation or
expression shall not exceed 53 bits.
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7.10.4

Fixed-point expressions and operations

Fixed-point operations shall be performed using variable-precision fixed-point values; that is, the evaluation
of a fixed-point operator shall proceed as follows (except as noted below for specific operators):

The operands shall be converted (promoted) to variable-precision fixed-point values.

The operation shall be performed, computing a variable-precision fixed-point result. The resu

1t shall

be computed so that there is no loss of precision or magnitude (that is, sufficient bits are computed to

precisely represent the result).

The right-hand side of a fixed-point assignment shall be evaluated as a variable-precision fixed-point value
that is converted to the fixed-point representation specified by the target of the assignment.

If all tl
be pert
result g

The rig
operat
truncat

The re

Fixed-
variab
repress
sc_fix,
binary
extend|
have th

The ref

The pe

e operands of a fixed-point operation are limited-precision types, a limited-precision opgératiq

hall be a limited variable-precision fixed-point value.

on is called with a fixed-point value for the right operand, the fractional.part of the value s
ed (no quantization).

ult of the equality and relational operators shall be type bool.

boint operands of a bitwise operator shall be of a finite- of limited-precision type (they shall
e precision). Furthermore, both operands of a binary“bitwise operator shall have the sanj
ntation (both signed or both unsigned). The result ofia fixed-point bitwise operation shall bq
or sc_ufix (or sc_fix_fast, sc_ufix_fast), depending on the sign representation of the operan
operators, the two operands shall be aligned at-the binary point. The operands shall be temp
ed (if necessary) to have the same integer word length and fractional word length. The resyl
e same integer and fractional word lengths’as the temporarily extended operands.

mainder operator (%) is not supported-for fixed-point types.

rmitted operators are given in“Table 31. The following applies:

A represents a fixed-point object.

B and C represent apptopriate numeric values or objects.

s1, s2, s3 represent signed finite- or limited-precision fixed-point objects.

ul, u2, u3 represent unsigned finite- or limited-precision fixed-point objects.

Table 31—Fixed-point arithmetic and bitwise functions

n shall

ormed. This operation shall use limited variable-precision fixed-point values (sc_fxval) fast) and the

ht operand of a fixed-point shift operation (the shift amount) shall be of type inf-If a fixed-point shift

hall be

not be
e sign
either
ds. For
orarily
It shall

EXxpression Operation
A=B+C; Addition with assignment
A=B-C; Subtraction with assignment
A=B*C; Multiplication with assignment
A=B/C; Division with assignment
A=B<<i; Left shift with assignment
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Table 31—Fixed-point arithmetic and bitwise functions (continued)

Expression Operation
A=B>>1i Right shift with assignment
sl =82 & s3; Bitwise and with assignment for signed operands
sl =s2|s3; Bitwise or with assignment for signed operands
sl =s2"s3; Bitwise exclusive-or with assignment for signed operands
ul =u2 & u3; Bitwise and with assignment for unsigned operands
ul =u2|u3; Bitwise or with assignment for unsigned operands
ul =u2 " u3; Bitwise exclusive-or with assignment for unsigned opgrands

The operands of arithmetic fixed-point operations may be combinations of-the“types listed in Table 32,

Table $3, Table 34, and Table 35.

The addition operations specified in Table 32 are permitted for finitesprecision fixed-point objects. The

follow|ng applies:

— | F, F1, F2 represent objects derived from type sc_fxnum

— |n represents an object of numeric type int, long, unsigned int, unsigned long, double, sc_gsigned,

sc_fxnum_fast or a numeric string literal.

The ogerands may also be of any other class thatds derived from those just given.

Table 32—Finite-precision fixed-point addition operations

sc_unsigned, sc_int_base, sc_uint_base, sc_fxval, sc_fxval fast, or an object derived from

Expression Operation
F=F1% B2; sc_fxnum addition, sc_fxnum assign
El=F2; sc_fxnum assign addition
F1=F2+n; sc_fxnum addition, sc_fxnum assign
Fl=n+F2; sc_fxnum addition, sc_fxnum assign
F+=n; sc_fxnum assign addition

The addition operations specified in Table 33 are permitted for variable-precision fixed-point objects. The

following applies:
— V, V1, V2 represent objects of type sc_fxval.

— n represents an object of numeric type int, long, unsigned int, unsigned long, double, sc_signed,
sc_unsigned, sc_int_base, sc_uint_base, sc_fxval_fast, or an object derived from sc_fxnum_fast

or a numeric string literal.
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The operands may also be of any other class that is derived from those just given.

The ad
follow

The op

Table 33—Variable-precision fixed-point addition operations

Expression Operation
V=V1+V2 sc_fxval addition,
sc_fxval assign
V1+=V2; sc_fxval assign addition
V1=V2+n; sc_fxval addition,
sc_fxval assign
Vi=n+V2; sc_fxval addition,
sc_fxval assign
V +=n; sc_fxval assign addition

dition operations specified in Table 34 are permitted for limited-precision fixed-point objec
ng applies:

F, F1, F2 represent objects derived from type sc_fxnum_fast.

n represents an object of numeric type int, long, unsigned int, unsigned long, double, sc_s
sc_unsigned, sc_int_base, sc_uint_base, or sc_fxyal\fast, or a numeric string literal.

erands may also be of any other class that is derived from those just given.

Table 34—Limited-precision fixed-point addition operations

Expression Operation

F=F1+F2; sc_fxnum_fast addition,
sc_fxnum_fast assign

F1 +=F2; sc_fxnum_fast assign addition

F1 zF2+n; sc_fxnum_fast addition,
sc_fxnum_fast assign

Fl=n+F2; sc_fxnum_fast addition,
sc_fxnum_fast assign

F+=n; sc_fxnum_fast assign addition

s. The

igned,

The addition operations specified in Table 35 are permitted for limited variable-precision fixed-point
objects. The following applies:

V, V1, V2 represent objects of type sc_fxval fast.

n represents an object of numeric type int, long, unsigned int, unsigned long, double, sc_signed,

sc_unsigned, sc_int_base, or sc_uint_base, or a numeric string literal.
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The operands may also be of any other class that is derived from those just given.

Table 35—Limited variable-precision fixed-point addition operations

Expression Operation

V=VI1+V2; sc_fxval fast addition,
sc_fxval fast assign

V1+=V2; sc_fxval fast assign addition

V1=V2+n; sc_fxval fast addition,
sc_fxval fast assign

V1i=n+V2; sc_fxval fast addition,
sc_fxval fast assign

V+=n; sc_fxval fast assign addition

Subtraftion, multiplication, and division operations are also permitted with the same combinations of
operand types as listed in Table 32, Table 33, Table 34, and Table 35.

7.10.5 Bit and part selection

Bit and part selection shall be supported for the fixed-poifititypes, as described in 7.2.5 and 7.2.6. They are
not supported for the variable-precision fixed-point type§’sc_fxval or sc_fxval_fast.

If the Ipft-hand index of a part-select is less than th& right-hand index, the bit order of the part-select ghall be
revers¢d.

A parttselect may be created with an unspecified range (the range function or operator() is called with no
arguments). In this case, the part-select’shall have the same word length and same value as its asspciated
fixed-pgoint object.

7.10.4 Variable-precision fixed-point value limits

In sorhe cases, suchtas division, using variable precision could lead to infinite word lengths. An
implementation should provide an appropriate mechanism to define the maximum permitted word lepgth of
a variaple-precision‘value and to detect when this maximum word length is reached.

The acfion taken by an implementation when a variable-precision value reaches its maximum word lgngth is
undefiped."The result of any operation that causes a variable-precision value to reach its maximurh word
length shall be the implementation-dependent representable value nearest to the ideal (infinite precision)
result.

7.10.7 Fixed-point word length and mode

The default word length, quantization mode, and saturation mode of a fixed-point type shall be set by the
fixed-point type parameter (sc_fxtype param) in context at the point of construction as described in 7.2.3.
The fixed-point type parameter shall have a field corresponding to the fixed-point representation (wl,.iwl)
and fixed-point conversion modes (q_mode, o_mode, n_bits). Default values for these fields shall be
defined according to Table 36.
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Table 36—Built-in default values

Parameter Value
wl 32
iwl 32
q mode SC TRN
o_mode SC_WRAP
n_bits 0

The bghavior of a fixed-point object in arithmetic operations may be set to emulate that of a floating-point
variable by the floating-point cast switch in context at its point of construction.,A floating-point cast|switch
shall e brought into context by creating a floating-point cast context’ ebject. sc_fxcast swit¢h and
sc_fxcpst_context shall be used to create floating-point cast switches, anhd floating-point cast cqntexts,
respectively (see 7.11.5 and 7.11.6).

A global floating-point cast context stack shall manage floating*point cast contexts using the same serhantics
as the Jength context stack described in 7.2.3.

A floating-point cast switch may be initialized to thexvalue SC_ON or SC_OFF. These shall cafise the
arithmgptic behavior to be fixed-point or floating-point, respectively. A default floating-point contekt with
the value SC_ON shall be defined.

Example:

sc_fxtype params fxt(32,16);
sc_fxtype context fext(fxt);

sc_fix |A,B,res; [/ wl=32iwl=16

A =10.0;

B=0.1;

res=A * B; // res =.999908447265625

sc_fxchstsswitch fxs(SC_OFF);
sc_fxchst, eontext fcext(fxs);

sc_fix C,D; // Floating-point behavior
C=10.0;

D=0.1;

res=C * D; /l res =1
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7.10.7.1 Reading parameter settings

The following functions are defined for every finite-precision fixed-point object and limited-precision fixed-
point object and shall return its current parameter settings (at runtime).

const sc_fxcast switch& cast_switch() const;

Member function cast_switch shall return the cast switch parameter.

int iwl() const;

M4 1 ol e . 1 ol 11 4 41 s . | 41 4
IVIVITIUUL TUIIUUIVUIT ITVWWI SIIAall TUTULIT tIIv llllbébl WUl U—lbllél,ll lJal alrrvivt.

int n_hits() const;

sc_0 1]

sc q 1

Member function n_bits shall return the number of saturated bits parameter.

hode o_mode() const;

Member function o_meode shall return the overflow mode parameter, using the enumeratg
sc_o_mode, defined as follows:

enum sc_o_mode

{
SC_SAT, // Saturation
SC _SAT ZERO, // Saturation to zero
SC _SAT SYM, /I Symmetrical satyration
SC_WRAP, /I Wrap-around*()
SC_WRAP_SM // Sign magnitude wrap-around (*)
I

hode q_mode() const;

Member function q_mode\shall return the quantization mode parameter using the enumerat
sc_q_mode, defined as.follows:

enum sc_q_meode

d type

bd type

{
SC_RND, // Rounding to plus infinity
SCG-RND_ZERO, // Rounding to zero
SO RND_MIN _INF, // Rounding to minus infinity
SC RND_INF, // Rounding to infinity
SC_RND CONV, / Convergent rounding
SC _TRN, // Truncation
SC _TRN_ZERO // Truncation to zero

15

const sc_fxtype params& type_params() const;

Member function type_params shall return the type parameters.

int wl() const;

Member function wl shall return the total word-length parameter.
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7.10.7.2 Value attributes

The following functions are defined for every fixed-point object and shall return its current value attributes.

bool is_neg() const;

Member function is_neg shall return true if the object holds a negative value; otherwise, the return

value shall be false.

bool is_zero() const;

bool o

bool qpantization_flag() const;

The fo
value:

const

The fo|

value:

const §

7.10.8

Conve
descril

The to|
format
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value shall be false.

erflow_flag() const;

Member function overflow_flag shall return true if the last write action on, this objects
overflow; otherwise, the return value shall be false.

Member function quantization_flag shall return true if the last write action on this object
quantization; otherwise, the return value shall be false.

llowing function is defined for every finite-precisionyfixed-point object and shall return its

c_fxval value() const;

lowing function is defined for every Timited-precision fixed-point object and shall return its

c_fxval fast value() const;
Conversions to.character string

'sion to character string of the fixed-point types shall be supported by the to_string metl
ed in 7.3,

| string)method for fixed-point types may be called with an additional argument to specify thq
This argument shall be of enumerated type sc_fmt and shall always be at the right-hand sidg

return

caused

caused

current

current

0od, as

string
of the

argument [ist.

enum sc¢_fmt { SC F, SC E };

The default value for fmt shall be SC_F for the finite- and limited-precision fixed-point types. For types
sc_fxval and sc_fxval fast, the default value for fmt shall be SC_E.

The selected format shall give different character strings only when the binary point is not located within the
wl bits. In that case, either sign extension (MSB side) or zero extension (LSB side) shall be done (SC_F
format), or exponents shall be used (SC_E format).
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In conversion to SC_DEC number representation or conversion from a variable-precision variable, only
those characters necessary to uniquely represent the value shall be generated. In converting the value of a
finite- or limited-precision variable to a binary, octal, or hex representation, the number of characters used
shall be determined by the integer and fractional widths (iwl, fwl) of the variable (with sign or zero
extension as needed).

Example:

sc_fixed<7,4>a=-1.5;

a.to_string(SC_DEC); //-1.5
a.to_string(SC_BIN); // 0b1110.100
sc_fxvpl b =-1.5;

b.to_string(SC_BIN); // 0b10.1

sc_fixgd<4,6> ¢ = 20;
c.to_string(SC_BIN,false,SC F);  // 010100
c.to_string(SC_BIN,false,SC E);  //010le+2
7.10.8.1 String shortcut methods

Four shortcut methods to the to_string method shall be provided for ffequently used combinat{ons of
arguments. The shortcut methods are listed in Table 37.

Table 37—Shortcut methods

Shortcut method Number representation
to_dec() SE€ DEC
to_bin() SC BIN
to_oct() SC OCT
to_hex() SC HEX

The shprtcut methods shalluse the default string formatting.

Example:

sc_fixgd<42>a=-1;

a.to_d¢c(); // Returns std::string with value "-1"
a.tO_b u(), Returns otd..oﬁ;ué with-vatae0bH-00"

7.10.8.2 Bit-pattern string conversion

Bit-pattern strings may be assigned to fixed-point part-selects. The result of assigning a bit-pattern string to
a fixed-point object (except using a part-select) is undefined.

If the number of characters in the bit-pattern string is less than the part-select word length, the string shall be
zero extended at its left-hand side to the part-select word length.
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7.10.9 Finite word-length effects

The following subclauses describe the overflow and quantization modes of SystemC.

7.10.9.1 Overflow modes

Overflow shall occur when the magnitude of a value being assigned to a limited-precision variable exceeds
the fixed-point representation. In SystemC, specific overflow modes shall be available to control the

mappi

ng to a representable value.

The mutually exclusive overflow modes listed in Table 38 shall be provided. The default overflow mode

shall 1

QO R AD

In the
explair
values

To fac

Table 38—Overflow modes

Overflow mode Name
Saturation SC SAT
Saturation to zero SC SAT ZERQ
Symmetrical saturation SC_SAT\SYM
Wrap-around * SCoWRAP
Sign magnitude wrap-around” SC_WRAP_SM

*with 0 or n_bits saturatedibits (n_bits > 0). The default
value for n_bits is 0.

following subclauses, each of the*overflow modes is explained in more detail. A figure is g
1 the behavior graphically. (The x axis shows the input values and the y axis represents the
Together they determine the overflow mode.

litate the explanation-of each overflow mode, the concepts MIN and MAX are used:

In the case of Signed representation, MIN is the lowest (negative) number that may be repre
MAX is the highest (positive) number that may be represented with a certain number of bits.
x shall lie in the range:

-pn-l (=MIN) <=x <= (Zn'l - 1) = MAX)

whete n indicates the number of bits.

A 94) - < £l | 41 1 £ % s i MY locd h 11
b OO VVINAAL . VYV IIUIT UDllls a w1ap-a1uuuu UVUITIUW THUUC, U TTUIITUUT UL 5atuldivil UILS (1L UL sha

by defgult be set to 0 but can be modified.

ven to
output

sented;
A value

In the case of unsigned representation, MIN shall equal 0 and MAX shall equal 2" - 1, where
cates the number of bits.
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7.10.9.2 Overflow for signed fixed-point numbers

The following template contains a signed fixed-point number before and after an overflow mode has been
applied and a number of flags. The flags are explained below the template. The flags between parentheses
indicate additional optional properties of a bit.

Before X X X X X X X X X X X X X X X X X

After: X X X X X X X X X X X X

Fags sD D D D ID sR RNhJRAN) R R R R R R R R IR

The fo]lowing flags and symbols are used in the template just given and in Table 39:
— | x represents a binary digit (0 or 1).
— |sD represents a sign bit before overflow handling.
— | D represents deleted bits.
— | ID represents the least significant deleted bit.

— | sR represents the bit on the MSB position of the result number. For the SC WRAP_SM, 0 and
SC_WRAP_SM, 1 modes, a distinction is made between the original yalue (sRo) and the new value
(sRn) of this bit.

— | N represents the saturated bits. Their number is equal to the 7 bits argument minus 1. They are
always taken after the sign bit of the result number. The #i_bits argument is only taken into gccount
for the SC_ WRAP and SC_ WRAP_SM overflow modes;

— |IN represents the least significant saturated bit. This flag is only relevant for the SC_ WRAP and
SC_WRAP_ SM overflow modes. For the other gverflow modes, these bits are treated as R-bjts. For
the SC_ WRAP SM, n_bits > 1 mode, /No represents the original value of this bit.

— | R represents the remaining bits.

— | IR represents the least significant remaining bit.

Overflpw shall occur when the value of'at-least one of the deleted bits (sD, D, /D) is not equal to the qriginal
value ¢f the bit on the MSB position*of the result (sRo).

Table 39 shows how a signed fixed-point number shall be cast (in case there is an overflow) for eaclj of the
possible overflow modes. Thg operators used in the table are “!” for a bitwise negation, and “*” for a bitwise
exclusfve-OR.

)
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Table 39—Overflow handling for signed fixed-point numbers

Overflow mode Result
Sign bit (sR) Saturated bits (V, IN) | Remaining bits (R, [R)
SC_SAT sD I'sD
The result number gets the sign bit of the original number. The remaining bits shall get
The fnverse vatue of e Sign bil
SC_SAT ZERO 0 0
All bits shall be set to zero.
SC_SAT_SYM sD 1§D,

The result number shall get the sign bit of the original number. The remaining bitq shall
get the inverse value of the sign bit, except the least/significant remaining bit, wljich

shall be set to one.

SC_WRAP, (n_bits =) 0 sR X
All bits except for the deleted bits shallbe copied to the result.
SC_WRAP, (n_bits =) 1 sD X

The result number shall get the sign bit of the original number. The remaining bitq shall
be copied from the original number.

SC_WRAP, n_bits > 1

sD

I'sD

X

The resultqumber shall get the sign bit of the original number. The saturated bity shall
get the(inyerse value of the sign bit of the original number. The remaining bits shhll be
copied from the original number.

SC_WRAP_SM, D x ~ sRo " sRn
(n_bits=) 0
The sign bit of the result number shall get the value of the least significant deleted bit.
The remaining bits shall be XORed with the original and the new value of the sign bit
of the result.
SC_WRAP~” SM, sD x ~ sRo * sRn
(n_bits=)+
The result number shall get the sign bit of the original number. The remaining bits shall
be XORed with the original and the new value of the sign bit of the result.
SC_WRAP_SM, sD I'sD x "No”*!'sD
n_bits > 1

The result number shall get the sign bit of the original number. The saturated bits shall
get the inverse value of the sign bit of the original number. The remaining bits shall be

XORed with the original value of the least significant saturated bit and the inverse
value of the original sign bit.
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7.10.9.3 Overflow for unsigned fixed-point numbers

The following template contains an unsigned fixed-point number before and after an overflow mode has
been applied and a number of flags. The flags are explained below the template.

Before X X X b
After:
Flags: D D D D

ID RNJRINNRINN R R R R R R R

The fo

Table
the pos

sible overflow modes.

D represents deleted bits.

Towing 1lags and symbols arc uscd in the template just given and in Iablc 40:
x represents an binary digit (0 or 1).

ID represents the least significant deleted bit.

N represents the saturated bits. Their number is equal to the n_bits argument~Fhe n_bits argu
only taken into account for the SC_WRAP and SC_WRAP_SM overflow. modes.

R represents the remaining bits.

L0 shows how an unsigned fixed-point number shall be cast in case'there is an overflow for ¢

Table 40—Overflow handling for unsigned fixed-point numbers

Overflow mode Result
Saturated-bits (V) Remaining bits (R)
SC_SAT 1 (overflow) 0 (underflow)
Theremaining bits shall be set to 1 (overflow) or 0 (underflow).
SC_SAT ZERO 0
The remaining bits shall be set to 0.
SC SAT SYM 1 (overflow) 0 (underflow)

The remaining bits shall be set to 1 (overflow) or 0 (underflow).

SC/WRAP, (n_bits =) 0

X

ment is

tach of

All bits except for the deleted bits shall be copied to the result
number.

SC_WRAP, n_bits >0

1 X

The saturated bits of the result number shall be set to 1. The
remaining bits shall be copied to the result.

SC_ WRAP SM

Not defined for unsigned numbers.
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During the conversion from signed to unsigned, sign extension shall occur before overflow handling, while
in the unsigned to signed conversion, zero extension shall occur first.

7.10.9.4 SC_SAT

The SC_SAT overflow mode shall be used to indicate that the output is saturated to MAX in case of
overflow, or to MIN in the case of negative overflow. Figure 1 illustrates the SC_SAT overflow mode for a
word length of three bits. The x axis represents the word length before rounding; the y axis represents the
word length after rounding. The ideal situation is represented by the diagonal dashed line.

[S)]
< Lo

Figure 1—Saturation for signed numbers

Examples (signed, 3-bit number):
before saturation: 0110 (6)
after saturation: 011 (3)

There is ansoverflow because the decimal number 6 is outside the range of values that|can be
represented .exactly by means of three bits. The result is then rounded to the highest gositive
representable number, which is 3.

beforesaturation: 1011 (-5)
aftér saturation: 100 (-4)

There 1s an overflow because the decimal number -5 is outside the range of values that can be
represented exactly by means of three bits. The result is then rounded to the lowest negative
representable number, which is -4.

Example (unsigned, 3-bit number):
before saturation: 01110 (14)
after saturation: 111 (7)

The SC_SAT mode corresponds to the SC_ WRAP and SC_ WRAP_SM modes with the num-
ber of bits to be saturated equal to the number of kept bits.
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7.10.9.5 SC_SAT_ZERO

The SC_SAT ZERO overflow mode shall be used to indicate that the output is forced to zero in case of an
overflow, that is, if MAX or MIN is exceeded. Figure 2 illustrates the SC_SAT ZERO overflow mode for a
word length of three bits. The x axis represents the word length before rounding; the y axis represents the
word length after rounding.

Figure 2—Saturation to zero for signed numbers

Examples (signed, 3-bit number):
before saturation to zero: 0110 (6)
after saturation to zero: 000 (0)

There is an overflow(because the decimal number 6 is outside the range of values that|can be
represented exactly by means of three bits. The result is saturated to zero.

before saturation.to zero: 1011 (-5)
after saturation‘to zero: 000 (0)

Thére)is an overflow because the decimal number -5 is outside the range of values that|can be
represented exactly by means of three bits. The result is saturated to zero.

Exampleunsigned, 3-bit number):
before saturation to zero: 01110 (14)

after saturation to zero: 000 (0)

7.10.9.6 SC_SAT_SYM

The SC_SAT SYM overflow mode shall be used to indicate that the output is saturated to MAX in case of
overflow, to -MAX (signed) or MIN (unsigned) in the case of negative overflow. Figure 3 illustrates the
SC_SAT SYM overflow mode for a word length of three bits. The x axis represents the word length before
rounding; the y axis represents the word length after rounding. The ideal situation is represented by the
diagonal dashed line.
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Figure 3—Symmetrical saturation for signed\numbers

Examples (signed, 3-bit number):
after symmetrical saturation: 0110 (6)
after symmetrical saturation: 011 (3)

There is an overflow because the decimal gumber 6 is outside the range of values that|can be
represented exactly by means of three bits: The result is then rounded to the highest gositive
representable number, which is 3.

after symmetrical saturation: 1011:(-5)
after symmetrical saturation:.101°(-3)

There is an overflow because the decimal number -5 is outside the range of values that|can be
represented exactly by means of three bits. The result is then rounded to minus the highdst pos-
itive representable'number, which is -3.

Example (unsigned, 3+bit tumber):
after symmetrical saturation: 01110 (14)
after symmetrical saturation: 111 (7)

7.10.9.7°SC_WRAP

The SC_WRAP overflow mode shall be used to indicate that the output is wrapped around in the case of
overflow.

Two different cases are possible:
— SC_WRAP with parameter n_bits = 0
— SC_WRAP with parameter n_bits > 0

SC_WRAP, 0
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This shall be the default overflow mode. All bits except for the deleted bits shall be copied to the result
number. Figure 4 illustrates the SC_WRAP overflow mode for a word length of three bits with the n_bits
parameter set to 0. The x axis represents the word length before rounding; the y axis represents the word

length

Examp

Examp

e
P72l
T—* %
° ° K
°
[ ]
Figure 4—Wrap-around with n_bits = fer signed numbers
les (signed, 3-bit number):

after rounding.

before wrapping around with 0 bits: 0100 (4)
after wrapping around with 0 bits: 100 (-4)

There is an overflow because thedéc¢imal number 4 is outside the range of values that
represented exactly by means of three bits. The MSB is truncated and the result become
tive: -4.

before wrapping around with' O bits: 1011 (-5)
after wrapping around-with 0 bits: 011 (3)

There is anjoverflow because the decimal number -5 is outside the range of values that
represented €xactly by means of three bits. The MSB is truncated and the result become
tive: 3

le (unsigned, 3-bit number):
before wrapping around with 0 bits: 11011 (27)

can be
b nega-

can be
S posi-

£ . 1 el 1 - A11-£2)
altCl Wlappllyg dalUUld WUl U UI. VI (J)

SC_WRAP, n_bits > 0: SC_WRAP, 1

Whenever n_bits is greater than 0, the specified number of bits on the MSB side of the result shall be
saturated with preservation of the original sign; the other bits shall be copied from the original. Positive
numbers shall remain positive; negative numbers shall remain negative. Figure 5 illustrates the SC_ WRAP
overflow mode for a word length of three bits with the n_bits parameter set to 1. The x axis represents the
word length before rounding; the y axis represents the word length after rounding.
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Figure 5—Wrap-around with n_bits = 1 for signed numbers

les (signed, 3-bit number):
before wrapping around with 1 bit: 0101 (5)
after wrapping around with 1 bit: 001 (1)

There is an overflow because the decimal gumber 5 is outside the range of values that
represented exactly by means of three bits: The sign bit is kept, so that positive numbers
positive.

before wrapping around with 1 bitx 1011 (-5)
after wrapping around with L bitx111 (-1)

There is an overflow because the decimal number -5 is outside the range of values that
represented exactly by means of three bits. The MSB is truncated, but the sign bit is Kk
that negative numbers remain negative.

le (unsigned, 5<bit number):
before wrapping around with 3 bits: 0110010 (50)
after wrapping around with 3 bits: 11110 (30)
Bor this example the SC_ WRAP, 3 mode is applied. The result number is five bits wide

bits at the MSB side are set to 1; the remaining bits are copied.

can be
remain

can be
ept, so

The 3

7.10.9

.8 SC_WRAP_SM

The SC_WRAP_SM overflow mode shall be used to indicate that the output is sign-magnitude wrapped
around in the case of overflow. The n_bits parameter shall indicate the number of bits (for example, 1) on
the MSB side of the cast number that are saturated with preservation of the original sign.

Two different cases are possible:

SC_WRAP_SM with parameter n_bits = 0
SC_WRAP_SM with parameter n_bits > 0
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SC_WRAP_SM, 0

The MSBs outside the required word length shall be deleted. The sign bit of the result shall get the value of
the least significant of the deleted bits. The other bits shall be inverted in case where the original and the new
values of the most significant of the kept bits differ. Otherwise, the other bits shall be copied from the
original to the result.

Examp

T o ®

Figure 6—Sign Magnitude Wrap-Around with n_bits =0

le:

The sequence of operations to cast'a’ decimal number 4 into three bits and use the overflow
SC_WRAP_SM, 0, as shown in‘Figure 6, is as follows:

0100 (4)

The original representation is truncated to be put in a three-bit number:
100 (-4)

The new sign bitis'0. This is the value of least significant deleted bit.

Because theyotiginal and the new value of the new sign bit differ, the values of the remaining
inverteds

011 (39

mode

bits are
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This principle shall be applied to all numbers that cannot be represented exactly by means of three
bits, as shown in Table 41.

Table 41—Sign magnitude wrap-around with n_bits = 0 for a three-bit number

Decimal Binary
8 111
7 000
6 001
5 010
4 011
3 011
2 010
1 001
0 000
-1 111
-2 140
3 101
-4 100
-5 100
-6 101
=7 110
SC_WRAP_SM;nibits > 0
The figst » bits bits on the MSB side of the result number shall be as follows:
— | Saturated to MAX in case of a positive number

— Saturated to MIN in case of a negative number
All numbers shall retain their sign.
In case where n_bits equals 1, the other bits shall be copied and XORed with the original and the new value

of the sign bit of the result. In the case where n_bits is greater than 1, the remaining bits shall be XORed with
the original value of the least significant saturated bit and the inverse value of the original sign bit.
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Example:

SC_WRAP_SM, n_bits > 0: SC_ WRAP_SM, 3

The first three bits on the MSB side of the cast number are saturated to MAX or MIN.

If the decimal number 234 is cast into five bits using the overflow mode SC_ WRAP_ SM, 3, the following
happens:

011101010 (234)

The original representation is truncated to five bits:
01010

The orjginal sign bit is copied to the new MSB (bit position 4, starting from bit position 0):
01010

The bifs at position 2, 3, and 4 are saturated; they are converted to the maximum valug that can be expressed
with three bits without changing the sign bit:
01110

The orjginal value of the bit on position 2 was 0. The remaining bits at the{lZSB side (10) are XOR¢d with

this vaJue and with the inverse value of the original sign bit, that is, with\0 and 1, respectively.
01101(13)

Example:
SC_WRAP_SM, n_bits > 0: SC_WRAP_SM, 1

The figst bit on the MSB side of the cast number-gets the value of the original sign bit. The other bits are
copiedfand XORed with the original and the new: value of the sign bit of the result number.

y 5

9 8 7.%6 5 -4 -3

T o®
—T©®

Figure 7—Sign magnitude wrap-around with n_bits = 1

The sequence of operations to cast the decimal number 12 into three bits using the overflow mode
SC WRAP SM, 1, as shown in Figure 7, is as follows:
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01100 (12)

The original representation is truncated to three bits.
100

The original sign bit is copied to the new MSB (bit position 2, starting from bit position 0).
000

The two remaining bits at the LSB side are XORed with the original (1) and the new value (0) of the new

sign bit.
011
This pfinciple shall be applied to all numbers that cannot be represented exactly by means of three)pits, as
shown[in Table 42.
Table 42—Sign-magnitude wrap-around with n_bits=1 for a three<bit number
Decimal Binary
9 001
8 000
7 000
6 001
5 010
4 011
3 011
2 010
1 001
0 000
-1 111
-2 110
3 101
-5 100
-6 101
-7 110
-8 111
-9 111
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7.10.9.9 Quantization modes

Quantization shall be applied when the precision of the value assigned to a fixed-point variable exce

eds the

precision of the fixed-point variable. In SystemC, specific quantization modes shall be available to control

the mapping to a representable value.

The mutually exclusive quantization modes listed in Table 43 shall be provided. The default quantization

mode shall be SC_TRN.

Table 43—Quantization modes

Quantization mode Name
Rounding to plus infinity SC RND
Rounding to zero SC RND _ZERO

Rounding to minus infinity SC RND MIN INF

Rounding to infinity SC RND_INF

Convergent rounding SC_RND, CONV

Truncation SC RN

Truncation to zero SC TRN ZERO

Quantigation is the mapping of a value that may not be precisely represented in a specific fixe
repres¢ntation to a value that can be represented with arbitrary magnitude. If a value can be pr
represil‘lted, quantization shall not change.thg value. All the rounding modes shall map a value to the
value that is representable. When there\are two nearest representable values (the value is halfway b
them),|the rounding modes shall provide’different criteria for selection between the two. Both of the ti
modes|shall map a positive value\to the nearest representable value that is less than the value. SC
mode pghall map a negative value to the nearest representable value that is less than the value
SC TRN ZERO shall map-anegative value to the nearest representable value that is greater than the

Each df the following ‘quantization modes is followed by a figure. The input values are given on the
and thg output values' on the y axis. Together they determine the quantization mode. In each figy
quantization mode’specified by the respective keyword is combined with the ideal characteristic. Th
characferistie 1s represented by the diagonal dashed line.

1-point
ccisely
hearest
ctween
funcate
| TRN
while
value.

X axis
re, the
s ideal

Beford antizatic . s discuss a . A S g
modes deal with quantization for signed and unsigned fixed-point numbers.
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7.10.9.10 Quantization for signed fixed-point numbers

The following template contains a signed fixed-point number in two’s complement representation before
and after a quantization mode has been applied, and a number of flags. The flags are explained below the

template.
Before X X X Xx Xx Xx Xx X X X X X X X X
After: X X X X X X b X X
Flags: SR R R R R R R R IR mb D D D D D
The fo]lowing flags and symbols are used in the template just given and in Table 44:

Table

cases Y
result §
by add|

The s¢
evalua
OR, ar

x represents a binary digit (0 or 1).

SR represents a sign bit.

R represents the remaining bits.

IR represents the least significant remaining bit.
mD represents the most significant deleted bit.
D represents the deleted bits.

r represents the logical or of the deleted bits except for the mD,bit in the template just given
there are no remaining bits, 7 is false. This means that r is false when the two nearest number|
equal distance.

l4 shows how a signed fixed-point number shall be cast for each of the possible quantization m|
where there is quantization. If the two nearest representable numbers are not at equal distan
hall be the nearest representable number. Thisshall be found by applying the SC_RND mode,
ing the most significant of the deleted bits to:the remaining bits.

cond column in Table 44 contains the expression that shall be added to the remaining bits.
e to a one or a zero. The operators used in the table are for a bitwise negation, “|” for a
d “&” for a bitwise AND.

ey

When
b are at

bdes in
ice, the
that is,

[t shall
bitwise
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Table 44—Quantization handling for signed fixed-point numbers

Quantization mode Expression to be added

SC_RND mD

Add the most significant deleted bit to the remaining bits.

SC RND ZERO mD & (sR | 1)

If the most significant deleted bit is 1 and either the sign bit or at least one
other deleted bit is 1, add 1 to the remaining bits.

SC RND MIN INF mD & r

If the most significant deleted bit is 1 and at least one other deleted bitis 1,
add 1 to the remaining bits.

SC_RND_INF mD & (! sR | 1)

If the most significant deleted bit is 1 and\either the inverted value of the
sign bit or at least one other deleted-bitiis 1, add 1 to the remaining bits.

SC_RND _CONV mD & (IR | )

If the most significant deleted bit is 1 and either the least significant of the
remaining bits or at lgast\one other deleted bit is 1, add 1 to the remaining
bits.

SC_TRN 0

Copy the remaining bits.

SC_TRN_ZERO R & (mD | 1)

If the sign bit is 1 and either the most significant deleted bit or at least one
other deleted bit is 1, add 1 to the remaining bits.

7.10.9.11 Quantization for unsigned fixed-point numbers

The following template contains an unsigned fixed-point number before and after a quantization mgde has
been appli€d, and a number of flags. The flags are explained below the template.

Before X b X X X X X X X X X X X X X

After: X X X X X X X X X

Flags: R R R R R R R R IR mbD D D D D D
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The following flags and symbols are used in the template just given and in Table 45:

x represents a binary digit (0 or 1).

R represents the remaining bits.

IR represents the least significant remaining bit.

mD represents the most significant deleted bit.

D represents the deleted bits.

r represents the logical or of the deleted bits except for the mD bit in the template just given.

When

there are no remaining bits, 7 is false. This means that r is false when the two nearest numbers are at

equal distance.

Table
modes
distand
by app
bits.

The s¢
evalua
bitwisg

15 shows how an unsigned fixed-point number shall be cast for each of the possible quantization

in cases where there is quantization. If the two nearest representable numbers are 1ot a
e, the result shall be the nearest representable number. This shall be found for all the rounding
lying the SC_RND mode, that is, by adding the most significant of the deleted bit§'\to the ren|

cond column in Table 45 contains the expression that shall be added tocthe remaining bits.
e to a one or a zero. The “&” operator used in the table representsia bitwise AND, and th
OR.

Table 45—Quantization handling for unsigned.fixed-point numbers

Quantization mode Expression to be added

SC_RND mD

Add the most-significant deleted bit to the left bits.

SC_RND_ZERO 0

Copy the remaining bits.

SC_RND_MIN_INF 0
Copy the remaining bits.
SC_RND_INE mD

Add the most significant deleted bit to the left bits.

SG-RND CONV mD & (IR | )

equal
modes
laining

[t shall

e “‘” a

If the most significant deleted bit is 1 and either the least significant
of the remaining bits or at least one other deleted bit is 1, add 1 to
the remaining bits.

SC_TRN 0

Copy the remaining bits.

SC_TRN_ZERO 0

Copy the remaining bits.
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NOTE—For all rounding modes, overflow can occur. One extra bit on the MSB side is needed to represent the result in
full precision.

7.10.9.12 SC_RND

The result shall be rounded to the nearest representable number by adding the most significant of the deleted
LSBs to the remaining bits. This rule shall be used for all rounding modes when the two nearest
representable numbers are not at equal distance. When the two nearest representable numbers are at equal
distance, this rule implies that there is rounding towards plus infinity, as shown in Figure 8.

y A

Figure 8—Rounding to plus infinity
In Figyre 8, the symbol q refers to the quantization step, that is, the resolution of the data type.

Example (signed):

Numbers of type sc_fixed<4,2> are assigned to numbers of type sc_fixed<3,2,SC_RND>
before rounding to pluSuinfinity: (1.25)

after rounding to plus infinity: 01.1 (1.5)

There is quantization because the decimal number 1.25 is outside the range of values that can
be represented exactly by means of a sc¢_fixed<3,2,SC_RND> number. The most significant of
the/deleted LSBs (1) is added to the new LSB.

before rounding to plus infinity: 10.11 (-1.25)

after rounding to plus intinity: 11.0 (-1)

There is quantization because the decimal number -1.25 is outside the range of values that can
be represented exactly by means of a s¢_fixed<3,2,SC_RND> number. The most significant of
the deleted LSBs (1) is added to the new LSB.

Example (unsigned):
Numbers of type sc_ufixed<16,8> are assigned to numbers of type sc_ufixed<12,8,SC_RND>
before rounding to plus infinity: 00100110.01001111 (38.30859375)
after rounding to plus infinity: 00100110.0101 (38.3125)
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7.10.9.13 SC_RND_ZERO

If the two nearest representable numbers are not at equal distance, the SC_ RND ZERO mode shall be
applied.

If the two nearest representable numbers are at equal distance, the output shall be rounded towards 0, as
shown in Figure 9. For positive numbers, the redundant bits on the LSB side shall be deleted. For negative
numbers, the most significant of the deleted LSBs shall be added to the remaining bits.

yA

Examp

Figure 9—Rounding to Zero

le (signed):
Numbers of type sc_fixed<4,2> are(assigned to numbers of type sc_fixed<3,2,SC_RND_ZFE
before rounding to zero: (1.25)
after rounding to zero: 01.07°(1)

There is quantization. because the decimal number 1.25 is outside the range of values t
be represented-e¢xactly by means of a sc¢_fixed<3,2,SC_RND_ZERO> number. The red
bits are omijtted:

before rounding to zero: 10.11 (-1.25)
after rounding to zero: 11.0 (-1)
There is quantization because the decimal number -1.25 is outside the range of values t

RO>

hat can
undant

hat can

be represented exactly by means of a s¢ fixed<3,2,SC RND ZERO> number. The m

st sig-

nificant of the omitted LSBs (1) is added to the new LSB.

Example (unsigned):

Numbers of type  sc_ufixed<16,8> are  assigned to  numbers of
sc_ufixed<12,8,SC_RND_ZERO>

before rounding to zero: 000100110.01001 (38.28125)
after rounding to zero: 000100110.0100 (38.25)
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7.10.9.14 SC_RND_MIN_INF

If the two nearest representable numbers are not at equal distance, the SC_RND_MIN_INF mode shall be

applied.
If the two nearest representable numbers are at equal distance, there shall be rounding towards minus
infinity, as shown in Figure 10, by omitting the redundant bits on the LSB side.

y A

3q °

2q ]

q +— .

Examp

Figure 10—Rounding to minus infinity

e (signed):

Numbers of  type sc_fixed<4,2> are assigned to numbers of | type
sc_fixed<3,2,SC_RND_MIN_INF>

before rounding to minus infinity: 01.01 (1.25)
after rounding to minus infinity: 01.0 (1)

There is quantization because the decimal number 1.25 is outside the range of values that can
be represented exactly by means of a sc_fixed<3,2,SC_RND_MIN_INF> number. The sur-
plus bits are-truncated.

before rounding to minus infinity: 10.11 (-1.25)
aftef rounding to minus infinity: 10.1 (-1.5)

There is quantization because the decimal number -1.25 is outside the range of values that can

be represented exactly by means of a sc¢_iixed<3,Z,5C_RND_MIN_INF> number. I'he sur-
plus bits are truncated.

Example (unsigned):

Numbers  of  type sc_ufixed<16,8> are  assigned to numbers of type
sc_ufixed<12,8,SC_RND_MIN_INF>

before rounding to minus infinity: 000100110.01001 (38.28125)
after rounding to minus infinity: 000100110.0100 (38.25)
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7.10.9

.15 SC_RND_INF

Rounding shall be performed if the two nearest representable numbers are at equal distance.

For positive numbers, there shall be rounding towards plus infinity if the LSB of the remaining bits is 1 and

toward

s minus infinity if the LSB of the remaining bits is 0, as shown in Figure 11.

For negative numbers, there shall be rounding towards minus infinity if the LSB of the remaining bits is 1
and towards plus infinity if the LSB of the remaining bits is 0, as shown in Figure 11.

yA

Examp

Figure 11—<Rounding to infinity

le (signed):
Numbers of type sc_fixed<4;2=are assigned to numbers of type sc_fixed<3,2,SC_RND_INF
before rounding to infinity: 01.01 (1.25)
after rounding to infinity: 01.1 (1.5)

There is quantization because the decimal number 1.25 is outside the range of values that can
be represented exactly by means of a s¢_fixed<3,2,SC_RND_INF> number. The most $ignifi-
cant of.the deleted LSBs (1) is added to the new LSB.

v

beforerounding to infinity: 10.11 (-1.25)
aftér rounding to infinity: 10.1 (-1.5)

There is quantization because the decimal number -1.25 is outside the range of values that can
be represented exactly by means of a sc_fixed<3,2,SC_RND_INF> number. The surplus bits
are truncated.

Example (unsigned):

Numbers  of  type sc_ufixed<16,8> are  assigned to numbers of type
sc_ufixed<12,8,SC_RND_INF>

before rounding to infinity: 000100110.01001 (38.28125)
after rounding to infinity: 000100110.0101 (38.3125)
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7.10.9.16 SC_RND_CONV

If the two nearest representable numbers are not at equal distance, the SC_ RND CONV mode shall be
applied.

If the two nearest representable numbers are at equal distance, there shall be rounding towards plus infinity
if the LSB of the remaining bits is 1. There shall be rounding towards minus infinity if the LSB of the
remaining bits is 0. The characteristics are shown in Figure 12.

y A

Figure 12—Convergent rounding

Example (signed):
Numbers of type sc_fixed<4,2> are-assigned to numbers of type sc_fixed<3,2,SC_RND_CQNV>
before convergent rounding:00.11 (0.75)
after convergent rounding:'01.0 (1)

There is quantization because the decimal number 0.75 is outside the range of values that can
be represented exactly by means of a sc¢_fixed<3,2,SC_RND_CONV> number. The $urplus
bits are truncated and the result is rounded towards plus infinity.

before convergent rounding: 10.11 (-1.25)
aftef convergent rounding: 11.0 (-1)

There is quantization because the decimal number -1.25 is outside the range of values that can
be represented cxactly by means of a sc_lixed<3,2,SC_RND_CONV> number. The surplus
bits are truncated and the result is rounded towards plus infinity.

Example (unsigned):
Numbers  of  type sc_ufixed<16,8> are  assigned to numbers of type
sc_ufixed<12,8,SC_RND _CONV>

before convergent rounding: 000100110.01001 (38.28125)
after convergent rounding: 000100110.0100 (38.25)
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before convergent rounding: 000100110.01011 (38.34375)
after convergent rounding: 000100110.0110 (38.375)

7.10.9.17 SC_TRN

SC_TRN shall be the default quantization mode. The result shall be rounded towards minus infinity, that is,
the superfluous bits on the LSB side shall be deleted. A quantized number shall be approximated by the first

representable number below its original value within the required bit range.

NOTE—In scientific literature this mode is usually called “value truncation.”

The refuired characteristics are shown in Figure 13.

yA

Example (signed):

before truncation:_01.01 (1.25)
after truncation: 01.0 (1)

Figure 13—Truncation

Numbers of type s¢_fixed<4,2> are assigned to numbers of type sc_fixed<3,2,SC_TRN>

Thére) is quantization because the decimal number 1.25 is outside the range of values t
berepresented exactly by means of a sc_fixed<3,2,SC_TRN> number. The LSB is trun

hat can
cated.

before truncation; 10.11(-1.25)
after truncation: 10.1 (-1.5)

There is quantization because the decimal number -1.25 is outside the range of values that can
be represented exactly by means of a sc¢_fixed<3,2,SC_TRN> number. The LSB is truncated.

Example (unsigned):

Numbers of type sc_ufixed<16,8> are assigned to numbers of type sc_ufixed<12,8,SC_TRN>
before truncation: 00100110.01001111 (38.30859375)
after truncation: 00100110.0100 (38.25)
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7.10.9.18 SC_TRN_ZERO

For positive numbers, this quantization mode shall correspond to SC_TRN. For negative numbers, the result
shall be rounded towards zero (SC_RND_ZERO); that is, the superfluous bits on the right-hand side shall be
deleted and the sign bit added to the left LSBs, provided at least one of the deleted bits differs from zero. A
quantized number shall be approximated by the first representable number that is lower in absolute value.

NOTE—In scientific literature this mode is usually called “magnitude truncation.”

The required characteristics are shown in Figure 14.

yA

Examp

Figure-14—Truncation to zero

/e (signed):
A number of type sc_fixed<4,2> is assigned to a number of type sc_fixed<3,2,SC_TRN_ZKRO>
before truncation to zeto: 10.11 (-1.25)
after truncation to Zero: 11.0 (-1)

There is quantization because the decimal number -1.25 is outside the range of values that can
be represented exactly by means of a s¢_fixed<3,2,SC_TRN_ZERO> number. The LSB is
truncated and then the sign bit (1) is added at the LSB side.

Examp

e (insigned):

Numbers  of  type  sc_ufixed<16,8> are assigned to numbers of  type
sc_ufixed<12,8,SC_TRN_ZERO>

before truncation to zero: 00100110.01001111 (38.30859375)
after truncation to zero: 00100110.0100 (38.25)
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7.10.10 sc_fxnum
7.10.10.1 Description

Class sc_fxnum is the base class for finite-precision fixed-point types. It shall be provided in order to define
functions and overloaded operators that will work with any derived class.

7.10.10.2 Class definition

namespace sc_dt {

class s .,_f)uluul

{

frignd class sc_fxval;

frignd class sc _fxnum_bitreﬁ ;
frignd class sc _fxnum_subreﬁ ;
frignd class sc_fxnum _fast_bitreﬁ ;
frignd class sc_fxnum _fast_subreﬁ ;

public:

// Unary operators

const sc_fxval operator- () const;
const sc_fxval operator+ () const;

// Binary operators
#define DECL_BIN_OP_T(op,tp)\
friend const sc_fxval operator op ( const se fxnumé& , tp ); \
friend const sc_fxval operator op ( tp ,-¢onst sc_fxnumé& );
#define DECL_BIN_OP_OTHER( op)&
DECL BIN OP T(op, int64 ) X
DECL BIN OP T(op, uint64 )\
DECL BIN OP _T(op,constsc int base& )\
DECL BIN OP_T( opf, const sc_uint base& )\
DECL BIN OP_T(op, const sc_signed& )\
DECL BIN OP-T(0p, const sc_unsigned& )
#define DECL_BIN-OP( op , dummy ) \
friend const.s¢” fxval operator op ( const sc_fxnumé& , const sc_fxnumé& ); \
DECL.BIN OP T(op,int)\
DECLBIN OP T(op, unsigned int ) \
DECEL BIN OP T(op,long)\
DECL BIN OP T(op, unsigned long )\
DECL BIN OP T(op, double)\
DECL BIN OP_T( op, const char*) \
DECL BIN OP T(op, constsc fxval&)\
DECL BIN OP T(op, constsc fxval fast& )\
DECL BIN OP T(op, constsc fxnum fast& )\
DECL BIN OP OTHER(op)

DECL_BIN_OP( * , mult)
DECL_BIN_OP(+, add)
DECL_BIN_OP( -, sub)
DECL_BIN_OP(/, div)
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#undef DECL_BIN_OP_T
#undef DECL_BIN_OP_OTHER
#undef DECL_BIN_OP

friend const sc_fxval operator<< ( const sc_fxnumé& , int );
friend const sc_fxval operator>> ( const sc_fxnumé& , int );

// Relational (including equality) operators

#define DECL_REL_OP_T(op,tp)\
friend bool operator op ( const sc_fxnum& , tp ); \
friend bool operator op (tp , const sc_fxnumé& ); \

IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

JJLJ\/]_J_I\I_/L/_\JL _1\ UP 5 LU )
DECL REL OP T(op, uint64 )\
DECL REL OP T(op, constsc int base& )\
DECL REL OP T(op, constsc uint base& )\
DECL REL OP T(op, constsc signed& ) \
DECL REL OP T(op, constsc unsigned& )

#define DECL_REL_OP( op )\
friend bool operator op ( const sc_fxnumé& , const sc_fxnumé& ); \
DECL REL OP T(op,int)\
DECL REL OP T(op, unsigned int)\
DECL REL OP T(op,long )\
DECL REL OP T( op, unsigned long )\
DECL REL OP T(op,double)\
DECL REL OP T(op, constchar*) \
DECL REL OP T(op, constsc fxval& )\
DECL REL OP T(op, constsc fxval fast&;)\
DECL REL OP T(op, constsc fxnum*fast& ) \
DECL REL OP OTHER( op)

DECL REL OP(<)

DECL REL OP(<=)

DECL REL OP(>)

DECL REL OP(>=)

DECL REL OP(==

DECL REL OP(!=)

#undef DECL_REL-OP T
#undef DECL \REL_OP_OTHER
#undef DECLREL_OP

/I Assignment operators
#define DECL_ASN_OP_T(op,tp)\
Sc fxnumé& operator op( tp ); \

DECL_ASN OP T(op, int64 )\

DECL _ASN OP T(op,uint64 )\

DECL ASN OP T(op, constsc int base& ) \

DECL _ASN OP T(op, constsc uint base& ) \

DECL _ASN OP T(op, constsc signed& )\

DECL _ASN OP_T(op, const sc_unsigned& )
#define DECL._ASN_OP(op)\

DECL _ASN OP T(op,int)\

DECL_ASN OP_T(op, unsigned int )\

DECL _ASN OP T(op,long)\

DECL_ASN OP_T(op, unsigned long )\
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DECL_ASN OP T(op, double)\
DECL_ASN OP T(op, const char*) \
DECL_ASN OP T(op, constsc_fxval& ) \
DECL_ASN OP T(op, constsc_fxval fast& ) \
DECL_ASN OP T(op, const sc_fxnumé& )\
DECL_ASN OP T(op, constsc_fxnum_fast& ) \
DECL_ASN OP OTHER(op)

DECL _ASN OP(=)

DECL_ASN OP( *=)

DECL _ASN OP( /=)

DECL _ASN OP(+=)

AN nFald

PEEEASN-OP——)
DECL_ASN_OP_T( <<=, int)
DECL_ASN_OP_T(>>=,int)

#undef DECL_ASN_OP_T
#undef DECL_ASN_OP_OTHER
#undef DECL_ASN_OP

// Auto-increment and auto-decrement
const sc_fxval operator++ (int );
const sc_fxval operator-- (int );
sc_fxnum& operator++ ();
sc_fxnum& operator-- ();

// Bit selection
const sc _fxnum_bitreﬂ operator[] ( int) const;
sc_fxnum_bitref’ operator[] (int);

// Part selection

const sc _fxnum_subref operator() (-int, int ) const;
sc_fxnum_subref’ operator() (int,'mt );

const sc _ﬁcnum_subreﬁ range((int , int ) const;
sc_fxnum_subref’ range( ifit ;'int );

const sc _ﬁcnum_subreﬁ operator() () const;

sc _ﬁcnum_subreff operator() ();

const sc _ﬁcnum_subreﬁ range() const;

sc _fxnum_subreff range();

// Implicit ¢onversion
operator‘double() const;

//NExplicit conversion to primitive types

short to_short() const;

unsigned short to_ushort() const;
int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;

float to_float() const;

double to_double() const;
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/! Explicit conversion to character string

const std::string to_string() const;

const std::string to_string( sc_numrep ) const;

const std::string to_string( sc_numrep , bool ) const;
const std::string to_string( sc_fmt ) const;

const std::string to_string( sc_numrep , sc_fmt ) const;
const std::string to_string( sc_numrep , bool , sc_fmt ) const;
const std::string to_dec() const;

const std::string to_bin() const;

const std::string to_oct() const;

const std::string to_hex() const;

// Query value

bool is_neg() const;

bool is_zero() const;

bool quantization_flag() const;
bool overflow_flag() const;
const sc_fxval value() const;

// Query parameters

int wl() const;

int iwl() const;

sc_q mode q_mode() const;

sc_o_mode o_mode() const;

int n_bits() const;

const sc_fxtype params& type_ params() const;
const sc_fxcast switch& cast_switch() const;

// Print or dump content

void print( std::ostream& = std::cout ) const;
void scan( std::istream& = std::cin );

void dump( std::ostream& = std:;cout ) const;

pripate:

// Disabled

sc_fxnum();

sc¢_fxnum( constsc-fxnum& );

3

} // namespage sc_dt

7.10.10.3 Constraints on usage

An application shall not directly create an instance of type sc_fxnum. An application may use a pointer to
sc_fxnum or a reference to sc_fxnum to refer to an object of a class derived from sc_fxnum.

7.10.10.4 Assignment operators

Overloaded assignment operators shall provide conversion from SystemC data types and the native C++
numeric representation to sc_fxnum, using truncation or sign-extension, as described in 7.10.4.
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7.10.10.5 Implicit type conversion

operator double() const;

Operator double shall provide implicit type conversion from s¢_fxnum to double.
7.10.10.6 Explicit type conversion

short to_short() const;

unsigned short to_ushort() const;
int to_int() const;

unsigned int to_uint() const;
long td_Tong() const;

unsigngd long to_ulong() const;
int64 tp_int64() const;
uint64[to_uint64() const;

float t¢_float() const;

doubld to_double() const;

These member functions shall perform conversion to C++ numeric types;

const dtd::string to_string() const;

const gtd::string to_string( sc_numrep ) const;

const dtd::string to_string( sc_numrep , bool ) const;

const gtd::string to_string( sc_fmt ) const;

const §td::string to_string( sc_numrep , sc_fmt ) const;

const §td::string to_string( sc_numrep , bool , sc_fmt ) const;
const gtd::string to_dec() const;

const §td::string to_bin() const;

const std::string to_oct() const;

const §td::string to_hex() const;

These member functions shall perform the conversion to a string representation, as described in
7.2.11,7.10.8, and 7.10.8.1.

7.10.11 sc_fxnum_fast
7.10.1(1.1 Description

Class §c_fxnum_fast is.the base class for limited-precision fixed-point types. It shall be provided in drder to
define functions ard-everloaded operators that will work with any derived class.

7.10.11.2 Class definition

namespace-sc dt {

class sc_fxnum_fast

{

friend class sc_fxval fast;

friend class sc _fxnum_bitreﬂ' ;
friend class sc _fxnum_subreﬂ' ;
friend class sc_fxnum _fast_bitref ;
friend class sc_fxnum _fast_subref" ;
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public:
// Unary operators
const sc_fxval fast operator- () const;
const sc_fxval fast operator+ () const;

// Binary operators
#define DECL_BIN_OP_T(op,tp)\
friend const sc_fxval fast operator op ( const sc_fxnum_fast& , tp ); \
friend const sc_fxval fast operator op (tp, const sc_fxnum_fast& );
#define DECL_BIN_OP_OTHER( op )\
DECL BIN OP T(op, int64 )\
BECEBIN-OP—TF(opumtcd
DECL BIN OP T(op, constsc int base& )\
DECL BIN OP T(op, constsc uint base& )\
DECL BIN OP T(op, constsc signed& )\
DECL BIN OP_T( op, const sc_unsigned& )
#define DECL_BIN_OP( op , dummy )\
friend const sc_fxval fast operator op ( const sc_fxnum_fast& , const se ‘fxnum_fast& );
DECL BIN OP T(op,int)\
DECL BIN OP T(op,unsigned int )\
DECL BIN OP T(op,long)\
DECL BIN OP T(op,unsigned long )\
DECL BIN OP T(op,double)\
DECL BIN OP_T( op, const char*) \
DECL BIN OP T(op, constsc fxval fast& )\
DECL BIN OP OTHER(op)

DECL_BIN_OP( * , mult)
DECL_BIN_OP(+, add)
DECL_BIN_OP( -, sub)
DECL_BIN_OP(/, div)

#undef DECL_BIN_OP_T
#undef DECL_BIN_OP_OTHER
#undef DECL_BIN_OP

friend const sc_fxval-operator<< ( const sc_fxnum_fast& , int);
friend const sctfxval operator>> ( const sc_fxnum_fast& , int );

// Relatignal*(including equality) operators
#defite PECL_REL_OP_T(op,tp)\
friend bool operator op ( const sc_fxnum_fast& , tp ); \
friend bool operator op (tp , const s¢ fxnum fast& );
DECL_REL OP_T(op, int64 )\
DECL REL OP T(op, uint64 )\
DECL_REL OP_T(op, constsc_int base& )\
DECL REL OP T(op, constsc uint base& )\
DECL_REL _OP_T(op, constsc_signed& )\
DECL REL OP T(op, constsc unsigned& )
#define DECL_REL_OP( op )\
friend bool operator op ( const sc_fxnum_fast& , const sc_fxnum_fast& ); \
DECL_REL_OP_T(op, int)\
DECL REL OP T( op, unsigned int )\
DECL_REL_OP_T(op, long )\
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DECL _REL OP T( op, unsigned long )\
DECL _REL _OP T(op, double )\
DECL_REL OP T(op, const char*) \
DECL _REL OP T(op, constsc_fxval fast& )\
DECL REL OP OTHER(op)

DECL REL OP(<)

DECL REL OP(<=)

DECL REL OP(>)

DECL REL OP(>=)

DECL REL OP(==

DECL REL OP(!=)

#undef DECL_REL_OP_T
#undef DECL_REL_OP_OTHER
#undef DECL_REL_OP

/I Assignment operators

#define DECL_ASN_OP_T(op,tp)\
sc_fxnumé& operator op( tp ); \
DECL _ASN OP T(op, int64 )\
DECL_ASN OP T(op, uint64 )\
DECL _ASN OP T(op, constsc int base& ) \
DECL _ASN OP T(op, constsc uint base& ) \
DECL_ASN OP T(op, const sc_signed& ) \
DECL _ASN OP T(op, constsc unsigned& )

#define DECL_ASN_OP(op )\
DECL_ASN OP T(op,int)\
DECL ASN OP T(op, unsigned int)\
DECL ASN OP T(op, long)\
DECL _ASN OP T(op, unsigned long )\
DECL_ASN _OP_T( op, doubled)\
DECL _ASN OP T(op, const char*) \
DECL _ASN OP_T(op ,cénstsc fxval& ) \
DECL _ASN OP_T(op,constsc fxval fast& ) \
DECL _ASN OP T(op, const sc_fxnumé& )\
DECL _ASN ORIT( op, const sc_fxnum fast& ) \
DECL_ASN/OP/OTHER(op)

DECL_ASN _OP(=)

DECL_ASN) OP( *=)

DECL_ASN _OP( /=)

DECIS-ASN_OP(+=)

DECL’ ASN_OP( -=

DECL ASN OP T(<<=,int)

DECL_ASN_OP_T(>>=, int)

#undef DECL_ASN OP T
#undef DECL_ASN_OP_OTHER
#undef DECL_ASN_OP

/I Auto-increment and auto-decrement
const sc_fxval fast operator++ (int);
const sc_fxval fast operator-- (int );
sc_fxnum_fast& operator++ ();
sc_fxnum_fast& operator-- ();
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// Bit selection
const sc _fxnum_bitref operator|[] ( int ) const;
sc_fxnum_bitref’ operator[] (int);

// Part selection

const sc_fxnum _fast_subreﬁ operator() (int, int ) const;
sc_fxnum _fast_subreﬁ operator() (int, int );

const sc_fxnum _fast_subreﬁ range( int, int ) const;
sc_fxnum _fast_subreﬁ range( int, int );

const sc_fxnum _fast_subreﬁ operator() () const;

IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

DLJ&I!WI’[J[MDL_JMZJICJ UlJClatUl()(),
const sc_fxnum _fast_subreﬁ range() const;
sc_fxnum_fast_subref’ range();

// Implicit conversion
operator double() const;

// Explicit conversion to primitive types
short to_short() const;

unsigned short to_ushort() const;
int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;

float to_float() const;

double to_double() const;

// Explicit conversion to character string

const std::string to_string() const;

const std::string to_string( sc. fiumrep ) const;

const std::string to_string((sc) numrep , bool ) const;
const std::string to_string(.sc_fmt ) const;

const std::string to_string( sc_numrep , sc_fmt ) const;
const std::string to_string( sc_numrep , bool , sc_fmt ) const;
const std::string, to” dec() const;

const std::string to_bin() const;

const std:string to_oct() const;

const Std¥:string to_hex() const;

/NQuery value

bool is_neg() const;

bool is_zero() const;

bool quantization_flag() const;
bool overflow_flag() const;
const sc_fxval fast value() const;

// Query parameters

int wl() const;

int iwl() const;

sc_q_mode q_mode() const;
sc_o_mode o_mode() const;
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int n_bits() const;
const sc_fxtype params& type_params() const;
const sc_fxcast switch& cast_switch() const;

// Print or dump content

void print( std::ostreamé& = std::cout ) const;
void scan( std::istream& = std::cin );

void dump( std::ostream& = std::cout ) const;

private:
// Disabled

'Sr_fxl‘lulu_faat(),
sc_fxnum_fast( const sc_fxnum fast& );

I8
} // namespace sc_dt
7.10.1[1.3 Constraints on usage

An application shall not directly create an instance of type sc_fxnum_fast. An application may use a
to sc_ffxnum_fast or a reference to sc_fxnum_fast to refer to an ‘ebject of a class deriveq
sc_fxnum_fast.

7.10.11.4 Assignment operators

Overldaded assignment operators shall provide conversion from SystemC data types and the natiy
numerjc representation to sc_fxnum_fast, using truncation or sign-extension, as described in 7.10.4.

7.10.11.5 Implicit type conversion

operatpr double() const;
Operator double shall provide implicit type conversion from sc¢_fxnum_fast to double.

7.10.111.6 Explicit type conversion

short tp_short() const;

unsigngd short to_ushort() const;
int to_fnt() const;

unsignpd int to_uintQ) const;
long tq_long()-const;

unsignpd long\fo_ulong() const;
int64 tp_int64() const;

pointer
| from

e C++

uint64lto ninfﬁA[) const;

float to_float() const;
double to_double() const;

These member functions shall perform conversion to C++ numeric types.

const std::string to_string() const;

const std::string to_string( sc_numrep ) const;

const std::string to_string( sc_numrep , bool ) const;

const std::string to_string( sc_fmt ) const;

const std::string to_string( sc_numrep , sc_fmt ) const;

const std::string to_string( sc_numrep , bool , sc_fmt ) const;
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const std::string to_dec() const;
const std::string to_bin() const;
const std::string to_oct() const;
const std::string to_hex() const;

These member functions shall perform the conversion to a string representation, as described in
7.2.11,7.10.8, and 7.10.8.1.

7.10.12 sc_fxval

7.10.12.1 Description

Class §c_Txval 1s the variable-precision Tixed-point type. It may hold the value of any of the fixefl-point
types gnd performs the variable-precision fixed-point arithmetic operations. Type casting shall b performed
by the|fixed-point types themselves. Limited variable-precision type sc_fxval fast and variable-precision
type sq_fxval may be mixed freely.

7.10.12.2 Class definition
namespace sc_dt {

class s¢ fxval

{
public:

/I Constructors and destructor

sc_fxval();

sc_fxval( int);

sc_fxval( unsigned int );

sc_fxval( long );

sc_fxval( unsigned long );

sc_fxval( double );

sc_fxval( const char™* );

sc_fxval( const sc_fxval& );

sc_fxval( const sc_fxval fast&);

sc_fxval( const sc_fxnumé&.);

sc_fxval( const sc_fxnum ‘fast& );

sc_fxval( int64 );

sc_fxval( uint64 ();

sc_fxval( constisc_int base& );

sc_fxval( const sc_uint base& );

sc_fxval( const sc_signed& );

sc_fxval( const sc_unsigned& );

~se_fxval();

// Unary operators

const sc_fxval operator- () const;

const sc_fxval& operator+ () const;

friend void neg( sc_fxval& , const sc_fxval& );

// Binary operators
#define DECL_BIN_OP_T(op,tp)\
friend const sc_fxval operator op ( const sc_fxval& , tp ); \
friend const sc_fxval operator op ( tp , const sc_fxval& );
#define DECL_BIN_OP_OTHER( op )\
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DECL BIN OP T(op, int64 )\

DECL BIN OP T(op,uint64 )\

DECL _BIN OP T(op, const sc_int base& )\

DECL_BIN _OP_T( op, const sc_uint_base& ) \

DECL_BIN OP_T( op, const sc_signed& ) \

DECL _BIN _OP_T( op, const sc_unsigned& )
#define DECL_BIN_OP( op , dummy )\

friend const sc_fxval operator op ( const sc_fxval& , const sc_fxval& ); \

DECL BIN OP T(op,int)\

DECL _BIN OP _T( op, unsigned int )\

DECL BIN OP T(op,long)\

PRI AOR T . 1.1 AY
DJLCUL DIIN Ul I UP ) ullbléll\au 1U115 )

DECL BIN OP T(op,double)\
DECL BIN OP _T(op, const char* )\
DECL BIN OP T(op,constsc fxval fast& )\
DECL BIN OP T(op, constsc fxnum fast& )\
DECL BIN OP OTHER( op)

DECL_BIN_OP( * , mult)
DECL_BIN_OP(+, add)
DECL_BIN_OP( -, sub)
DECL_BIN_OP(/, div)

friend const sc_fxval operator<< ( const sc_fxval& , int+);
friend const sc_fxval operator>> ( const sc_fxval& ,int");

// Relational (including equality) operators
#define DECL_REL_OP_T(op,tp)\
friend bool operator op ( const sc_fxval&, tp ); \
friend bool operator op ( tp , const se.fxval& );
#define DECL_REL_OP_OTHER¢op ) \
DECL REL OP T(op, int64 )\
DECL REL OP T( op ,uint64 )\
DECL REL OP_T( op ,iconst sc_int base& )\
DECL REL OP T(‘op, constsc uint base& )\
DECL REL ORXF(op, const sc_signed& )\
DECL RELAOP/T( op, const sc_unsigned& )
#define DECLuREL_OP( op )\
friend bool operator op ( const sc_fxval& , const sc_fxval& ); \
DECLYREL OP T(op,int)\
DECEL REL OP T( op, unsigned int)\
BECL REL OP T(op,long)\
DECL REL OP T( op, unsigned long )\

DECL REL OP T(op,double)\
DECL REL OP T( op, const char® )\
DECL REL OP T(op,constsc fxval fast& )\
DECL REL OP T(op, constsc fxnum fast& )\
DECL_REL_OP_OTHER( op )

DECL_REL_OP(<)
DECL_REL_OP(<=)
DECL_REL_OP(>)
DECL_REL_OP(>=)
DECL_REL_OP(==
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DECL_REL_OP( =)

/I Assignment operators

#define DECL_ASN_OP _T(op,tp)\
sc_fxval& operator op( tp );

#define DECL_ASN_OP_OTHER(op )\
DECL _ASN OP T(op, int64)\
DECL _ASN OP T(op,uint64 )\
DECL_ASN OP T(op, const sc_int base& )\
DECL_ASN OP T(op, const sc_uint_base& )\
DECL ASN OP T(op, constsc signed& )\
DECL_AS}VT_OP_T( UlJ ) \./Ullb‘l: Db_ullbiéll\ud& )

#define DECL_ASN_OP(op )\
DECL ASN OP T(op,int)\
DECL _ASN OP_T(op,unsigned int )\
DECL ASN OP T(op,long)\
DECL _ASN OP T(op, unsigned long )\
DECL _ASN OP T(op, double)\
DECL _ASN OP T(op, const char* )\
DECL _ASN OP T(op, constsc fxval& )\
DECL _ASN OP T(op,constsc fxval fast& )\
DECL _ASN OP T(op, constsc fxnumé& )\
DECL _ASN OP T(op, constsc fxnum fast& )\
DECL ASN OP OTHER( op)

DECL_ASN_OP(=)

DECL_ASN_OP( *=)
DECL_ASN_OP( /=)
DECL_ASN_OP(+=)
DECL_ASN_OP(-=)

DECL_ASN_OP_T( <<=, int)
DECL_ASN_OP_T(>>=, int.)

/I Auto-increment and aufo-decrement
const sc_fxval operator++ (int );
const sc_fxval operator-- (int );
sc_fxval& operator++ ();

sc_fxval& operator-- ();

// Implicit conversion
operator double() const;

// Explicit conversion to primitive types
short to_short() const;

unsigned short to_ushort() const;
int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;

float to_float() const;

double to_double() const;
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// Explicit conversion to character string

const std::string to_string() const;

const std::string to_string( sc_numrep ) const;

const std::string to_string( sc_numrep , bool ) const;

const std::string to_string( sc_fmt ) const;

const std::string to_string( sc_numrep , sc_fmt ) const;

const std::string to_string( sc_numrep , bool , sc_fmt ) const;
const std::string to_dec() const;

const std::string to_bin() const;

const std::string to_oct() const;

PRI | dtan 4. 1a L 4
CUIIST DlU..DlllllE WU_IITCAL ) VUIISL,

// Methods

bool is_neg() const;

bool is_zero() const;

void print( std::ostream& = std::cout ) const;
void scan( std::istream& = std::cin );

void dump( std::ostream& = std::cout ) const;

15
} // namespace sc_dt

7.10.12.3 Constraints on usage
A sc_fkval object that is declared without an initial value shall be uninitialized (unless it is declared af static,
in whi¢h case it shall be initialized to zero). Uninitialized’pbjects may be used wherever an initialized object
is pernpitted. The result of an operation on an uninitialized object is undefined.

7.10.12.4 Public constructors

The cdnstructor argument shall be taken, as-the initial value of the se¢_fxval object. The default congtructor
shall npt initialize the value.

7.10.1[2.5 Operators

The operators that shall be defined for sc_fxval are given in Table 46.

Table 46—Operators for sc_fxval

Operator class Operators in class
Arithmetic * 4o <<>> A
Equality ===
Relational <<=>>=
Assignment == [= 4= = <<=>>=

operator<< and operator>> define arithmetic shifts that perform sign extension.

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



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

~ 326 IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

The types of the operands shall be as defined in 7.10.4.
7.10.12.6 Implicit type conversion

operator double() const;

Operator double can be used for implicit type conversion to the C++ type double.
7.10.12.7 Explicit type conversion

short to_short() const;

unsigned short to_ushort() const;
int to_[nt() const;

unsigngd int to_uint() const;
long tq_long() const;

unsigngd long to_ulong() const;
int64 tp_int64() const;
uint64[to_uint64() const;

float t¢_float() const;

doubld to_double() const;

These member functions shall perform the conversion to the respective C++ numeric types.

const gtd::string to_string() const;

const gtd::string to_string( sc_numrep ) const;

const §td::string to_string( sc_numrep , bool ) const;

const §td::string to_string( sc_fmt ) const;

const §td::string to_string( sc_numrep , sc_fmt ) const;

const §td::string to_string( sc_numrep , bool , sc_fmt)\const;
const §td::string to_dec() const;

const §td::string to_bin() const;

const gtd::string to_oct() const;

const §td::string to_hex() const;

These member functions shall-perform the conversion to a string representation, as descrijbed in
7.2.11,7.10.8, and 7.10.8.

7.10.13 sc_fxval_fast
7.10.1[3.1 Description
Type sk_fxval fast is the limited variable-precision fixed-point type and shall be limited to a mantissp of 53

bits. Itjmay/hold the value of any of the fixed-point types and shall be used to perform the limited vdriable-
precisipn{fixed-point arithmetic operations. Limited variable-precision fixed-point type sc_fxval_fTst and

variab »P_prpr‘iqinn ﬁvpr‘l_pr\in‘r type sc fxval may be mixed freelv
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7.10.13.2 Class definition
namespace sc_dt {

class sc_fxval_fast
{
public:
sc_fxval_fast();
sc_fxval_fast( int );
sc_fxval_fast( unsigned int );
sc_fxval_fast( long );

a\,_f)\va}_faat( Llllbisll\.zd 11U115 ),
sc_fxval_fast( double );
sc_fxval_fast( const char* );
sc_fxval_fast( const sc_fxval& );
sc_fxval_fast( const sc_fxval fast& );
sc_fxval_fast( const sc_fxnumé& );
sc_fxval_fast( const sc_fxnum_fast& );
sc_fxval_fast( int64 );

sc_fxval_fast( uint64 );
sc_fxval_fast( const sc_int base& );
sc_fxval_fast( const sc_uint base& );
sc_fxval_fast( const sc_signed& );
sc_fxval_fast( const sc_unsigned& );
~sc_fxval_fast();

// Unary operators
const sc_fxval fast operator- () const;
const sc_fxval fast& operator+ () const;

// Binary operators

#define DECL_BIN_OP_T( op; tp*) \
friend const sc_fxval fastgperator op ( const sc_fxval fast& ,tp ); \
friend const sc_fxval fastoperator op (tp, const sc_fxval fast& );

#define DECL_BIN_OP_OTHER( op ) \
DECL_BIN ©OP-T(op, int64 )\
DECL_BIN, OP T(op, uint64 )\
DECL.BIN OP T(op, constsc_int base& )\
DECLBIN OP T(op, constsc uint base& )\
DECEL BIN OP T(op, const sc_signed& ) \
BECL BIN OP T(op, constsc unsigned& )

#define DECL_BIN_OP( op , dummy )\
friend const sc_fxval fast operator op ( const sc_fxval fast& , const sc fxval fast& );\
DECL_BIN_OP_T(op, int)\
DECL BIN OP T(op, unsigned int )\
DECL BIN OP T(op, long)\
DECL BIN OP T( op, unsigned long )\
DECL_BIN _OP T(op, double )\
DECL BIN OP T(op, const char* )\
DECL_BIN_OP_OTHER( op)
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DECL BIN OP(*,mult)

DECL BIN OP(+,add)

DECL BIN OP(-, sub)

DECL BIN OP(/,div)

friend const sc_fxval fast operator<< ( const sc_fxval fast& , int);
friend const sc_fxval fast operator>> ( const sc_fxval fast& , int);

// Relational (including equality) operators

#define DECL_REL_OP_T(op,tp)\
friend bool operator op ( const sc_fxval fast& , tp );\
friend bool operator op (tp , const sc_fxval fast& );

TTUCIITIIv U]_lb]_l_l\hh_\_ll _U I lll_al\\ UlJ }
DECL REL OP T(op, int64 )\
DECL REL OP T(op, uint64 )\
DECL REL OP T(op, constsc int base& )\
DECL REL OP T(op, constsc uint base& )\
DECL REL OP T(op, constsc signed& )\
DECL REL OP T( op, constsc unsigned& )

#define DECL_REL_OP( op )\
friend bool operator op ( const sc_fxval fast& , const sc_fxval fast& );\
DECL REL OP T(op,int)\
DECL REL OP T( op, unsigned int )\
DECL REL OP T(op,long)\
DECL REL OP T( op, unsigned long )\
DECL _REL _OP T(op, double )\
DECL REL OP T(op, const char® )\

DECL REL OP OTHER( op)

DECL_REL_OP(<)
DECL_REL_OP(<=)
DECL_REL_OP(>)
DECL_REL_OP(>=)
DECL_REL OP(==
DECL_REL _OP( !=)

/I Assignment operatots

#define DECL_ASN/OP_T(op, tp ) sc_fxval fast& operator op( tp );

#define DECLi ASN_OP_OTHER( op ) \
DECL.ASN OP T(op, int64 )\
DECLHYASN OP T(op, uint64 )\
DECEL. ASN OP T(op, constsc int base& )\
DECL _ASN OP T(op, const sc_uint _base& )\
DECL ASN OP T(op, const sc signed& )\
DECL_ASN OP T(op, const sc_unsigned& )

#define DECL._ASN_OP(op)\
DECL ASN OP T(op,int)\
DECL ASN OP T(op, unsigned int)\
DECL ASN OP T(op,long)\
DECL_ASN OP T(op, unsigned long )\
DECL_ASN OP T(op, double )\
DECL_ASN OP _T(op, const char* )\
DECL _ASN OP T(op, constsc fxval& )\
DECL_ASN OP T(op, constsc fxval fast& )\
DECL_ASN OP T(op, constsc fxnumé& )\
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DECL_ASN OP T(op, constsc_fxnum_fast& )\
DECL _ASN OP OTHER( top)

DECL_ASN_OP(=)
DECL_ASN_OP( *=)
DECL_ASN_OP(/=)
DECL_ASN_OP(+=)
DECL_ASN_OP(-=)
DECL_ASN_OP_T( <<=, int)
DECL_ASN_OP_T(>>=,int)

Au‘l‘,\)'illbl\;lllbllt aud autu-duul blllbllt
const sc_fxval fast operator++ ( int );
const sc_fxval fast operator-- (int);
sc_fxval fast& operator++ ();
sc_fxval fast& operator-- ();

// Implicit conversion
operator double() const;

// Explicit conversion to primitive types
short to_short() const;

unsigned short to_ushort() const;
int to_int() const;

unsigned int to_uint() const;
long to_long() const;

unsigned long to_ulong() const;
int64 to_int64() const;

uint64 to_uint64() const;

float to_float() const;

double to_double() const;

// Explicit conversion to character string

const std::string to_string() const;

const std::string to_string( sc_numrep ) const;

const std::string to_string( sc_numrep , bool ) const;
const std::string to_string( sc_fmt ) const;

const std::string, to” string( sc_numrep , sc_fmt ) const;

const std::string to_string( sc_numrep , bool, sc_fmt ) const

const std::string to_dec() const;
const.std¥:string to_bin() const;
const-std::string to_oct() const;
const std::string to hex() const;

]

// Other methods

bool is_neg() const;

bool is_zero() const;

void print( std::ostream& = std::cout ) const;
void scan( std::istream& = std::cin );

void dump( std::ostream& = std::cout ) const;

// namespace sc_dt
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3.3 Constraints on usage

A sc_fxval_fast object that is declared without an initial value shall be uninitialized (unless it is declared as
static, in which case it shall be initialized to zero). Uninitialized objects may be used wherever an initialized
object is permitted. The result of an operation on an uninitialized object is undefined.

7.10.1

3.4 Public constructors

The constructor argument shall be taken as the initial value of the sc_fxval fast object. The default
constructor shall not initialize the value.

7.10.13-5Operators

The op

NOTE-
and pro

7.10.1

operat

7.10.1

short t
unsign
int to_|
unsign|

erators that shall be defined for sc_fxval fast are given in Table 47.

Table 47—Operators for sc_fxval_fast

Operator class Operators in class
Arithmetic * 4 <<>>
Equality ===
Relational <<=>>=
Assignment =*= (AP = <<=>>=

-operator<< and operator>> define arithmetio shifts, not bitwise shifts. The difference is that no bits J

per sign extension is done. Hence, these operators are also well-defined for signed types, such as s¢_fxv
3.6 Implicit type conversion

r double() const;

Operator double cansbe used for implicit type conversion to the C++ type double.
3.7 Explicit type-conversion

b_short()const;

ed short to—ushort() const;
nt()(const;

ed ot to_uint() const;

long to_Tong() const;
unsigned long to_ulong() const;
int64 to_int64() const;

uint64

to_uint64() const;

float to_float() const;
double to_double() const;

These member functions shall perform the conversion to the respective C++ numeric types.
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const std::string to_string() const;

const std::string to_string( sc_numrep ) const;

const std::string to_string( sc_numrep , bool ) const;

const std::string to_string( sc_fmt ) const;

const std::string to_string( sc_numrep , sc_fmt ) const;
const std::string to_string( sc_numrep , bool, sc_fmt ) const;
const std::string to_dec() const;

const std::string to_bin() const;

const std::string to_oct() const;

const std::string to_hex() const;

These member functions shall perform the conversion to a string representation, as described in

7.10.1
7.10.1

Class §
type pa

7.10.1
names

class s
: publi
{

pul

7.2.1T,7.10.8,and 7.10.8.T.
4 sc_fix
4.1 Description

c_fix shall represent a signed (two’s complement) finite-precision fixed-point value. The fixe
rameters wl, iwl, ¢_mode, o_mode, and n_bits may be specified as constructor arguments.

4.2 Class definition
bace sc_dt {

b fix
L sc_fxnum

lic:

// Constructors and destructor

sc_fix();

sc_fix(int, int);

sc_fix( sc_q mode, sc o mod e));

sc_fix(sc_q mode, sc_o mede/int );

sc_fix(int, int, sc_q mode.J/sc_ o mode );

sc_fix(int, int, sc_q_mode, sc_ 0 mode, int );

sc_fix( const sc_fxeast switch& );

sc_fix( int, int, ¢onst sc_fxcast switch& );

sc_fix( sc_q .mode, sc o mode, const sc_fxcast switch& );

sc_fix( sc_q/mode, sc_ o _mode, int, const sc_fxcast switch& );
sc_fix(dnt ) int, sc_q mode, sc_o mode, const sc_fxcast switch& );
sc_fix(\int , int , sc_ q_mode , sc_ o _mode , int, const sc_fxcast switch& );
se_Aix( const sc_fxtype params& );

SC fiv( const sc 'thvpp pqraquf ~const sc fxcast switch& ),

-point

#define DECL_CTORS_T(tp )\
sc_fix(tp, int, int ); \
sc_fix(tp,sc_q mode,sc o mode );\
sc_fix(tp,sc_q mode,sc o mode, int ); \
sc_fix(tp, int, int,sc_q mode, sc_o mode );\
sc_fix(tp, int,int,sc_q mode,sc o mode, int);\
sc_fix(tp, const sc_fxcast_switch& ); \
sc_fix(tp, int, int, const sc_fxcast_switch& ); \
sc_fix(tp, sc_q mode, sc_ o mode, const sc_fxcast _switch& ); \
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sc_fix(tp,sc_q mode,sc_ o mode, in, const sc_fxcast switch& ); \
sc_fix(tp, int, int,sc_q mode, sc o mode, const sc_fxcast switch& );\
sc_fix(tp, int, int, sc_q _mode , sc_o_mode, int, const sc_fxcast _switch& ); \
sc_fix(tp, const sc_fxtype params& ); \
sc_fix(tp, const sc_fxtype params& , const sc_fxcast_switch& );

#define DECL_CTORS_T_A(tp )\
sc_fix(tp ); \
DECL CTORS T(tp)

#define DECL_CTORS_T_B(tp)\
explicit sc_fix(tp ); \
DECL _CTORS T(tp)

DECL CTORS T A(int)

DECL CTORS T A( unsigned int )

DECL CTORS T A(long)

DECL CTORS T A( unsigned long )
DECL CTORS T A( double)

DECL CTORS T A( const char* )

DECL CTORS T A( constsc fxval& )
DECL CTORS T A( constsc fxval fast&)
DECL CTORS T A( constsc fxnumé& )
DECL CTORS T A( constsc fxnum fast& )
DECL _CTORS T B(int64)

DECL CTORS T B( uint64 )

DECL CTORS T B( constsc int base& )
DECL_CTORS T B( constsc uint base& )
DECL_CTORS T B( constsc_signed& )
DECL_CTORS T B( constsc_unsigned& )
sc_fix( const sc_fix& );

// Unary bitwise operators
const sc_fix operator~ () const;

// Binary bitwise operators

friend const sc_fix operator& ( const sc_fix& , const sc_fix& );
friend const sc_fix operator& ( const sc_fix& , const sc_fix_fast& );
friend const sc_fix operator& ( const sc_fix _fast& , const sc_fix& );
friend const scufix operator| ( const sc_fix& , const sc_fix& );
friend const’sc. fix operator| ( const sc_fix& , const sc_fix_fast& );
friend const'sc_fix operator| ( const sc_fix fast& , const sc_fix& );
friend*const sc_fix operator” ( const sc_fix& , const sc_fix& );
friend-const sc_fix operator” ( const sc_fix& , const sc_fix_fast& );
friend const sc_fix operator” ( const sc fix fast& , const sc fix& );

sc_fix& operator= ( const sc_fix& );

#define DECL_ASN_OP _T(op,tp)\
sc_fix& operator op (tp );

#define DECL_ASN_OP_OTHER(op )\
DECL_ASN _OP T(op, int64 )\
DECL _ASN OP T(op,uint64 )\
DECL _ASN OP T(op, constsc int base& )\
DECL _ASN OP T(op, constsc uint base& )\
DECL _ASN OP T(op, constsc signed& )\
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DECL_ASN OP T(op, const sc_unsigned& )
#define DECL_ASN_OP(op)\
DECL _ASN OP T(op,int)\
DECL_ASN OP_T( op, unsigned int ) \
DECL_ASN OP T(op,long)\
DECL_ASN OP T(op, unsigned long )\
DECL_ASN OP T(op, double )\
DECL_ASN OP_T(op, const char® )\
DECL_ASN OP T(op, constsc_fxval& )\
DECL_ASN OP T(op, const sc_fxval fast& )\
DECL _ASN OP T(op, constsc fxnumé& )\

AnN slals I ah N EVaY » Wils oV ‘- £ o Q)
DJLLCL MAAOIN UL I UlJ s VULISLU OSU TAIIULIL  IAdSteC )

DECL_ASN_OP_OTHER( op)

DECL_ASN OP(=)

DECL_ASN OP( *=)

DECL_ASN OP( /=)

DECL_ASN OP(+=)

DECL_ASN OP( -=

DECL_ASN_OP_T( <<=, int)
DECL_ASN_OP_T(>>=,int)
DECL ASN OP T( &=, constsc fix& )
DECL ASN OP T( &=, constsc fix fast& )
DECL _ASN OP T(|=, constsc fix&)
DECL _ASN OP T(|=, constsc fix fast& )
DECL ASN OP T(”"=, constsc fix&)
DECL ASN OP T(”"=, constsc_fix fast& )

const sc_fxval operator++ (int );
const sc_fxval operator-- (int );
sc_fix& operator++ ();

sc_fix& operator-- ();

¥
} // namespace sc_dt
7.10.14.3 Constraints-on‘usage

The word length shalkbe greater than zero. The number of saturated bits, if specified, shall not be legs than
ZEero.

7.10.14.4 Public constructors

The constructor arguments may specify the fixed-point type parameters, as described in 7.10.1. The default
constructor shall set fixed-point type parameters according to the fixed-point context in scope at the point of
construction. An initial value may additionally be specified as a C++ or SystemC numeric object or as a
string literal. A fixed-point cast switch may also be passed as a constructor argument to set the fixed-point
casting, as described in 7.10.7.

7.10.14.5 Assignment operators

Overloaded assignment operators shall provide conversion from SystemC data types and the native C++
numeric representation to sc_fix, using truncation or sign-extension, as described in 7.10.4.

|Pub|ished by IEC under licence from |[EEE. © 2005 [EEE. All rights reserved. |



https://iecnorm.com/api/?name=ac5d69ffe73e60e802087b65fb8dd492

~334- IEC 61691-7:2009(E)
IEEE Std 1666-2005(E)

7.10.14.6 Bitwise operators

Bitwise operators for all combinations of operands of type sc_fix and sc_fix_fast shall be defined, as
described in 7.10.4.

7.10.15 sc_ufix
7.10.15.1 Description

Class sc_ufix shall represent an unsigned finite-precision fixed-point value. The fixed-point type parameters
wl, iwl, _mode, o_mode, and n_bits may be specified as constructor arguments.

7.10.15.2 Class definition
namespace sc_dt {

class s¢ ufix

: publig sc_fxnum

{
public:

// Constructors

explicit sc_ufix();

sc_ufix( int, int );

sc_ufix( sc_q mode, sc_o_mode );

sc_ufix( sc_q mode, sc_o _mode, int );

sc_ufix( int, int, sc_q mode , sc_o_mode );

sc_ufix(int, int,, sc_q mode , sc_o_mode, int );

explicit sc_ufix( const sc_fxcast switch& );

sc_ufix( int, int, const sc_fxcast switch&J);

sc_ufix( sc_q mode, sc_o_mode, consts¢_fxcast switch& );

sc_ufix( sc_q mode, sc_o_mode, int, const sc_fxcast switch& );

sc_ufix( int, int, sc_q mode , s, 0~*mode , const sc_fxcast_switch& );

sc_ufix( int, int, sc_q mode’,S¢" 0 _mode , int, const sc_fxcast switch& );

explicit sc_ufix( const sc_fxtype params& );

sc_ufix( const sc_fxtype ‘params& , const sc_fxcast switch& );

#define DECL_CTORS_T(tp)\
sc_ufix( tpynt, int ); \
sc_ufix(tp., sc_q mode , sc_o_mode ); \
sc_ufix('tp, sc_q mode, sc_o_mode, int ); \
sctufix(tp, int, int, sc_q mode , sc_o_mode ); \
se/ufix(tp, int, int, sc_q mode, sc o mode, int); \
Sc ufix( tp, const sc fxcast switch& ); \
sc_ufix(tp, int, int, const sc_fxcast switch& );\
sc_ufix(tp,sc_q mode, sc_o mode, const sc_fxcast switch& ); \
sc_ufix(tp,sc_q mode,sc_o mode, int, const sc_fxcast switch& ); \
sc_ufix(tp,int,int,sc_q mode,sc o mode, const sc_fxcast switch& );\
sc_ufix(tp,int,int,sc_q mode,sc_o mode, int, const sc_fxcast switch& ); \
sc_ufix(tp, const sc_fxtype params& ); \
sc_ufix(tp, const sc_fxtype params& , const sc_fxcast switch& );
#define DECL_CTORS_T_A(tp)\
sc_ufix(tp); \
DECL_CTORS T(tp)
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#define DECL_CTORS_T_B(tp)\
explicit sc_ufix(tp ); \
DECL CTORS T(tp)

DECL CTORS T A(int)
DECL_CTORS T A( unsigned int)
DECL CTORS T A(long)
DECL_CTORS T A( unsigned long )
DECL CTORS T A( double)
DECL_CTORS T A( const char*)
DECL CTORS T A( constsc fxval& )

A BPah SEals

JJJ_/\/J_z_k/ I UL\Q_ I _n\ CUIIST D\./_LAV cu_umux. )
DECL CTORS T A( constsc fxnumé& )
DECL CTORS T A( constsc fxnum fast& )
DECL CTORS T B(int64)

DECL CTORS T B( uint6t4 )

DECL CTORS T B( constsc int base& )
DECL CTORS T B( constsc uint base& )
DECL CTORS T B( constsc signed& )
DECL_CTORS T B( const sc_unsigned& )

#undef DECL_CTORS_T
#undef DECL_CTORS_T_A
#undef DECL_CTORS_T B

// Copy constructor
sc_ufix( const sc_ufix& );

// Unary bitwise operators
const sc_ufix operator~ () const;

// Binary bitwise operators

friend const sc_ufix operator& (‘const sc_ufix& , const sc_ufix& );
friend const sc_ufix operaton& ( const sc_ufix& , const sc_ufix_fast& );
friend const sc_ufix operator& ( const sc_ufix fast& , const sc_ufix& );
friend const sc_ufix-operator| ( const sc_ufix& , const sc_ufix& );
friend const sc_ufix-eperator| ( const sc_ufix& , const sc_ufix fast& );
friend const sctufix operator| ( const sc_ufix_fast& , const sc_ufix& );
friend const’sc. ufix operator” ( const sc_ufix& , const sc_ufix& );
friend const'sc_ufix operator” ( const sc_ufix& , const sc_ufix fast& );
friend*const sc_ufix operator” ( const sc_ufix_fast& , const sc_ufix& );

//NAYSsignment operators

sc_ufix& operator= ( const sc_ufix& );
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#define DECL_ASN_OP_T(op,tp)\
sc_ufix& operator op (tp );

#define DECL_ASN_OP_OTHER(op )\
DECL ASN OP T(op, int64)\
DECL _ASN OP T(op, uint64 )\
DECL_ASN OP T(op, constsc_int_base& )\
DECL_ASN _OP _T(op, const sc_uint_base& )\
DECL_ASN OP T(op, constsc_signed& ) \
DECL_ASN OP T(op, const sc_unsigned& )

#define DECL_ASN_OP(op )\
DECL ASN OP T(op,int)\

hm S mral 4

IEC 61691-7:2009(E)
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JJLJ\/J_J_AS}VT_OP_T( UP P uuaiéuud illt )
DECL ASN OP T(op,long)\

DECL _ASN OP T(op, unsigned long )\

DECL _ASN OP T(op, double)\

DECL _ASN OP T(op, const char* )\

DECL _ASN OP T(op, constsc fxval& )\
DECL _ASN OP T(op,constsc fxval fast& )\
DECL _ASN OP T(op, constsc fxnumé& )\
DECL _ASN OP T(op, constsc fxnum fast& )\
DECL ASN OP OTHER( op)

DECL_ASN OP(=)

DECL_ASN OP( *=)

DECL _ASN OP( /=)

DECL_ASN OP(+=)

DECL_ASN OP(-=)

DECL_ASN_OP_T( <<=, int)
DECL_ASN_OP_T(>>=,int)
DECL ASN OP T( &=, const sc_ufix&)
DECL ASN OP T( &=, constsc_ufix fast& )
DECL_ASN OP T(|=, const s¢; ufix& )
DECL ASN OP _T(|=, constsc ufix fast& )
DECL ASN OP T("=, const sc_ufix& )
DECL ASN OP_T("s,constsc ufix fast&)

#undef DECL_ASN-OP_T
#undef DECL tASN_OP_OTHER
#undef DECL ASN_OP

// Aute=thcrement and auto-decrement
constsc_fxval operator++ (int );
const sc fxval operator-- (int );

sc_ufix& operator++ ();
sc_ufix& operator-- ();

¥
} // namespace sc_dt

7.10.15.3 Constraints on usage

The word length shall be greater than zero. The number of saturated bits, if specified, shall not be less than

Z€ro.
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7.10.1

5.4 Public constructors

The constructor arguments may specify the fixed-point type parameters, as described in 7.10.1. The default
constructor shall set fixed-point type parameters according to the fixed-point context in scope at the point of
construction. An initial value may additionally be specified as a C++ or SystemC numeric object or as a
string literal. A fixed-point cast switch may also be passed as a constructor argument to set the fixed-point
casting, as described in 7.10.7.

7.10.1

Overloaded assignment operators shall provide conversion from SystemC data types a

numerj
7.101

Bitwis
descril

7.10.1
7.10.1

Class
fixed-q]
argum

7.10.1
names
class s

: publi

{
pul

5.5 Assignment operators

5.6 Bitwise operators

e operators for all combinations of operands of type sc_ufix and sc_ufix_fast shall be defi
ed in 7.10.4.

6 sc_fix_fast
6.1 Description

se_fix_fast shall represent a signed (two’s complement) limited-precision fixed-point valu
oint type parameters wl, iwl, q_mode, o_mode, andyn/bits may be specified as cong
Ents.

6.2 Class definition
pace sc_dt {

b fix_fast
C sc_fxnum_fast

lic:

// Constructors

sc_fix_fast();

sc_fix_fast( int , mnt9;

sc_fix_fast( sctg.mode , sc o mode );
sc_fix_fast(so.'q mode , sc_ o_mode, int);
sc_fix_fast(‘int, int, sc q mode, sc o mode );
sc_fixsfast(int, int, sc q mode, sc o mode, int);
s¢/ fix/ fast( const sc_fxcast _switch& );

nd the native C++

hed, as

e. The
tructor

se fix fast(int, int , const sc fxcast switch& );

sc_fix_fast( sc_q mode, sc_ o _mode, const sc_fxcast switch& );

sc_fix_fast( sc_q mode, sc_ o _mode, int, const sc_fxcast switch& );
sc_fix_fast( int, int, sc_q mode, sc_ o _mode, const sc_fxcast switch& );
sc_fix_fast( int, int, sc_q mode, sc_ o mode, int, const sc_fxcast switch& );
sc_fix_fast( const sc_fxtype params& );

sc_fix_fast( const sc_fxtype params& , const sc_fxcast switch& );

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