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Grateful acknowledgment is made to the Open SystemC Initiative (OSCI) for the permission to use
the following source material:

— OSCI TLM Language Reference Manual Version 2.0.1

Note that a merger of OSCI and Accellera, announced on 5 December 2011, created a new
organization, Accellera Systems Initiative.

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
developed with reference to this standard alone. The primary audiences for this standard are the
implementors of the SystemC class library, the implementors of tools supporting the class library,
and the users of the class library.

Keywords: C++, computer languages, digital systems, discrete event simulation, electronic
design automation, electronic system level, electronic systems, embedded software, fixed-point,
hardware description language, hardware design, hardware verification, IEEE 1666, SystemC,
system modeling, system-on-chip, transaction level
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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 IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or
other damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or
indirectly resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a
specific purpose, or that the use of the material contained herein is free from patent infringement. IEEE
Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure,
purchase, market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore,
the viewpoint expressed at the time a standard is approved and issued is subject to change brought about
through developments in the state of the art and comments received from users of the standard. Every IEEE
Standard is subjected to review at least every five years for revision or reaffirmation. When a document is
more than five years old and has not been reaffirmed, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine
that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or
other services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed
by any other person or entity to another. Any person utilizing this, and any other IEEE Standards document,
should rely upon the advice of a competent professional in determining the exercise of reasonable care in any
given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate
to specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will
initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned
interests, it is important to ensure that any interpretation has also received the concurrence of a balance of
interests. For this reason, IEEE and the members of its societies and Standards Coordinating Committees are
not able to provide an instant response to interpretation requests except in those cases where the matter has
previously received formal consideration. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be
considered the personal views of that individual rather than the formal position, explanation, or interpretation
of the IEEE. Comments for revision of IEEE Standards are welcome from any interested party, regardless of
membership affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854-4141

USA

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

This introduction is not part of IEEE Std 1666-2011, IEEE Standard for Standard SystemC® Language Reference
Manual.

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 modeling
hardware 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 intellectual property, and end users who use SystemC to model their systems.

Before the publication of this standard, SystemC was defined by an open-source, proof-of-concept C++
library, also known as the reference simulator, available from the Accellera Systems Initiative. In the event
of discrepancies between the behavior of the reference simulator and statements made in this standard, this
standard shall be taken to be definitive.

This standard is not intended to serve as a user’s guide or to provide an introduction to SystemC. Readers
requiring a SystemC tutorial or information on the intended use of SystemC should consult the Accellera
Systems Initiative Web site (www.accellera.org) to locate the many books and training classes available.

Note that the Open Systems Initiative (OSCI) announced in December 2011 its merger with Accellera to
form the “Accellera Systems Initiative.” The name of the new organization has been used throughout this
document instead of the name “Open SystemC Imitative” or the acronym “OSCIL.” The exceptions are in
statements that refer to previous OSCI actions, and standards such as “OSCI TLM-2.0.1,” whose names
have not been changed.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private
uses. These include both use, by reference, in laws and regulations, and use in private self-regulation,
standardization, and the promotion of engineering practices and methods. By making this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.
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Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by
the issuance of new editions or may be amended from time to time through the issuance of
amendments, corrigenda, or errata. An official IEEE document at any point in time consists of the
current edition of the document together with any amendments, corrigenda, or errata then in effect.
In order to determine whether a given document is the current edition and whether it has been
amended through the issuance of amendments, corrigenda, or errata, visit the IEEE Standards
Association website at http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address
listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA website at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/findstds/
interps/index.html.

Patents

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 or patent applications for which a license may be required to implement 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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IEEE Standard for Standard SystemC® Language

Reference Manual

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or

environmental protection. 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.

1. Overview

1.1 Scope

This standard defines Sys’cemC®1 with Transaction Level Modeling (TLM) as an ANSI standard

C++ class library for system and hardware design.
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1.2 Purpose

The general purpose of SystemC this standard is to provide a C++-based standard for designers
and architects who need to address complex systems that are a hybrid between hardware and

software.

The specific purpose of this standard is to provide a precise and complete definition of the

SystemC class library including a TLM library so that a SystemC implementation can be

developed with reference to this standard alone. This standard is not intended to serve as a user’s
guide or to provide an introduction to SystemC, but it does contain useful information for end

users.

1SystemC® is a registered trademark of the Accellera Systems Initiative.

1.3 Subsets

It is anticipated that tool vendors will create implementations that support only a subset of this
standard or that impose further constraints on the use of this standard. Such implementations are
not fully compliant with this standard but may nevertheless claim partial compliance with this

standard and may use the name SystemC. See also 9.1 for a description of TLM-2.0-compliance.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 22:16:54 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1666-2011


http://www.avadocuments.com/doc/ieee-1666-2011
http://www.avadocuments.com/doc/ieee-1666-2011

1.4 Relationship with C++

This standard is closely related to the C++ programming language and adheres to the terminology
used in ISO/IEC 14882:2003. This standard does not seek to restrict the usage of the C++
programming language; a SystemC application may use any of the facilities provided by C++,
which in turn may use any of the facilities provided by C. However, where the facilities provided
by this standard are used, they shall be used in accordance with the rules and constraints set out in

this standard.

This standard defines the public interface to the SystemC class library and the constraints on how
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.

NOTE—1It 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.3
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1.5 Guidance for readers

Readers who are not entirely familiar with SystemC should start with Annex A, “Introduction 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 understanding of the terminology defined in Clause 3 is necessary for a precise

interpretation of this standard.

Clause 4, “Elaboration and simulation semantics,” defines the behavior of the SystemC kernel and
is central to an understanding of SystemC. The semantic definitions given in the subsequent

clauses detailing the individual classes are built #pon the foundations laid in Clause 4.

The clauses from Clause 5 onward define the public interface to the SystemC class library. The

following information 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
¢) 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

2Information on references can be found in Clause 2.

3Notes in text, tables, and figures are given for information only and do not contain requirements

needed to implement the standard.
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Readers should bear in mind that the primary obligation of a tool vendor is to implement the
abstract semantics defined in Clause 4, using the framework and constraints provided by the class

definitions starting in Clause 5.

The clauses from Clause 9 onward define the public interface to the TLM-2.0 class library,

including the classes of the interoperability layer and the utilities.

Clause 17 defines the TLM-1 Message passing interface, including tlm_fifo and analysis ports.

Annex A is intended to aid the reader in the understanding of the structure and intent of the

SystemC class library.

Annex B is a glossary giving informal descriptions of the terms used in this standard.

Annex C lists the deprecated features, that is, features that were present in version 2.0.1 of the

Open SystemC Initiative (OSCI) open source proof-of-concept SystemC implementation but are

not part of this standard.

Annex D lists the changes between SystemC—rersion2:0-+ IEEE Std 1666-2005 and versien21Beta
IEEE 1666-
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained). For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.

This standard shall be used in conjunction with the following publications: ISO/IEC 14882:2003,
3

Programming Languages —C++.

4ISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de
Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iso.ch/). ISO/IEC publications are
also available in the United States from Global Engineering Documents, 15 Inverness Way East,
Englewood, Colorado 80112, USA (http://global.ihs.com/). Electronic copies are available in the

United States from the American National Standards Institute, 25 West 43rd Street, 4th Floor, New

York, NY 10036, USA (http:// www.ansi.org/).
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3. Terminology 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 it does not impose any

obligation. The word may is used to mean shall be permitted (in the sense of being legally allowed).

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

In some cases, word usage is qualified to indicate on whom the obligation falls, such as an

application may or an implementation shall.

3.1.2 Implementation, application

The word implementation is used to mean any specific implementation of the full SystemC, TLM-1

and TLM-2.0 class libraries as defined in this standard, only the public interface of which need be

exposed to the application.

The word application is used to mean a C++ program, written by an end user, that uses the SystemC,

TLM-1, and TLM-2.0 class libraries, that is, uses classes, functions, or macros defined in this

standard.

3.1.3 Call, called from, derived from

The term call is taken to mean call directly or indirectly. Call indirectly means call an intermediate
function that in turn calls the function in question, where the chain of function calls may be

extended indefinitely.
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Similarly, called from means called from directly or indirectly.

Except where explicitly qualified, the term derived from is taken to mean derived directly or

indirectly from. Derived indirectly from means derived from one or more intermediate base classes.

3.1.4 Specific technical terms

The following terms are sometimes used to refer to classes and sometimes used to refer to objects
of those classes. When the distinction is important, the usage of the term may be qualified. For
example, a port instance is an object of a class derived from the class sc_port, whereas a port class is

a class derived from class sc_port.

A module is a class derived from the class sc_module.

A port is either a class derived from the class sc_port or an object of the class sc_port. An export is an
object of the 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_object.

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_object.
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An event is an object of the class sc_event. A signal is an object of the class sc_signal.

A process instance is an object of an implementation-defined class derived from the class sc_object
and created by one of the three macros SC_METHOD, SC_THREAD, or SC_CTHREAD or by

calling the function sc_spawn.

The term process refers to either a process instance or to the member function that is associated

with a process instance when it is created. The meaning is made clear by the context.

A static process is a process created during the construction of the module hierarchy or from the

before_end_of_elaboration callback.

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

An unspawned process is a process created by invoking one of the three macros SC_METHOD,
SC_THREAD, or SC_CTHREAD. An unspawned process is typically a static process, but it would

be a dynamic process if invoked from the end_of_elaboration callback.

A spawned process is a process created by calling the function sc_spawn. A spawned process is
typically a dynamic process, but it would be a static process if sc_spawn is called before the end of

elaboration.

A process handle is an object of the class sc_process_handle.

The module hierarchy is the total set of module instances constructed during elaboration. The term
is sometimes used to include all of the objects instantiated within those modules during

elaboration. The module hierarchy is a subset of the object hierarchy.
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The object hierarchy is the total set of objects of the class sc_object. Part of the object hierarchy is
constructed during elaboration (the module hierarchy) and includes module, port, primitive
channel, and static process instances. Part is constructed dynamically and destroyed dynamically

during simulation and includes dynamic process instances (see 5.16). Events do not belong to the

object hierarchy, although like objects of the class sc_object, events may have a hierarchical name.

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.

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.

The term during elaboration includes the construction of the module hierarchy and the

before end of elaboration callbacks.

The term during elaboration or simulation includes every phase from the construction of the module

hierarchy up to and including the final delta cycle, but neither includes nor excludes activity

subsequent to the final delta cycle. In other words, use of this term infers nothing about whether

specific actions are or are not permitted after the final delta cycle.
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The term during simulation includes the initialization, evaluation, and update phases and any

period when simulation is paused.

3.2 Syntactical conventions

3.2.1 Implementation-defined

The italicized term implementation-defined is used where part of a C++ definition is omitted from
this standard. In such cases, an implementation shall provide an appropriate definition that honors

the semantics defined in this standard.

3.2.2 Disabled

The italicized term disabled is used within a C++ class definition to indicate a group of member
functions that shall be disabled by the implementation so that they cannot be called by an
application. The disabled member 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

repetitive parts of a C++ code listing or example have been omitted for clarity.

3.2.4 Class names

Class names italicized and annotated with a superscript dagger (+) should not be used explicitly
within an application. Moreover, an application shall not create an object of such a class. It is
strongly recommended that the given class name be used. However, an implementation may
substitute an alternative class name in place of every occurrence of a particular daggered class

name.
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Only the class name is considered here. Whether any part of the

implementation- defined is a separate issue.

The class names are the following:

definition of the class is

sc_bind _proxyjL

sc_fxnum_bi trefT

sc_signed_bitref7L

sc_uint_subref7L

sc_bi ifrejdL

sc_fxmtm_fast_bitre]dL

sc_signecl_bitref_r7L

sc_w'nt_subref_r7L

sc_bi tref_ﬁL

sc_fxnum jast_subref7L

sc_signed_subref7L

sc_unsigned_bitref7L

sc_co;flcatref7L

sc jxnum_subre]dL

sc_signed_subref_r7L

sc_unsi gned_bit‘ref_r1L

sc_concreff

sc_int_bi treff

sc_subref7L

sc_unsi gned_subref7L

sc_concref_r7L

sc_int_bi tref_r7L

sz:_subref_r7L

SC_unsi gned_subref_r7L

sc_cont‘ext_begin1L

sc_in t_subrejdL

sc_switch7L

sc_value_base7L

sc_event_and_#s##gg

o

sc_in t_subref_r7L

sc_ztint_bii‘reﬂL

sc_vector it‘er7L

sc_event_or_expr7L

sc_sensitive7L

sc_uint_bitref_r7L

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.
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3.3 Semantic conventions

3.3.1 Class definitions and the inheritance hierarchy

An implementation may differ from this standard in that an implementation may introduce
additional base classes, class members, and friends to the classes defined in this standard. An
implementation may modify the inheritance hierarchy by moving class members defined by this
standard into base classes not defined by this standard. Such additions and modifications may be
made as necessary in order to implement the semantics defined by this standard or in order to

introduce additional functionality not defined by this standard.

3.3.2 Function definitions and side-effects

This standard explicitly defines the semantics of the C++ functions in the SystemC class library.
Such functions shall not have any side-effects that would contradict the behavior explicitly
mandated by this standard. In general, the reader should assume the common-sense rule that if it
is explicitly stated that a function shall perform action A, that function shall not perform any action
other than A, either directly or by calling another function defined in this standard. However, a
function may, and indeed in certain circumstances shall, perform any tasks necessary for resource
management, performance optimization, or to support any ancillary features of an implementation.
As an example of resource management, it is assumed that a destructor will perform any tasks
necessary to release the resources allocated by the corresponding constructor. As an example of an
ancillary feature, an implementation could have the constructor for class sc_module increment a

count of the number of module instances in the module hierarchy.
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3.3.3 Functions whose return type is a reference or a pointer

Many functions in this standard return a reference to an object or a pointer to an object;; that is,
the return type of the function is a reference or a pointer. This subclause gives some general rules

defining the lifetime and the validity of such objects.

An object returned from a function by pointer or by reference is said to be valid during any period
in which the object is not deleted and the value or behavior of the object remains accessible to the
application. If an application refers to the returned object after it ceases to be valid, the behavior of

the implementation shall be undefined.

3.3.3.1 Functions that return *this or an actual argument

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 it is an object that was passed by
reference as an actual argument to the function being called [for example, std::ostreamé&
operator<< (std::ostream&, const T&)]. In either case, the function call itself places no additional
obligations on the implementation concern-_ing the lifetime and validity of the object following

return from the function call.

3.3.3.2 Functions that return const char*

Certain functions have the return type const 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.
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3.3.3.3 Functions that return a reference or pointer to an object in the module hierarchy

a) | sc_interface * // Returns a channel

b) | sc_event& // Returns an event

c) | sc_event finder& // Returns an event finder

d) | sc time& // Returns a property of primitive channel sc_clock

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:

The implementation is obliged to ensure that the returned object is valid either until the channel,
event, or event finder is deleted explicitly by the application or until the destruction of the module

hierarchy, whichever is sooner.

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

a) sc_object *

b) sc event*

c) sc_attr _base*

d) std::string& // Property of an attribute object

Certain functions return a reference or pointer to an object that may be deleted by the application or
the implementation before the destruction of the module hierarchy. The return types of these

functions include the following:

The functions concerned are the following:

sc_object* sc_process_handle::get_parent_object() const; sc_object*
sc_process_handle::get_process_object() const;
sc_object* sc_object::get_parent_object() const;

sc_object* sc_event::get parent object() const;
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sc_object* sc_find_object( const char* );

sc_event® sc_find event( const char*);

sc_attr_base* sc_object::get_attribute( const std::string& );
const sc_attr_base* sc_object::get_attribute( const std::stringé& ) const;
sc_attr_base* sc_object:remove_attribute( const std::string& );

const std::string& sc_attr_base::name() const;

The implementation is only obliged to ensure that the returned reference is valid until the

sc_object, sc_event, sc_attr_base, or std::string object itself is 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;:
a) std::vector< sc_object * > &

b) std::vector<sc event* > & ¢) sc_attr_cltn *

The functions concerned are the following:

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

std::vector<sc event*>& sc module::get child events() const;

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

const std::vector<sc event*>& sc process handle::get child events() const;

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

virtual const std::vector<sc event*>& sc object::get child events() const;

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

const std::vector<sc event*>& sc get top level events();
sc_attr_cltn& sc_object::attr_cltn();

const sc_attr_cltn& sc_object::attr_cltn() const;
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The implementation is only obliged to ensure that the returned object (the vector or collection) is
itself valid until an sc_object, an sc_event, or an attribute is added or deleted that would affect the

collection returned by the function if it were to be called again.

3.3.3.5 Functions sc_time_stamp and sc_signal::read

The implementation is obliged to keep the object returned from function sc_time_stamp valid until

the start of the next timed notification phase.

The implementation is obliged to keep the object returned from function sc_signal::read valid until

the end of the current evaluation phase.

For both functions, it is strongly recommended that the application be written in such a way that
it would have identical behavior, whether these functions return a reference to an object or return

the same object by value.

3.3.4 Namespaces and internal naming

An implementation shall place every declaration and-every—maecro—definition—specified by this

standard, with the one exception of sc main, within one of the twefive namespaces sc_core-ane-,

sc_dt, sc unnamed, tlm, and tlm utils. The core language and predefined channels shall be placed

in the namespace sc_core. The SystemC data types proper shall be placed in the namespace sc_dt.

The SystemC utilities are divided between the two namespaces sc_core and sc_dt.

It is recommended that an implementation use nested namespaces within sc_core and sc_dt in
order to reduce to a minimum the number of implementation-defined names in these two

namespaces. The names of any such nested namespaces shall be implementation-defined.
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In general, the choice of internal, implementation-specific names within an implementation can
cause naming conflicts within an application. It is up to the implementor to choose names that are

unlikely to cause naming conflicts within an application.

3.3.5 Non-compliant applications and errors

In the case where an application fails to meet an obligation imposed by this standard, the behavior
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++ standard.

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.

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.
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3.4 Notes and examples

Notes appear at the end of certain subclauses, designated by the upper case word NOTE. Notes
often describe the consequences of rules defined elsewhere in this standard. Certain subclauses
include examples consisting of fragments of C++ source code. Such notes and examples are

informative to help the reader but are not an official part of this standard.

4. Elaboration and simulation semantics

An implementation of the SystemC class library includes a public shell 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 implementation. Simulation involves the execution of the scheduler, part of

the kernel, which in turn may execute processes within the application.

In addition to providing support for elaboration and implementing the scheduler, the kernel may
also provide implementation-specific functionality beyond the scope of this standard. As an
example of such functionality, the kernel may save the state of the module hierarchy after
elaboration and run or restart simulation from that point, or it may support the graphical display

of state variables on-the-fly during simulation.
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The phases of elaboration and simulation shall run in the following sequence:
a) Elaboration —Construction of the module hierarchy
b) Elaboration—Callbacks to function before_end_of_elaboration

¢) 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_of_simulation

h) Simulation —Destruction of the module hierarchy

4.1 Elaboration

The primary purpose of elaboration is to create internal data structures within the kernel as
required to support the semantics of simulation. During elaboration, the parts of the module
hierarchy (modules, ports, primitive channels, and processes) are created, and ports and exports are

bound to channels.

The actions stated in the following subclauses can occur during elaboration and only during

elaboration.

NOTE 1—Because these actions can only occur during elaboration, SystemC does not support the
dynamic creation or modification of the module hierarchy during simulation, although it does

support dynamic processes.

NOTE 2—Other actions besides those listed below may occur during elaboration, provided that
they do not contradict any statement made in this standard. For example, the 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 cannot be called during elaboration.
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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.
sc_module (see 5.2)

sc_port (see 5.12)

sc_export (see 5.13)

sc_prim_channel (see 5.15)

An implementation shall permit an application to have zero or one top-level module 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

wathin from function sc_main_(or a function called from sc¢_main), or in the absence of an s¢ main

(see 4.3.5), in the form of one or more top-level modules. Instances of class sc_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-medule-or-withinfunetonse—main as described above, or to

instantiate a port or export other than within a module.

The instantiation of a module also implies the construction of objects of class sc_module_name

and class sc_sensitivejL (see 5.4).

Although these rules allow for considerable flexibility in instantiating the module hierarchy, it is
strongly recommended that, wherever possible, module, port, export, and primitive channel
instances be data members 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.
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NOTE 1—The four classes sc_module, sc_port, sc_export, and sc_prim_channel are derived from a

common base class sc_object, and thus, they have some member functions in common (see 5.16).

NOTE 2—Objects of classes derived from sc_object but not derived from one of these four classes
may be instantiated during elaboration or during-simulation, as may objects of user-defined

classes.

Example:

#include "systemc.h" struct Mod: sc_module

{
SC_CTOR(Mod) { }

struct S

Mod m; // Unusual coding style - module instance within struct

S(char* name_) : m(name_) {}

struct Top: sc_module // Five instances of module Mod exist within module Top.
{

Mod m1; // Recommended coding style

Mod *m2; // Recommended coding style S

Ssl;

SC_CTOR(Top)
:ml("'m1"), // ml.name() returns "top.m1"  s1("s1") // sl.m.name()

returns "top.s1"
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m2 =new Mod("m2"); // m2->name() returns "top.m2"
f0;
S *s2 =new S("s2"); // s2->m.name() returns "top.s2"
}
void () {
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 Process macros

An unspawned process instance is a process created by invoking one of the following three process
macros:
SC_METHOD
SC_THREAD SC_CTHREAD

The name of a member function belonging to a class derived from class sc_module shall be passed
as an argument to the macro. This member function shall become the function associated with the

process instance.

Unspawned processes can be created during elaboration or from the end_of_elaboration callback.
Spawned processes may be created by calling the function sc_spawn during elaboration or during

simulation.
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The purpose of the process macros is to register the associated function with the kernel such that
the scheduler can call back that member function during simulation. It is also possible to use
spawned processes for this same purpose. The process macros are provided for backward
compatibility with earlier versions of SystemC and to provide clocked threads for hardware

synthesis.

4.1.3 Port binding and export binding

Port instances can be bound to channel instances, to other port instances, or to export instances.
Export instances can be bound to channel instances or to other export instances but not to port
instances. Port binding is an asymmetrical relationship, and export binding is an asymmetrical
relationship. If a port is bound to a channel, it is not true to say that the channel is bound to the port.

Rather, it is true to say that the channel is the channel to which the port is bound.

Ports can be bound by name or by position. Named port binding is performed by a member
function of class sc_port (see 5.12.7). Positional port binding is performed by a member function
of class sc_module (see 5.2.19). Exports can only be bound by name. Export binding is performed

by a member function of class sc_export (see 5.13.7).

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

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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