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1. Overview

1.1. Scope

This standard defines the &/stemC® AMS extensions as an ANS| standard C++ class library based on
SystemC for system design containing analog/mixed-signal (AMS) functionality.

1.2. Purpose

The general purpose of the SystemC AMS extensions is to provide a C++ standard for designers and
architects who need to address complex heterogeneous systems that are a hybrid between hardware and
software. This standard is built on the IEEE Std 1666™-2011 (SystemC Language Reference Manual) and
extends it to create analog/mixed-signal, multi-disciplinary models to simulate continuous-time, discrete-
time, and discrete-event behavior simultaneously.

The specific purpose of this standard is to provide a precise and complete definition of the AMS class
library so that a SystemC AMS implementation can be developed with reference to this standard alone.
This standard is not intended to serve as a user’s guide nor to provide an introduction to AMS extensions
in SystemC, but does contain useful information for end users.

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 partia compliance with this standard and may use the name
SystemC AMS extensions.

1.4. Relationship with C++

This standard is closely related to the C++ programming language and adheres to the terminology used in
I SO/IEC 14882:2003. This standard does not seek to restrict the usage of the C++ programming language;
an application using the SystemC AMS extensions 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 AMS class library and the constraints on how
those classes may be used. The SystemC AM S classlibrary may beimplemented in any manner whatsoever,
provided only that the obligations imposed by this standard are honored.

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

NOTE—It is possible to create a well-formed C++ program that islegal 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. Relationship with SystemC

This standard is built on the IEEE Std 1666-2011 (SystemC Language Reference Manual) and extends it
using the mechanisms provided by the C++ language, to provide an additional layer of analog/mixed-signal
constructs. Any SystemC compliant application shall behave the samein the presence of the SyssemC AMS
extensions.
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1.6. Guidance for readers

Readers who are not entirely familiar with the SystemC AMS extensions should start with Annex A,
“Introduction to the SystemC AMS extensions’, which provides a brief informal summary of the subject
intended to aid in the understanding of the normative definitions. Such readers may aso 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 2, “ Terminology and conventions used in this standard”. An
understanding of the terminology defined in that clause is necessary for a precise interpretation of this
standard.

The semantic definitions given in the subsequent clauses detailing the individual classes are built upon the
foundations laid in Clause 3, “ Core language definitions”.

The clauses from Clause 4 onward define the public interface to the SystemC AMS class library defining
the predefined models of computation. The following information is listed for each class:

A brief class description.
A C++ source code listing of the class definition.

a
b.
c. A statement of any constraints on the use of the class and its members.
d. A statement of the semantics of the class and its members.

e

For certain classes, adescription of functions, typedefs, macros, and templ ate parameters associated with
the class.

For each predefined model of computation, the execution semantics for elaboration and simulation are
defined.

Readers should bear in mind that the primary obligation of a tool vendor is to implement the abstract
semanticsdefined in Clause 4, using the framework and constraints provided by the class definitions starting
in Clause 3.

Annex A isintended to aid the reader in the understanding of the structure and intent of the SystemC AMS
classlibrary.

Annex B isgiving informal descriptions of the terms used in this standard.

Annex C liststhe deprecated features, that is, features that were present in version 1.0 of the SystemC AMS
extensions language reference manual but are not part of the SystemC AMS 2.0 standard.

Annex D lists the changes between the SystemC AMS 1.0 and 2.0 standard.

1.7. Reference documents

The following documents are indispensable for the applications 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—C++

» |EEE Std 1666-2011: |EEE Standard SystemC Language Reference Manual
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2. Terminology and conventions used in this standard

2.1. Terminology

2.1.1. 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 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.

2.1.2. Implementation, application

The word implementation is used to mean any specific implementation of the full SystemC AMS class
library 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 AMS class library, that is, uses classes, functions, or macros defined in this standard.

2.1.3. Call, called from, derived from

Theterm call istaken to mean call directly or indirectly. Call indirectly means call an intermediate function
which in turn calls the function in question, where the chain of function calls may be extended indefinitely.

Similarly, called from means called from directly or indirectly.

Except where explicitly qualified, the term derived fromistaken to mean derived directly or indirectly from.
Derived indirectly from means derived from one or more intermediate base classes.

2.1.4. Specific technical terms

The specific technical terms as defined in IEEE Std 1666-2011 (SystemC Language Reference Manual)
also apply for the AMS extensions. In addition, the following technical terms are defined:

A model of computation (MoC) is a set of rules defining the behavior and interaction between AMS
primitive modules. The defined models of computation in this standard are: timed data flow (TDF), linear
signal flow (LSF) and electrical linear networks (ELN).

A cluster isaset of AMS primitive modules connected by channels via AMS ports, which have no defined
decoupling semantics. All modules have to be associated with the same model of computation.

An AMS primitive module is a class derived from the class sca _core::sca_module and associated with
amodel of computation. A primitive module cannot be hierarchically decomposed and contains no child
modules or channels. A TDF module is a primitive module derived from class sca_tdf::sca_ module. An
L SF module is a primitive module derived from class sca_|sf::sca_ module. An ELN moduleisa primitive
module derived from class sca_eln::sca_module.

An AMS port is a class derived from the class sca core::sca port and associated with a model of
computation. A primitive port is a port of a primitive module.

An AMSterminal is a class derived from the class sca_core::sca_port and associated with the electrical
linear networks model of computation.

An AMS interface is a class derived from the class sca_core::sca_interface and associated with a model
of computation.
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An AMSinterface proper isan abstract class derived from the class sca_cor e::sca_inter face and associated
with amodel of computation.

An AMS channel is a non-abstract class derived from one or more interfaces and associated with a model
of computation.

An AMSnodeisan object of theclasssca_eln::sca_nodeor sca_eln::sca_node ref andisan AMS channel
associated with the electrical linear networks model of computation.

An AMSsignal isan object of the class sca_tdf::sca signal or sca _Isf::sca_signal and isan AMS channel

associated with the timed data flow or linear signal flow model of computation, respectively.

2.2. Syntactical conventions

2.2.1. 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.

2.2.2. Disabled

Theitalicized 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.

2.2.3. Ellipsis

An élipsis, 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.

2.2.4. Class names

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

Only the class name is being considered here. Whether any part of the definition of the class is
implementation-defined is a separate issue.

The class names in question are the following:

sca_core::sca_assign_from J)ronyr sca tdf::sca ct vector Jnronyr
sca_core::sca_assign_to J)ronyr sca_util::sca_informati on_maskT
sca_tdf::sca ct JJroxyT szca_util::sca_traceable_objectT

2.2.5. Prefixes for AMS extensions

The AM S extensions are denoted with the prefix sca_ for namespaces, classes, functions, global definitions
and variables and with the prefix SCA_ for macros and enumeration values.

An application shall not make use of these prefixes for namespaces, functions, global definitions, variables,
macros, and classes derived from the classes as defined in this standard.

2.3. Typographical conventions

The following typographical conventions are used in this standard:
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1. Theitdlic font is used for:

» Cross references to terms defined in Subclause 2.1, “Terminology”, Subclause 2.2, “Syntactical
conventions’, and Annex B, “Glossary”.

» Arguments of member functionsin class definitions and in the text that are generally substituted with
real values by the implementation or application.

2. The bold font is used for al reserved keywords of SystemC and the AMS extensions as defined in
namespaces, macros, constants, enum literals, classes, member functions, data members and types.

3. The constant-width (Courier) font is used:
« for the SystemC AMS class definition including its member functions, data members and data types.
« toillustrate SystemC AMS language examples when the exact usage is depicted.
« for references to the SystemC AM S language syntax and headers.

The conventions listed previously are for ease of reading only. Editorial inconsistencies in the use of
typography are unintentional and have no normative meaning in this standard.

2.4. Semantic conventions

2.4.1. 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.

2.4.2. Function definitions and side-effects

This standard explicitly defines the semantics of the C++ functions for the AMS class library for SystemC.
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
afunction 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 alocated by the corresponding
constructor. As an example of an ancillary feature, an implementation could have the constructor for class
sca_core::sca_module increment a count of the number of module instances in the module hierarchy.

2.4.3. 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 thefunction isareference or a pointer. This subclause gives some general rules defining the lifetime
and the validity of such objects.

An abject returned from afunction by pointer or by referenceis said to be valid during any period in which
the abject 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.

2.4.3.1. 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 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&) ).
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In either case, the function call itself places no additional obligations on theimplementation concerning the
lifetime and validity of the object following return from the function call.

2.4.3.2. Functions that return const char*

Certain functions have thereturn type const char*, that is, they return apointer to anull-terminated character
string. The const char* pointer shall remain valid for the whole lifetime of the object associated to the
member function, which returns this pointer.

2.4.4. Namespaces and internal naming

An implementation shall place every declaration and definition specified by this standard within one of the
following namespaces: sca_core, sca_tdf, sca |sf, sca_eln, sca_ac_analysis, or sca_util.

The core language base classes shall be placed in the namespace sca_core.

For the predefined models of computation, the following namespaces shall be used:

» The predefined classes for timed data flow shall be placed in the namespace sca_tdf.

» The predefined classes for linear signal flow shall be placed in the namespace sca _|sf.

» The predefined classes for electrical linear networks shall be placed in the namespace sca_eln.

The predefined classes for small-signal frequency-domain analyses shall be placed in the namespace
sca_ac_analysis. The utilities shall be placed in the namespace sca_util.

It is recommended that an implementation uses nested namespaces within sca_core, sca_tdf, sca Isf,
sca _€eln, sca_ac_analysis, and sca_util in order to reduce to a minimum the number of implementation-
defined names in these namespaces.

For predefined primitive modules, which use ports to connect to a different model of computation, the
namespace associated with the connected model of computation shall be used as nested namespace. The
nested namespace sca_de shall be used for modules or ports, which are used to connect to SystemC discrete-
event channels or ports.

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.

2.4.5. Non-compliant applications and errors

In the case where an application fails to meet an obligation imposed by this standard, the behavior of the
AMS 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 awarning, the AMS implementation shall generate a diagnostic message by calling the function
sc_core::sc_report_handler::report. Inthe case of an error, the implementation shall call function report
with a severity of sc_core:;:SC_ERROR. In the case of awarning, the implementation shall call function
report with a severity of sc_core::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 classsc_core::sc_report_handler to take no action for certain categories
of reports. An application that failsto meet the obligationsimposed by this standard remainsin 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 awarning.

6 Copyright © 2008-2013 by the Accellera Systems Initiative. All rights reserved.
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2.5. Notes and examples

Notes appear at the end of certain subclauses, designated by the upper-case word “NOTE”. Notes often
describe 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.
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3. Core language definitions

3.1. Class header files

Tousethe AMSclasslibrary features, an application shall include either of the C++ header files specifiedin
this subclause at appropriate positionsin the source code as required by the scope and linkage rules of C++.

3.1.1. #include “systemc-ams”

The header file named systemc-ams shal add the names sca core, sca tdf, sca Isf, sca eln,
sca_ac_analysis, and sca_util, as well as the names defined in IEEE Std 1666-2011 for the header file
named systemc, to the declarative region in which it is included. The header file systemc-ams shall not
introduce into the declarative region, in which it is included, any other names from this standard or any
names from the standard C or C++ libraries.

It is recommended that applications include the header file systemc-ams rather than the header file
systemc-ams.h.

3.1.2. #include “systemc-ams.h”

The header file named systemc-ams.h shall add names from the namespace sca core, sca_ac_analysis,
sca_util, and sca_tdf as defined in this subclause to the declarative region, in which it is included. It
is recommended that an implementation keeps the number of additional implementation-specific names
introduced by this header file to a minimum.

The header file systemc-ams.h is provided for backward compatibility with earlier versions of the SystemC
AMS extensions and may be deprecated in future versions of this standard.

The header file systemc-ams.h shall include at least the following:

#i ncl ude "systent. h"
#i ncl ude "systent-ans"

/1 Using declarations for the followi ng nanes in the sca_ac_anal ysis nanespace
using sca_ac_anal ysis::sca_ac_start;

using sca_ac_anal ysi s::sca_ac_noi se_start;
using sca_ac_anal ysi s::sca_ac;

using sca_ac_anal ysi s::sca_ac_is_running;

using sca_ac_anal ysi s::sca_ac_noi se;

using sca_ac_anal ysi s::sca_ac_noi se_i s_runni ng;
using sca_ac_anal ysis::sca_ac_f;

using sca_ac_anal ysis::sca_ac_w,

using sca_ac_anal ysi s::sca_ac_s;

using sca_ac_anal ysi s::sca_ac_z;

using sca_ac_anal ysi s::sca_ac_del ay;

using sca_ac_anal ysis::sca_ac_|ltf_nd;

using sca_ac_anal ysis::sca_ac_ltf_zp;

using sca_ac_anal ysi s::sca_ac_ss;

using sca_ac_anal ysi s:: SCA_LCG

using sca_ac_anal ysis:: SCA LIN,

/'l Using declarations for the follow ng nanes in the sca_util namespace

using sca_util::sca_trace_file;

using sca_util::sca_trace;

using sca_util::sca_create_tabular_trace_file;
using sca_util::sca_close_tabular_trace_file;
using sca_util::sca_create_vcd_trace_file;
using sca_util::sca_close_vcd_trace_file;
using sca_util::sca_wite_comment;

using sca_util::sca_conplex;

using sca_util::sca_matrix;

using sca_util::sca_vector;

using sca_util::sca_create_vector;

using sca_util::sca_information_on;

using sca_util::sca_information_off;

using sca_util::SCA AC REAL_| MAG
using sca_util::SCA AC MAG RAD;
using sca_util::SCA AC DB DEG
using sca_util::SCA_NO SE_SUM
using sca_util::SCA NO SE ALL;
using sca_util::SCA | NTERPOLATE;
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using sca_util:: SCA DONT_| NTERPOLATE;
using sca_util::SCA HOLD SAMPLE;

using sca_util::sca_ac_format;

using sca_util::sca_noise_format;

using sca_util::sca_deci mation;

using sca_util::sca_sanpling;

using sca_ util::sca_mltirate;

using sca_util::SCA COWLEX J;

using sca_util::SCA I NFINTY;

using sca_util:: SCA_UNDEFI NED;

nanmespace sca_info = sca_util::sca_info;

/1 Using declarations for the follow ng nanes in the sca_core nanespace
using sca_core::sca_paraneter;

using sca_core::sca_tinmne;

using sca_core::sca_max_tinme;

using sca_core::sca_copyright;

using sca_core::sca_version;

using sca_core::sca_rel ease;

/'l Using declarations for the followi ng nanes in the sca_tdf nanespace
using sca_tdf:: SCA CT_CUT;

using sca_tdf:: SCA DT_CUT;
using sca_tdf:: SCA_ NO _CUT;

3.2. Base class definitions

All names used in the base class definitions shall be placed in the namespace sca_core.

3.2.1. sca_core::sca_module
3.2.1.1. Description

The class sca_core::sca_module shall define the base class to derive primitive modules for the predefined
models of computation.

3.2.1.2. Class definition

namespace sca_core {

class sca_nodule : public sc_core::sc_nodul e

{
public:
virtual const char* kind() const;

virtual void set_tinmestep( const sca_core::sca_tinme& );

virtual void set_tinmestep( double, sc_core::sc_time_unit );
virtual void set_max_tinmestep( const sca_core::sca_tinme&);
virtual void set_max_tinmestep( double, sc_core::sc_time_unit );
prot ect ed:

sca_nodul e();

virtual ~sca_nodul e();

h
#defi ne SCA_CTOR(nane) i mpl ement ati on-defined name( sc_core::sc_nodul e_nane )

} // nanespace sca_core

3.2.1.3. Constraints on usage
Any primitive module as defined in Clause 4 shall be publicly derived from class sca_core::sca_module.

Objects of class sca_core::sca_module can only be constructed during elaboration. It shall be an error to
instantiate a primitive module during simulation.

Although class sca_core::sca_module is derived from class sc_core::sc_module, the use of classes,
member functions, and functions, which have direct access to the SystemC kernel shall not be allowed in
the context of amodule derived from class sca_core::sca_module.

Thefollowing member functions of classsc_core::sc_module shall not be called in the context of amodule
derived from class sca_core::sca_module;
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 All forms of member function sc_core::sc_module::wait.

« All forms of member function sc_core::sc_module::next_trigger.

 All forms of member function sc_core::sc module::reset_signal_is.

 All forms of member function sc_core::sc_ module::async_reset_signal_is.

e Member function sc_core::sc_module::dont_initialize.

» Member function sc_core::sc_module::set_stack_size.

The following macros shall not be used in the context of a module derived from class
sca core::sca_module;

¢ Macro SC_CTOR.

* Macro SC_HAS PROCESS.

e Macro SC_METHOD.

+ Macro SC_THREAD.

e Macro SC_CTHREAD.

¢ Macro SC_FORK.

¢ Macro SC_JOIN.

The following functions shall not be used in the context of a module derived from class
sca core::sca_module;

 All forms of function sc_core::wait.

« All forms of function sc_core::next_trigger.

e Function sc_core::sc_time_stamp.

» Function sc_core::sc_delta_count.

» Function sc_core::sc_get_current_process_handle.

» Function sc_core::sc_spawn.

Objects of the following classes shall not be created in the context of modules derived from class
sca_core::sca_module;

» Objectsof classsc_core::sc_event.

* Objectsof classsc_core::sc_process handle.

« All objects which are derived from class sc_core::sc_export_base.

« All objects which are derived from class sc_core::sc_interface.

 All objectswhich are derived from class sc_core::sc_module.

« All objectswhich are derived from class sc_core::sc_port_base and not from sca_core::sca_port.

An application shall not derive from class sca_core::sca_module directly, but shall use the primitive
modules defined in Clause 4.

3.2.1.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_core::sca_module”.
3.2.1.5. set_timestep

virtual void set_tinmestep( const sca_core::sca_tinme& );

virtual void set_tinmestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep of the module according to the execution
semantics of the associated predefined model of computation (see 4.1.3, 4.2.3, 4.3.3). If the member

function is not called, the current timestep of the module is computed as defined in the execution
semantics of the associated predefined model of computation. It shall be an error to call this function
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after the first sc_core::sc_ module::end_of elaboration callback has been executed, except in the
context of the callbacks set_attributes and change_attributes of the current module derived from class
sca_tdf::sca_module (see 4.1.1.1.6).

3.2.1.6. set_max_timestep

virtual void set_max_tinmestep( const sca_core::sca_tinme&);

virtual void set_max_tinestep( double, sc_core::sc_tinme_unit );

The member function set_max_timestep shall define the maximum timestep or the latest first activation
time after elaboration of the modul e according to the execution semantics of the associated predefined model
of computation (see 4.1.3, 4.2.3, 4.3.3). If set_max_timestep is not called, an implementation shall set the
maximum timestep to the value returned by function sca_core::sca_max_time. It shall be an error to call
this function after the first sc_core::sc_module::end_of _elaboration callback has been executed, except
in the context of the callbacks set_attributes and change_attributes of the current module derived from
classsca_tdf::sca module (see4.1.1.1.6).

3.2.1.7. SCA_CTOR

Themacro SCA_CTOR isprovided for convenience when declaring or defining a constructor for amodule
derived from class sca _core::sca_module. The macro shall only be used at a place where the rules of
C++ permit a constructor to be declared and can be used as the declarator of a constructor declaration or
a constructor definition. The name of the module class being constructed shall be passed as the argument
to the macro.

3.2.2. sca_core::sca_interface
3.2.2.1. Description

Theclasssca core::sca _interface shall define the base classto deriveinterfacesfor the predefined models
of computation.

3.2.2.2. Class definition

nanespace sca_core {
class sca_interface : public sc_core::sc_interface

prot ect ed:
sca_interface();

private:
/1 Disabl ed
sca_interface( const sca_core::sca_interface& );
sca_core::sca_interface& operator= ( const sca_core::sca_interface& );

b

} // nanespace sca_core

3.2.2.3. Constraints on usage

An application shall not use class sca_core::sca_interface as the direct base class for any class other than
an interface proper.

3.2.3. sca_core::sca_prim_channel
3.2.3.1. Description

The class sca_core::sca_prim_channel shall be used as base class to derive primitive channels for the
predefined models of computation.

3.2.3.2. Class definition

namespace sca_core {
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class sca_primchannel : public sc_core::sc_object,
public sca_util::sca_traceabl e_object U

{
public:
virtual const char* kind() const;

protect ed:

sca_primchannel ();

explicit sca_primchannel ( const char* );

virtual ~sca_primchannel ();
private:

/1 Disabl ed

sca_primchannel ( const sca_core::sca_primchannel & );
sca_core::sca_primchannel & operator= ( const sca_core::sca_primchannel & );

h

} // nanespace sca_core

3.2.3.3. Constraints on usage

Any primitive channel as defined in Clause 4 shall be publicly derived from class
sca core::sca_prim_channel.

Objects of class sca_core::sca_prim_channel can only be constructed during elaboration. It shall be an
error to instantiate a primitive channel during simulation.

NOTE—Because the constructors are protected, classsca_core::sca_prim_channel cannot beinstantiated directly. An
application shall use only the channels defined in Clause 4 and shall not derive directly any channel from this class.

3.2.3.4. Constructors

sca_primchannel ();
explicit sca_primchannel ( const char* );
The constructor for class sca_core::sca_prim_channel shall pass the character string argument (if such

argument exists) through to the constructor belonging to the base class sc_core::sc_object to set the string
name of the instance in the module hierarchy.

The default constructor shall call function sc _core::sc_gen_unique name(“sca prim_channe”) to
generate a unique string name that it shall then pass through to the constructor belonging to the base class
sc_core::sc_object.

3.2.3.5. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_core::sca_prim_channel”.

3.2.4. sca_core::sca_port
3.2.4.1. Description

The class sca core:sca port shal define the base class to derive ports for the predefined
models of computation. The class sca core::sca port shall implement the interface of class
sca_util ::sca_traceable_objectT, in such away that the channel, to which the port is bound, can be traced.

3.2.4.2. Class definition

namespace sca_core {

tenpl ate <class | F>
class sca_port : public sc_core::sc_port<lF, 1, sc_core::SC ONE_OR_MORE BOUND >,
public sca_util::sca_traceabl e_object t
{
public:
virtual const char* kind() const;
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protect ed:

sca_port();

explicit sca_port( const char* );
virtual ~sca_port();

h

} // nanespace sca_core

3.2.4.3. Template parameter IF

The argument of template sca_core::sca_port shall be the name of an interface proper. The interface shall
be derived from class sc_core::sc_interface.

3.2.4.4. Constraints on usage

An application shall not usethe classsca_core::sca port to instantiate ports, but shall use the ports defined
in Clause 4.

3.2.4.5. Constructors

sca_port();

explicit sca_port( const char* );

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

The default constructor shall call function sc_core::sc_gen_unique _name(“sca _port”) to generate a
unique string name that it shall then pass through to the constructor belonging to the base class
SC_core::sc_port.

3.2.4.6. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_core::sca_port”.

3.2.5. sca_core::sca_time
The class sca_core::sca_time shall be used to represent simulation time for the AM S extensions.
nanespace sca_core { typedef sc_core::sc_tine sca_tine; }

NOTE—Thetypesca_core::sca_timehasbeenintroduced to facilitate future extensionsto decoupl e thetimeresolution
used in the AM S extensions from the time resol ution as defined in IEEE Std 1666-2011 (SystemC Language Reference
Manual).

3.2.6. sca_core::sca_max_time
The implementation shall provide afunction sca_core;:sca_max_time with the following declaration:

nanmespace sca_core { const sca_core::sca_tinme& sca_max_tinme(); }

The function sca_core::sca_max_time shall return the maximum value of type sca core::sca_time,
caculated after taking into account the time resolution. Since function sca core::sca max_time
necessarily returns a reference to an object of type sca core::sca time that represents a non-zero time
value, the time resolution cannot be modified after a call to sca_core::sca_max_time. Every call to
sca_core::sca_max_time during a given simulation run shall return an object having the same value and
representing the maximum simulation time. The actual value isimplementation-defined. Whether each call
to sca_core::sca_max_time returns areference to the same object or a different object isimplementation-
defined.
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3.2.7. sca_core::sca_parameter_base

3.2.7.1. Description

Theclasssca core::sca_parameter _baseshall defineatypeindependent base classfor module parameters.
After construction, parameters shall be unlocked.

NOTE—AII instances of class sca_core::sca_parameter_base become part of the object hierarchy to facilitate the
access to the primitive modul e parameter values.

3.2.7.2. Class definition

nanmespace sca_core {
cl ass sca_paraneter_base : public sc_core::sc_object
{
public:
virtual const char* kind() const;

virtual std::string to_string() const =0 ;
virtual void print( std::ostream& os = std::cout ) const = 0;

void | ock();
voi d unl ock();
bool is_locked() const;
prot ect ed:
sca_par anet er _base();
explicit sca_paraneter_base( const char* );
virtual ~sca_paraneter_base();
private:
/1 Disabl ed
sca_par anet er _base( const sca_core::sca_paraneter_base& );
sca_core: :sca_paranet er_base& operator= ( const sca_core::sca_paraneter_base& );
b

std::ostream& operator<< ( std::ostream& const sca_core::sca_paraneter_base& );

} // nanespace sca_core
3.2.7.3. Constructors

sca_par anet er _base();

explicit sca_paraneter_base( const char* );

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

The default constructor shall call function sc_core::sc_gen_unique_name(“sca_parameter _base’) to
generate a unique string name that it shall then pass through to the constructor belonging to the base class
sc_core::sc_object.

3.2.7.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_core;:sca_parameter_base’.

3.2.7.5. to_string
virtual std::string to_string() = O;
The member function to_string shall perform the conversion of the parameter value to an object of class

std::string.
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3.2.7.6. print

virtual void print( std::ostream& os = std::cout ) = 0;

The member function print shall print the parameter value to the stream passed as an argument.

3.2.7.7. lock

voi d | ock();

The member function lock shall prevent any further assignment to the parameter. It shall be an error if an
assignment is executed on alocked parameter.

3.2.7.8. unlock

voi d unl ock();

The member function unlock shall allow further assignments to the parameter.

3.2.7.9.is_locked

bool is_locked() const;

The member function is_locked shall return true if the parameter islocked; otherwise, it shall return false.

3.2.7.10. operator<<

std::ostream& operator<< ( std::ostream& const sca_core::sca_paraneter_base& );

The oper ator << shall write the value of the parameter passed as the second argument to the stream passed
asthefirst argument by calling the member function print( std::ostream ).

3.2.8. sca_core::sca_parameter
3.2.8.1. Description

The class sca_core::sca_parameter shall assign a parameter to amodule.

3.2.8.2. Class definition

namespace sca_core {

t enpl at e<cl ass T>
class sca_parameter : public sca_core::sca_paraneter_base
{
public:
sca_paraneter();
explicit sca_paranmeter( const char* name_ );
sca_paraneter( const char* name_, const T& defaul t_value );
~sca_paraneter();

virtual const char* kind() const;

virtual std::string to_string() const;
virtual void print( std::ostream& os = std::cout ) const;

const T& get() const;
operator const T&) const;

void set( const T&);

sca_core::sca_paraneter<T>& operator= ( const T& value );
sca_core::sca_paranmet er<T>& operator= ( const sca_core::sca_paraneter<T>& val ue );
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} // nanespace sca_core
3.2.8.3. Template parameter T

The argument passed astemplate parameter T shall be either a C++ type for which the predefined semantics
for assignment are adequate (for example, a fundamental type or a pointer), or atype T that obeys each
of the following rules:

a. Thefollowing stream operator shall be defined and should copy the state of the object given asthe second
argument to the stream given as the first argument. The way in which the state information is formatted
is undefined by this standard.

std::ostream& operator<< ( std::ostream& const T& );

b. If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T such
that the value of the left operand is indistinguishable from the value of the right operand.

const T& operator= ( const T& );
c. If any constructor for type T exists, adefault constructor for type T shall be defined.
3.2.8.4. Constructors

The constructors shall only be called within the context of a sc_core::sc module during module
construction.

sca_paraneter();

The default constructor shall call function sc_core::sc_gen_unique name(“sca_parameter”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca core::sca parameter _base. The actual parameter value shall be created by the default constructor of
the corresponding type.

explicit sca_paraneter( const char* nanme_ );

The constructor shall pass the character string name_ through to the constructor belonging to the base
class sca_core::sca parameter _base to set the string name of the instance in the module hierarchy. The
actual parameter value shall be created by the default constructor of the corresponding type.

sca_paraneter( const char* nanme_, const T& defaul t_value );

The constructor shall pass the character string name_ through to the constructor belonging to the base
class sca_core::sca parameter _base to set the string name of the instance in the module hierarchy. The
actual parameter value shall be created by the default constructor and initialized with the default value
default_value.

3.2.8.5. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_core::sca_parameter”.

3.2.8.6. to_string

virtual std::string to_string() const;

The member function to_string shall perform the conversion of the parameter value to an object of class
std::string. Conversion shall be done by calling oper ator << ( std::ostreamé&, const T& ). (See 3.2.8.3))
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3.2.8.7. print

virtual void print( std::ostream& os = std::cout ) const;

The member function print shall print the current parameter value to the stream passed as an argument by
calling operator << ( std::ostreamé&, const T& ). (See 3.2.8.3.)

3.2.8.8. get

const T& get() const;

operator const T&() const;

The member function get and operator const T& shall return a const reference to the actual parameter
value. If themember functionslock or unlock were not yet executed, the member function get and oper ator
const T& shall execute the member function lock of the base class sca_core::sca parameter_base.

3.2.8.9. set

void set( const T& value );

sca_core::sca_paraneter<T>& operator= ( const T& val ue )
The member function set and oper ator = shall assign the value to the parameter.
sca_core::sca_paraneter<T>& operator= ( const sca_core::sca_paraneter<T>& val ue );

The oper ator = shall copy the value of the parameter passed as argument.

3.2.9. sca_core::sca_assign_from_pronyr
3.2.9.1. Description

Theclasssca _core::sca assign_from _proxyT shall be ahelper class to facilitate the implementation of the
assignment operator from one class to another.

NOTE—This class is the base class of sca_tdf::sca_ct J)roxyT and sca_tdf::sca_ct_vector JJroxyT, to implement the
assignment of the values returned by these classesto a port or vector, which typeis passed to this base class astemplate
parameter of type T.

3.2.9.2. Class definition

namespace sca_core {

tenpl at e<cl ass T>
cl ass sca_assign_from_proxyT

{
i mpl ement ati on- defi ned

h

} // nanespace sca_core

3.2.9.3. Constraint on usage

An application shall not explicitly create an instance of classsca _core::sca_assign_from _proxyT.

3.2.10. sca_core::sca_assign_to_pronyr
3.2.10.1. Description

The class sca_core::sca_assign to J>ronyr shall be a helper class to facilitate the implementation of
operators to assign values to an object.

NOTE—This class is used to support the implementation of the operator[] for the classes sca tdf::sca out,
sca_tdf::sca_de::sca_out and sca_tdf::sca_trace variable.
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3.2.10.2. Class definition

namespace sca_core {

tenpl ate<class T, class TV>
cl ass sca_assign_t o_proxyT

{
sca_core::sca_assign_t o_proxyT<T, TV>& operator= ( const TV& value );

h

} // nanespace sca_core

3.2.10.3. operator=

sca_assign_t o_proxyT<T, TV>& operator= ( const TV& val ue );

The oper ator = performs the assignment of value value to an object of classT.

3.2.10.4. Constraint on usage

An application shall not explicitly create an instance of class sca_core::sca_assign_to J:)roxyT.
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4. Predefined models of computation

4.1. Timed data flow model of computation

The TDF model of computation shall define the procedural behavior that processes samples, which are
tagged in time. A TDF module shall define time domain processing, which is activated when a predefined
number of samplesis available at itsinput port(s), and generates a predefined number of output samples at
its output port(s). Since the number of read and written samplesisknown and fixed, the activation schedule
of aset of connected TDF modules can be statically determined. For the communication with the SystemC
kernel, predefined specialized ports shall be used to maintain synchronization. For synchronization, the
tagged time of the samples shall be used. A TDF module is a primitive module that cannot be further
hierarchically decomposed.

4.1.1. TDF class definitions

All names used in the TDF class definitions shall be placed in the namespace sca_tdf.
4.1.1.1. sca_tdf::sca_module

4.1.1.1.1. Description

The class sca_tdf::sca_module shall define the base class for all TDF primitive modules.

4.1.1.1.2. Class definition

namespace sca_tdf {

class sca_nodule : public sca_core::sca_nodul e
{
public:
virtual const char* kind() const;

protected:
typedef void ( sca_tdf::sca_nodul e::*sca_nodul e_method )();

virtual void set_attributes();
virtual void change_attributes();
virtual void initialize();
virtual void reinitialize();
virtual void processing();
virtual void ac_processing();

voi d register_processing( sca_tdf::sca_nodul e::sca_nodul e_nmethod );
voi d register_ac_processing( sca_tdf::sca_nodul e::sca_nodul e_nethod );

voi d request _next_activation( const sca_core::sca_tinme& );

voi d request _next_activation( double, sc_core::sc_tinme_unit );

voi d request _next_activation( const sc_core::sc_event& );

voi d request _next_activation( const sca_core::sca_tinme& const sc_core::sc_event& );

voi d request _next_activation( double, sc_core::sc_tinme_unit, const sc_core::sc_event& );

voi d request _next_activation( const sc_core::sc_event_or_list& );

voi d request _next_activation( const sc_core::sc_event_and_list& );

voi d request _next_activation( const sca_core::sca_tinme& const sc_core::sc_event_or_list&);

voi d request _next_activation( double, sc_core::sc_time_unit, const sc_core::sc_event_or_list&);
voi d request _next_activation( const sca_core::sca_time& const sc_core::sc_event_and_list& );
voi d request _next_activation( double, sc_core::sc_time_unit, const sc_core::sc_event_and_list& );

tenpl at e<cl ass T>
voi d request _next_activation( const sca_tdf::sca_de::sca_in<T>& );

voi d accept_attribute_changes();
void reject_attribute_changes();
voi d does_attribute_changes();
voi d does_no_attribute_changes();

sca_core::sca_time get_tinme() const;
sca_core::sca_tinme get_tinmestep() const;
sca_core::sca_time get_max_tinmestep() const;
sca_core::sca_time get_last_timestep() const;

bool is_dynam c() const;
bool are_attribute_changes_all owed() const;
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bool are_attributes_changed() const;
bool is_timestep_changed() const;

explicit sca_nodul e( sc_core::sc_nodul e_nane );
sca_nodul e();

virtual ~sca_nodul e();
}
#define SCA TDF_MODULE(nane) struct nane : sca_tdf::sca_nodul e

} // nanmespace sca_tdf

4.1.1.1.3. Constraints on usage

Modules, channels, signals, and ports outside of the namespace sca_tdf shall not be instantiated in the
context of class sca_tdf::sca_ module.

Objects of class sca tdf::sca_module can only be constructed during elaboration. It shall be an error
to instantiate such a module during simulation. Every class derived (directly or indirectly) from class
sca_tdf::sca_moduleshall haveat least one constructor. Every such constructor shall have oneand only one
argument of classsc_core::sc_module name. A string-valued argument shall be passed to the constructor
of every module instance.

Inter-module communication for TDF modules shall be accomplished using interface method calls, that is,
amodule should communicate with its environment through its ports.

4,1.1.1.4. kind
virtual const char* kind() const;
The member function kind shall return the string “sca_tdf::sca_module’.

4.1.1.1.5. set_attributes

virtual void set_attributes();

The member function set_attributes shall provide a context to set attributes, which are required
for TDF MoC elaboration (see 4.1.3). The attributes can be defined using the member functions
set_timestep, set_max_timestep, and request_next_activation of a TDF module and member
functions set_timestep, set_max_timestep, set_delay, and set_rate for ports of classes sca tdf::sca in,
sca tdf::sca out, sca_tdf::sca de::sca in, sca tdf::sca de::sca out, and in addition set_ct_delay for
ports of classes sca tdf::sca out<T, sca tdf::SCA_CT_CUT, INTERP> and sca tdf::sca out<T,
sca tdf::SCA_DT_CUT>. The member function set_attributes shall be caled during the elaboration
phase (see 4.1.3.1.1). The application shall not call this member function.

4.1.1.1.6. change_attributes

virtual void change_attributes();

The member function change_attributes shall provide a context to change attributes of the TDF module
and its ports. The attributes can be changed using the member functions set_timestep, set_ max_timestep,
or request_next_activation of a TDF module and member functions set_timestep, set_max_timestep,
set_delay, and set_rate for ports of classes sca tdf::sca_in, sca tdf::sca_out, sca_tdf::sca _de::sca in,
sca tdf::sca de::sca out, and in addition set ct_delay for ports of classes sca tdf::sca out<T,
sca tdf::SCA_CT_CUT, INTERP> and sca_tdf::sca_out<T, sca_tdf::SCA_DT_CUT>. The member
function shall only be called during simulation (see 4.1.3.2). The application shall not cal this member
function.

4.1.1.1.7. initialize
virtual void initialize();

The member function initialize shall provide a context to set initial valuesto member variables and ports.
In the context of member function initialize, the application should initialize the delay samples of al ports
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if their delay attribute has been set to a value greater than zero. The member function shall only be called
during simulation (see 4.1.3.2.1). The application shall not call this member function.

4.1.1.1.8. reinitialize

virtual void reinitialize();

The member function reinitialize shall provide a context to reinitialize values to member variables
and ports. The member function shall be called after each cluster execution period (see 4.1.3.2.3). The
application shall not call this member function.

NOTE—The member function may be used to reinitialize the delay samples of the associated ports by using the member
function initialize in case of attribute changes.

4.1.1.1.9. processing

virtual void processing();

The member function processing shall provide a context to define the time-domain behavior of the
TDF module. 1t may be replaced by a registered application-defined member function (see 4.1.1.1.11).
It shall be a warning if a TDF module does not implement a single member function processing or a
registered application-defined member function when time-domain simulation starts. If no application-
defined member function isregistered, this member function shall be called during time-domain simulation
(see5.1). The application shall not call this member function.

4.1.1.1.10. ac_processing

virtual void ac_processing();

The member function ac_processing shall provide a context to define the small-signal frequency-domain
behavior of the TDF module. It may be replaced by aregistered application-defined member function (see
4.1.1.1.12). If no application-defined member function is registered, this function shall be called during
small-signal frequency-domain simulation (see 5.2). The application shall not call this member function.

4.1.1.1.11. register_processing

voi d register_processing( sca_tdf::sca_nodul e::sca_nodul e_nmethod );

The member function register _processing shall register a time-domain processing member function as a
replacement to the default time-domain processing member function processing. The argument shall be a
pointer to amember function of the TDF module. The registered application-defined member function shall
behave in the same way as defined in member function processing (see 4.1.1.1.9). The member function
register_processing shal only be called during module construction; otherwise, it shall be an error. It shall
be an error if more than one member function is registered.

4.1.1.1.12. register_ac_processing

voi d register_ac_processing( sca_tdf::sca_nodul e::sca_nodul e_nethod );

The member function register_ac_processing shall register a small-signal frequency-domain processing
member function as a replacement to the default small-signal frequency-domain processing member
function ac_processing. The argument shall be a pointer to a member function of the TDF module. The
registered applicati on-defined member function shall behavein the sasme way asdefined in member function
ac_processing (see 4.1.1.1.10). The member function register_ac processing shall only be called during
module construction; otherwise, it shall be an error. It shall be an error if more than one member function
isregistered.

4.1.1.1.13. request_next_activation

The member function request_next_activation shall override the propagated timestep defined by the
member function set_timestep of the TDF modules and ports for the next module activation. The next
module activation shall be no later than the time requested by this member function.
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The time given as argument shall be taken to be relative to the time in the context of the member function
change_attributesof thecurrent module, in which themember functionrequest_next_activation iscalled.

NOTE—The propagated maximum timestep defined by the member function set_max_timestep is always respected.

voi d request _next _activation( const sca_core::sca_tinme& );

voi d request _next _activation( double, sc_core::sc_tinme_unit );
The next module activation is requested after the time given as an argument has el apsed.

voi d request _next_activation( const sc_core::sc_event& );

The next module activation is requested when the event, passed as an argument, is notified.

voi d request _next _activation( const sca_core::sca_tinme& const sc_core::sc_event& );

voi d request _next _activation( double, sc_core::sc_time_unit, const sc_core::sc_event& );

The next module activation is requested after the time given as an argument has elapsed or when the given
event is notified, whichever occursfirst.

voi d request _next_activation( const sc_core::sc_event_or_list&);

voi d request _next _activation( const sc_core::sc_event_and_list&);
The next module activation is requested based on the event list, passed as argument.

voi d request _next _activation( const sca_core::sca_tine& const sc_core::sc_event_or_list&);

voi d request _next_activation( double, sc_core::sc_tinme_unit, const sc_core::sc_event_or_list&);
voi d request _next_activation( const sca_core::sca_tinme& const sc_core::sc_event_and_list& );

voi d request _next_activation( double, sc_core::sc_time_unit, const sc_core::sc_event_and_list& );

The next module activation is requested after the time given as an argument has elapsed or in response to
the given event or event list, passed as argument, whichever is satisfied first.

t enpl at e<cl ass T>
voi d request _next _activation( const sca_tdf::sca_de::sca_in<T>& );

The next module activation is requested when the event, which is returned by the member function
default_event of the port, passed as an argument, is notified.

4.1.1.1.14. accept_attribute_changes

voi d accept_attribute_changes();

The member function accept_attribute changes shall mark a TDF module to accept attribute changes
caused by other TDF modules, which belong to the same TDF cluster, after all set_attributes or
change_attributes callbacks of the current cluster execution have been executed (see 4.1.3.2.3). It shall
be an error if the member function is called outside the context of the member functions set_attributes,
change attributes, or the constructor of the current TDF module.

NOTE—A TDF module, which accepts attribute changes is not allowed to change attributes itself, unless the member
function does_attribute_changes has been called.

4.1.1.1.15. reject_attribute_changes

void reject_attribute_changes();

The member functionreject_attribute_changes shall mark a TDF moduleto reject attribute changes made
by other TDF modules, which belong to the same TDF cluster, after all set_attributesor change _attributes
callbacks of the current cluster execution have been executed (see 4.1.3.2.3). It shall be an error if the
TDF module is marked to reject attribute changes, and if other TDF modules, which belong to the same
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TDF cluster, change the attributes. It shall be an error if the member function is called outside the context
of the member functions set_attributes, change _attributes, or the constructor of the current TDF module.

NOTE—A TDF module, which rejects attribute changes may still change attributes itself, as long as the member
function does_attribute_changes has been called.

4.1.1.1.16. does_attribute_changes

voi d does_attribute_changes();

The member function does attribute changes shall mark a TDF module to alow it to make attribute
changes after all set_attributes or change_attributes callbacks of the current cluster execution have been
executed (see4.1.3.2.3). It shall beawarning if the TDF moduleis marked to allow making attribute changes
and if there is no change_attributes callback implemented in the TDF module. It shall be an error if the
member function is called outside the context of the member functions set_attributes, change attributes,
or the constructor of the current TDF module.

4,1.1.1.17. does_no_attribute_changes

voi d does_no_attribute_changes();

Themember functiondoes no_attribute _changesshall mark aTDF moduleto disallow it to make attribute
changes after all set_attributes or change_attributes callbacks of the current cluster execution have been
executed (see 4.1.3.2.3). It shall be an error if the TDF module is marked to disallow making attribute
changes, but changes its attributes or the ones of its ports. It shall be an error if the member function is
called outside the context of the member functions set_attributes, change attributes, or the constructor
of the current TDF module.

4.1.1.1.18. get_time
sca_core::sca_time get_tinme() const;

The member function get_time shall return the current module time of type sca core::sca time. It
represents the time of the first input sample of the current module activation. It shall be an error if the
member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change attributes of the current TDF module.

NOTE—The function sc_core::sc_time_stamp should not be used in a TDF module as there may be time offsets
between the current module time of the TDF module and the SystemC kernel time.

4.1.1.1.19. get_timestep
sca_core::sca_tinme get_tinestep() const;

The member function get_timestep shall return the current timestep of the module according to the
execution semantics (see 4.1.3). It shall be an error if the member function is called outside the context
of the member functions initialize, reinitialize, processing, ac_processing, or change_attributes of the
current TDF module.

4.1.1.1.20. get_max_timestep
sca_core::sca_tinme get_max_tinmestep() const;

The member function get_max_timestep shall return the maximum timestep of the module according to
the execution semantics (see 4.1.3), ignoring the timesteps set for all TDF modules and TDF ports through
the member function set_timestep. It shall be an error if the member function is called outside the context
of the member functions initialize, reinitialize, processing, ac_processing, or change_attributes of the
current TDF module.

NOTE—The member function request_next_activation will overrule the resolved timestep set by the member
functions set_timestep of the TDF modules and needs to satisfy the resolved maximum timestep set by member
functions set_max_timestep of the TDF modules. The member function get_max_timestep returns the maximum
resolved timestep.
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4.1.1.1.21. get_last_timestep

sca_core::sca_tinme get_last_timestep() const;

The member function get last_timestep shall return the last non-zero module timestep of type
sca_core::sca time of the last module activation or before. For the first module activation, the member
function shall return the propagated timestep. It shall be an error if the member function is called outside the
context of the member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes
of the current TDF module.

4.1.1.1.22. is_dynamic
bool is_dynam c() const;

The member function is_dynamic shall return true if at least one TDF module within the TDF cluster
has been marked to allow making attribute changes using the member function does_attribute changes.
Otherwise, it shall return false. The state returned by the member function is_dynamic is updated after the
execution of all member functions change attributes of the current cluster (see 4.1.3.2.3). It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change attributes of the current TDF module.

4,1.1.1.23. are_attribute_changes_allowed

bool are_attribute_changes_allowed() const;

The member function are_attribute changes allowed shall return true if changes to the attributes of the
TDF module, in which the member function is called, and its ports are alowed. Otherwise, it shall return
false. It shal be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.1.24. are_attributes_changed

bool are_attributes_changed() const;

In the context of the callbacks processing and reinitialize, the member function are_attributes changed
shall return true if the timestep, delay, or rate of the TDF module, or its ports, have changed since the
last activation of the callback processing. In the context of the callback change attributes, the member
function are_attributes changed shall return true if the timestep, delay, or rate of the TDF module, or
its ports, have changed between the last activation and before last activation of the callback processing.
Otherwise, it shall return false. It shall be an error if the member function is called outside the context of the
member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes of the current
TDF module.

4.1.1.1.25. is_timestep_changed

bool is_tinmestep_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_timestep_changed
shall return true if the timestep of the TDF module, or its ports, have changed since the last activation
of the callback processing. In the context of the callback change attributes, the member function
is timestep_changed shall returntrueif thetimestep of the TDF module, or its ports, have changed between
the last activation and before last activation of the callback processing. Otherwise, it shall return false. It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

NOTE—A change in the propagated timestep (see 4.1.3.1.2) may change the TDF module or port timestep, which is
then also detected by this member function.

4.1.1.1.26. Constructor

explicit sca_nodul e( sc_core::sc_nodul e_nane );
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sca_nodul e();

Module names are managed by class sc_core::sc_ module_name, not by class sca tdf::sca_module. The
string name of the module instance is initialized using the value of the string name passed as an argument
to the constructor.

4.1.1.1.27. SCA_TDF_MODULE

The macro SCA_TDF_MODULE may be used to prefix the definition of asca_tdf::sca module, but the
use of the macro is not obligatory.

Example:

SCA_TDF_MODULE( ML)
{

/] ports, data nmenbers, nenber functions
SCA _CTOR( ML) ;

B

ML: : ML( sc_core::sc_nodul e_nane )
/1 constructor body

}

4.1.1.2. sca_tdf::sca_signal_if
4,1.1.2.1. Description

The class sca_tdf::sca signal_if shall define an interface proper for a primitive channel of class
sca_tdf::sca_signal. Theinterface class member functions are implementation-defined.

4.1.1.2.2. Class definition

nanespace sca_tdf {

t enpl at e<cl ass T>
class sca_signal _if : public sca_core::sca_interface

protected:
sca_signal _if();

private:
/1 Qther nenbers
i npl ement ati on-defi ned

/1 Disabl ed
sca_signal _if( const sca_tdf::sca_signal _if<T>& );
sca_tdf::sca_signal _i f<T>& operator= ( const sca_tdf::sca_signal _if<T>& );

¥

} /1 namespace sca_t df

4.1.1.3. sca_tdf::sca_signal
4.1.1.3.1. Description

The class sca tdf::sca_signal shall define a primitive channel for the TDF MoC. It shall be used for
connecting modules derived from class sca tdf::sca module using port classes sca tdf::sca in and
sca_tdf::sca_out. An application shall not access the associated interface directly.

4.1.1.3.2. Class definition

namespace sca_tdf {

tenpl at e<cl ass T>
class sca_signal : public sca_tdf::sca_signal _if<T>,
public sca_core::sca_primchannel

{
public:
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sca_signal ();
explicit sca_signal ( const char* name_ );

virtual const char* kind() const;
private:

/1 Disabl ed
sca_signal ( const sca_tdf::sca_signal <T>& );

} // nanmespace sca_tdf

4.1.1.3.3. Template parameter T

The argument passed astemplate parameter T shall be either a C++ type for which the predefined semantics
for assignment are adequate (for example, a fundamental type or a pointer), or atype T that obeys each
of the following rules:

a. Thefollowing stream operator shall be defined and should copy the state of the object given asthe second
argument to the stream given as the first argument. The way in which the state information is formatted
isundefined by this standard. Theimplementation shall use this operator for writing trace valuesin time-
domain simulation (see 6.1).

std::ostream& operator<< ( std::ostream&, const T& );

b. If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T
such that the value of the left operand is indistinguishable from the value of the right operand. The
implementation shall use this assignment operator within the implementation for writing to or reading
from ports of type T.

const T& operator= ( const T& );

c. If any constructor for type T exists, adefault constructor for type T shall be defined.
4.1.1.3.4. Constructors

sca_si gnal () ;

explicit sca_signal ( const char* name_ );

The constructor for class sca_tdf::sca signal shal pass the character string argument (if such argument
exists) through to the constructor belonging to the base classsca_core::sca_prim_channe to set the string
name of the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique_name(“sca_tdf signal”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca core::sca_prim_channel.

4.1.1.3.5. kind

virtual const char* kind() const;

The member function kind shall return the string “sca._tdf::sca_signal”.
4.1.1.4. sca_tdf::sca_default_interpolator
4.1.1.4.1. Description

The class sca tdf::sca default_interpolator  shall  define the default interpolation
mechanism for the continuoustime decoupling port of class sca tdf::sca out<T,
sca tdf::SCA_CT_CUT, INTERP>. Thespecialized classessca tdf::sca_default_inter polator <double>
and sca tdf::sca_default_interpolator<sca util::sca_complex> shall provide a default interpolation
mechanism by interpreting the signal as continuous in time. For all other types, the class shall keep the
value of the last available time point.
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4.1.1.4.2. Class definition
nanmespace sca_tdf {

t enpl at e<cl ass T>

class sca_defaul t_interpolator

{
public:
voi d store_val ue( const sca_core::sca_tinme& time, const T& value );
T get _val ue( const sca_core::sca_tinme& tinme ) const;

h

t enpl at e<>

cl ass sca_def aul t _i nt er pol at or <doubl e>

{
public:
voi d store_val ue( const sca_core::sca_tine& tinme, const doubl e& val ue );
doubl e get_val ue( const sca_core::sca_time& time ) const;

h
t enpl at e<>
class sca_default_interpolator<sca_util::sca_conpl ex>
public:
voi d store_val ue( const sca_core::sca_tinme& time, const sca_util::sca_conpl ex& value );
sca_util::sca_conpl ex get_val ue( const sca_core::sca_tinme& tinme ) const;
B

} // nanespace sca_tdf

4.1.1.4.3. Template parameter T

The argument passed astemplate parameter T shall be either a C++ type for which the predefined semantics
for assignment are adequate (for example, a fundamental type or a pointer), or atype T that obeys each
of the following rules:

a If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T such
that the value of the left operand is indistinguishable from the value of the right operand.

const T& operator= ( const T& );

b. If any constructor for type T exists, adefault constructor for type T shall be defined.
4.1.1.4.4. store_value

void store_val ue( const sca_core::sca_tine& tinme, const T& value );
voi d store_val ue( const sca_core::sca_tine& tinme, const doubl e& val ue );

voi d store_val ue( const sca_core::sca_tinme& tinme, const sca_util::sca_conplex& value );

An implementation shall use the member function store valueto store atime-value pair to the interpol ator
class.

4.1.1.4.5. get_value

T get_val ue( const sca_core::sca_tinme& tinme ) const;
doubl e get_val ue( const sca_core::sca_time& time ) const;

sca_util::sca_conpl ex get_val ue( const sca_core::sca_tinme& tinme ) const;

An implementation shall use the member function get_value to return an interpolated value at agiven time
point given as argument.

4.1.1.5. sca_tdf::sca_in

4.1.1.5.1. Description

The class sca_tdf::sca in shal define a port class for the TDF MoC. It provides functions for defining or
getting attribute values (e.g., sampling rate or timestep), for initialization, and for reading input samples.
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4.1.1.5.2. Class definition

nanmespace sca_tdf {

t enpl at e<cl ass T>
class sca_in : public sca_core::sca_port< sca_tdf::sca_signal _if<T> >
{
public:
sca_in();
explicit sca_in( const char* nanme_ );

voi d set_del ay( unsigned long );

void set_rate( unsigned long );

void set_tinmestep( const sca_core::sca_tinme& );

void set_tinmestep( double, sc_core::sc_time_unit );

voi d set_max_timestep( const sca_core::sca_tinme& );

voi d set_max_timestep( double, sc_core::sc_time_unit );

unsi gned | ong get_del ay() const;

unsi gned | ong get_rate() const;

sca_core::sca_tinme get_tinme( unsigned long sanple_id =0 )
sca_core::sca_tinme get_tinmestep( unsigned long sanple_id =
sca_core::sca_tinme get_max_tinmestep() const;
sca_core::sca_tinme get_last_tinmestep( unsigned long sanple_id = 0 ) const;

const;
0 ) const;

virtual const char* kind() const;

void initialize( const T& value, unsigned |ong sanple_id

=0
const T& read_del ayed_val ue( unsigned long sanple_id =0 ) ¢

B
onst ;

bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;
bool is_rate_changed() const;
bool is_del ay_changed() const;

const T& read( unsigned long sanple_id = 0 ) const;
operator const T&() const;
const T& operator[] ( unsigned long sanple_id ) const;

private:
/1 Disabl ed
sca_in( const sca_tdf::sca_in<T>& );
sca_tdf::sca_i n<T>& operator= ( const sca_tdf::sca_in<T>& );

h

} // nanespace sca_tdf
4.1.1.5.3. Template parameter T

The argument passed astemplate parameter T shall be either a C++ type for which the predefined semantics
for assignment are adequate (for example, a fundamental type or a pointer), or atype T that obeys each
of the following rules:

a. Thefollowing stream operator shall be defined and should copy the state of the object given asthe second
argument to the stream given as the first argument. The way in which the state information is formatted
isundefined by this standard. Theimplementation shall use this operator for writing trace valuesin time-
domain simulation (see 6.1).

std::ostream& operator<< ( std::ostream& const T& );

b. If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T
such that the value of the left operand is indistinguishable from the value of the right operand. The
implementation shall use this assignment operator within the implementation for writing to or reading
from ports of type T.

const T& operator= ( const T& );
c. If any constructor for type T exists, adefault constructor for type T shall be defined.

4.1.1.5.4. Constructors

sca_in();
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explicit sca_in( const char* name_ );

The constructor for classsca_tdf::sca in shall passthe character string argument (if such argument exists)
through to the constructor belonging to the base class sca_core::sca port to set the string name of the
instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen _unique _name(“sca tdf in”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca_port.

4.1.1.5.5. set_delay

voi d set_del ay( unsigned long );

The member function set_delay shall define the number of samples to be inserted before the first input
sample. If the member function is not called, the port shall have a delay of zero. It shal be an error if the
member function iscalled outside the context of the member functionsset_attributesor change attributes
of the current TDF module.

4.1.15.6. set_rate

void set_rate( unsigned long );

The member function set_rate shall define the number of samplesthat can be read during the execution of
the member function processing of the current TDF module by using member function read. The argument
rate shall have a positive, nonzero value. If the member function is not called, the port rate shall be equal
to 1. It shall be an error if the member function is called outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.5.7. set_timestep
voi d set_tinmestep( const sca_core::sca_tinme& );

voi d set_tinmestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep between two consecutive samples. If the
member function is not called, the current timestep of the port is computed as defined in the execution
semantics (see 4.1.3). It shall be an error if the member function is called outside the context of the member
functions set_attributes or change attributes of the current TDF module.

4.1.1.5.8. set_max_timestep
void set_nmax_tinestep( const sca_core::sca_tine& );

void set_nmax_tinestep( double, sc_core::sc_tine_unit );

The member function set_max_timestep shall define the maximum timestep between two consecutive
samples. If set_max_timestep isnot called, an implementation shall set the maximum timestep to the value
returned by function sca_core::sca_max_time. It shall be an error if the member function is called outside
the context of the member functions set_attributes or change attributes of the current TDF module.

4.1.1.5.9. get_delay

unsi gned | ong get_del ay() const;
The member function get_delay shall return the delay set at the port. It shal be an error if the

member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change_attributes of the current TDF module.
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4.1.1.5.10. get_rate

unsi gned | ong get_rate() const;

The member function get_rate shall return therate set at the port. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.5.11. get_time

sca_core::sca_tinme get_time( unsigned long sanple_id = 0 ) const;

The member function get_time shall return the time of the sample with index sample_id. It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change attributes of the current TDF module.

The following relation shall hold:

M get_timestep() -sample_id
P.get_rate()

P.get_time(sample_id)= M get_time() + (4.1)

where P is an instance of a port of class sca_tdf::sca_in and M is the parent module derived from class
sca tdf::sca_module (see 4.1.3).

NOTE—The relation is valid within the time resolution bound, which is returned by the function
sc_core:sc_get_time resolution (see4.1.3.1.2).

4.1.1.5.12. get_timestep

sca_core::sca_time get_tinmestep( unsigned |long sanple_id = 0 ) const;

Themember function get_timestep shall return the timestep between the preceding and current samplewith
index sample _id. If the preceding sample is not available, the member function shall return the propagated
timestep (see 4.1.3.1.2). It shall be an error if the member function is called outside the context of the
member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes of the current
TDF module.

4,1.1.5.13. get_max_timestep

sca_core::sca_tinme get_max_tinestep() const;

The member function get_max_timestep shall return the maximum timestep between two consecutive
samples. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.5.14. get_last_timestep

sca_core::sca_tine get_last_timestep( unsigned long sanple_id = 0 ) const;

The member function get_last_timestep shall return the timestep between the two samples preceding
the sample with index sample id. If the timestep between these two preceding samples is equal
to sc_core:SC_ZERO_TIME, the member function shal return the last non-zero timestep. If one
or both of the preceding samples are not available or if all preceding timesteps are all equa to
sc_core::SC_ZERO_TIME, the member function shall return the propagated timestep (see 4.1.3.1.2). It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.5.15. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca_in”.
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4.1.1.5.16. initialize

void initialize( const T& value, unsigned |long sanple_id =0 );

The member function initialize shall initialize one sample at the port. The argument sample_id denotesthe
index of the sample being written. The samples shall be indexed from zero to P.get_delay()-1, where P
denotes the port. It shall be an error if sample_id is greater than or equal to the port delay. This member
function shall only be called in the member functionsinitialize or reinitialize of the current TDF module;
otherwise, it shall bean error. Consecutiveinitializationswith the same sample_id shall overwritethevalue.

NOTE—The writing of an initial value to the port requires that the port has been assigned a delay using the
member function set_delay, which shall be called in the member functions set_attributes or change attributes of
the TDF module.

4.1.1.5.17. read_delayed_value

const T& read_del ayed_val ue( unsigned long sanple_id = 0 ) const;

The member function read_delayed value shall return a reference to the value of a delayed sample that
is available at the port. The argument sample_id denotes the index of the delayed sample being read. The
samples shall be indexed from zero to P.get_delay()—1, where P denotes the port. A sample _id of zero
shall refer to the first delayed sample in time. It shall be an error if sample_id is greater than or equal to
the port delay.

The member function shall only be called in the member function reinitialize of the current TDF module.
Otherwise, it shall be an error. Consecutive reads with the same sample id during the same module
activation shall return the same delayed value.

4.1.1.5.18. is_timestep_changed
bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;

The member function is_timestep_changed shal return true if the timestep of the sample with index
sample_id of the TDF port, returned by its member function get_timestep(sample_id), has changed with
respect to the preceding sample. Otherwise, it shall return false. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.5.19. is_rate_changed

bool is_rate_changed() const;

In the context of the callbacks processing and reinitialize, the member function is rate changed shall
return true if the rate of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is rate_changed shall return true if the rate of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.5.20. is_delay_changed
bool is_del ay_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_delay_changed shall
return true if the delay of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is delay_changed shall return trueif the delay of the TDF port has changed between the last activation and
before last activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change _attributes of the current TDF module.
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4,1.1.5.21. read

const T& read( unsigned long sanple_id = 0 ) const;
operator const T&() const;

const T& operator[] ( unsigned long sanple_id ) const;

The member functionsread, operator const T&, and operator[] shall return areference to the value of a
particular ssmplethat isavailable at the port. The argument sample_id denotestheindex of the sample being
read. The samples shall be indexed from zero to P.get_rate()—1, where P denotes the port. A sample id of
zero shall refer to the first input sample in time. It shall be an error if sample_id is greater than or equal
to the port rate.

The member functions read, operator const T&, and operator[] shall only be caled in the time-domain
or small-signal frequency-domain processing member function of the current module; otherwise, it shall
be an error. Consecutive reads with the same sample_id during the same module activation shall return the
same value.

4.1.1.6. sca_tdf::sca_out

4.1.1.6.1. Description

The class sca_tdf::sca_out shall define a port class for the TDF MoC.

4.1.1.6.2. Class definition

nanmespace sca_tdf {
enum sca_cut_policy

SCA_NO_CUT,
SCA_CT_CUT,
SCA_DT_CUT

be

tenpl ate<class T, sca_tdf::sca_cut_policy CUT_POL = sca_tdf:: SCA_NO CUT,
class I NTERP = sca_tdf::sca_defaul t_interpol ator<T> >
class sca_out inplenentation-defined ;

} // nanespace sca_tdf
4.1.1.6.3. Constraint on usage

An application shall not instantiate the sca tdfiisca out class template with
template parameter combinations matching none of the partial template specializations
sca tdf::sca_out<T>, sca tdf::sca out<T, sca tdf::SCA_CT_CUT, INTERP> or sca_tdf::sca out<T,
sca tdf::SCA_DT_CUT> (see4.1.1.7, 4.1.1.8, and 4.1.1.9 respectively).

4.1.1.6.4. Template parameters

The first argument passed as template parameter T shall be either a C++ type for which the predefined
semanticsfor assignment are adequate (for example, afundamental type or apointer), or atype T that obeys
each of the following rules:

a. Thefollowing stream operator shall be defined and should copy the state of the object given asthe second
argument to the stream given as the first argument. The way in which the state information is formatted
isundefined by this standard. Theimplementation shall use this operator for writing trace valuesin time-
domain simulation (see 6.1).

std::ostream& operator<< ( std::ostream& const T& );

b. If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T
such that the value of the left operand is indistinguishable from the value of the right operand. The
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implementation shall use this assignment operator within the implementation for writing to or reading
from ports of type T.

const T& operator= ( const T& );
c. If any constructor for type T exists, adefault constructor for type T shall be defined.

The second argument passed as template parameter CUT_POL is an optional port decoupling policy of
type sca tdf::sca cut_policy. The port decoupling policy argument determines the rules how sample time
points to ports of class sca tdf::sca in shall be decoupled:

a Thepolicy sca_tdf::SCA_NO_CUT meansthat the port shall not decouple TDF clusters. Assuch, it acts
asanormal TDF port of class sca_tdf::sca_out<T>. For thistype of port, the third template parameter
INTERP shall be ignored.

b. Thepolicy sca _tdf::SCA_CT_CUT meansthat the port shall decouple TDF clusters using interpolation
as defined by the third template parameter INTERP.

c. The policy sca_tdf::SCA_DT_CUT means that the port shall decouple TDF clusters using a sample-
and-hold regime. For this type of port, the third template parameter INTERP shall be ignored.

The third argument passed as template parameter INTERP is an optional interpolation mechanism for the
type T. By default, the class sca_tdf::sca _default_interpolator<T> shall be used. If any constructor for
type INTERP exists, a default constructor for type INTERP shall be defined. An application may defineits
own interpolator classes for other types. Such class shall provide the following public member functions:

voi d store_val ue( const sca_core::sca_tinme& time, const T& value );

T get_val ue( const sca_core::sca_tinme& tinme ) const;

An implementation shall guarantee that the time passed as argument to member function store value is
always larger than the time passed as argument to the last call to member function store value.

Animplementation shall guarantee that the time passed asargument to member function get_valueisaways
smaller than or equal to the time passed as argument to the last call to member function store value and
larger than or equal to the time passed as argument to the before last call of member function store_value
(see4.1.1.4).

4.1.1.7. sca_tdf::sca_out<T>

4.1.1.7.1. Description

Theclasssca tdf::sca out<T> shall defineaport classfor the TDF MoC. It providesfunctionsfor defining
or getting attribute values (e.g., sampling rate or timestep), for initialization, and for writing output samples.

4.1.1.7.2. Class definition

namespace sca_tdf {

tenpl at e<cl ass T>
class sca_out_base : public sca_core::sca_port< sca_tdf::sca_signal _if<T> >
{ inplenmentation-defined };

tenpl at e<cl ass T>
class sca_out<T, sca_tdf::SCA NO CUT> : public sca_tdf::sca_out_base<T>

public:
sca_out();
explicit sca_out( const char* name_ );

voi d set_del ay( unsigned long );

voi d set_rate( unsigned long );

voi d set_tinmestep( const sca_core::sca_tinme& );

voi d set_tinmestep( double, sc_core::sc_time_unit );

voi d set_max_timestep( const sca_core::sca_tinme& );

voi d set_max_timestep( double, sc_core::sc_time_unit );
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unsi gned | ong get_del ay() const;

unsigned | ong get_rate() const;

sca_core::sca_time get_time( unsigned long sanple_id =0 )
sca_core::sca_time get_tinmestep( unsigned |ong sanple_id =
sca_core::sca_tinme get_max_tinmestep() const;
sca_core::sca_tinme get_last_tinmestep( unsigned |long sanple_id = 0 ) const;

const;
0 ) const;

virtual const char* kind() const;

void initialize( const T& val ue, unsigned |ong sanple_id

_id =0
const T& read_del ayed_val ue( unsigned long sanple_id =0 ) c¢

ME
onst;

bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;
bool is_rate_changed() const;
bool is_del ay_changed() const;

void wite( const T& value, unsigned |long sanple_id = 0 );
void wite( sca_core::sca_assign_frompr oxyT<sca_t df : : sca_out _base<T> >& );
sca_tdf::sca_out<T>& operator= ( const T& );
sca_tdf::sca_out<T>& operator= ( const sca_tdf::sca_in<T>& );
sca_tdf::sca_out<T>& operator= ( const sca_tdf::sca_de::sca_i n<T>& );
sca_tdf::sca_out<T>& operator= ( sca_core::sca_assign_frompr oxyT<
sca_tdf::sca_out_base<T> >& );
sca_core::sca_assign_to_pr oxyT<sca_t df : : sca_out <T>, T>& operator[] (
unsi gned long sanple_id );
private:
/1 Disabl ed
sca_out ( const sca_tdf::sca_out<T>& );
sca_tdf::sca_out<T>& operator= ( const sca_tdf::sca_out<T>& );

h

} // nanmespace sca_tdf

4.1.1.7.3. Constructors

sca_out ();
explicit sca_out( const char* nane_ );
The constructor for classsca_tdf::sca_out shall passthe character string argument (if such argument exists)

through to the constructor belonging to the base class sca_core::sca_port to set the string name of the
instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique name(“sca_tdf out”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca port.

4.1.1.7.4. set_delay

voi d set_del ay( unsigned long );

The member function set_delay shall define the number of samples to be inserted before the first output
sample. If the member function is not called, the port shall have a delay of zero. It shall be an error if the
member function is called outside the context of the member functionsset_attributesor change attributes
of the current TDF module.

4.1.1.7.5. set_rate

void set_rate( unsigned long );

Themember function set_r ate shall define the number of samplesthat can bewritten during the execution of
the member function pr ocessing of the current TDF module by using member function write. The argument
rate shall have a positive, nonzero value. If the member function is not called, the port rate shall be equal
to 1. It shall be an error if the member function is called outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.7.6. set_timestep

void set_tinmestep( const sca_core::sca_tinme&);
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voi d set_tinmestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep between two consecutive samples. If the
member function is not called, the current timestep of the port is computed as defined in the execution
semantics (see 4.1.3). It shall be an error if the member function is called outside the context of the member
functions set_attributes or change_attributes of the current TDF module.

4.1.1.7.7. set_max_timestep

void set_nmax_tinestep( const sca_core::sca_tine& );

void set_nmax_tinestep( double, sc_core::sc_tine_unit );

The member function set_max_timestep shall define the maximum timestep between two consecutive
samples. If set_max_timestep isnot called, an implementation shall set the maximum timestep to thevalue
returned by function sca_core::sca_max_time. It shall be an error if the member function is called outside
the context of the member functions set_attributes or change attributes of the current TDF module.

4.1.1.7.8. get_delay

unsi gned | ong get_del ay() const;

The member function get_delay shall return the delay set at the port. It shal be an error if the
member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change attributes of the current TDF module.

4.1.1.7.9. get_rate

unsigned | ong get_rate() const;

The member function get_rate shall return therate set at the port. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.7.10. get_time

sca_core::sca_time get_tinme( unsigned long sanple_id = 0 ) const;

The member function get_time shall return the time of the sample with index sample_id. It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change attributes of the current TDF module.

The following relation shall hold:

M get_timestep() -sample_id

P.get_rate() (42

P.get_time(sample id)= M get_time()+
where P is an instance of a port of class sca tdf::sca out and M is the parent module derived from class
sca tdf::sca_module (see 4.1.3).

NOTE—The relation is valid within the time resolution bound, which is returned by the function
Sc_core::sc_get_time resolution (see4.1.3.1.2).

4.1.1.7.11. get_timestep

sca_core::sca_time get_tinmestep( unsigned long sanple_id = 0 ) const;

The member function get_timestep shall return the timestep between the preceding and current sasmplewith
index sample _id. If the preceding sample is not available, the member function shall return the propagated
timestep (see 4.1.3.1.2). It shall be an error if the member function is called outside the context of the
member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes of the current
TDF module.
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4,1.1.7.12. get_max_timestep

sca_core::sca_tinme get_max_tinmestep() const;

The member function get_max_timestep shall return the maximum timestep between two consecutive
samples. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change _attributes of the current TDF module.

4.1.1.7.13. get_last_timestep

sca_core::sca_tinme get_last_tinmestep( unsigned long sanple_id = 0 ) const;

The member function get_last_timestep shall return the timestep between the two samples preceding
the sample with index sample id. If the timestep between these two preceding samples is equal
to sc_core:SC_ZERO_TIME, the member function shal return the last non-zero timestep. If one
or both of the preceding samples are not available or if all preceding timesteps are all equa to
sc_core::SC_ZERO_TIME, the member function shall return the propagated timestep (see 4.1.3.1.2). It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.7.14. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca_out”.
4.1.1.7.15. initialize

void initialize( const T& value, unsigned |long sanple_id =0 );

The member function initialize shal initialize one sample at the port. The argument sample_id denotes the
index of the sample being written. The samples shall be indexed from zero to P.get_delay()-1, where P
denotes the port. It shall be an error if sample id is greater than or equal to the port delay.

This member function shall only be called in the member functionsinitialize or reinitialize of the current
TDF module; otherwise, it shall be an error. Consecutive initializations with the same sample_id shall
overwrite the value.

NOTE—The writing of an initial value to the port requires that the port has been assigned a delay using the
member function set_delay, which shall be called in the member functions set_attributes or change attributes of
the TDF module.

4.1.1.7.16. read_delayed_value

const T& read_del ayed_val ue( unsigned |ong sanple_id = 0 ) const;

The member function read_delayed value shall return a reference to the value of a delayed sample that
is available at the port. The argument sample_id denotes the index of the delayed sample being read. The
samples shall be indexed from zero to P.get_delay()-1, where P denotes the port. A sample_id of zero
shall refer to the first delayed sample in time. It shall be an error if sample_id is greater than or equal to
the port delay.

The member function shall only be called in the member function reinitialize of the current TDF module.
Otherwise, it shall be an error. Consecutive reads with the same sample id during the same module
activation shall return the same delayed value.

4.1.1.7.17. is_timestep_changed
bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;

The member function is_timestep_changed shall return true if the timestep of the sample with index
sample_id of the TDF port, returned by its member function get_timestep(sample_id), has changed with
respect to the preceding sample. Otherwise, it shal return false. It shall be an error if the member function
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is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change_attributes of the current TDF module.

4.1.1.7.18. is_rate_changed

bool is_rate_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_rate changed shall
return true if the rate of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is rate_changed shall return true if the rate of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.7.19. is_delay_changed
bool is_del ay_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_delay changed shall
return true if the delay of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is delay_changed shall return trueif the delay of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.7.20. write

void wite( const T& value, unsigned long sanple_id = 0 );

sca_tdf::sca_out<T>& operator= ( const T& );

sca_core::sca_assign_t o_proxyT<sca_t df: : sca_out <T>, T>& operator[] ( unsigned long sanple_id );

The member functions write, operator =, and oper ator [] shall write one sample to the port. The argument
sample_id denotes the index of the sample being written. The samples shall be indexed from zero to
P.get_rate()—1, where P denotes the port. It shall be an error if sample id is greater than or equal to the
port rate.

sca_tdf::sca_out<T>& operator= ( const sca_tdf::sca_in<T>& );

sca_tdf::sca_out<T>& operator= ( const sca_tdf::sca_de::sca_in<T>& );

The operator= shall read the first value from the input port of class sca tdf:isca in or
sca tdf::sca_de::sca in and writeit to the first value of the output port.

void wite( sca_core::sca_assign_f rom_proxyT<sca_t df: : sca_out _base<T> >& );

sca_tdf::sca_out<T>& operator= ( sca_core::sca_assign_frompr oxy*<sca_t df: : sca_out _base<T> >& );

The member functionswrite and oper ator [] shall write the value made available through the object of class
sca core::sca assign from _pronyr to the output port.

The member functionswrite, operator =, and oper ator[] shall only be called in the time-domain processing
member function of the current module; otherwise, it shall be an error. Consecutive writes with the same
sample_id during the same module activation shall overwrite the value.

4.1.1.8. sca_tdf::sca_out<T, sca_tdf::SCA_CT_CUT, INTERP>

4.1.1.8.1. Description

The class sca_tdf::sca out<T, sca tdf::SCA_CT_CUT, INTERP> shall define a decoupling port class
for the TDF MoC. It provides functions for defining or getting attribute values (e.g., sampling rate or
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timestep), for initialization, and for writing output samples. The samples read by the connected ports of
class sca_tdf::sca in shall beinterpreted as forming a continuous-time signal.

4.1.1.8.2. Class definition

nanmespace sca_tdf {

tenpl ate<class T, class | NTERP>
class sca_out<T, sca_tdf::SCA CT_CUT, INTERP> : public sca_tdf::sca_out_base<T>

public:
sca_out ();
explicit sca_out( const char* name_ );

voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d

set _del ay( unsigned long );

set _ct_del ay( const sca_core::sca_tinme& cdt );

set _ct_del ay( double cdt, sc_core::sc_time_unit unit );
set _rate( unsigned long );

set _timestep( const sca_core::sca_tinme& );

set _timestep( double, sc_core::sc_time_unit );

set _max_timestep( const sca_core::sca_tinme& );

set _max_timestep( double, sc_core::sc_time_unit );

unsi gned | ong get_del ay() const;
sca_core::sca_tinme get_ct_delay() const;
unsi gned | ong get_rate() const;

sca_core::sca_tinme get_tinme( unsigned long sanple_id =0 )

onst ;

c
sca_core::sca_time get_tinmestep( unsigned long sanple_id = 0 ) const;
sca_core::sca_tinme get_max_tinmestep() const;

sca_core::sca_tinme get_last_tinmestep( unsigned long sanple_id = 0 ) const;

virtual const char* kind() const;

voi d

const T& read_del ayed_val ue( unsigned long sanple_id = 0 )

bool
bool
bool

initialize( const T& value, unsigned long sanple_id = 0
c

is_timestep_changed( unsigned |long sanple_id = 0 ) const;
is_rate_changed() const;
i s_del ay_changed() const;

void wite( const T& value, unsigned long sanple_id =0 );
void wite( sca_core::sca_assign_frompr oxy*<sca_t df : : sca_out _base<T> >& );

sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT
sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT

| NTERP>& operator= ( const T& );
I NTERP>& operator= ( const sca_tdf::sca_in<T>& );

sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT, |NTERP>& operator= ( const sca_tdf::sca_de::sca_in<T>& );

sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT

| NTERP>& operator= ( sca_core::sca_assign_f rom_proxy*<

sca_tdf::sca_out_base<T> >& );
sca_core::sca_assign_t o_proxy*<sca_t df: :sca_out<T, sca_tdf::SCA CT_CUT, |NTERP> T>& operator[] (
unsi gned long sanple_id );

private:
/1 Disabl ed
sca_out <T, sca_tdf:: SCA CT_CUT, | NTERP>(
const sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT, |NTERP>& );
sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT, |NTERP>& operator= (
const sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT, |NTERP>& );

%

} // nanespace sca_tdf

4.1.1.8.3. Constructors

sca_out ();

explicit sca_out( const char* nanme_ );

The constructor for class sca tdf::sca out<T, sca tdf::SCA_CT_CUT, INTERP> shal pass the
character string argument (if such argument exists) through to the constructor belonging to the base
class sca_core::sca_port to set the string name of the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique name(“sca tdf out_ct_cut”) to
generate a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca_port.

40
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4.1.1.8.4. set_delay

voi d set_del ay( unsigned long );

The member function set_delay shall define the number of samples to be inserted before the first output
sample. If the member function is not called, the port shall have a delay of zero. The total delay of the
port shall be the sum of the delay set by the member functions set_delay and set_ct_delay. It shall be an
error if the total delay of the port is smaller than one timestep. It shall be an error if the member function
is called outside the constructor of the parent module or called outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.8.5. set_ct_delay

voi d set_ct_del ay( const sca_core::sca_tinme& cdt );

voi d set_ct_delay( double cdt, sc_core::sc_time_unit unit );

The member function set_ct _delay shall define the continuoustime delay to be inserted before
the first output sample. If the member function is not called, the continuous-time delay is set to
sc_core:;:SC_ZERO_TIME. The total delay of the port shall be the sum of the delay set by the member
functions set_delay and set_ct_delay. It shall be an error if the total delay of the port is smaller than one
timestep. It shall be an error if the member function is called outside the constructor of the parent module
or called outside the context of the member functions set_attributes or change attributes of the current
TDF module.

4.1.1.8.6. set_rate

void set_rate( unsigned long );

Themember function set_rate shall definethe number of samplesthat can bewritten during the execution of
the member function processing of the current TDF module by using member function write. The argument
rate shall have a positive, nonzero value. If the member function is not called, the port rate shall be equal
to 1. It shall be an error if the member function is called outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.8.7. set_timestep

voi d set_tinmestep( const sca_core::sca_tinme& );

void set_tinmestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep between two consecutive samples. If the
member function is not called, the current timestep of the port is computed as defined in the execution

semantics (see 4.1.3). It shall be an error if the member function is called outside the context of the member
functions set_attributes or change_attributes of the current TDF module.

4.1.1.8.8. set_max_timestep

void set_max_tinestep( const sca_core::sca_tine& );

voi d set_nmax_tinestep( double, sc_core::sc_tine_unit );

The member function set_max_timestep shall define the maximum timestep between two consecutive
samples. If set_max_timestep isnot called, an implementation shall set the maximum timestep to thevalue

returned by function sca_core::sca_max_time. It shall be an error if the member function is called outside
the context of the member functions set_attributes or change _attributes of the current TDF module.

4.1.1.8.9. get_delay

unsi gned | ong get_del ay() const;

The member function get_delay shall return the delay set at the port. It shal be an error if the
member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change_attributes of the current TDF module.
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4,1.1.8.10. get_ct_delay

sca_core::sca_tinme get_ct_delay() const;

The member function get_ct_delay shall return the continuous-time delay of type sca_core::sca_time set
at the port. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.8.11. get_rate

unsigned | ong get_rate() const;

The member function get_rate shall return therate set at the port. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.8.12. get_time

sca_core::sca_time get_time( unsigned long sanple_id = 0 ) const;

The member function get_time shall return the time of the sample with index sample_id. It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change attributes of the current TDF module.

The following relation shall hold:

M get_timestep() -sample_id

P.get_rate() 43

P.get _time(sample id)= M get_time()+
where P isan instance of aport of classsca tdf::sca out<T, sca tdf::SCA_CT_CUT, INTERP>and M
is the parent module derived from class sca_tdf::sca_module (see 4.1.3).

NOTE—The relation is vaid within the time resolution bound, which is returned by the function
sc_core::sc_get_time resolution (see4.1.3.1.2).

4.1.1.8.13. get_timestep

sca_core::sca_tinme get_tinmestep( unsigned long sanple_id = 0 ) const;

The member function get_timestep shall return the timestep between the preceding and current samplewith
index sample _id. If the preceding sample is not available, the member function shall return the propagated
timestep (see 4.1.3.1.2). It shall be an error if the member function is called outside the context of the
member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes of the current
TDF module.

4.1.1.8.14. get_max_timestep

sca_core::sca_tinme get_max_tinmestep() const;

The member function get_max_timestep shall return the maximum timestep between two consecutive
samples. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.8.15. get_last_timestep

sca_core::sca_tinme get_last_tinmestep( unsigned |long sanple_id = 0 ) const;

The member function get_last_timestep shall return the timestep between the two samples preceding
the sample with index sample id. If the timestep between these two preceding samples is equal
to sc_core::SC_ZERO_TIME, the member function shal return the last non-zero timestep. If one
or both of the preceding samples are not available or if all preceding timesteps are all equa to
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sc_core::SC_ZERO_TIME, the member function shall return the propagated timestep (see 4.1.3.1.2). It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.8.16. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca out<SCA_CT_CUT>".

4,1.1.8.17. initialize

void initialize( const T& value, unsigned long sanple_id =0 );

The member function initialize shall initialize one sample at the port. The argument sample_id denotes the
index of the sample being written. The samples shall be indexed from zero to P.get_delay()-1, where P
denotes the port. It shall be an error if sample_id is greater than or equal to the port delay.

This member function shall only be caled in the constructor of the parent module or in the member
functions initialize or reinitialize of the current TDF module; otherwise, it shall be an error. Consecutive
initializations with the same sample _id shall overwrite the value.

NOTE—The writing of an initial value to a port of class sca_tdf::sca_out<T, sca_tdf::SCA_CT_CUT, INTERP>
requires that the port has been assigned a delay using the member function set_delay, which shall be caled in the
member functions set_attributes or change_attributes of the TDF module.

4.1.1.8.18. read_delayed_value

const T& read_del ayed_val ue( unsigned long sanple_id = 0 ) const;

The member function read_delayed value shall return a reference to the value of a delayed sample that
is available at the port. The argument sample_id denotes the index of the delayed sample being read. The
samples shall be indexed from zero to P.get_delay()—1, where P denotes the port. A sample_id of zero
shall refer to the first delayed sample in time. It shall be an error if sample_id is greater than or equal to
the port delay.

The member function shall only be called in the member function reinitialize of the current TDF module.
Otherwise, it shall be an error. Consecutive reads with the same sample id during the same module
activation shall return the same delayed value.

4,1.1.8.19. is_timestep_changed
bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;

The member function is timestep_changed shall return true if the timestep of the sample with index
sample_id of the TDF port, returned by its member function get_timestep(sample_id), has changed with
respect to the preceding sample. Otherwise, it shall return false. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.8.20. is_rate_changed

bool is_rate_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_rate changed shall
return true if the rate of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is rate_changed shall return true if the rate of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
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It shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.8.21. is_delay_changed

bool is_del ay_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_delay changed shall
return true if the delay of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is delay_changed shall return trueif the delay of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.8.22. write

void wite( const T& value, unsigned long sanple_id = 0 );
sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT, |NTERP>& operator= ( const T& );
sca_core::sca_assign_t o_proxyT<sca_t df::sca_out<T, sca_tdf::SCA CT_CUT, |NTERP> T>& operator[] (

unsigned long sanple_id );

The member functions write, oper ator =, and oper ator[] shall write one sample to the port. The argument
sample_id denotes the index of the sample being written. The samples shall be indexed from zero to
P.get_rate()—1, where P denotes the port. It shall be an error if sample_id is greater than or equal to the
port rate.

sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT, | NTERP>& operator= ( const sca_tdf::sca_in<T>&);
sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT, | NTERP>& operator= ( const sca_tdf::sca_de::sca_in<T>& );

The operator= shall read the first value from the input port of class sca tdf:isca in or
sca tdf::sca_de::sca in and writeit to the first value of the output port.

void wite( sca_core::sca_assign_frompr oxyT<sca_t df : : sca_out _base<T> >& );
sca_tdf::sca_out<T, sca_tdf::SCA CT_CUT, |NTERP>& operator= (

sca_core::sca_assign_from pr oxyT<sca_t df : : sca_out _base<T> >& );

The member functionswrite and oper ator = shall write the value made availabl e through the object of class
sca_core::sca_assign from Jaronyr to the output port.

The member functionswrite, operator =, and oper ator[] shall only be called in the time-domain processing
member function of the current module; otherwise, it shall be an error. Consecutive writes with the same
sample_id during the same module activation shall overwrite the value.

4.1.1.9. sca_tdf::sca_out<T, sca_tdf::SCA_DT_CUT>
4.1.1.9.1. Description

The class sca_tdf::sca out<T, sca tdf::SCA_DT_CUT> shal define a decoupling port class for the
TDF MoC. It provides functions for defining or getting attribute values (e.g., sampling rate or timestep),
for initialization, and for writing output samples. The samples read by the connected ports of class
sca_tdf::sca_in shall always have the value of the last available time point.

4.1.1.9.2. Class definition

namespace sca_tdf {

tenpl at e<cl ass T>
class sca_out<T, sca_tdf::SCA DT_CUT> : public sca_tdf::sca_out_base<T>
{
public:
sca_out ();
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explicit sca_out( const char* name_ );

voi d set_del ay( unsigned long );

voi d set_ct_del ay( const sca_core::sca_tinme& cdt );

voi d set_ct_del ay( double cdt, sc_core::sc_time_unit unit );
voi d set_rate( unsigned long );

voi d set_tinmestep( const sca_core::sca_tinme& );

voi d set_tinmestep( double, sc_core::sc_time_unit );

voi d set_max_timestep( const sca_core::sca_tinme& );

voi d set_max_timestep( double, sc_core::sc_time_unit );

unsi gned | ong get_del ay() const;

sca_core::sca_tinme get_ct_delay() const;

unsigned | ong get_rate() const;

sca_core::sca_time get_time( unsigned long sanple_id = 0
sca_core::sca_tinme get_tinmestep( unsigned |ong sanple_id
sca_core::sca_tinme get_max_tinmestep() const;
sca_core::sca_tinme get_last_tinmestep( unsigned long sanple_id = 0 ) const;

const;
0 ) const;

!

virtual const char* kind() const;

void initialize( const T& val ue, unsigned |ong sanple_id =
const T& read_del ayed_val ue( unsigned long sanple_id = 0 )

bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;
bool is_rate_changed() const;
bool is_del ay_changed() const;

void wite( const T& value, unsigned long sanple_id = 0 );
void wite( sca_core::sca_assign_frompr oxyT<sca_t df : : sca_out _base<T> >& );
sca_tdf::sca_out<T, sca_tdf::SCA DT_CUT>& operator= ( const T& );
sca_tdf::sca_out<T, sca_tdf::SCA DI_CUT>& operator= ( const sca_tdf::sca_in<T>& );
sca_tdf::sca_out<T, sca_tdf::SCA DI_CUT>& operator= ( const sca_tdf::sca_de::sca_in<T>& );
sca_tdf::sca_out<T, sca_tdf::SCA DI_CUT>& operator= ( sca_core::sca_assign_f rom_proxyT<
sca_tdf::sca_out _base<T> >& );
sca_core::sca_assign_t o_proxyT<sca_t df: : sca_out <T, sca_tdf::SCA DT_CUT>, T>& operator[] (
unsi gned long sanple_id );
private:
/1 Disabl ed
sca_out <T, sca_tdf:: SCA DT_CUT>( const sca_tdf::sca_out<T, sca_tdf::SCA DT_CUT>& );
sca_tdf::sca_out<T, sca_tdf::SCA _DT_CUT>& operator= (
const sca_tdf::sca_out<T, sca_tdf::SCA DT_CUT>& );
}

} // nanmespace sca_tdf

4.1.1.9.3. Constructors

sca_out ();

explicit sca_out( const char* nanme_ );

The constructor for class sca tdf::sca out<T, sca tdf::SCA_DT_CUT> shall pass the character

string argument (if such argument exists) through to the constructor belonging to the base
class sca_core::sca_port to set the string name of the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen unique name(“sca tdf out_dt_cut”) to
generate a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca_port.

4.1.1.9.4. set_delay

voi d set_del ay( unsigned long );

The member function set_delay shall define the number of samples to be inserted before the first output
sample. If the member function is not called, the port shall have adelay of zero. The total delay of the port
shall be the sum of the delay set by the member functions set_delay and set_ct_delay. It shall be an error
if the member function is called outside the constructor of the parent module or called outside the context
of the member functions set_attributes or change_attributes of the current TDF module.

4.1.1.9.5. set_ct_delay

voi d set_ct_del ay( const sca_core::sca_tinme& cdt );
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voi d set_ct_del ay( double cdt, sc_core::sc_time_unit unit );

The member function set_ct_delay shall define the continuous-time delay to be inserted before
the first output sample. If the member function is not called, the continuous-time delay is set to
sc_core::SC_ZERO_TIME. The total delay of the port shall be the sum of the delay set by the member
functions set_delay and set_ct_delay. It shall be an error if the member function is called outside the
constructor of the parent module or called outside the context of the member functions set_attributes or
change attributes of the current TDF module.

4.1.1.9.6. set_rate

void set_rate( unsigned long );

Themember function set_rate shall definethe number of samplesthat can bewritten during the execution of
the member function processing of the current TDF module by using member function write. The argument
rate shall have a positive, nonzero value. If the member function is not called, the port rate shall be equal
to 1. It shal be an error if the member function is called outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.9.7. set_timestep

voi d set_tinmestep( const sca_core::sca_tinme& );

voi d set_tinmestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep between two consecutive samples. If the
member function is not called, the current timestep of the port is computed as defined in the execution
semantics (see 4.1.3). It shall be an error if the member function is called outside the context of the member
functions set_attributes or change_attributes of the current TDF module.

4.1.1.9.8. set_max_timestep

voi d set_max_timestep( const sca_core::sca_tinme& );

voi d set_max_timestep( double, sc_core::sc_time_unit );

The member function set_max_timestep shall define the maximum timestep between two consecutive
samples. If set_max_timestep isnot called, an implementation shall set the maximum timestep to thevalue
returned by function sca_core::sca_max_time. It shall be an error if the member function is called outside
the context of the member functions set_attributes or change attributes of the current TDF module.

4.1.1.9.9. get_delay

unsi gned | ong get_del ay() const;

The member function get_delay shall return the delay set at the port. It shal be an error if the
member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change_attributes of the current TDF module.

4.1.1.9.10. get_ct_delay

sca_core::sca_tine get_ct_delay() const;

The member function get_ct_delay shall return the continuous-time delay of type sca_core::sca_time set
at the port. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.9.11. get_rate

unsigned | ong get_rate() const;

The member function get_rate shall return therate set at the port. It shall bean error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.
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4.1.1.9.12. get_time

sca_core::sca_tinme get_time( unsigned long sanple_id = 0 ) const;

The member function get_time shall return the time of the sample with index sample_id. It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change_attributes of the current TDF module.

The following relation shall hold:

M get_timestep() -sample_id
P.get_rate()

P.get_time(sample_id)= M get_time()+ (4.4)

where P isaninstance of aport of classsca_tdf::sca out<T,sca tdf::SCA_DT_CUT>and M isthe parent
module derived from class sca_tdf::sca_ module (see 4.1.3).

NOTE—The relation is valid within the time resolution bound, which is returned by the function
sc_core:sc_get_time resolution (see4.1.3.1.2).

4.1.1.9.13. get_timestep

sca_core::sca_tinme get_tinmestep( unsigned long sanple_id = 0 ) const;

The member function get_timestep shall return the timestep between the preceding and current samplewith
index sample _id. If the preceding sample is not available, the member function shall return the propagated
timestep (see 4.1.3.1.2). It shall be an error if the member function is called outside the context of the
member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes of the current
TDF module.

4.1.1.9.14. get_max_timestep

sca_core::sca_tinme get_max_tinmestep() const;

The member function get_max_timestep shall return the maximum timestep between two consecutive
samples. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.9.15. get_last_timestep

sca_core::sca_tinme get_last_tinmestep( unsigned |long sanple_id = 0 ) const;

The member function get_last_timestep shall return the timestep between the two samples preceding
the sample with index sample id. If the timestep between these two preceding samples is equal
to sc_core::SC_ZERO_TIME, the member function shal return the last non-zero timestep. If one
or both of the preceding samples are not available or if all preceding timesteps are all equa to
sc_core::SC_ZERO_TIME, the member function shall return the propagated timestep (see 4.1.3.1.2). It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.9.16. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca_out<SCA_DT_CUT>".
4.1.1.9.17. initialize

void initialize( const T& value, unsigned long sanple_id =0 );

The member function initialize shall initialize one sample at the port. The argument sample_id denotes the
index of the sample being written. The samples shall be indexed from zero to P.get_delay()-1, where P
denotes the port. It shall be an error if sample_id is greater than or equal to the port delay.
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This member function shall only be caled in the constructor of the parent module or in the member
functionsinitialize or reinitialize of the current TDF module; otherwise, it shall be an error. Consecutive
initializations with the same sample_id shall overwrite the value.

NOTE—The writing of an initial value to the port requires that the port has been assigned a delay using the
member function set_delay, which shall be called in the member functions set_attributes or change attributes of
the TDF module.

4.1.1.9.18. read_delayed_value

const T& read_del ayed_val ue( unsigned long sanple_id = 0 ) const;

The member function read_delayed value shall return a reference to the value of a delayed sample that
is available at the port. The argument sample_id denotes the index of the delayed sample being read. The
samples shall be indexed from zero to P.get_delay()—1, where P denotes the port. A sample_id of zero
shall refer to the first delayed sample in time. It shall be an error if sample_id is greater than or equal to
the port delay.

The member function shall only be called in the member function reinitialize of the current TDF module.
Otherwise, it shall be an error. Consecutive reads with the same sample id during the same module
activation shall return the same delayed value.

4,1.1.9.19. is_timestep_changed
bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;

The member function is timestep_changed shall return true if the timestep of the sample with index
sample_id of the TDF port, returned by its member function get_timestep(sample_id), has changed with
respect to the preceding sample. Otherwise, it shal return false. It shall be an error if the member function
iscalled outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.9.20. is_rate_changed

bool is_rate_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_rate changed shall
return true if the rate of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is rate_changed shall return true if the rate of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.9.21.is_delay_changed

bool is_del ay_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_delay changed shall
return true if the delay of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is delay_changed shall return trueif the delay of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.9.22. write

void wite( const T& value, unsigned |ong sanple_id = 0 );
sca_tdf::sca_out<T, sca_tdf::SCA DT_CUT>& operator= ( const T& );

sca_core::sca_assign_t o_proxyT<sca_t df : : sca_out <T, sca_tdf::SCA DT_CUT>, T>& operator[] (
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unsi gned long sanple_id );

The member functions write, oper ator =, and oper ator[] shall write one sample to the port. The argument
sample_id denotes the index of the sample being written. The samples shall be indexed from zero to
P.get_rate()—1, where P denotes the port. It shall be an error if sample_id is greater than or equal to the
port rate.

sca_tdf::sca_out<T, sca_tdf::SCA DI_CUT>& operator= ( const sca_tdf::sca_in<T>& );

sca_tdf::sca_out<T, sca_tdf::SCA DI_CUT>& operator= ( const sca_tdf::sca_de::sca_in<T>& );

The operator= shall read the first value from the input port of class sca tdf::sca_in or
sca tdf::sca_de::sca in and writeit to the first value of the output port.

void wite( sca_core::sca_assign_f rom_proxyT<sca_t df : : sca_out _base<T> >& );

sca_tdf::sca_out<T, sca_tdf::SCA _DT_CUT>& operator= (
sca_core::sca_assign_frompr oxyT<sca_t df : : sca_out _base<T> >& );

The member functionswrite and oper ator = shall write the value made available through the object of class
sca_core::sca_assign_from pr onyr to the output port.

The member functionswrite, operator =, and oper ator[] shall only be called in the time-domain processing
member function of the current module; otherwise, it shall be an error. Consecutive writes with the same
sample_id during the same module activation shall overwrite the value.

4.1.1.10. sca_tdf::sca_de::sca_in, sca_tdf::sc_in
4.1.1.10.1. Description

The class sca tdf::sca de::sca in shall define a specialized port class for the TDF MoC. It provides
functions for defining or getting attribute values (e.g., sampling rate or timestep), for initialization, and for
reading input values. The port shall perform the synchronization between the TDF MoC and the SystemC
kernel (see 4.1.3.2.4). A port of class sca tdf::sca_de::sca in can be only amember of a module derived
from class sca_tdf::sca_module; otherwise, it shall be an error.

4.1.1.10.2. Class definition

namespace sca_tdf {
namespace sca_de {

tenpl at e<cl ass T>
class sca_in : public sca_core::sca_port< sc_core::sc_signal _in_if<T> >

public:
sca_in();
explicit sca_in( const char* name_ );

voi d set_del ay( unsigned long );

voi d set_rate( unsigned long );

voi d set_timestep( const sca_core::sca_tinme& );

voi d set_timestep( double, sc_core::sc_time_unit );

voi d set_max_timestep( const sca_core::sca_tinme& );

voi d set_max_timestep( double, sc_core::sc_time_unit );

unsi gned | ong get_del ay() const;

unsigned | ong get_rate() const;

sca_core::sca_time get_time( unsigned |long sanple_id = 0 ) const;
sca_core::sca_time get_tinmestep( unsigned |long sanple_id = 0 ) const;
sca_core::sca_tinme get_max_tinmestep() const;

sca_core::sca_time get_last_tinmestep( unsigned |long sanple_id = 0 ) const;

virtual const char* kind() const;

void initialize( const T& val ue, unsigned |ong sanple

_id =0
const T& read_del ayed_val ue( unsigned long sanple_id =0 ) ¢

)
onst;
bool is_timestep_changed( unsigned long sanple_id = 0 ) const;
bool is_rate_changed() const;

bool is_del ay_changed() const;
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const T& read( unsigned long sanple_id =0 );
operator const T&();
const T& operator[] ( unsigned long sanple_id );

const sc_event & default_event() const;
const sc_event & val ue_changed_event () const;
bool event() const;

virtual void bind( sc_core::sc_signal _in_if<T>& );
voi d operator()( sc_core::sc_signal _in_if<T>& );

virtual void bind( sc_core::sc_port<sc_core::sc_signal _in_if<T> >&);
voi d operator()( sc_core::sc_port<sc_core::sc_signal _in_if<T> >& );

virtual void bind( sc_core::sc_port<sc_core::sc_signal _inout_if<T> >& );
voi d operator()( sc_core::sc_port<sc_core::sc_signal _inout_if<T> >& );

private:

/1 Disabl ed

sca_in( const sca_tdf::sca_de::sca_in<T>& );

sca_tdf::sca_de::sca_i n<T>& operator= ( const sca_tdf::sca_de::sca_in<T>& );

}
} // nanespace sca_de

tenpl at e<cl ass T>
class sc_in: public sca_tdf::sca_de::sca_in<T>

public:
sc_in() : sca_tdf::sca_de::sca_in<T>() {}
explicit sc_in( const char* name_ ) : sca_tdf::sca_de::sca_in<T>( name_ ) {}

h

} // nanmespace sca_tdf

4.1.1.10.3. Template parameter T

The argument passed astemplate parameter T shall be either a C++ type for which the predefined semantics
for assignment are adequate (for example, a fundamental type or a pointer), or atype T that obeys each
of the following rules:

a. Thefollowing stream operator shall be defined and should copy the state of the object given asthe second
argument to the stream given as the first argument. The way in which the state information is formatted
isundefined by this standard. Theimplementation shall use this operator for writing trace valuesin time-
domain simulation (see 6.1).

std::ostream& operator<< ( std::ostrean® const T& );

b. If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T
such that the value of the left operand is indistinguishable from the value of the right operand. The
implementation shall use this assignment operator within the implementation for writing to or reading
from ports of type T.

const T& operator= ( const T& );
c¢. If any constructor for type T exists, adefault constructor for type T shall be defined.
4.1.1.10.4. Constructors
sca_in();

explicit sca_in( const char* nane_ );

Theconstructor for classsca_tdf::sca de::sca_in shall passthe character string argument (if such argument
exists) through to the constructor belonging to the base class sca_core::sca_port to set the string name of
the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique name(“sca tdf _sc in") to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca_port.
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4.1.1.10.5. set_delay

voi d set_del ay( unsigned long );

The member function set_delay shall define the number of samples to be inserted before the first input
sample. If the member function is not called, the port shall have a delay of zero. It shall be an error if the
member functionis called outside the context of the member functionsset_attributesor change_attributes
of the current TDF module.

4.1.1.10.6. set_rate

void set_rate( unsigned long );

The member function set_rate shall define the number of samples that can be read during the execution of
the member function processing of the current TDF module by using member function read. The argument
rate shall have a positive, nonzero value. If the member function is not called, the port rate shall be equal
to 1. It shall be an error if the member function is called outside the context of the member functions
set_attributes or change_attributes of the current TDF module.

4.1.1.10.7. set_timestep

voi d set_tinmestep( const sca_core::sca_tinme& );

void set_tinmestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep between two consecutive samples. If the
member function is not called, the current timestep of the port is computed as defined in the execution
semantics (see4.1.3). It shall bean error if thefunction iscalled outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4,1.1.10.8. set_max_timestep

voi d set_max_timestep( const sca_core::sca_time& );

voi d set_max_timestep( double, sc_core::sc_time_unit );

The member function set_max_timestep shall define the maximum timestep between two consecutive
samples. If set_max_timestep isnot called, an implementation shall set the maximum timestep to thevalue
returned by function sca_core::sca_max_time. It shall be an error if the member function is called outside
the context of the member functions set_attributes or change _attributes of the current TDF module.

4.1.1.10.9. get_delay

unsi gned | ong get_del ay() const;

The member function get_delay shall return the delay set at the port. It shal be an error if the
member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change attributes of the current TDF module.

4.1.1.10.10. get_rate

unsigned |l ong get_rate() const;

The member function get_rate shall return therate set at the port. It shall be an error if the member function
iscalled outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.10.11. get_time

sca_core::sca_time get_tinme( unsigned long sanple_id = 0 ) const;

The member function get_time shall return the time of the sample with index sample id. It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change_attributes of the current TDF module.
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The following relation shall hold:

M get_timestep() -sample_id
P.get_rate()

Pget_time(sample_id)= M get_time()+ (4.5)

where P isan instance of aport of class sca _tdf::sca de::sca in and M isthe parent modul e derived from
classsca_tdf::sca_ module (see 4.1.3).

NOTE—The relation is vaid within the time resolution bound, which is returned by the function
sc_core:sc_get_time resolution (see4.1.3.1.2).

4.1.1.10.12. get_timestep

sca_core::sca_time get_tinmestep( unsigned long sanple_id = 0 ) const;

Themember function get_timestep shall return the timestep between the preceding and current samplewith
index sample _id. If the preceding sample is not available, the member function shall return the propagated
timestep (see 4.1.3.1.2). It shall be an error if the member function is called outside the member functions
initialize, reinitialize, processing, ac_processing, or change _attributes of the current TDF module.

4.1.1.10.13. get_max_timestep

sca_core::sca_tinme get_max_tinmestep() const;

The member function get_max_timestep shall return the maximum timestep between two consecutive
samples. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.10.14. get_last_timestep

sca_core::sca_tine get_last_tinmestep( unsigned long sanple_id = 0 ) const;

The member function get_last_timestep shall return the timestep between the two samples preceding
the sample with index sample id. If the timestep between these two preceding samples is equal
to sc_core::SC_ZERO_TIME, the member function shal return the last non-zero timestep. If one
or both of the preceding samples are not available or if al preceding timesteps are al egua to
sc_core::SC_ZERO_TIME, the member function shall return the propagated timestep (see 4.1.3.1.2). It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.10.15. kind

virtual const char* kind() const;

The member function kind shall return the string “sca._tdf::sca_de::sca in”.

4.1.1.10.16. initialize
void initialize( const T& value, unsigned long sanple_id =0 );

The member function initialize shal initialize one sample at the port. The argument sample_id denotes the
index of the sample being written. The samples shall be indexed from zero to P.get_delay()-1, where P
denotes the port. It shall be an error if sample_id is greater than or equal to the port delay.

This member function shall only be called in the member functionsinitialize or reinitialize of the current
TDF module; otherwise, it shall be an error. Consecutive initializations with the same sample id shall
overwrite the value.

NOTE—The writing of an initial value to the port requires that the port has been assigned a delay using the

member function set_delay, which shall be called in the member functions set_attributes or change attributes of
the TDF module.
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4,1.1.10.17. read_delayed_value

const T& read_del ayed_val ue( unsigned |ong sanple_id = 0 ) const;

The member function read_delayed value shall return a reference to the value of a delayed sample that
is available at the port. The argument sample_id denotes the index of the delayed sample being read. The
samples shall be indexed from zero to P.get_delay()—1, where P denotes the port. A sample_id of zero
shall refer to the first delayed sample in time. It shall be an error if sample_id is greater than or equal to
the port delay.

The member function shall only be called in the member function reinitialize of the current TDF module.
Otherwise, it shall be an error. Consecutive reads with the same sample_id during the same module
activation shall return the same delayed value.

4.1.1.10.18. is_timestep_changed
bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;

The member function is timestep_changed shall return true if the timestep of the sample with index
sample_id of the TDF port, returned by its member function get_timestep(sample_id), has changed with
respect to the preceding sample. Otherwise, it shal return false. It shall be an error if the member function
iscalled outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.10.19. is_rate_changed

bool is_rate_changed() const;

In the context of the callbacks processing and reinitialize, the member function is rate changed shall
return true if the rate of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is rate_changed shall return true if the rate of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4,1.1.10.20. is_delay_changed

bool is_del ay_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_delay_changed shall
return true if the delay of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is delay_changed shall return trueif the delay of the TDF port has changed between the last activation and
before | ast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.10.21. read

const T& read( unsigned long sanple_id =0 );
operator const T&();

const T& operator[] ( unsigned long sanple_id );

The member functionsread, operator const T&, and operator[] shall return areference to the value of a
particular ssmplethat isavailable at the port. The argument sample_id denotestheindex of the sample being
read. The samples shall be indexed from zero to P.get_rate()—1, where P denotes the port. A sample_id
of zero shall refer to the first input sample. It shall be an error if sample_id is greater than or equal to the
port rate.
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The member functions read, operator const T&, and operator[] shall only be caled in the time-domain
or small-signal frequency-domain processing member function of the current module; otherwise, it shall
be an error. Consecutive reads with the same sample_id during the same module activation shall return the
same value.

The value of a sample shall be read by the member function read of the interface proper
of class sc _core::sc _signal_in_if. The member function read of the interface proper of class
sc_core::sc_signal_in_if shal be called in the evaluation phase at the first delta cycle of the associated
time of the sample. (see 4.1.3).

4.1.1.10.22. default_event

const sc_event & default_event() const;

The member function default_event shall return a reference to the default event, which is returned by the
member function default_event of the channel, to which the port is bound.

4.1.1.10.23. value_changed_event

const sc_event & val ue_changed_event () const;

The member function value_changed_event shall return a reference to the value-changed event, which is
returned by the member function value _changed_event of the channel, to which the port is bound.

4.1.1.10.24. event

bool event() const;

The member function event shall return true if and only if the value of the channel, to which the port is
bound, is changed in the update phase of theimmediately preceding deltacycleand at the current simulation
time; that is, a member function write or operator= was called in the immediately preceding evaluation
phase, and the value written or assigned was different from the previous value of the signal.

NOTE—The member function event returns true when called from a process that was executed as a direct result of the
default event of that same signal instance being notified.

4.1.1.10.25. bind, operator()

virtual void bind( sc_core::sc_signal _in_if<T>& );
voi d operator()( sc_core::sc_signal _in_if<T>&);

virtual void bind( sc_core::sc_port<sc_core::sc_signal_in_if<T> >& );
voi d operator()( sc_core::sc_port<sc_core::sc_signal _in_if<T> >&);

virtual void bind( sc_core::sc_port<sc_core::sc_signal_inout_if<T> >&);
voi d operator()( sc_core::sc_port<sc_core::sc_signal _inout_if<T> >& );

The member functions bind and operator() shall each call member function bind of the base class,
passing through their parameters as arguments to the function bind, in order to bind the object of class
sca_tdf::sca_de::sca in to the channel or port instance passed as an argument.

4.1.1.11. sca_tdf::sca_de::sca_in<bool>, sca_tdf::sc_in<bool>
4.1.1.11.1. Description

Theclasssca_tdf::sca_de::sca_in<bool> shall define aspecialized port classfor the TDF MoC. It provides
additional member functions appropriate for two-valued signals.

4.1.1.11.2. Class definition

namespace sca_tdf {

nanmespace sca_de {
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tenpl at e<>

class sca_in<bool > : public sca_core::sca_port< sc_core::sc_signal_in_if<bool> >

{
public:
sca_in();
explicit sca_in( const char* name_ );

voi d set_del ay( unsigned long );

voi d set_rate( unsigned long );

voi d set_tinmestep( const sca_core::sca_tinme& );

voi d set_tinmestep( double, sc_core::sc_time_unit );
voi d set_max_timestep( const sca_core::sca_tinme& );
voi d set_max_timestep( double, sc_core::sc_time_uni

unsi gned | ong get_del ay() const;
unsigned | ong get_rate() const;
sca_core::sca_time get_tinme( unsigned | ong sanple_i

0
sca_core::sca_time get_tinmestep( unsigned |ong sanple_id

sca_core::sca_tinme get_max_tinmestep() const;

)5

d = onst ;

c
0 ) const;

!

sca_core::sca_tinme get_last_tinmestep( unsigned long sanple_id = 0 ) const;

virtual const char* kind() const;

void initialize( const bool value, unsigned |long sanple_id =0 );

const bool & read_del ayed_val ue( unsigned | ong sanpl

bool is_tinmestep_changed( unsigned long sanple_id =

bool is_rate_changed() const;
bool is_del ay_changed() const;

const bool & read( unsigned long sanple_id =0 );
operator const bool &();
const bool & operator[] ( unsigned long sanple_id )

const sc_event& default_event() const;
const sc_event & val ue_changed_event () const;
const sc_event & posedge_event () const;
const sc_event & negedge_event () const;

bool event() const;

e_id =0 ) const;

0 ) const;

const;

bool
bool

posedge() const;
negedge() const;

virtual void bind( sc_core::sc_signal_in_if<bool >& );

voi d operator()( sc_core::sc_signal _in_if<bool >& );

virtual void bind( sc_core::sc_port<sc_core::sc_sig

nal _i n_i f <bool > >& );

voi d operator()( sc_core::sc_port<sc_core::sc_signal _in_if<bool> >& );

virtual void bind( sc_core::sc_port<sc_core::sc_sig

nal _i nout _i f <bool > >& );

voi d operator()( sc_core::sc_port<sc_core::sc_signal _inout_if<bool> >& );

private:
/1 Disabl ed
sca_in( const sca_tdf::sca_de::sca_i n<bool >& );

h
} // nanespace sca_de

tenpl at e<>
class sc_in<bool > public sca_tdf::sca_de::sca_i n<bool >
{

public:

sc_in() : sca_tdf::sca_de::sca_in<bool >() {}

explicit sc_in( const char* name_ ) : sca_tdf::sca_de

h

} // nanmespace sca_tdf

4.1.1.11.3. Constructors

sca_in();

explicit sca_in( const char* name_ );

sca_tdf::sca_de::sca_i n<bool >& operator= ( const sca_tdf::sca_de::sca_i n<bool >& );

::sca_i n<bool >( name_ ) {}

March 19 2013

The constructor for class sca_tdf::sca _de::sca_in<bool> shall pass the character string argument (if such
argument exists) through to the constructor belonging to the base class sca_core::sca_port to set the string

name of the instance in the module hierarchy.
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The default constructor shall call function sc_core::sc_gen_unique_name(“sca tdf_sc in") to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca_port.

4.1.1.11.4. set_delay

voi d set_del ay( unsigned long );

The member function set_delay shall define the number of samples to be inserted before the first input
sample. If the member function is not called, the port shall have a delay of zero. It shall be an error if the
member function is called outside the context of the member functionsset_attributesor change_attributes
of the current TDF module.

4.1.1.11.5. set_rate

void set_rate( unsigned long );

The member function set_rate shall define the number of samplesthat can be read during the execution of
the member function processing of the current TDF module by using member function read. The argument
rate shall have a positive, nonzero value. If the member function is not called, the port rate shall be equal
to 1. It shal be an error if the member function is called outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.11.6. set_timestep
void set_timestep( const sca_core::sca_tinme& );

void set_timestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep between two consecutive samples. If the
member function is not called, the current timestep of the port is computed as defined in the execution
semantics (see4.1.3). It shall bean error if thefunction iscalled outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.11.7. set_max_timestep
voi d set_max_timestep( const sca_core::sca_tinme& );

voi d set_max_timestep( double, sc_core::sc_time_unit );

The member function set_max_timestep shall define the maximum timestep between two consecutive
samples. If set_max_timestep isnot called, an implementation shall set the maximum timestep to thevalue
returned by function sca_core::sca_max_time. It shall be an error if the member function is called outside
the context of the member functions set_attributes or change_attributes of the current TDF module.

4.1.1.11.8. get_delay

unsi gned | ong get_del ay() const;

The member function get_delay shall return the delay set at the port. It shal be an error if the
member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change attributes of the current TDF module.

4.1.1.11.9. get_rate
unsi gned | ong get_rate() const;
The member function get_rate shall return therate set at the port. It shall be an error if the member function

is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change_attributes of the current TDF module.
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4,1.1.11.10. get_time

sca_core::sca_tinme get_time( unsigned long sanple_id = 0 ) const;

The member function get_time shall return the time of the sample with index sample_id. It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change_attributes of the current TDF module.

The following relation shall hold:

M get_timestep() -sample_id
P.get_rate()

P.get_time(sample_id)= M get_time()+ (4.6)

where Pisaninstance of aport of classsca tdf::sca de::sca in<bool>and M isthe parent module derived
from class sca_tdf::sca_module (see 4.1.3).

NOTE—The relation is valid within the time resolution bound, which is returned by the function
sc_core:sc_get_time resolution (see4.1.3.1.2).

4.1.1.11.11. get_timestep

sca_core::sca_tinme get_tinmestep( unsigned long sanple_id = 0 ) const;

The member function get_timestep shall return the timestep between the preceding and current samplewith
index sample _id. If the preceding sample is not available, the member function shall return the propagated
timestep (see 4.1.3.1.2). It shall be an error if the member function is called outside the context of the
member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes of the current
TDF module.

4.1.1.11.12. get_max_timestep

sca_core::sca_tinme get_max_tinmestep() const;

The member function get_max_timestep shall return the maximum timestep between two consecutive
samples. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4,1.1.11.13. get_last_timestep

sca_core::sca_tinme get_last_tinmestep( unsigned |long sanple_id = 0 ) const;

The member function get_last_timestep shall return the timestep between the two samples preceding
the sample with index sample id. If the timestep between these two preceding samples is equal
to sc_core::SC_ZERO_TIME, the member function shal return the last non-zero timestep. If one
or both of the preceding samples are not available or if all preceding timesteps are all equa to
sc_core::SC_ZERO_TIME, the member function shall return the propagated timestep (see 4.1.3.1.2). It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.,1.1.11.14. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca_de::sca_in”.
4.1.1.11.15. initialize

void initialize( const bool & val ue, unsigned |long sanple_id =0 );
The member function initialize shall initialize one sample at the port. The argument sample_id denotes the

index of the sample being written. The samples shall be indexed from zero to P.get_delay()-1, where P
denotes the port. It shall be an error if sample_id is greater than or equal to the port delay.
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This member function shall only be called in the member functionsinitialize or reinitialize of the current
TDF module; otherwise, it shall be an error. Consecutive initializations with the same sample_id shall
overwrite the value.

NOTE—The writing of an initial value to the port requires that the port has been assigned a delay using the
member function set_delay, which shall be called in the member functions set_attributes or change attributes of
the TDF module.

4.1.1.11.16. read_delayed_value

const bool & read_del ayed_val ue( unsigned long sanple_id = 0 ) const;

The member function read_delayed value shall return a reference to the value of a delayed sample that
is available at the port. The argument sample_id denotes the index of the delayed sample being read. The
samples shall be indexed from zero to P.get_delay()—1, where P denotes the port. A sample_id of zero
shall refer to the first delayed sample in time. It shall be an error if sample_id is greater than or equal to
the port delay.

The member function shall only be called in the member function reinitialize of the current TDF module.
Otherwise, it shall be an error. Consecutive reads with the same sample id during the same module
activation shall return the same delayed value.

4.1.1.11.17. is_timestep_changed
bool is_tinmestep_changed( unsigned |long sanple_id = 0 ) const;

The member function is_timestep_changed shal return true if the timestep of the sample with index
sample_id of the TDF port, returned by its member function get_timestep(sample_id), has changed with
respect to the preceding sample. Otherwise, it shall return false. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.11.18. is_rate_changed

bool is_rate_changed() const;

In the context of the callbacks processing and reinitialize, the member function is rate changed shall
return true if the rate of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is rate_changed shall return true if the rate of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.11.19. is_delay_changed

bool is_del ay_changed() const;

In the context of the callbacks processing and reinitialize, the member function is delay changed shall
return true if the delay of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is delay _changed shall return trueif the delay of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.11.20. read

const bool & read( unsigned long sanmple_id = 0 );
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operator const bool &();

const bool & operator[] ( unsigned long sanple_id ) const;

The member functionsread, operator const T&, and operator[] shal return areference to the value of a
particular samplethat isavailable at the port. The argument sample_id denotestheindex of the sample being
read. The samples shall be indexed from zero to P.get_rate()—1, where P denotes the port. A sample_id
of zero shall refer to the first input sample. It shall be an error if sample id is greater than or equal to the
port rate.

The member functions read, operator const T&, and operator[] shall only be caled in the time-domain
or small-signal frequency-domain processing member function of the current module; otherwise, it shall
be an error. Consecutive reads with the same sample _id during the same module activation shall return the
same vaue.

The value of a sample shal be read by the member function read of the interface proper of
class sc_core::sc_signal_in_if<bool>. The member function read of the interface proper of class
sc_core::sc_signal_in_if<bool> shall be called in the evaluation phase at the first delta cycle of the
associated time of the sample. (see 4.1.3).

4,1.1.11.21. default_event

const sc_event& defaul t_event() const;

The member function default_event shall return a reference to the default event, which is returned by the
member function default_event of the channel, to which the port is bound.

4.1.1.11.22. value_changed_event

const sc_event & val ue_changed_event () const;

The member function value_changed_event shall return a reference to the value-changed event, which is
returned by the member function value_changed_event of the channel, to which the port is bound.

4.1.1.11.23. posedge_event

const sc_event & posedge_event () const;

The member function posedge event shall return areferenceto an event that is notified whenever the value
of the channel, to which the port is bound, changes and the new value of the channel istrue or '1'.

4.1.1.11.24. negedge_event

const sc_event & negedge_event () const;

The member function negedge_event shall return areference to an event that is notified whenever the value
of the channel, to which the port is bound, changes and the new value of the channel isfalse or '0'.

4.1.1.11.25. event

bool event() const;

The member function event shall return true if and only if the value of the channel, to which the port is
bound, is changed in the update phase of theimmediately preceding deltacycle and at the current simulation
time; that is, a member function write or operator= was called in the immediately preceding evaluation
phase, and the value written or assigned was different from the previous value of the signal.

NOTE—The member function event returns true when called from a process that was executed as a direct result of the
default event of that same signal instance being notified.
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4.1.1.11.26. posedge

bool posedge() const;

The member function posedge shall return true if and only if the value of the channel, to which the port is
bound, is changed in the update phase of theimmediately preceding deltacycle and at the current simulation
time, and the new value of the channel istrue or '1'.

4.1.1.11.27. negedge

bool negedge() const;

The member function negedge shall return true if and only if the value of the channel, to which the port is
bound, changed in the update phase of the immediately preceding delta cycle and at the current simulation
time, and the new value of the channel isfalseor '0'.

4.1.1.11.28. bind, operator()

virtual void bind( sc_core::sc_signal _in_if<bool >& );
voi d operator()( sc_core::sc_signal _in_if<bool>& );

virtual void bind( sc_core::sc_port<sc_core::sc_signal _in_if<bool> >& );
voi d operator()( sc_core::sc_port<sc_core::sc_signal _in_if<bool> >& );

virtual void bind( sc_core::sc_port<sc_core::sc_signal _inout_if<bool> >& );
voi d operator()( sc_core::sc_port<sc_core::sc_signal _inout_if<bool> >& );

The member functions bind and operator() shall each call member function bind of the base class,
passing through their parameters as arguments to the function bind, in order to bind the object of class
sca_tdf::sca_de::sca in<bool> to the channel or port instance passed as an argument.

4.1.1.12. sca_tdf::sca_de::sca_in<sc_dt::sc_logic>, sca_tdf::sc_in<sc_dt::sc_logic>
4,1.1.12.1. Description

Theclasssca tdf::sca_de::sca_in<sc_dt::sc_logic> shall defineaspecialized port classfor the TDF MoC.
It provides additional member functions appropriate for four-valued signals.

4.1.1.12.2. Class definition

namespace sca_tdf {
nanmespace sca_de {

t enpl at e<>
class sca_in<sc_dt::sc_logic>: public sca_core::sca_port<
sc_core::sc_signal _in_if<sc_dt::sc_|l ogic> >

public:
sca_in();
explicit sca_in( const char* nane_ );

voi d set_del ay( unsigned long );

void set_rate( unsigned long );

void set_tinmestep( const sca_core::sca_tinme&);

void set_tinmestep( double, sc_core::sc_time_unit );
void set_nmax_tinestep( const sca_core::sca_tine& );
void set_max_tinestep( double, sc_core::sc_tine_unit );

unsi gned | ong get_del ay() const;

unsi gned | ong get_rate() const;

sca_core::sca_tinme get_tinme( unsigned long sanple_id = 0
sca_core::sca_time get_tinmestep( unsigned |ong sanple_id
sca_core::sca_time get_max_tinmestep() const;
sca_core::sca_time get_last_tinmestep( unsigned long sanple_id = 0 ) const;

) const;
=0 ) const;

virtual const char* kind() const;

void initialize( const sc_dt::sc_|logic value, unsigned |long sanple_id = 0 );
const sc_dt::sc_|l ogic& read_del ayed_val ue( unsigned |ong sanple_id = 0 ) const;
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bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;
bool is_rate_changed() const;
bool is_del ay_changed() const;

const sc_dt::sc_logic& read( unsigned long sanple_id = 0 );
operator const sc_dt::sc_logic&();
const sc_dt::sc_logic& operator[] ( unsigned long sanple_id ) const;

const sc_event & default_event() const;
const sc_event & val ue_changed_event () const;
const sc_event & posedge_event () const;
const sc_event & negedge_event () const;

bool event() const;
bool posedge() const;
bool negedge() const;

virtual void bind( sc_core::sc_signal _in_if<sc_dt::sc_logic>&);
voi d operator()( sc_core::sc_signal _in_if<sc_dt::sc_logic>& );

virtual void bind( sc_core::sc_port<sc_core::sc_signal _in_if<sc_dt::sc_logic> >& );
voi d operator()( sc_core::sc_port<sc_core::sc_signal _in_if<sc_dt::sc_logic> >& );

virtual void bind( sc_core::sc_port<sc_core::sc_signal _inout_if<sc_dt::sc_logic> >& );
voi d operator()( sc_core::sc_port<sc_core::sc_signal _inout_if<sc_dt::sc_logic> >& );
private:
/1 Disabl ed
sca_in( const sca_tdf::sca_de::sca_in<sc_dt::sc_|logic>& );
sca_tdf::sca_de::sca_in<sc_dt::sc_| ogi c>& operator= (
const sca_tdf::sca_de::sca_in<sc_dt::sc_logic>& );

}
} // nanespace sca_de

tenpl at e<>
class sc_in<sc_dt::sc_logic> public sca_tdf::sca_de::sca_in<sc_dt::sc_|ogic>

public:
sc_in() : sca_tdf::sca_de::sca_in<sc_dt::sc_logic>() {}
explicit sc_in( const char* name_ ) : sca_tdf::sca_de::sca_in<sc_dt::sc_logic> name_ ) {}

}
} // nanmespace sca_tdf
4.1.1.12.3. Constructors
sca_in();

explicit sca_in( const char* nane_ );

The constructor for class sca tdf::sca de::sca in<sc dt::sc logic> shall pass the character
string argument (if such argument exists) through to the constructor belonging to the base
class sca_core::sca_port to set the string name of the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique _name(*sca tdf_sc in”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca port.

4.1.1.12.4. set_delay

voi d set_del ay( unsigned long );

The member function set_delay shall define the number of samples to be inserted before the first input
sample. If the member function is not called, the port shall have a delay of zero. It shall be an error if the
member function iscalled outside the context of the member functionsset_attributesor change_attributes
of the current TDF module.

4.1.1.12.5. set_rate

void set_rate( unsigned long );

The member function set_r ate shall define the number of samplesthat can be read during the execution of
the member function processing of the current TDF module by using member function read. The argument
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rate shall have a positive, nonzero value. If the member function is not called, the port rate shall be equal
to 1. It shal be an error if the member function is called outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.12.6. set_timestep
voi d set_tinmestep( const sca_core::sca_tinme&);

voi d set_timestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep between two consecutive samples. If the
member function is not called, the current timestep of the port is computed as defined in the execution
semantics (see4.1.3). It shall bean error if thefunction iscalled outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.12.7. set_max_timestep
void set_nmax_tinestep( const sca_core::sca_tine& );

voi d set_nmax_tinestep( double, sc_core::sc_tine_unit );

The member function set_max_timestep shall define the maximum timestep between two consecutive
samples. If set_max_timestep isnot called, an implementation shall set the maximum timestep to thevalue
returned by function sca_core::sca_max_time. It shall be an error if the member function is called outside
the context of the member functions set_attributes or change attributes of the current TDF module.

4.1.1.12.8. get_delay

unsi gned | ong get_del ay() const;

The member function get_delay shall return the delay set at the port. It shal be an error if the
member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change_attributes of the current TDF module.

4.1.1.12.9. get_rate

unsigned |l ong get_rate() const;

The member function get_rate shall return the rate set at the port. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.12.10. get_time

sca_core::sca_time get_tinme( unsigned long sanple_id = 0 ) const;

The member function get_time shall return the time of the sample with index sample_id. It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change attributes of the current TDF module.

The following relation shall hold:

M get_timestep() -sample_id

P.get_rate() 4.7

P.get_time(sample id)= M get time()+

where P is an instance of a port of class sca tdf::sca de::sca in<sc_dt::sc_logic> and M is the parent
module derived from class sca_tdf::sca_ module (see 4.1.3).

NOTE—The relation is valid within the time resolution bound, which is returned by the function
sc_core::sc_get_time resolution (see4.1.3.1.2).
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4,1.1.12.11. get_timestep

sca_core::sca_time get_tinmestep( unsigned |long sanple_id = 0 ) const;

Themember function get_timestep shall return the timestep between the preceding and current samplewith
index sample _id. If the preceding sample is not available, the member function shall return the propagated
timestep (see 4.1.3.1.2). It shall be an error if the member function is called outside the context of the
member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes of the current
TDF module.

4.1.1.12.12. get_max_timestep

sca_core::sca_time get_max_tinmestep() const;

The member function get_max_timestep shall return the maximum timestep between two consecutive
samples. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.12.13. get_last_timestep

sca_core::sca_tinme get_last_tinmestep( unsigned long sanple_id = 0 ) const;

The member function get_last_timestep shall return the timestep between the two samples preceding
the sample with index sample id. If the timestep between these two preceding samples is equal
to sc_core::SC_ZERO_TIME, the member function shal return the last non-zero timestep. If one
or both of the preceding samples are not available or if al preceding timesteps are al egua to
sc_core::SC_ZERO_TIME, the member function shall return the propagated timestep (see 4.1.3.1.2). It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.12.14. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca de::sca in”.

4.1.1.12.15. initialize
void initialize( const sc_dt::sc_|logic& value, unsigned long sanple_id = 0 );

The member function initialize shall initialize one sample at the port. The argument sample_id denotesthe
index of the sample being written. The samples shall be indexed from zero to P.get_delay()-1, where P
denotes the port. It shall be an error if sample_id is greater than or equal to the port delay.

This member function shall only be called in the member functionsinitialize or reinitialize of the current
TDF module; otherwise, it shall be an error. Consecutive initializations with the same sample_id shall
overwrite the value.

NOTE—The writing of an initial value to the port requires that the port has been assigned a delay using the
member function set_delay, which shall be called in the member functions set_attributes or change attributes of
the TDF module.

4,1.1.12.16. read_delayed_value
const sc_dt::sc_logic& read_del ayed_val ue( unsigned long sanple_id = 0 ) const;

The member function read_delayed_value shall return a reference to the value of a delayed sample that
is available at the port. The argument sample_id denotes the index of the delayed sample being read. The
samples shall be indexed from zero to P.get_delay()—1, where P denotes the port. A sample_id of zero
shall refer to the first delayed sample in time. It shall be an error if sample_id is greater than or equal to
the port delay.
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The member function shall only be called in the member function reinitialize of the current TDF module.
Otherwise, it shall be an error. Consecutive reads with the same sample id during the same module
activation shall return the same delayed value.

4.1.1.12.17. is_timestep_changed

bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;

The member function is_timestep_changed shall return true if the timestep of the sample with index
sample_id of the TDF port, returned by its member function get_timestep(sample_id), has changed with
respect to the preceding sample. Otherwise, it shall return false. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.12.18. is_rate_changed

bool is_rate_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_rate changed shall
return true if the rate of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is rate_changed shall return true if the rate of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.12.19. is_delay_changed

bool is_del ay_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_delay changed shall
return true if the delay of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is delay_changed shall return trueif the delay of the TDF port has changed between the last activation and
before last activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.12.20. read

const sc_dt::sc_logic& read( unsigned long sanple_id = 0 );
operator const sc_dt::sc_logic&();

const sc_dt::sc_logic& operator[] ( unsigned long sanple_id ) const;

The member functions read, operator const T& and operator[] shall return areference to the value of a
particular sasmplethat isavailable at the port. The argument sample_id denotestheindex of the samplebeing
read. The samples shall be indexed from zero to P.get_rate()—1, where P denotes the port. A sample id
of zero shall refer to the first input sample. It shall be an error if sample_id is greater than or equal to the
port rate.

The member functions read, operator const T&, and operator[] shall only be called in the time-domain
or small-signal frequency-domain processing member function of the current module; otherwise, it shall
be an error. Consecutive reads with the same sample_id during the same module activation shall return the
same value.

The value of a sample shall be read by the member function read of the interface proper of class
sc_core::sc_signal_in_if<sc_dt::sc_logic>. The member function read of the interface proper of class
sc_core::sc_signal_in_if<sc_dt::sc_logic> shal be called in the evaluation phase at the first delta cycle of
the associated time of the sample. (see 4.1.3).
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4,1.1.12.21. default_event

const sc_event & defaul t_event() const;

The member function default_event shall return a reference to the default event, which is returned by the
member function default_event of the channel, to which the port is bound.

4.1.1.12.22. value_changed_event

const sc_event & val ue_changed_event () const;

The member function value_changed_event shall return areference to the value-changed event, which is
returned by the member function value _changed_event of the channel, to which the port is bound.

4.1.1.12.23. posedge_event

const sc_event & posedge_event () const;

The member function posedge event shall return areferenceto an event that is notified whenever the value
of the channel, to which the port is bound, changes and the new value of the channel istrue or '1'.

4.1.1.12.24. negedge_event

const sc_event & negedge_event () const;

The member function negedge_event shall return areferenceto an event that is notified whenever the value
of the channel, to which the port is bound, changes and the new value of the channel isfalse or '0'.

4.1.1.12.25. event

bool event() const;

The member function event shall return true if and only if the value of the channel, to which the port is
bound, is changed in the update phase of theimmediately preceding deltacycleand at the current simulation
time; that is, a member function write or operator= was called in the immediately preceding evaluation
phase, and the value written or assigned was different from the previous value of the signal.

NOTE—The member function event returns true when called from a process that was executed as a direct result of the
default event of that same signal instance being notified.

4.1.1.12.26. posedge

bool posedge() const;

The member function posedge shall return true if and only if the value of the channel, to which the port is
bound, is changed in the update phase of theimmediately preceding deltacycleand at the current simulation
time, and the new value of the channel istrue or '1'.

4.1.1.12.27. negedge

bool negedge() const;

The member function negedge shall return true if and only if the value of the channel, to which the port is
bound, is changed in the update phase of theimmediately preceding deltacycle and at the current simulation
time, and the new value of the channel isfalse or '0'.

4.1.1.12.28. bind, operator()

virtual void bind( sc_core::sc_signal _in_if<sc_dt::sc_|logic>& );
voi d operator()( sc_core::sc_signal _in_if<sc_dt::sc_logic>& );

virtual void bind( sc_core::sc_port<sc_core::sc_signal _in_if<sc_dt::sc_logic> >& );
voi d operator()( sc_core::sc_port<sc_core::sc_signal _in_if<sc_dt::sc_logic> >& );
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virtual void bind( sc_core::sc_port<sc_core::sc_signal _inout_if<sc_dt::sc_logic> >& );
voi d operator()( sc_core::sc_port<sc_core::sc_signal _inout_if<sc_dt::sc_logic> >& );

The member functions bind and operator() shall each call member function bind of the base class,
passing through their parameters as arguments to the function bind, in order to bind the object of class
sca tdf::sca de::sca in<sc dt::sc_logic> to the channel or port instance passed as an argument.

4.1.1.13. sca_tdf::sca _de::sca_out, sca_tdf::sc_out

4.1.1.13.1. Description

The class sca_tdf::sca de::sca out shall define a speciaized port class for the TDF MoC. It provides
functions for defining or getting attribute values (e.g., sampling rate or timestep), for initialization, and for
writing output values. The port shall perform the synchronization between the TDF MoC and the SystemC
kernel (see4.1.3.2.4). A port of classsca_tdf::sca_de::sca_out can be only amember of amodule derived
from class sca_tdf::sca_module; otherwise, it shall be an error.

4.1.1.13.2. Class definition

namespace sca_tdf {
nanmespace sca_de {

tenpl at e<cl ass T>
class sca_out : public sca_core::sca_port< sc_core::sc_signal_inout_if<T> >
{
public:
sca_out ();
explicit sca_out( const char* nane_ );

voi d set_del ay( unsigned long );

voi d set_rate( unsigned long );

voi d set_timestep( const sca_core::sca_tinme& );

voi d set_tinmestep( double, sc_core::sc_time_unit );

voi d set_max_timestep( const sca_core::sca_tinme& );

voi d set_max_timestep( double, sc_core::sc_time_unit );

unsi gned | ong get_del ay() const;

unsigned | ong get_rate() const;

sca_core::sca_time get_time( unsigned |long sanple_id =0
sca_core::sca_time get_tinmestep( unsigned |ong sanple_id
sca_core::sca_tinme get_max_tinmestep() const;
sca_core::sca_time get_last_timestep( unsigned |long sanple_id = 0 ) const;

!

const;
0 ) const;

virtual const char* kind() const;

void initialize( const T& value, unsigned |long sanple_id =0 );
void initialize_de_signal ( const T& value );
const T& read_del ayed_val ue( unsigned long sanple_id = 0 ) const;

bool is_timestep_changed( unsigned long sanple_id = 0 ) const;
bool is_rate_changed() const;
bool is_del ay_changed() const;

void wite( const T& value, unsigned |long sanple_id = 0 );

void wite( sca_core::sca_assign_f rom_proxyT<sca_t df: :sca_de: :sca_out<T> >& );

sca_tdf::sca_de::sca_out<T>& operator= ( const T& );

sca_tdf::sca_de::sca_out<T>& operator= ( const sca_tdf::sca_in<T>& );

sca_tdf::sca_de::sca_out<T>& operator= ( const sca_tdf::sca_de::sca_in<T>& );

sca_tdf::sca_de::sca_out<T>& operator= ( sca_core::sca_assign_frompr oxyT<
sca_tdf::sca_de::sca_out<T> >& );

sca_core::sca_assign_t o_proxyT<sca_t df: :sca_de: :sca_out<T>, T>& operator[] (
unsi gned |long sanple_id );

private:
/1 Disabl ed
sca_out ( const sca_tdf::sca_de::sca_out<T>& );
sca_tdf::sca_de::sca_out<T>& operator= ( const sca_tdf::sca_de::sca_out<T>& );

b
} // nanespace sca_de

tenpl at e<cl ass T>
class sc_out: public sca_tdf::sca_de::sca_out<T>

{
public:
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sc_out() : sca_tdf::sca_de::sca_out<T>() {}
explicit sc_out( const char* name_ ) : sca_tdf::sca_de::sca_out<T>( name_ ) {}

h

} // nanmespace sca_tdf

4.1.1.13.3. Template parameter T

The argument passed astemplate parameter T shall be either a C++ type for which the predefined semantics
for assignment are adequate (for example, a fundamental type or a pointer), or atype T that obeys each
of the following rules:

a. Thefollowing stream operator shall be defined and should copy the state of the object given asthe second
argument to the stream given as the first argument. The way in which the state information is formatted
isundefined by this standard. Theimplementation shall use this operator for writing trace valuesin time-
domain simulation (see 6.1).

std::ostream& operator<< ( std::ostream& const T& );

b. If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T
such that the value of the left operand is indistinguishable from the value of the right operand. The
implementation shall use this assignment operator within the implementation for writing to or reading
from ports of type T.

const T& operator= ( const T& );

c. If any constructor for type T exists, adefault constructor for type T shall be defined.

4.1.1.13.4. Constructors

sca_out();
explicit sca_out( const char* name_ );
The constructor for class sca tdf::sca_de::sca_out shall pass the character string argument (if such

argument exists) through to the constructor belonging to the base class sca_core::sca_port to set the string
name of the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique_name(“sca _tdf _sc_out”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca_port.

4.1.1.13.5. set_delay

voi d set_del ay( unsigned long );

The member function set_delay shall define the number of samples to be inserted before the first input
sample. If the member function is not called, the port shall have a delay of zero. It shall be an error if the
member function iscalled outside the context of the member functionsset_attributesor change attributes
of the current TDF module.

4.1.1.13.6. set_rate

voi d set_rate( unsigned long );

Themember function set_rate shall define the number of samplesthat can bewritten during the execution of
the member function processing of the current TDF module by using member function write. The argument
rate shall have a positive, nonzero value. If the member function is not called, the port rate shall be equal
to 1. It shall be an error if the member function is called outside the context of the member functions
set_attributes or change attributes of the current TDF module.

4.1.1.13.7. set_timestep

void set_tinmestep( const sca_core::sca_tinme& );
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voi d set_tinmestep( double, sc_core::sc_time_unit );

The member function set_timestep shall define the timestep between two consecutive samples. If the
member function is not called, the current timestep of the port is computed as defined in the execution
semantics (see 4.1.3). It shall be an error if the member function is called outside the context of the member
functions set_attributes or change_attributes of the current TDF module.

4.1.1.13.8. set_max_timestep
voi d set_max_timestep( const sca_core::sca_tinme& );

voi d set_max_timestep( double, sc_core::sc_time_unit );

The member function set_max_timestep shall define the maximum timestep between two consecutive
samples. If set_max_timestep isnot called, an implementation shall set the maximum timestep to thevalue
returned by function sca_core::sca_max_time. It shall be an error if the member function is called outside
the context of the member functions set_attributes or change attributes of the current TDF module.

4.1.1.13.9. get_delay

unsi gned | ong get_del ay() const;

The member function get_delay shall return the delay set at the port. It shal be an error if the
member function is called outside the context of the member functionsinitialize, reinitialize, processing,
ac_processing, or change_attributes of the current TDF module.

4.1.1.13.10. get_rate

unsi gned | ong get_rate() const;

The member function get_rate shall return therate set at the port. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4,1.1.13.11. get_time

sca_core::sca_tinme get_time( unsigned long sanple_id = 0 ) const;

The member function get_time shall return the time of the sample with index sample id. It shall be an
error if the member function is called outside the context of the member functions initialize, reinitialize,
processing, ac_processing, or change attributes of the current TDF module.

The following relation shall hold:

M get_timestep() -sample id
P.get_rate()

Pget_time(sample_id)= M get_time()+ (4.8)

where P isaninstance of aport of classsca_tdf::sca_de::sca _out and M isthe parent module derived from
classsca_tdf::sca_module (see 4.1.3).

NOTE—The relation is valid within the time resolution bound, which is returned by the function
sc_core::sc_get_time resolution (see4.1.3.1.2).

4,1.1.13.12. get_timestep

sca_core::sca_time get_tinmestep( unsigned |long sanple_id = 0 ) const;

The member function get_timestep shall return the timestep between the preceding and current sasmplewith
index sample _id. If the preceding sample is not available, the member function shall return the propagated
timestep (see 4.1.3.1.2). It shall be an error if the member function is called outside the context of the
member functionsinitialize, reinitialize, processing, ac_processing, or change_attributes of the current
TDF module.
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4,1.1.13.13. get_max_timestep

sca_core::sca_tine get_max_tinmestep() const;

The member function get_max_timestep shall return the maximum timestep between two consecutive
samples. It shall be an error if the member function is called outside the context of the member functions
initialize, reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.13.14. get_last_timestep

sca_core::sca_tine get_last_timestep( unsigned long sanple_id = 0 ) const;

The member function get_last_timestep shall return the timestep between the two samples preceding
the sample with index sample id. If the timestep between these two preceding samples is equal
to sc_core:SC_ZERO_TIME, the member function shal return the last non-zero timestep. If one
or both of the preceding samples are not available or if all preceding timesteps are all equa to
sc_core::SC_ZERO_TIME, the member function shall return the propagated timestep (see 4.1.3.1.2). It
shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.13.15. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca_de::sca_out”.

4.1.1.13.16. initialize
void initialize( const T& value, unsigned |long sanple_id =0 );

The member function initialize shal initialize one sample at the port. The argument sample_id denotes the
index of the sample being written. The samples shall be indexed from zero to P.get_delay()—1, where P
denotes the port. It shall be an error if sample id is greater than or equal to the port delay.

This member function shall only be called in the member functionsinitialize or reinitialize of the current
TDF module; otherwise, it shall be an error. Consecutive initializations with the same sample_id shall
overwrite the value.

NOTE—The writing of an initial value to the port requires that the port has been assigned a delay using the
member function set_delay, which shall be called in the member functions set_attributes or change attributes of
the TDF module.

4.1.1.13.17. initialize_de_signal

void initialize_de_signal ( const T& value );

Themember functioninitialize_de signal shall set theinitial value of the signal, to which the port isbound,
by calling member function write of that signal using the value passed as an argument to member function
initialize_de signal. The port need not have been bound at the point during elaboration when member
function initialize_de signal 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. It shall be an error to call this member
function after the elaboration phase has finished.

4.1.1.13.18. read_delayed_value

const T& read_del ayed_val ue( unsigned |ong sanple_id = 0 ) const;

The member function read_delayed_value shall return a reference to the value of a delayed sample that
is available at the port. The argument sample_id denotes the index of the delayed sample being read. The
samples shall be indexed from zero to P.get_delay()—1, where P denotes the port. A sample_id of zero
shall refer to the first delayed sample in time. It shall be an error if sample_id is greater than or equal to
the port delay.
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The member function shall only be called in the member function reinitialize of the current TDF module.
Otherwise, it shall be an error. Consecutive reads with the same sample id during the same module
activation shall return the same delayed value.

4.1.1.13.19. is_timestep_changed
bool is_tinmestep_changed( unsigned long sanple_id = 0 ) const;

The member function is timestep_changed shal return true if the timestep of the sample with index
sample_id of the TDF port, returned by its member function get_timestep(sample_id), has changed with
respect to the preceding sample. Otherwise, it shal return false. It shall be an error if the member function
is called outside the context of the member functionsinitialize, reinitialize, processing, ac_processing, or
change attributes of the current TDF module.

4.1.1.13.20. is_rate_changed

bool is_rate_changed() const;

In the context of the callbacks processing and reinitialize, the member function is_rate changed shall
return true if the rate of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is rate_changed shal return true if the rate of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functionsinitialize,
reinitialize, processing, ac_processing, or change_attributes of the current TDF module.

4.1.1.13.21. is_delay_changed

bool is_del ay_changed() const;

In the context of the callbacks processing and reinitialize, the member function is delay changed shall
return true if the delay of the TDF port has changed since the last activation of the callback processing
of the current TDF module. In the context of the callback change attributes, the member function
is delay _changed shall return trueif the delay of the TDF port has changed between the last activation and
beforelast activation of the callback processing of the current TDF module. Otherwise, it shall return false.
It shall be an error if the member function is called outside the context of the member functions initialize,
reinitialize, processing, ac_processing, or change attributes of the current TDF module.

4.1.1.13.22. write

void wite( const T& value, unsigned |long sanple_id = 0 );
sca_tdf::sca_de::sca_out<T>& operator= ( const T& );

sca_core::sca_assign_t o_proxyT<sca_t df : :sca_de::sca_out<T>, T>& operator[] (
unsi gned |l ong sanple_id );

The member functions write and oper ator= shall write one sample to the port. The argument sample id
denotes the index of the sample being written. The samples shall be indexed from zero to P.get_rate()-1,
where P denotes the port. It shall be an error if sample_id is greater than or equal to the port rate.

sca_tdf::sca_de::sca_out<T>& operator= ( const sca_tdf::sca_in<T>& );

sca_tdf::sca_de::sca_out<T>& operator= ( const sca_tdf::sca_de::sca_i n<T>& );

The operator= shall read the first value from the input port of class sca tdf::sca_in or
sca tdf::sca_de::sca in and writeit to the first value of the output port.
void wite( sca_core::sca_assign_f rom_proxyT<sca_t df: :sca_de::sca_out<T> >& );

sca_tdf::sca_de::sca_out<T>& operator= (
sca_core::sca_assign_frompr oxyT<sca_t df: :sca_de::sca_out<T> >& );

The member functionswrite and oper ator = shall write the value made availabl e through the object of class
sca_core:isca_assign_from proxy' to the output port.
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The member functionswrite, operator =, and oper ator[] shall only be called in the time-domain processing
member function of the current module; otherwise, it shall be an error. Consecutive writes with the same
sample_id during the same module activation shall overwrite the value.

The value of a sample shall be written by the member function write of the interface proper of class
sc_core::sc_signal_inout_if. The member function write shall be called in the evaluation phase at the first
delta cycle of the associated time of the sample. (see 4.1.3).

4.1.1.14. sca_tdf::sca_trace _variable
4.1.1.14.1. Description

The class sca tdf::sca trace variable shal implement a variable, which can be traced in a trace file of
classsca_util::sca_trace file.

4.1.1.14.2. Class definition

namespace sca_tdf {
tenpl at e<cl ass T>
class sca_trace_variable : public sc_core::sc_object,
public sca_util::sca_traceabl e_object t
public:

sca_trace_variabl e();
explicit sca_trace_variable( const char* name_ );
virtual const char* kind() const;
void wite( const T& value );
const T& read() const;
operator const T&() const;
sca_tdf::sca_trace_vari abl e<T>& operator= ( const T& value );
sca_tdf::sca_trace_vari abl e<T>& operator= ( const sca_tdf::sca_i n<T>& port );
sca_tdf::sca_trace_vari abl e<T>& operator= ( const sca_tdf::sca_de::sca_i n<T>& port );

be

} // namespace sca_tdf

4.1.1.14.3. Constraint on usage

An application shall instantiate an object of classsca_tdf::sca trace variableonly inthe context of aclass
derived from sca_tdf::sca_module. An application shall write to an object of this class only within the
member function processing of the parent module derived from class sca_tdf::sca_module.

4.1.1.14.4. Constructors

sca_trace_variabl e();

explicit sca_trace_variable( const char* name_ );

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

The default constructor shall call function sc _core::sc_gen_unique name(“sca trace variable’) to
generate a unique string name that it shall then pass through to the constructor belonging to the base class
sc_core::sc_object.

4.1.1.14.5. kind

virtual const char* kind() const;

The member function kind shall return the string “sca._tdf::sca_trace variable’.
4.1.1.14.6. write

void wite( const T& value );
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sca_tdf::sca_trace_vari abl e<T>& operator= ( const T& );
sca_tdf::sca_trace_vari abl e<T>& operator= ( const sca_tdf::sca_in<T>& );
sca_tdf::sca_trace_vari abl e<T>& operator= ( const sca_tdf::sca_de::sca_in<T>& );

The member functions write, operator=, and operator[] shall write one sample to the trace variable.
The member functions shall only be called in the time-domain processing member function of the current
module; otherwise, it shall be an error.

4.1.1.14.7. read

const T& read();

operator const T&();

The member functions read and operator const T& shall return a reference to the trace variable. The
member functions shall only be called in the time-domain or small-signal frequency-domain processing
member function of the current module; otherwise, it shall be an error.

4.1.2. Hierarchical TDF composition and port binding

The hierarchical composition of TDF modules shall use modules derived from class sc_core::sc_module
and the constructor or its equivalent macro definitions. A hierarchical module can include modules and
ports of different models of computation. Port binding rules shall follow |EEE Std 1666-2011 aswell asthe
following specific rules as defined in this subclause. Otherwise, it shall be an error.

a. A port of classsca tdf::sca _in shall only be bound to a primitive channel of class sca tdf::sca_signal
or to aport of classsca tdf::sca in or sca_tdf::sca out of the parent module.

b. A port of classsca_tdf::sca out shall only be bound to a primitive channel of classsca_tdf::sca signal
or to aport of classsca_tdf::sca out of the parent module.

c. A port of classsca_tdf::sca in or sca tdf::sca_out shall be bound to exactly one primitive channel of
class sca_tdf::sca signal throughout the whole hierarchy.

d. A primitive channel of class sca tdf::sca signal shall have exactly one primitive port of class
sca_tdf::sca_out bound to it and may have one or more primitive ports of class sca_tdf::sca in bound
to it throughout the whole hierarchy.

e. A portof classsca tdf::sca_de::sca_in shall only bebound to achannel derived from aninterface proper
of classsc_core::sc_signal_in_if or to aport of classsc_core::sc in or sc_core::sc_out of the parent
module.

f. A port of class sca_tdf::sca de::sca out shal only be bound to a channel derived from an interface
proper of classsc_core::sc_signal_inout_if or to aport of classsc_core::sc_out of the parent module.

It shall bean error if more than one decoupling port of classsca_tdf::sca out<T, sca_tdf::SCA_CT_CUT,
INTERP> or sca_tdf::sca_out<T, sca tdf::SCA_DT_CUT> is bound to the same primitive channel of
class sca_tdf::sca _signal throughout the whole hierarchy.

4.1.3. TDF MoC elaboration and simulation

An implementation of the TDF MoC in a SystemC AMSclass library shall include apublic shell consisting
of the predefined classes, functions, macros, and so forth that can be used directly by an application. An
implementation a so includes a TDF solver that implements the functionality of the TDF classlibrary. The
underlying semantics of the TDF solver are defined in this subclause.

The execution of a SystemC AMS application that includes TDF modules consists of elaboration
followed by simulation. Elaboration results in the consistent composition of the TDF modules through
the computation of TDF attributes. Simulation involves the activation of the member functions initialize,
processing, change _attributes, and reinitialize of the TDF modules. In addition to providing support for
elaboration and simulation, the TDF solver may also provide implementati on-specific functionality beyond
the scope of this standard. As an example of such functionality, the TDF solver may compute a static
schedule for time-domain processing and may report information about the TDF module composition.

72 Copyright © 2008-2013 by the Accellera Systems Initiative. All rights reserved.



Standard SystemC® AMS extensions 2.0 Language Reference Manual March 19 2013

4.1.3.1. TDF elaboration

The primary purpose of TDF elaboration isto create internal data structures for the TDF solver to support
the semantics of TDF simulation. The TDF elaboration as described in this clause and in the following
subclauses shall execute in one sc_core::sc_module::end_of _elaboration callback. The actions stated
in the following subclauses shall occur, in the given order, during TDF elaboration and only during
TDF elaboration. The description of such actions uses the concept of a TDF cluster (see 2.1.4).

NOTE—It is not defined in which order the TDF elaboration and an application-defined
sca_tdf::sca_module::end_of_elaboration callback are executed.

4.1.3.1.1. TDF attribute setting

The TDF elaboration phase shall execute, in no particular order, all the member functions set_attributes
of the modules derived from class sca_tdf::sca_module.

4.1.3.1.2. TDF timestep calculation and propagation

The composition of TDF modules involves the computation and the propagation of consistent values
for the timesteps at each port of classes sca tdf::sca in, sca tdf::sca out, sca tdf::sca de::sca in and
sca_tdf::sca_de::sca out, and for each TDF module processing function. The port and module timesteps
are said to be consistent if they differ by less than the time resolution as returned by the function
sc_core::sc_get_time resolution. It shall be an error if consistency is not met.

The propagated timestep of a module (T, derived from class sca_tdf::sca_module shall be consistent
with the rate (R) and the propagated timestep of any port (Tp) derived from class sca_tdf::sca in,
sca_tdf::sca out, sca_tdf::sca_de::sca_in or sca_tdf::sca_de::sca_out within that module, according to
the following equation:

Tm=Tp-R (4.9)

The maximum timesteps, set by member function set_max_timestep, shall be propagated to all
TDF modules and TDF ports in the cluster according to equation 4.9. The maximum timestep shall be
resolved by taking the smallest propagated maximum timestep of the TDF modules in the cluster. In case
none of the TDF modules in the cluster specifies the maximum timestep smaller than the time returned by
function sca_core::sca_max_time, the largest propagated maximum timestep in the cluster shall be equal
tothetimereturned by function sca_core::sca_max_time. If inaTDF cluster no timestep has been assigned
using member function set_timestep of a TDF module or TDF port, the propagated maximum timestep
shall be used asthe propagated timestep. It shall be an error if the propagated maximum timestep is smaller
than the propagated timestep in the cluster.

In case the TDF attributes are changed and the equation 4.9 cannot be satisfied in consequence to this
change, an implementation shall at least satisfy the equation 4.9 for the TDF modules in the cluster, which
contain the TDF ports with the smallest timestep.

Thetimestep of amodule, returned by the member function get_timestep, shall be equal to thetime between
the last and current activation of the callback processing, except for the first module activation, where it
shall return the propagated value.

The timestep shall be only updated immediately before the execution of the callbacks initialize,
processing, and reinitialize. If the difference between two timesteps is smaller than or equal to the time
resolution, as returned by the function sc_core::sc_get_time resolution, the timesteps are considered to
be indistinguishable. In case atimestep change is imposed, as a result of the use of the member functions
set_timestep or set_max_timestep, the time at which the next cluster execution period starts shall be equal
to the current module time plus the smallest propagated timestep in the cluster.

The timestep values for ports bound to the same channel of class sca_tdf::sca_signal shall be consistent.
The assigned and propagated timestep values shall be consistent throughout the TDF cluster; otherwise it
shall be an error. It shall be an error if the propagated timestep is equal to the time returned by function
sca_core::sca_max_time.
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After successful TDF elaboration, all assigned timestep values shall be overridden by the propagated
timestep values, rounded to the next smallest multiple of the time resolution, as returned by the function
SC_core::sc_get_time _resolution.

Each sample read from or written to a port of class sca tdf:isca in, sca tdf::sca out,
sca tdf::sca de::sca in or sca tdf::sca de::sca _out shall be associated with an absolute time of type
sca_core::sca_time. Thefirst sample shall be associated with atime equal to the current module activation
time.

NOTE—AnN application needs to assign at least one timestep, using member functions set_timestep or
set_max_timestep, to a least one TDF module or one port of class sca tdf::sca_in, sca_tdf::sca_out,
sca_tdf::sca _de::sca inorsca tdf::sca de::sca_outinaTDF cluster. If notimestep has been assigned, the propagated
timestep becomes equal to the time returned by function sca_core::sca_max_time (see 3.2.6).

4.1.3.1.3. TDF computability check

It shall be an error if TDF clusters are not computable. For each TDF cluster, let R be a vector of positive
integer values ry,, v, ..., 'vy, Which size N isthe number of modulesin the cluster. A TDF cluster is said
to be computableif al three following conditions are met:

1. For every pair of ports P; and Pj belonging, respectively, to modules M; and M; of the same cluster and
which are bound to the same channel of class sca_tdf::sca signal, the following equation shall hold:

v, - Pi.get_rate() = ry, - Pj.get_rate()

It should be noted that modules M; and M; may denote the same module.

2. For each cluster, there exists an order of activation of the TDF modules that fulfills the activation
conditions as defined in Subclause 4.1.3.2.2, such that each TDF module M; shall be activated exactly
Iy, times.

3. For each cluster, there exists an activation order of modules that guarantees that the time stamps of
samples read from ports of class sca tdf::sca de::sca in at a particular module activation are always
smaller than or equal to the time stamps of samples written to ports of class sca_tdf::sca de::sca out
at later scheduled module activations.

4.1.3.2. TDF simulation

This subclause defines the process of time-domain simulation of a TDF cluster. The simulation of
TDF modules involves the execution of a TDF initialization phase followed by activations of the time-
domain processing member functions.

4.1.3.2.1. TDF initialization

The TDF initialization phase shall include the execution, in no particular order, of al the member functions
initialize of the TDF modules. The TDF initialization phase shall start after the callbacks to the member
functions start_of simulation, immediately before the first call to the first scheduled member function
processing. The current module time, returned by member function get_timein the context of the member
function initialize, shall be equal to the time of the first module activation.

Theinitial sample values at ports with an associated delay greater than zero are defined by the execution of
the port member function initialize, which shall be called in the TDF module callback initialize. Otherwise,
theinitial sample values are defined by the default constructor of the corresponding data type.

Samples written by the member function initialize of aport of class sca_tdf::sca _out shall be available to
all connected portsof classsca_tdf::sca _in beforethefirst sampleiswritten to the output port by executing
the member function processing (see 4.1.1.7.15, 4.1.1.8.17, and 4.1.1.9.17).

4.1.3.2.2. TDF processing

The member function processing of class sca tdf::sca_module shall be called if the required number of
samplesisavailableat all themodul€’ sinput ports. The number of required sampl esisdefined by therates of
the portsof classsca_tdf::sca in. After execution of the member function processing, the required samples
shall be considered as consumed and thus not available anymore.
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The number of produced samples is defined by the rates of the ports of class sca_tdf::sca out. After
execution of the member function processing, the produced samples shall be available to all connected
ports of class sca_tdf::sca in.

The samples written by the member function initialize of a port of class sca tdf::sca in or class
sca tdf::sca de::sca in shall be available first at this port in the order of their sample indexes. (see
4.1.1.5.16and 4.1.1.10.16).

NOTE 1—Samples, which are not written, remain undefined.

NOTE 2—Samples available at aport of classsca_tdf::sca_in become ordered asfollows: 1. samples as defined by the
port delay, 2. samples asdefined by the port delay of the connected port of classsca_tdf::sca_out, 3. samplesaswritten
by the member function processing of the module that instantiates the connected port of class sca_tdf::sca_out.

NOTE 3—The member function sca_tdf::sca_module::end_of_simulation may be used to perform post processing
actions.

4.1.3.2.3. TDF attribute changes and reinitialization

The TDF attributes can be changed during simulation in the context of the member function
change attributes of the modules derived from class sca tdf::sca_module. The member functions
change attributes of each TDF module, which belong to the same cluster, shall be executed, in no
particular order, after each cluster execution period. The cluster execution period shall be the shortest
possible periodic cycle of module activations to fulfill the execution semantics (see 4.1.3.2.2). The
current module time, returned by member function get_time in the context of the member function
change attributes, shall be equal to the highest annotated time to any of the samples during the cluster
execution period.

After execution of all member functions change _attributes, an implementation shall check the consistency
of timesteps and rates and perform timestep calculation and propagation (see 4.1.3.1.2 and 4.1.3.1.3). This
is followed by the execution of the member functions reinitialize. The current module time, returned by
member function get_timein the context of member function reinitialize, shall be equal to the time of the
next module activation.

4.1.3.2.4. Synchronization with the SystemC kernel

Synchronization with the SystemC kernel shall be done exclusively by using ports of class
sca_tdf::sca de::sca in and classsca tdf::sca de::sca out.

It shall be ensured that, while executing the member function processing of a module and reading from a
port of class sca_tdf::sca _de::sca in, the requested samples are available (see 4.1.1.10.21).

It shall be ensured that, while executing the member function processing of a module and writing to a port
of class sca_tdf::sca de::sca_out, the sample can be written at the corresponding time (see 4.1.1.13.22).

4.1.4. Embedded linear dynamic equations

A module derived from class sca_tdf::sca_module can embed linear dynamic equations in its member
function processing given in the form of linear transfer functions in the Laplace domain or state-space
equations. The equations shall be solved by considering samples as continuous-time signals. The solution
shall be a continuous-time signal represented by a reference to an object of class sca tdf::sca ct _pronyr
or sca_tdf::sca_ct_vector _proxyT. Only solutions at discrete time points shall be made available to the
TDF context. The required sampling shall be realized by the objects of class sca tdf::sca_ct _pronyr or
sca_tdf::sca ct_vector _pronyr depending on the output argument.

The discrete time points at which the input values are sampled shall be derived from:

a. The timestep returned by the member function get timestep of the parent module of class
sca_tdf::sca_module.

b. The timestep returned by the member function get_timestep of an instance of class sca_tdf::sca in or
sca_tdf::sca_de::sca in, which is passed as an argument to the linear dynamic equations.

Copyright © 2008-2013 by the Accellera Systems Initiative. All rights reserved. 75



March 19 2013 Standard SystemC® AMS extensions 2.0 Language Reference Manual

¢. Thetimestep passed as an argument to the linear dynamic equations.

If atimestep valueis defined for the equations, the timestep value shall be smaller than or equal to thetime
distance between the last computed solution of the equations and the time of the current activation of the
module derived from class sca_tdf::sca_module, in which the equations are embedded.

The coefficients of the equation system to be solved can be changed between computations of solutions.
The computation of a solution shall be executed at least once in the member function processing of the
module derived from class sca_tdf::sca_ module. The time of the last solution shall not be greater than
the time of the current activation of the member function processing of the module derived from class
sca_tdf::sca_module, in which the equations are embedded. When the time of the last computed solution
is smaller than the current module time, the timestep shall be extended by the difference between these
two times.

If the time of the first discrete time point of the current calculation is equal or smaller than the time of the
last discrete time point of the previous calculation, the state of the equation system shall be restored to the
state at the last time point of the calculation before the last calculation.

The embedded linear dynamic eguation classes shall be instantiated as a member of a module derived
from classsca_tdf::sca_module. The classes shall beinstantiated before the callback start_of_simulation.
After the computation of the first solution of the equations, the sizes of the coefficient vectors or matrices,
representing the number of equations, shall not be changed.

4.1.4.1. sca_tdf::sca_ct_pronyr

4.1.4.1.1. Description

The class sca_tdf::sca_ct_proxy' shall be a helper class, which shall map the computed continuous-time
solution to sampled output values. An instance of this class shall exist only as reference returned by
the member functions calculate or operator () of class sca tdf::sca Itf_nd and sca_tdf::sca Itf zp (see
41.4.3.9,4.1.4.4.9).

4.1.4.1.2. Class definition

namespace sca_tdf {

class sca_ct_proxy' :
public sca_core::sca_assign_frompr oxyT<sca_ut il::sca_vector<doubl e> >,
public sca_core::sca_assign_frompr oxyT<sca_t df : : sca_out _base<doubl e> >,
public sca_core::sca_assign_frompr oxyT<sca_t df: : sca_de: : sca_out <doubl e> >

public:
doubl e to_doubl e() const;
voi d to_vector( sca_util::sca_vector<doubl e>& unsigned |ong nsanples = 0 ) const;
const sca_util::sca_vector<doubl e>& to_vector( unsigned |ong nsanples = 0 ) const;

voi d to_port( sca_tdf::sca_out_base<doubl e>& ) const;
voi d to_port( sca_tdf::sca_de::sca_out<doubl e>& ) const;

operator double() const;
private:

/1 Disabled

sca_ct_proxy'();

voi d assign_to( sca_util::sca_vector<double>& );

voi d assign_to( sca_tdf::sca_out_base<doubl e>& );
voi d assign_to( sca_tdf::sca_de::sca_out<doubl e>& );

be

} // nanmespace sca_tdf

4.1.4.1.3. Constraint on usage
An application shall not explicitly create an instance of class sca_tdf::sca_ct JaroxyT.
4.1.4.1.4.to_double

doubl e to_doubl e() const;
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operator doubl e() const;

The member function to_double and operator double() shall sample the continuous-time solution at the
end of the current time interval and shall return the value.

4.1.4.1.5. to_vector

void to_vector( sca_util::sca_vector<doubl e>& unsigned |ong nsanples = 0 ) const;

const sca_util::sca_vector<doubl e>& to_vector( unsigned |ong nsanples = 0 ) const;

The member functionto_vector shall sample the continuous-time solution with constant timesteps, starting
at the beginning of the current timeinterval plusthetimeinterval divided by the number of samplesnsamples
and finishing with the end time of the current calculation with nsamples samples. If nsamplesis zero, the
number of input samples of the current calculation shall be used. The member function shall resize the
vector and copy the result or return areference to a vector of the appropriate size.

4.1.4.1.6.to_port

void to_port( sca_tdf::sca_out_base<doubl e>& port ) const;

void to_port( sca_tdf::sca_de::sca_out<doubl e>& port ) const;

The member function to_port shall sample the continuous-time solution with the constant timestep
associated with the port port using the member function port.get_timestep(), starting at the absolute time
associated with the first sample of the port port using the member function port.get_time(0) and finishing
at the end of the current time interval as returned by the member function port.get_time(port.get_rate()-1)
or as provided by the defined timestep. The result will be written to the corresponding samples of the port.
It shall be an error if the time associated with the last output sampleis larger than the time associated with
the input sample plus the continuous-time delay.

4.1.4.1.7. assign_to

void assign_to( sca_util::sca_vector<double>& );
voi d assign_to( sca_tdf::sca_out_base<doubl e>& );

void assign_to( sca_tdf::sca_de::sca_out<doubl e>& );

The member function assign_to shall usethe classsca core::sca_assign from _proxyT, to map operator=
of class sca util::sca vector to the member function to_vector. Equally, the operator = of a port of class
sca tdf::sca_out or sca tdf::sca _de::sca out shall be mapped to the member functionto_port.

4.1.4.2. sca_tdf::sca_ct_vector_pronyr
4.1.4.2.1. Description

Theclasssca tdf::sca_ct_vector J)roxyT shall be ahelper class, which shall map the computed continuous-
time solution to sampled output values. An instance of this class shall exist only as reference returned by
the member functions calculate or operator () of class sca_tdf::sca ss(see4.1.4.5.8).

4.1.4.2.2. Class definition

namespace sca_tdf {

class sca_ct_vector_proxy' :

public sca_core::sca_assign_frompr oxyT<sca_ut il::sca_matrix<doubl e> >,

public sca_core::sca_assign_frompr oxyT<sca_t df:: sca_out _base<sca_util::sca_vector<doubl e> > >,

public sca_core::sca_assign_frompr oxyT<sca_t df::sca_de::sca_out<sca_util::sca_vector<double> > >
{

public:

const sca_util::sca_vector<doubl e>& to_vector() const;

void to_matrix( sca_util::sca_matrix<doubl e>& unsigned |ong nsanples = 0 ) const;

const sca_util::sca_matrix<doubl e>& to_matrix( unsigned |ong nsanples = 0 ) const;

void to_port( sca_tdf::sca_out_base<sca_util::sca_vector<double> >& ) const;
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void to_port( sca_tdf::sca_de::sca_out<sca_util::sca_vector<double> >& ) const;
operator const sca_util::sca_vector<doubl e>&() const;
private:
/1 Disabl ed
sca_ct_vector_pr oxyT() ;
voi d assign_to( sca_util::sca_matrix<double>& );
voi d assign_to( sca_tdf::sca_out_base<sca_util::sca_vector<double> >& );
voi d assign_to( sca_tdf::sca_de::sca_out<sca_util::sca_vector<double> >& );

¥

} // nanmespace sca_tdf

4.1.4.2.3. Constraint on usage
An application shall not explicitly create an instance of class sca _tdf::sca _ct_vector _proxyT.

4.1.4.2.4. to_vector

const sca_util::sca_vector<doubl e>& to_vector() const;

operator const sca_util::sca_vector<doubl e>&() const;

The member function to_vector shall sample the continuous-time solution at the end of the current time
interval and shall return the values.

4.1.4.2.5. to_matrix

void to_matrix( sca_util::sca_matrix<doubl e>& unsigned |ong nsanples = 0 ) const;

const sca_util::sca_matrix<double>& to_matrix( unsigned | ong nsanples = 0 ) const;

The member functionto_matrix shall sample the continuous-time solution with constant timesteps, starting
at the beginning of the current timeinterval plusthetimeinterval divided by the number of samplesnsamples
and finishing with the end time of the current cal culation with nsamples samples. If nsamplesis zero, the
number of input samples of the current calculation shall be used. The member function shall resize the
matrix and copy the result or return areference to a matrix of the appropriate size. The column size of the
matrix shall be equal to the number of samples.

4.1.4.2.6. to_port

void to_port( sca_tdf::sca_out_base< sca_util::sca_vector<doubl e> >& port ) const;

void to_port( sca_tdf::sca_de::sca_out< sca_util::sca_vector<double> >& port ) const;

The member function to_port shall sample the continuous-time solution with the constant timestep
associated with the port port using the member function port.get_timestep(), starting at the absolute time
associated with the first sample of the port port using the member function port.get_time(0) and finishing
at the end of the current timeinterval as returned by the member function port.get_time(port.get_rate()—1)
or as provided by the defined timestep. The result will be written to the corresponding samples of the port.
It shall be an error if the time associated with the last output sampleis larger than the time associated with
the input sample plus the continuous-time delay.

4.1.4.2.7. assign_to

voi d assign_to( sca_util::sca_matrix<double>& );
voi d assign_to( sca_tdf::sca_out_base<sca_util::sca_vector<double> >& );
voi d assign_to( sca_tdf::sca_de::sca_out<sca_util::sca_vector<double> >& );

The member function assign_to shall use the class sca core::sca assign_from JaroxyT, to map the
operator= of class sca_util::sca_matrix to the member function to_matrix. Equally, the operator= of
a port of class sca_tdf::sca out or sca tdf::sca _de::sca out shal be mapped to the member function
to_port.
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4.1.4.3. sca_tdf::sca_Itf nd
4.1.4.3.1. Description

The class sca_tdf::sca Itf_nd shall implement a scaled continuous-time linear transfer function of the
Laplace-domain variable s in the numerator-denominator form:
0 num,»si
H(s)= k- ——— g 3 dela) (4.10)
Lol
Zi: o den;-s

where kisthe constant gain of the transfer function, M and N are the number of humerator and denominator
coefficients, respectively, and num and den; are real-valued coefficients of the numerator and denominator,
respectively. The argument delay is the continuous-time delay applied to the values available at the input.

4.1.4.3.2. Class definition

namespace sca_tdf {
class sca_ltf_nd : public sc_core::sc_object
{
public:
sca_l tf_nd();
explicit sca_ltf_nd( const char* );
virtual const char* kind() const;

voi d set _max_del ay( const sca_core::sca_tinme& );
voi d set _max_del ay( double, sc_core::sc_tinme_unit );

doubl e estimate_next_val ue() const;

voi d enabl e_iterations();

sca_tdf:: sca_ct_proxyT& cal cul ate( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& state,
doubl e i nput,
doubl e k = 1.0,
const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );
sca_tdf:: sca_ct_proxyT& cal cul ate( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& state,
doubl e i nput,
doubl e k = 1.0,
const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );
sca_tdf:: sca_ct_proxyT& cal cul ate( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& state,
const sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,
const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );
sca_tdf:: sca_ct_proxyT& cal cul ate( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_ti me& del ay,
sca_util::sca_vector<doubl e>& state,
const sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,
const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );
sca_tdf:: sca_ct_proxyT& cal cul ate( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& state,
const sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
sca_tdf:: sca_ct_proxyT& cal cul ate( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_ti me& del ay,
sca_util::sca_vector<doubl e>& state,
const sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
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const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& state,
const sca_tdf::sca_de::sca_i n<doubl e>& i nput,
doubl e k =1.0);
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& state,
const sca_tdf::sca_de::sca_i n<doubl e>& i nput,
doubl e k =1.0);
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
doubl e i nput,
doubl e k = 1.0,
const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_time& del ay,
doubl e i nput,
doubl e k = 1.0,
const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,
const sca_core::sca_time& tstep = sca_core::sca_max_tinme() );
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_time& del ay,
const sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,
const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_time& del ay,
const sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_tdf::sca_de::sca_i n<doubl e>& i nput,
doubl e k =1.0);
const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_time& del ay,
const sca_tdf::sca_de::sca_i n<doubl e>& i nput,
doubl e k =1.0);
( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& state,
doubl e i nput,
doubl e k = 1.0,
const sca_core::sca_time& tstep = sca_core::sca_max_tinme() );
( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& state,
doubl e i nput,
doubl e k = 1.0,
const sca_core::sca_time& tstep = sca_core::sca_max_tinme() );
( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& state,
const sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,
const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );
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k=1.0);

k=1.0);

sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_core::sca_ti me& del ay,
sca_util::sca_vector<doubl e>& state,
sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,
sca_core::sca_time& tstep = sca_core::sca_max_time() );
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& state,
sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_core::sca_ti me& del ay,
sca_util::sca_vector<doubl e>& state,
sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& state,
sca_tdf::sca_de::sca_i n<doubl e>& i nput,
doubl e

sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_core::sca_ti me& del ay,
sca_util::sca_vector<doubl e>& state,
sca_tdf::sca_de::sca_i n<doubl e>& i nput,
doubl e

sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,

doubl e i nput,
doubl e k = 1.0,
sca_core::sca_time& tstep = sca_core::sca_max_tinme() );
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,

doubl e i nput,
sca_core::sca_ti me& del ay,

doubl e k = 1.0,
sca_core::sca_time& tstep = sca_core::sca_max_tinme() );
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,
sca_core::sca_time& tstep = sca_core::sca_max_tinme() );
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_core::sca_ti me& del ay,
sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,
sca_core::sca_time& tstep = sca_core::sca_max_tinme() );
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_core::sca_ti me& del ay,

sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_tdf::sca_de::sca_i n<doubl e>& i nput,
doubl e k =1.0);
sca_util::sca_vector<doubl e>& num
sca_util::sca_vector<doubl e>& den,
sca_core::sca_ti me& del ay,
sca_tdf::sca_de::sca_i n<doubl e>& i nput,

doubl e

k =
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} // nanmespace sca_tdf

4.1.4.3.3. Constructors

sca_ltf_nd();

explicit sca_|ltf_nd( const char* );

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

The default constructor shall call function sc_core::sc_gen_unique_name(“sca Itf_nd”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sc_core::sc_object.

4.1.4.3.4. Constraint on usage

The vectors num and den shall have at least one element, respectively.
4.1.4.3.5. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca_Itf_nd”.

4.1.4.3.6. set_max_delay

voi d set_nax_del ay( const sca_core::sca_tinme&);

voi d set_nax_del ay( double, sc_core::sc_time_unit );

The member function set_max_delay shall define the maximum allowable continuous-time delay of the
input values. If the member function is not called, the maximum allowable delay shall be set to the current
timestep used, at which the input values are available. It shall be an error if the member function is called
outside the context of the member function set_attributes of the current TDF module (see 4.1.1.1.5).

4.1.4.3.7. estimate_next_value

doubl e estimate_next_val ue() const;

The member function estimate _next_value shall return an estimation of the value of type double one
timestep ahead. This timestep shall be equal to the last computed non-zero timestep. The estimation shall
use the same filter coefficients as provided for the last calculation of the equation system. The accuracy of
the estimated next value is implementation-defined.

NOTE 1—An implementation may give awarning in case the provided filter coefficients could lead to an inaccurate
estimation of the next value.

NOTE 2—If the number of numerator coefficientsis equal or larger than the number of denumerator coefficients, an
implementation may give an inaccurate estimation of the next value.

4.1.4.3.8. enable_iterations

voi d enabl e_iterations();

The member function enable_iterations shall enable zero timestep recal culations by means of setting the
timestep argument tstep of the member function calculate and oper ator () to sc_core::SC_ZERO_TIME.
It shall be called during elaboration; otherwise it shall be an error.

4.1.4.3.9. calculate, operator()

sca_tdf::sca_ct_proxy'& calculate(...);
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sca_tdf:: sca_ct_proxyT& operator() (...);

The member function calculate and operator() shall return the continuous-time signal of the Laplace-
domain variable sinthe numerator-denominator form, using areferencetotheclasssca tdf::sca ct _proxyT.
The computation of the solution of the equation system shall be started at the time of the first module
activation.

The argumentsinclude the gain of the transfer function k, the vectors of the numerator coefficients numand
denominator coefficients den, the continuous-time delay delay, the state vector state, the value of the input
at the current time input, and the timestep tstep.

The first element of the vectors num and den shall be the coefficient of order zero of the respective
polynomial.

The argument delay specifies the continuous-time delay, which shall be applied to the input values before
calculating thelinear transfer function. The delay shall be smaller than or equal to the current timestep used,
at which the input values are available, or if the member function set_max_delay has been called, smaller
than or equal to the delay set by the member function set_max_delay. If the argument delay is not specified,
the continuous-time delay shall be set to thevalue sc_core::SC ZERO_TIME.

If the state vector stateis not explicitly used as argument, the states shall be stored internally. In case where
states are stored internally and the member function get_timestep returnssc_core::SC_ ZERO_TIME for
thefirst calculation of the equation system of the current modul e activation, the state vector isrestored to the
values before the last module activation. If the size of the state vector is zero, its size shall be defined by the
member functions calculate or oper ator = and the vector elements shall beinitialized to zero. Otherwise, the
size of the state vector shall be consistent with the numerator and denumerator sizes. The relation between
the numerator and denumerator sizes and the size of the state vector isimplementation-defined.

If the timestep value tstep is not specified as argument, or if it is set to the value returned by function
sca_core::sca_max_time, the member functions calculate and operator () shall define a timestep value
equal to the time distance between the time reached by the last execution of the member function calculate
and the time of the current activation of the module derived from class sca_tdf::sca_module, in which
the transfer function is embedded. A specified timestep shall be smaller than or equal to the time distance
between the time reached by the last execution of the member function calculate and the time of the
current activation of the module derived from class sca_tdf::sca_module, in which the transfer function
is embedded.

If the timestep tstep is set to the value sc_core::SC_ZERO_TIME and the internal time of the equation
system has progressed to the same point in time equal to the current modul e activation returned by member
function get_time, the time and the state of the equation system shall be restored to the time and state before
the last calculation, and shall use the new input values. It shall be an error if the timestep tstep is equal
tosc _core::SC_ZERO_TIME and the member function enable_iterations has not been called before the
callback start_of _simulation.

If avalue of type doubleis used as input argument, the value shall be interpreted as forming a continuous-
time signal from the end of the last calculation time interval to the end of the current time interval. If a
vector of class sca_util::sca vector<double> is used as input argument, the values shall be interpreted as
forming a continuous-time signal of equidistant distributed samples from the end of the last calculation
time interval to the end of the current time interval. If a port of class sca tdf::sca_in<double> or
sca tdf::sca_de::sca in<double> is used as input argument, the samples available at the port shall be
interpreted as forming a continuous-time signal using the associated time points.

The output settling behavior resulting from a change of coefficients during simulation is implementation-
defined. If the state vector is stored internally, the state vector shall reset to zero when such achange occurs.

In case the state vector elements are set to zero, the output value shall be zero as long as the input value
is zero.
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4.1.4.4. sca_tdf::sca_Itf_zp
4.1.4.4.1. Description

The class sca tdf::sca Itf zp shall implement a scaled continuous-time linear transfer function of the
Laplace-domain variable sin the zero-pole form:

M1
I1- , (8 zeros;)

' . _(—s-delay) (4_11)
N1 €
Hi _o (8 poles)

H(s)=k-

wherekisthe constant gain of thetransfer function, M and N arethe number of zerosand pol es, respectively,
and zeros; and poles; are complex-valued zeros and poles, respectively. If M or N is zero, the corresponding
numerator or denominator term shall be a constant 1. The argument delay is the continuous-time delay
applied to the values available at the input.

4.1.4.4.2. Class definition

namespace sca_tdf {
class sca_|tf_zp : public sc_core::sc_object
public:
sca_l tf_zp();
explicit sca_ltf_zp( const char* );

virtual const char* kind() const;

voi d set _max_del ay( const sca_core::sca_tinme& );
voi d set _max_del ay( double, sc_core::sc_tinme_unit );

doubl e estimate_next_val ue() const;
voi d enabl e_iterations();

sca_tdf:: sca_ct_proxyT& cal cul at e(

const sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
const sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_util::sca_vector<doubl e>& state,
doubl e i nput,
doubl e k = 1.0,

const sca_core::sca_time& tstep = sca_core::sca_max_time() );

sca_tdf:: sca_ct_proxyT& cal cul at e(

const sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
const sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
const sca_core::sca_tinme& del ay,

sca_util::sca_vector<doubl e>& state,

doubl e i nput,

doubl e k = 1.0,

const sca_core::sca_time& tstep = sca_core::sca_max_time() );

sca_tdf:: sca_ct_proxyT& cal cul at e(

const sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
const sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_util::sca_vector<doubl e>& state,
const sca_util::sca_vector<doubl e>& i nput,
doubl e k = 1.0,

const sca_core::sca_time& tstep = sca_core::sca_max_time() );

sca_tdf:: sca_ct_proxyT& cal cul at e(

const sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
const sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
const sca_core::sca_tinme& del ay,
sca_util::sca_vector<doubl e>& state,
const sca_util::sca_vector<doubl e>& input,
doubl e k = 1.0,

const sca_core::sca_time& tstep = sca_core::sca_max_time() );

sca_tdf:: sca_ct_proxyT& cal cul at e(

const sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
const sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_util::sca_vector<doubl e>& state,
const sca_tdf::sca_i n<doubl e>& i nput,
doubl e k =1.0);
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at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_core::sca_tine& del ay
sca_util::sca_vector<doubl e>& state

sca_tdf::sca_i n<doubl e>& i nput

doubl e k =1.0);

at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_util::sca_vector<doubl e>& state
sca_tdf::sca_de::sca_i n<doubl e>& i nput

doubl e k =1.0)

at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_core::sca_tine& del ay
sca_util::sca_vector<doubl e>& state
sca_tdf::sca_de::sca_i n<doubl e>& i nput

doubl e k =1.0)

at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es

doubl e i nput
double k = 1.0,
sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() )

at e(
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es

sca_core::sca_tine& del ay

doubl e i nput

double k = 1.0,

sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() )

at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_util::sca_vector<doubl e>& i nput

doubl e k = 1.0,
sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() )
at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_core::sca_tine& del ay
sca_util::sca_vector<doubl e>& i nput

doubl e k = 1.0,
sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() )
at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_tdf::sca_i n<doubl e>& i nput

doubl e k =1.0)

at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_core::sca_tine& del ay

sca_tdf::sca_i n<doubl e>& i nput

doubl e k =1.0)

at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_tdf::sca_de::sca_i n<doubl e>& i nput

doubl e k =1.0)

at e(

sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_core::sca_tine& del ay
sca_tdf::sca_de::sca_i n<doubl e>& i nput

doubl e k =1.0)

or() (
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es
sca_util::sca_vector<doubl e>& state
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sca_ct_proxy'&

:sca_ct_proxy'&

sca_ct_proxy'&

:sca_ct_proxy'&

const
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operator() (

const
const
const

const

operator() (

const
const

const

const

operator() (

const
const
const
const

const

operator() (

const
const

const

operator() (

const
const
const

const

operator() (

const
const

const

operator() (

const
const
const

const

operator() (

const
const

const

operator() (

const
const
const

const

operator() (

const
const
const

const

doubl e i nput,

doubl e k = 1.0,
sca_core::sca_tinme& tstep = sca_core::sca_max_time() );
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_core::sca_tinme& del ay,

sca_util::sca_vector<doubl e>& state,

doubl e i nput,

doubl e k = 1.0,
sca_core::sca_tinme& tstep = sca_core::sca_max_time() );
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_util::sca_vector<doubl e>& state,
sca_util::sca_vector<doubl e>& i nput,

doubl e k = 1.0,
sca_core::sca_tinme& tstep = sca_core::sca_max_time() );
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_core::sca_tine& del ay,

sca_util::sca_vector<doubl e>& state,
sca_util::sca_vector<doubl e>& i nput,

doubl e k = 1.0,
sca_core::sca_time& tstep = sca_core::sca_max_time() );
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_util::sca_vector<doubl e>& state,

sca_tdf::sca_i n<doubl e>& i nput,

doubl e k =1.0);
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_core::sca_tinme& del ay,

sca_util::sca_vector<doubl e>& state,

sca_tdf::sca_i n<doubl e>& i nput,

doubl e k =1.0);
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_util::sca_vector<doubl e>& state,
sca_tdf::sca_de::sca_i n<doubl e>& i nput,

doubl e k =1.0);
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_core::sca_tinme& del ay,

sca_util::sca_vector<doubl e>& state,
sca_tdf::sca_de::sca_i n<doubl e>& i nput,

doubl e k =1.0);
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
doubl e i nput,

double k = 1.0,

sca_core::sca_tinme& tstep = sca_core::sca_max_time() );
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_core::sca_tinme& del ay,

doubl e i nput,

double k = 1.0,

sca_core::sca_time& tstep = sca_core::sca_max_time() );
sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
sca_util::sca_vector<doubl e>& i nput,

doubl e k = 1.0,
sca_core::sca_tinme& tstep = sca_core::sca_max_time() );

operator() (
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const
const
const
const

const

sca_util:
sca_util:
sca_core:
sca_util:
doubl e

sca_core:

sca_tdf:: sca_ct_proxyT& operator() (

const
const
const

sca_util:
sca_util:
sca_tdf::
doubl e

sca_tdf:: sca_ct_proxyT& operator() (

const
const
const
const

sca_util:
sca_util:
sca_core:
sca_tdf::
doubl e

sca_tdf:: sca_ct_proxyT& operator() (

const
const
const

sca_util:
sca_util:
sca_tdf::
doubl e

sca_tdf:: sca_ct_proxyT& operator() (

const
const
const
const

}
} // nanmespace sca_tdf

4.1.4.4.3. Constructors

sca_ltf_zp();

sca_util:
sca_util:
sca_core:
sca_tdf::
doubl e

explicit sca_|ltf_zp( const char* );

:sca_vector<sca_util::sca_conpl ex>&
:sca_vector<sca_util::sca_conpl ex>&
:sca_time& del ay,
:sca_vect or <doubl e>& i nput,

k = 1.0,

:sca_time& tstep = sca_core::sca_max_time() );

:sca_vector<sca_util::sca_conpl ex>&
:sca_vector<sca_util::sca_conpl ex>&
sca_i n<doubl e>& i nput,

k =1.0);
:sca_vector<sca_util::sca_conpl ex>&
:sca_vector<sca_util::sca_conpl ex>&

:sca_tinme& del ay,
sca_i n<doubl e>& i nput,

k =1.0);
:sca_vector<sca_util::sca_conpl ex>&
:sca_vector<sca_util::sca_conpl ex>&
sca_de: : sca_i n<doubl e>& i nput,

k =1.0);
:sca_vector<sca_util::sca_conpl ex>&
:sca_vector<sca_util::sca_conpl ex>&

:sca_time& del ay,
sca_de: : sca_i n<doubl e>& i nput,
k =1.0);

zeros,
pol es,

zeros,
pol es,

zeros,
pol es,

zeros,
pol es,

zeros,
pol es,
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The constructor for class sca tdf::sca Itf zp shall pass the character string argument (if such argument
exists) through to the constructor belonging to the base class sc_core::sc_object to set the string name of
the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique name(“sca Itf zp”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class

sc_core::sc_object.

4.1.4.4.4. Constraint on usage

The expansion of the numerator and the denominator shall result in areal value, respectively.

4.1.4.45. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_tdf::sca_Itf zp”.

4.1.4.4.6. set_max_delay

voi d set_nax_del ay( const sca_core::sca_tinme&);

voi d set_nax_del ay( double, sc_core::sc_time_unit );

The member function set_max_delay shall define the maximum allowable continuous-time delay of the
input values. If the member function is not called, the maximum allowable delay shall be set to the current
timestep used, at which the input values are available. It shall be an error if the member functionis called
outside the context of the member function set_attributes of the current TDF module (see 4.1.1.1.5).
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4.1.4.4.7. estimate_next_value

doubl e estimate_next_val ue() const;

The member function estimate next_value shall return an estimation of the value of type double one
timestep ahead. This timestep shall be equal to the last computed non-zero timestep. The estimation shall
use the same filter coefficients as provided for the last calculation of the equation system. The accuracy of
the estimated next value is implementation-defined.

NOTE 1—An implementation may give awarning in case the provided filter coefficients could lead to an inaccurate
estimation of the next value.

NOTE 2—If the number of zerosisequal or larger than the number of poles, an implementation may give an inaccurate
estimation of the next value.

4.1.4.4.8. enable_iterations

voi d enabl e_iterations();

The member function enable_iterations shall enable zero timestep recal culations by means of setting the
timestep argument tstep of the member function calculate and operator () tosc_core::SC_ZERO_TIME.
It shall be called during elaboration; otherwise it shall be an error.

4.1.4.4.9. calculate, operator()

sca_tdf:: sca_ct_proxyT& calculate(...);

sca_tdf:: sca_ct_proxyT& operator() (...);

The member function calculate and operator() shall return the continuous-time signal of the Laplace-
domain variable s in the zero-pole form, using a reference to the class sca_tdf::sca ct_proxy'. The
computation of the solution of the equation system shall be started at the time of the first module activation.

The arguments include the gain of the transfer function k, the vectors of the zero coefficients zeros and
pole coefficients poles, the continuous-time delay delay, the state vector state, the value of the input at the
current time input, and the timestep tstep.

Each element of the vectors zeros and poles shall define aroot of the transfer function. The root shall be
a value of type sca_util::sca_complex. It shall be an error if the expansion of the zeros and poles has
a nonzero imaginary part. If the size of the vector zeros, respectively poles, is zero, then the numerator,
respectively the denominator, of the transfer function shall be equal to the value 1.0 + 0.0j.

The argument delay specifies the continuous-time delay, which shall be applied to the input values before
calculating the linear transfer function. The delay shall be smaller than or equal to the current timestep used,
at which the input values are available, or if the member function set_max_delay has been called, smaller
than or equal to the delay set by the member function set_max_delay. If the argument delay isnot specified,
the continuous-time delay shall be set to thevalue sc_core::SC ZERO_TIME.

If the state vector stateis not explicitly used as argument, the states shall be stored internally. In case where
states are stored internally and the member function get_timestep returnssc_core::SC_ZERO_TIME for
thefirst calculation of the equation system of the current module activation, the state vector isrestored to the
values before the last module activation. If the size of the state vector is zero, its size shall be defined by the
member functions calculate or oper ator () and the vector elementsshall beinitialized to zero. Otherwise, the
size of the state vector shall be consistent with the numerator and denumerator sizes. The relation between
the numerator and denumerator sizes and the size of the state vector is implementation-defined.

If the timestep value tstep is not specified as argument, or if it is set to the value returned by function
sca_core::sca_max_time, the member functions calculate and operator () shall define a timestep value
equal to the time distance between the time reached by the last execution of the member function calculate
and the time of the current activation of the module derived from class sca_tdf::sca_module, in which
the transfer function is embedded. A specified timestep shall be smaller than or equal to the time distance
between the time reached by the last execution of the member function calculate and the time of the
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current activation of the module derived from class sca_tdf::sca_module, in which the transfer function
is embedded.

If the timestep tstep is set to the value sc_core::SC_ZERO_TIME and the internal time of the equation
system has progressed to the same point in time equal to the current module activation returned by member
function get_time, the time and the state of the equation system shall be restored to the time and state before
the last calculation, and shall use the new input values. It shall be an error if the timestep tstep is equal
tosc_core::SC_ZERO_TIME and the member function enable_iter ations has not been called before the
callback start_of_simulation.

If avalue of type doubleis used as input argument, the value shall be interpreted as forming a continuous-
time signal from the end of the last calculation time interval to the end of the current time interval. If a
vector of class sca_util::sca_vector <double> is used as input argument, the values shall be interpreted as
forming a continuous-time signal of equidistant distributed samples from the end of the last calculation
time interval to the end of the current time interval. If a port of class sca tdf::sca_in<double> or
sca_tdf::sca_de::sca in<double> is used as input argument, the samples available at the port shall be
interpreted as forming a continuous-time signal using the associated time points.

The output settling behavior resulting from a change of coefficients during simulation is implementation-
defined. If the state vector is stored internally the state vector shall reset to zero when such achange occurs.

In case the state vector elements are set to zero, the output value shall be zero as long as the input value
is zero.

4.1.4.5. sca_tdf::sca_ss
4.1.4.5.1. Description

Theclasssca _tdf::sca_ssshall implement asystem, which behavior is defined by the following state-space
equations:

d
% =A s()+B-x(t — delay) (4.12)
y()=C-s(t)+ D -x(¢t —delay) (4.13)

where s(t) is the state vector, X(t) is the input vector, and y(t) is the output vector. The argument delay is
the continuous-time delay applied to the values available at the input. A, B, C, and D are matrices having
the following characteristics:

« A isan-by-n matrix, where n is the number of states.

« Bisan-by-m matrix, where mis the number of inputs.
e Cisar-by-n matrix, wherer is the number of outputs.
« Disar-by-m matrix.

4.1.4.5.2. Class definition

namespace sca_tdf {
class sca_ss : public sc_core::sc_object
public:
sca_ss();
explicit sca_ss( const char* );

virtual const char* kind() const;

voi d set _max_del ay( const sca_core::sca_tinme& );
voi d set _max_del ay( double, sc_core::sc_tinme_unit );

sca_util::sca_vector<doubl e> esti mate_next_val ue() const;

voi d enabl e_iterations();

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(
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const sca_util::sca_matrix<double>& a, // matrix A

const sca_util::sca_matrix<double>& b, // matrix B

const sca_util::sca_matrix<double>& ¢, // matrix C

const sca_util::sca_matrix<double>& d, // matrix D
sca_util::sca_vector<double>& s, // state vector s(t)

const sca_util::sca_vector<doubl e>& x, // input vector Xx(t)

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<double>& a, // matrix A

const sca_util::sca_matrix<double>& b, // matrix B

const sca_util::sca_matrix<double>& ¢, // matrix C

const sca_util::sca_matrix<double>& d, // matrix D

const sca_core::sca_time& del ay,
sca_util::sca_vector<double>& s, // state vector s(t)

const sca_util::sca_vector<doubl e>& x, // input vector x(t)

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,

sca_util::sca_vector<doubl e>& s,
const sca_util::sca_matrix<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& s,
const sca_util::sca_matrix<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,

const sca_util::sca_matrix<doubl e>& b,

const sca_util::sca_matrix<doubl e>& c,

const sca_util::sca_matrix<doubl e>& d,
sca_util::sca_vector<doubl e>& s,

const sca_tdf::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& s,
const sca_tdf::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
sca_util::sca_vector<doubl e>& s,
const sca_tdf::sca_de::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& s,
const sca_tdf::sca_de::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_util::sca_vector<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
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const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,
const sca_util::sca_vector<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_util::sca_matrix<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,

const sca_util::sca_matrix<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_tdf::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,

const sca_util::sca_matrix<doubl e>& b,

const sca_util::sca_matrix<doubl e>& c,

const sca_util::sca_matrix<doubl e>& d,

const sca_core::sca_time& del ay,

const sca_tdf::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_tdf::sca_de::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& cal cul at e(

const sca_util::sca_matrix<doubl e>& a,

const sca_util::sca_matrix<doubl e>& b,

const sca_util::sca_matrix<doubl e>& c,

const sca_util::sca_matrix<doubl e>& d,

const sca_core::sca_time& del ay,

const sca_tdf::sca_de::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,

sca_util::sca_vector<doubl e>& s,
const sca_util::sca_vector<doubl e>& x,

const sca_core::sca_time& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& s,
const sca_util::sca_vector<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,

sca_util::sca_vector<doubl e>& s,
const sca_util::sca_matrix<doubl e>& x,

const sca_core::sca_time& tstep = sca_core::sca_max_tinme() );
sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
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const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& s,
const sca_util::sca_matrix<doubl e>& x,

const sca_core::sca_time& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,

const sca_util::sca_matrix<doubl e>& b,

const sca_util::sca_matrix<doubl e>& c,

const sca_util::sca_matrix<doubl e>& d,
sca_util::sca_vector<doubl e>& s,

const sca_tdf::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& s,
const sca_tdf::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
sca_util::sca_vector<doubl e>& s,
const sca_tdf::sca_de::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,
sca_util::sca_vector<doubl e>& s,
const sca_tdf::sca_de::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_util::sca_vector<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,

const sca_util::sca_vector<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_util::sca_matrix<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_core::sca_time& del ay,

const sca_util::sca_matrix<doubl e>& x,

const sca_core::sca_tinme& tstep = sca_core::sca_max_tinme() );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_tdf::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

92 Copyright © 2008-2013 by the Accellera Systems Initiative. All rights reserved.



Standard SystemC® AMS extensions 2.0 Language Reference Manual March 19 2013

const sca_util::sca_matrix<doubl e>& a,

const sca_util::sca_matrix<doubl e>& b,

const sca_util::sca_matrix<doubl e>& c,

const sca_util::sca_matrix<doubl e>& d,

const sca_core::sca_time& del ay,

const sca_tdf::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,
const sca_tdf::sca_de::sca_in< sca_util::sca_vector<double> >& x );

sca_tdf::sca_ct_vector_pr oxyT& operator () (

const sca_util::sca_matrix<doubl e>& a,

const sca_util::sca_matrix<doubl e>& b,

const sca_util::sca_matrix<doubl e>& c,

const sca_util::sca_matrix<doubl e>& d,

const sca_core::sca_time& del ay,

const sca_tdf::sca_de::sca_in< sca_util::sca_vector<double> >& x );

}
} // nanmespace sca_tdf
4.1.4.5.3. Constructors
sca_ss();

explicit sca_ss( const char* );

The constructor for class sca_tdf::sca_ss shall passthe character string argument (if such argument exists)
through to the constructor belonging to the base class sc_core::sc_object to set the string name of the
instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique_name(“sca_ss’) to generate a unique
string namethat it shall then pass through to the constructor belonging to the base classsc_core::sc_object.

4.1.4.5.4. kind
virtual const char* kind() const;
The member function kind shall return the string “sca_tdf::sca_ss’.

4.1.4.5.5. set_max_delay

voi d set _max_del ay( const sca_core::sca_tine& );

voi d set _max_del ay( double, sc_core::sc_tinme_unit );

The member function set_max_delay shall define the maximum allowable continuous-time delay of the
input values. If the member function is not called, the maximum allowable delay shall be set to the current
timestep used, at which the input values are available. It shall be an error if the member function is called
outside the context of the member function set_attributes of the current TDF module (see 4.1.1.1.5).

4.1.4.5.6. estimate_next_value

sca_util::sca_vector<doubl e> esti mate_next_val ue() const;

The member function estimate next _value shal return an estimation of the value of type
sca_util::sca vector <double> one timestep ahead. This timestep shall be equal to the last computed non-
zero timestep. The estimation shall use the same filter coefficients as provided for the last calculation of the
equation system. The accuracy of the estimated next value is implementation-defined.

NOTE 1—An implementation may give awarning in case the provided filter coefficients could lead to an inaccurate
estimation of the next value.

NOTE 2—If any of the valuesin matrix D of the state-space equation system is non-zero, an implementation may give
an inaccurate estimation of the next value.
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4.1.4.5.7. enable_iterations

voi d enabl e_iterations();

The member function enable _iterations shall enable zero timestep recal culations by means of setting the
timestep argument tstep of the member function calculate and operator () tosc _core::SC_ZERO_TIME.
It shall be called during elaboration; otherwise it shall be an error.

4.1.4.5.8. calculate, operator()

sca_tdf::sca_ct_vector_pr oxyf& calculate(...);

sca_tdf::sca_ct_vector_pr oxyf& operator() (...);

The member function calculate and operator () shall return the continuous-time signal of the state-space
equation system using a reference to the class sca tdf::sca ct_vector _proxyT. The computation of the
solution of the equation system shall be started at the time of the first module activation.

The arguments include the matrices a, b, ¢, and d, the continuous-time delay delay, the state vector s, the
input vector X, and the timestep tstep. It shall be an error if one of the following conditionsis not met:

1. Argument a shall be a square matrix of the size of state vector s.

2. The number of columns in matrix b and the number of columnsin matrix d is equal to the size of the
input vector X.

3. The number of rows in matrix b and the number of columns in matrix c is equal to the size of the state
Vector s.

4. The number of rowsin matrices ¢ and d is equal to the size of the output vector y.
The value of the state vector shall be kept after a change of values of matrix coefficients.

The argument delay specifies the continuous-time delay, which shall be applied to the input values before
calculating the linear transfer function. The delay shall be smaller than or equal to the current timestep used,
at which the input values are available, or if the member function set_max_delay has been called, smaller
than or equal to the delay set by the member function set_max_delay. If the argument delay isnot specified,
the continuous-time delay shall be set to the value sc_core::SC_ZERO_TIME.

If the state vector stateis not explicitly used as argument, the states shall be stored internally. In case where
states are stored internally and the member function get_timestep returnssc_core::SC_ZERO_TIME for
thefirst calculation of the equation system of the current module activation, the state vector isrestored to the
values before the last module activation. If the size of the state vector is zero, its size shall be defined by the
member functions calculate or operator= and the vector elements shall be initialized to zero. Otherwise,
the size of the state vector shall be consistent with the coefficient matrix sizes.

If the timestep value tstep is not specified as argument, or if it is set to the value returned by function
sca_core::sca_max_time, the member functions calculate and operator () shall define a timestep value
equal to the time distance between the time reached by the last execution of the member function calculate
and the time of the current activation of the module derived from class sca_tdf::sca_module, in which the
state space equation is embedded. A specified timestep shall be smaller than or equal to the time distance
between the time reached by the last execution of the member function calculate and the time of the current
activation of the module derived from class sca tdf::sca_module, in which the state space equation is
embedded.

If the timestep tstep is set to the value sc_core::SC_ZERO_TIME and the internal time of the equation
system has progressed to the same point in time equal to the current module activation returned by member
function get_time, the time and the state of the equation system shall be restored to the time and state before
the last calculation, and shall use the new input values. It shall be an error if the timestep tstep is equal
tosc _core::SC_ZERO_TIME and the member function enable_iter ations has not been called before the
callback start_of_simulation.

If avector of classsca_util::sca vector<double> isused asinput argument, the values shall be interpreted
as forming a continuous-time signal of equidistant distributed samples from the end of the last calculation
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time interval to the end of the current time interval. If a matrix of class sca_util::sca_matrix<double>
is used as input argument, the matrix columns shall be interpreted as forming continuous-time signa of
equidistant distributed samplesfrom the end of thelast cal cul ation timeinterval to the end of the current time
interval. If aport of class sca_tdf::sca in< sca _util::sca_vector<double> > or sca_tdf::sca_de::sca in<
sca_util::sca_vector<double> > is used as input argument, the samples available at the port shall be
interpreted as forming a continuous-time signal using the associated time points.

4.2. Linear signal flow model of computation

The LSF model of computation shall define the behavior of non-conservative continuous-time systems as
mathematical relations between quantities represented by real-value functions of the independent variable
time. The resulting differential and algebraic equation system, which is defined by the set of connected
predefined L SF primitive modules, shall be solved during simulation. The mathematical relation defined
by each LSF primitive module shall contribute to this overall equation system. The predefined set of
L SF primitive modules shall support the basic operators required to define L SF behavior as defined in this
subclause.

4.2.1. LSF class definitions

All names used in the L SF class definitions shall be placed in the namespace sca_|sf.
4.2.1.1. sca_lsf::sca_module

4.2.1.1.1. Description

The class sca_Isf::sca_module shall define the base class for all LSF primitive modules. An application
shall not derive from this class directly, but shall use the predefined primitive modules as defined in the
following clauses.

4.2.1.1.2. Class definition

namespace sca_l sf {
class sca_nodule : public sca_core::sca_nodul e
{
public:
virtual const char* kind() const;
protect ed:
sca_nodul e();
virtual ~sca_nodul e();

} // nanmespace sca_l sf

4.2.1.2. sca_lsf::sca_signal_if
4.2.1.2.1. Description

The class sca Isf::sca signal_if shall define an interface proper for a primitive channel of class
sca_|sf::sca_signal. The interface class member functions are implementati on-defined.

4.2.1.2.2. Class definition

namespace sca_| sf {
class sca_signal _if : public sca_core::sca_interface

protected:
sca_signal _if();

private:
/1 OQther menbers
i mpl ement ati on- defi ned

/1 Disabl ed

sca_signal _if( const sca_lsf::sca_signal _if&);
sca_|l sf::sca_signal _if& operator= ( const sca_lsf::sca_signal _if&);
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¥

} // nanmespace sca_l sf

4.2.1.3. sca_lsf::sca_signal
4.2.1.3.1. Description

The class sca Isf::sca signal shall define a primitive channel for the LSF MoC. It shall be used for
connecting modules derived from class sca Isf::sca_module using ports of class sca |sf::sca in and
sca |sf::sca_out. An application shall not access the associated interface directly.

4.2.1.3.2. Class definition

nanmespace sca_l sf {
class sca_signal : public sca_lsf::sca_signal_if,

public sca_core::sca_primchannel

{
public:
sca_signal ();
explicit sca_signal ( const char* );
virtual const char* kind() const;
private:
/1 Disabl ed
sca_signal ( const sca_lsf::sca_signal &);

h

} // nanespace sca_l sf
4.2.1.3.3. Constructors
sca_signal ();

explicit sca_signal ( const char* );

The constructor for class sca_Isf::sca_signal shall pass the character string argument (if such argument
exists) through to the constructor belonging to the base classsca_core::sca prim_channd to set the string
name of the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique name(“sca Isf_signal”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca core::sca_prim_channel.

4.2.1.3.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca_signal”.
4.2.1.4. sca_lsf::sca_in

4.2.1.4.1. Description

The class sca _|sf::sca in shall define a port class for the LSF MoC.

4.2.1.4.2. Class definition

namespace sca_l sf {
class sca_in : public sca_core::sca_port< sca_|lsf::sca_signal _if >
{
public:
sca_in();
explicit sca_in( const char* );
virtual const char* kind() const;

private:
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/1 Qther menbers
i mpl ement ati on- defi ned

/1 Disabl ed
sca_in( const sca_lsf::sca_in&);

¥

} // nanmespace sca_l sf

4.2.1.4.3. Constructors
sca_in();

explicit sca_in( const char* );

The constructor for class sca_Isf::sca_in shall passthe character string argument (if such argument exists)
through to the constructor belonging to the base class sca_core::sca port to set the string name of the
instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique name(“sca_Isf_in”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca _port.

4.2.1.4.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca in”.
4.2.1.5. sca_lsf::sca_out

4.2.1.5.1. Description

The class sca |sf::sca_out shall define a port class for the LSF MoC.

4.,2.1.5.2. Class definition

namespace sca_| sf {
class sca_out : public sca_core::sca_port< sca_lsf::sca_signal _if >

public:

sca_out ();

explicit sca_out( const char* );

virtual const char* kind() const;
private:

/1 Other nmenbers

i npl ement ati on-defi ned

/1 Disabl ed
sca_out ( const sca_lsf::sca_out&);

¥

} /1 nanmespace sca_| sf
4.2.1.5.3. Constructors
sca_out ();

explicit sca_out( const char* );

The constructor for classsca_Isf::sca_out shall passthe character string argument (if such argument exists)
through to the constructor belonging to the base class sca_core::sca_port to set the string name of the
instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique name(“sca Isf_out”) to generate

a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca port.
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4.2.1.5.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca._|sf::sca_out”.
4.2.1.6. sca_lsf::sca_add

4.2.1.6.1. Description

Theclasssca Isf::sca_add shall implement aprimitive module for the LSF MoC that realizes the weighted
addition of two L SF signals. The primitive shall contribute the following equation to the equation system:

Y() =Ky - Xq(t) + ko - Xo(1) (4.14)

where x;(t) and x»(t) are the two LSF input signals, k; and k; are constant weighting coefficients, and y(t)
isthe LSF output signal.

4.2.1.6.2. Class definition

nanmespace sca_l sf {
class sca_add : public sca_lsf::sca_nodule
{
public:
sca_lsf::sca_in x1; // LSF inputs
sca_l sf::sca_in x2;
sca_l sf::sca_out y; // LSF output

sca_core::sca_paranet er<doubl e> k1; // weighting coefficients
sca_core::sca_paranet er<doubl e> k2;

virtual const char* kind() const;

explicit sca_add( sc_core::sc_npdul e_nanme, double kl1_ = 1.0, double k2_ = 1.0 )
oxL( "x1T ), x2( "x2" ), y( "y" ), k1( "k1", k1_ ), k2( "k2", k2_)
{ inplenmentation-defined }

} // nanespace sca_l sf
4.2.1.6.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca _|sf::sca_add”.
4.2.1.7. sca_lsf::sca_sub

4.2.1.7.1. Description

The classsca Isf::sca_sub shall implement aprimitive module for the LSF MoC that realizes the weighted
subtraction of two L SF signals. The primitive shall contribute the following equation to the equation system:

y(t) = kg - xq(t) —ka - x2(t) (4.15)

where x3(t) and x,(t) are the two LSF input signals, k; and k; are constant weighting coefficients, and y(t)
isthe L SF output signal.

4.2.1.7.2. Class definition

namespace sca_l sf {

class sca_sub : public sca_lsf::sca_nodule

{
public:
sca_lsf::sca_in x1; // LSF inputs
sca_l sf::sca_in x2;
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sca_l sf::sca_out y; // LSF output

sca_core::sca_paranet er<doubl e> k1; // weighting coefficients
sca_core::sca_paranet er <doubl e> k2;

virtual const char* kind() const;

explicit sca_sub( sc_core::sc_nodul e_name, double kl1_ = 1.0, double k2_ = 1.0 )
DXL "x1t ), x2( "x2" ), y( "y" ), ki( "ki*, ki_ ), k2( "k2", k2_)

{ inplenmentation-defined }

h

} // namespace sca_l sf
4.2.1.7.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca_sub”.
4.2.1.8. sca_lsf::sca_gain

4.2.1.8.1. Description

The class sca_lsf::sca_gain shall implement a primitive module for the LSF MoC that realizes the
multiplication of an LSF signal by a constant gain. The primitive shall contribute the following equation
to the equation system:

y(t) = k- x(t) (4.16)
where k is the constant gain coefficient, x(t) isthe LSF input signal, and y(t) is the L SF output signal.
4.2.1.8.2. Class definition

nanmespace sca_l sf {
class sca_gain : public sca_lsf::sca_nodule
{
public:
sca_lsf::sca_in x; // LSF input
sca_l sf::sca_out y; // LSF output
sca_core::sca_paranet er<double> k; // gain coefficient
virtual const char* kind() const;
explicit sca_gain( sc_core::sc_nodul e_nanme, double k_ = 1.0 )
DXCXT ), vty ), k(TR k)
{ inplenentation-defined }

h

} // nanmespace sca_l sf

4.2.1.8.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca_gain”.
4.2.1.9. sca_lsf::sca_dot

4.2.1.9.1. Description

The class sca _|sf::sca_dot shall implement a primitive module for the LSF MoC that realizes the scaled
first-order time derivative of an LSF signal. The primitive shall contribute the following equation to the
equation system:

B dx(t) a1
v =k—; (4.17)
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where k is the constant scale coefficient, x(t) is the LSF input signal, and y(t) is the L SF output signal.

4.2.1.9.2. Class definition

nanmespace sca_l sf {
class sca_dot : public sca_lsf::sca_nodule
{
public:
sca_lsf::sca_in x; // LSF input
sca_l sf::sca_out y; // LSF output
sca_core::sca_paraneter<doubl e> k; // scale coefficient
virtual const char* kind() const;
explicit sca_dot( sc_core::sc_nodul e_nane, double k_ = 1.0 )
DXCXT ), vty ), k(TR k)
{ inplenmentation-defined }

h

} // nanmespace sca_l sf
4.2.1.9.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca_dot”.
4.2.1.10. sca_lsf::sca_integ

4.2.1.10.1. Description

The class sca_|sf::sca_integ shall implement a primitive module for the LSF MoC that realizes the scaled
time-domain integration of an LSF signal. The primitive shall contribute the following equation to the
equation system:

!

v =kl x@di+y, (4.18)

Istart

where k is the constant scale coefficient, x(t) is the LSF input signal, yg is the initial condition at t = 0,
and y(t) is the LSF output signal. The integration shall be done from the first calculation time point tgart
to the current timett.

If yo is set to sca_util::SCA_UNDEFINED, the primitive shall contribute the equationy = k - x for the
first calculation instead of the equation 4.18. In this case, yo will be set to the resulting y value of the first
calculation.

4.2.1.10.2. Class definition

nanmespace sca_l sf {
class sca_integ : public sca_lsf::sca_nodule

public:
sca_lsf::sca_in x; // LSF input

sca_l sf::sca_out y; // LSF output

sca_core::sca_paraneter<doubl e> k; // scale coefficient
sca_core::sca_paranet er<double> y0; // initial condition at t=0

virtual const char* kind() const;
explicit sca_integ( sc_core::sc_nodul e_nane, double k_ = 1.0, double yO_ = 0.0 )
SoxCUx" ), y(C Myt ), k("KM k_ ), yo( "y0", yO_)

{ inplenmentation-defined }

h
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} // nanmespace sca_l sf
4.2.1.10.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca._Isf::sca_integ”.
4.2.1.11. sca_lsf::sca_delay

4.2.1.11.1. Description

Theclass sca |sf::sca _delay shall implement a primitive module for the LSF MoC that generates a scaled
time-delayed version of an L SF signal. The primitive shall contribute the following equation to the equation
system:

Yo t<delay

y(n= (4.19)

k-x(t —delay) t>delay

wheretisthetime, delay isthetime delay in seconds, kisthe constant scal e coefficient, x(t) isthe L SF input
signal, yg is the output value before the delay isin effect, and y(t) is the LSF output signal.

4.,2.1.11.2. Class definition

nanmespace sca_l sf {
class sca_delay : public sca_lsf::sca_nodule
{
public:
sca_lsf::sca_in x; // LSF input
sca_l sf::sca_out y; // LSF output
sca_core::sca_paraneter<sca_core::sca_tinme> delay; // tinme delay
sca_core::sca_paraneter<doubl e> k; // scale coefficient
sca_core::sca_paranet er<doubl e> y0; // output value before delay is in effect
virtual const char* kind() const;
explicit sca_delay( sc_core::sc_nodul e_nane,
const sca_core::sca_tinme& delay_ = sc_core:: SC ZERO TI ME,
double k_ = 1.0,
double yO_ = 0.0 )

ox( o "x" ), y( "y" ), delay( "delay", delay_ ), k( "k", k_), yo( "yO0", yO_)
{ inplenmentation-defined }

} // namespace sca_l sf
4.2.1.11.3. Constraint of usage

The delay shall be greater than or equal to zero.

4.2.1.11.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca_delay”.
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4.2.1.12. sca_lsf::sca_source

4.2.1.12.1. Description

The class sca_|sf::sca_sour ce shall implement a primitive module for the LSF MoC that realizes a source
for an LSF signal. In time-domain simulation, the primitive shall contribute the following equation to the
equation system:

y(0)= init_value t<delay 4.20)
offset + amplitude -sin(2r - frequency -(t — delay)+ phase) t>delay '

wheret isthe time, delay isthe initial delay in seconds, init_value is the initial value, offset is the offset,
amplitude is the source amplitude, frequency is the source frequency in hertz, phase is the source phase in
radians, and y(t) is the L SF output signal. Source parameters shall be set to zero by default.

In small-signal frequency-domain simulation, the primitive shall contribute the following equation to the
equation system:

v(f)=ac_amplitude - {cos(ac_phase)+ j -sin(ac_phase)} (4.21)

wheref isthe simulation frequency, ac_amplitudeisthe small-signal amplitude, and ac_phaseisthe small-
signal phasein radians.

In small-signal frequency-domain noise simulation, the primitive shall contribute the following equation
to the equation system:

v(f)=ac_noise_amplitude (4.22)

where f isthe simulation frequency, and ac_noise_amplitude is the small-signal noise amplitude.

4.2.1.12.2. Class definition

namespace sca_| sf {

class sca_source : public sca_lsf::sca_nodul e
{

public:

sca_|l sf::sca_out y; // LSF output

sca_core::sca_paranet er<doubl e> i nit_val ue;
sca_core::sca_paranet er<doubl e> of f set;

sca_core: :sca_paranet er<doubl e> anpl i tude;
sca_core::sca_paranet er<doubl e> frequency;
sca_core: :sca_paranet er <doubl e> phase;
sca_core::sca_paraneter<sca_core::sca_tinme> del ay;
sca_core: :sca_paranet er<doubl e> ac_anpl i tude;
sca_core::sca_paranet er<doubl e> ac_phase;
sca_core::sca_paranet er<doubl e> ac_noi se_anpl i tude;

virtual const char* kind() const;

explicit sca_source( sc_core::sc_nodul e_nane,
doubl e init_val ue_
doubl e of fset_
doubl e anplitude_
doubl e frequency_
doubl e phase_
const sca_core::sca_ti
doubl e ac_anplitude_
doubl e ac_phase_
doubl e ac_noi se_anpl i

0

0

0

0

0.0,

me& del ay_ = sc_core:: SC_ZERO Tl ME,
0

0

ud

~ounon

e_ =0.0)
y( "y" ),

init_value( "init_value", init_value_),

of fset( "offset", offset_ ),

ampl i tude( "anplitude", anplitude_ ),

frequency( "frequency", frequency_ ),

phase( "phase", phase_ ),

del ay( "del ay", delay_ ),

ac_anplitude( "ac_anplitude", ac_anplitude_ ),
ac_phase( "ac_phase", ac_phase_ ),
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ac_noi se_anpl i tude( "ac_noi se_anplitude", ac_noise_anplitude_ )
{ inplenentation-defined }

’

} // nanmespace sca_l sf
4.2.1.12.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_|sf::sca_source”.
4.2.1.13. sca_lsf::sca_Itf nd

4.2.1.13.1. Description

The class sca_lsf::sca Itf_nd shall implement a primitive module for the LSF MoC that realizes a scaled
Laplacetransfer function inthetime-domain in the numerator-denominator form (see4.1.4.3). The primitive
shall contribute the following equation to the equation system:

N -1 N -2
d y@® d y(@) dy(t)
deny _ e +denN_2—dt + +den1—dt +deny - y(¢)
d" (- delay) 4" 2wt~ delay) 4.23)
=k \numyy ————— tumy

dx(t —delay)

+ -+ numy a1

+ numg - x(t — delay))

wherek isthe constant gain coefficient, M and N are the number of numerator and denominator coefficients,
respectively, indexed with i, x(t) is the LSF input signal, num; and den; are real-valued coefficients of the
numerator and denominator, respectively, delay is the continuous-time delay in seconds, applied to the
values available at the input, and y(t) isthe L SF output signal.

4.2.1.13.2. Class definition

nanmespace sca_l sf {

class sca_ltf_nd : public sca_lsf::sca_nodule

{
public:
sca_lsf::sca_in x; // LSF input

sca_l sf::sca_out y; // LSF output

sca_core::sca_paraneter<sca_util::sca_vector<double> > num // nunerator coefficients
sca_core::sca_paraneter<sca_util::sca_vector<double> > den; // denunerator coefficients
sca_core::sca_paraneter<sca_core::sca_tinme> delay; // time delay

sca_core::sca_par anet er <doubl e> k; /1 gain coefficient

virtual const char* kind() const;

explicit sca_ltf_nd( sc_core::sc_nodul e_nane,
const sca_util::sca_vector<doubl e>& num_
const sca_util::sca_vector<doubl e>& den_
double k_ = 1.0 )
x( "x" ), yC "y" ), num( "num, num_), den( "den", den_ ),
del ay( "delay", sc_core::SC ZERO TIME ), k( "k", k_)
{ inplenmentation-defined }

ca_util::sca_create_vector

=s
= sca_util::sca_create_vector

—~—

1.0),
1.0),

sca_l tf_nd( sc_core::sc_nodul e_nane,
const sca_util::sca_vector<doubl e>& num ,
const sca_util::sca_vector<doubl e>& den_,
const sca_core::sca_tinme& delay_,
double k_ = 1.0)
x( "x" ), y( "y" ), nun{ "nunt, num_ ), den( "den", den_ ),
del ay( "delay" , delay_ ), k( "k", k_)
{ inplenmentation-defined }
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} // nanmespace sca_l sf
4.2.1.13.3. Constraint on usage

The vectors num and den shall have at least one element, respectively.

4.2.1.13.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca Itf_nd”.
4.2.1.14. sca_lsf::sca_ltf_zp

4.2.1.14.1. Description

The class sca_Isf::sca _Itf_zp shall implement a primitive module for the LSF MoC that realizes a scaled
Laplace transfer function in the time-domain in the zero-pole form (see 4.1.4.4). The primitive shall
contribute the following equation to the equation system:

d d d d
(E - polesN_ l)(E - polesN _2)' . (E - polesl)(E - poleso)y(t)
(4.24)

d d d d
=k- {(E —zerosy, 1)(5 —zerosy, _ 2) - (E - zerosl)(E - zeroso)x(t - delay)}

where k is the constant gain coefficient, M and N are the number of zeros and poles, respectively, indexed
withi, x(t) isthe LSF input signal, zeros; and poles; are complex-valued zeros and poles, respectively, delay
isthe continuous-time delay in seconds applied to the values avail able at theinput, and y(t) isthe L SF output
signal.

4.2.1.14.2. Class definition

namespace sca_| sf {
class sca_ltf_zp : public sca_lsf::sca_nodule

public:
sca_lsf::sca_in x; // LSF input

sca_| sf::sca_out y; // LSF output
sca_core::sca_paranmeter<sca_util::sca_vector<sca_util::sca_conplex> > zeros;
sca_core::sca_paranmeter<sca_util::sca_vector<sca_util::sca_conplex> > pol es;
sca_core::sca_paraneter<sca_core::sca_time> delay; // time delay
sca_core::sca_paranet er<doubl e> k; // gain coefficient

virtual const char* kind() const;

explicit sca_|ltf_zp( sc_core::sc_nodul e_nane,

const sca_util::sca_vector<sca_util::sca_conplex>& zeros_ =
sca_util::sca_vector<sca_util::sca_conplex>(),

const sca_util::sca_vector<sca_util::sca_conplex>& poles_ =
sca_util::sca_vector<sca_util::sca_conplex>(),

double k_ =1.0)
x( "x" ), y( "y" ), zeros( "zeros", zeros_ ), poles( "poles", poles_),
del ay( "del ay", sc_core::SC ZERO TIME ), k( "k", k_)
{ inplenmentation-defined }

sca_ltf_zp( sc_core::sc_nodul e_nane,
const sca_util::sca_vector<sca_util::sca_conpl ex>& zeros_,
const sca_util::sca_vector<sca_util::sca_conpl ex>& poles_,
const sca_core::sca_tinme& delay_,
double k_ =1.0)
x( "x" ), y( "y" ), zeros( "zeros", zeros_ ), poles( "poles", poles_),
del ay( "delay", delay_ ), k( "k", k_)
{ inplenmentation-defined }
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} // nanmespace sca_l sf
4.2.1.14.3. Constraint on usage

The expansion of the numerator and the denominator shall result in areal value, respectively. It shall be an
error if, after expansion, the imaginary part is numerically not zero.

4.2.1.14.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_lsf::sca Itf_zp”.
4.2.1.15. sca_lsf::sca_ss
4.2.1.15.1. Description

Theclasssca_Isf::sca_ssshall implement aprimitive modulefor the LSF MoC that realizesasystem, which
behavior is defined by single-input single-output state-space equations (see 4.1.4.5). The primitive shall
contribute the following equation to the equation system:

d
% =A s()+B-x(t — delay) (4.25)
y()=C-s(t)+D-x(¢t — delay) (4.26)

where s(t) is the state vector, x(t) is the LSF input signal, delay is the continuous-time delay in seconds
applied to the values available at the input, and y(t) isthe LSF output signal. A is an-by-n matrix, where n
isthe number of states, B and C are vectors of sizen, and D isareal value.

4.2.1.15.2. Class definition

namespace sca_l sf {

class sca_ss : public sca_lsf::sca_nodule

{
public:
sca_lsf::sca_in x; // LSF input

sca_l sf::sca_out y; // LSF output

sca_core::sca_paraneter<sca_util::sca_matrix<double> > a; // matrix A of size n-by-n
sca_core::sca_paraneter<sca_util::sca_nmatrix<double> > b; // matrix B with one colum of size n
sca_core::sca_paraneter<sca_util::sca_matrix<double> > c; // matrix Cwith one row of size n
sca_core::sca_paraneter<sca_util::sca_nmatrix<double> > d; // matrix D of size 1

sca_core::sca_paraneter<sca_core::sca_tinme> delay; // time delay
virtual const char* kind() const;

explicit sca_ss( sc_core::sc_nodul e_nane,

const sca_util::sca_matrix<double>& a_ = sca_util::sca_matrix<doubl e>(),
const sca_util::sca_matrix<double>& b_ = sca_util::sca_matrix<doubl e>(),
const sca_util::sca_matrix<double>& c_ = sca_util::sca_matrix<doubl e>(),
const sca_util::sca_matrix<double>& d_ = sca_util::sca_matrix<doubl e>(),
const sca_core::sca_tinme& delay_ = sc_core:: SC ZERO TI ME )

Sox('xt ), y( y" ), a( "a", a_), b( "b", b_), ¢( "c", c_), d( "d", d_),

del ay( "’el ay", delay_ )
{ inplenmentation-defined }

} // nanmespace sca_l sf
4.2.1.15.3. Constraint on usage

It shall be an error if one of the following conditions is not met:
1. Argument a shall be a square matrix of the size of state vector s.

2. Argument b shall be a matrix with one column and the size of state vector srows.
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3. Argument c shall be amatrix with one row and the size of state vector s columns.
4. Argument d shall be amatrix of one row and one column.

NOTE—The class sca_|sf::sca_ss uses matrices similar to class sca_tdf::sca_ss.

4.2.1.15.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca ss’.
4.2.1.16. sca_lsf::sca_tdf::sca_gain, sca_lsf::sca_tdf gain

4.2.1.16.1. Description

The class sca_Isf::sca_tdf::sca gain shall implement a primitive module for the LSF MoC that realizes
the scaled multiplication of a TDF input signal by an LSF input signal. The primitive shall contribute the
following equation to the equation system:

y(t) = scale - inp - x(t) (4.27)

where scale is the constant scale coefficient, inp is the TDF input signa that shall be interpreted as a
continuous-time signal, x(t) isthe LSF input signal, and y(t) is the L SF output signal .

4.2.1.16.2. Class definition

nanmespace sca_l sf {
nanmespace sca_tdf {
class sca_gain : public sca_lsf::sca_nodule

public:
;:sca_tdf::sca_in<doubl e> inp; // TDF input

sca_lsf::sca_in x; // LSF input

sca_l sf::sca_out y; // LSF output

sca_core::sca_paranet er<doubl e> scale; // scale coefficient

virtual const char* kind() const;

explicit sca_gain( sc_core::sc_npdul e_nanme, double scale_ = 1.0 )
cinp( "inp" ), x( "x" ), y( "y" ), scale( "scale", scale_)

{ inplenmentation-defined }

¥

} // nanespace sca_tdf

typedef sca_lsf::sca_tdf::sca_gain sca_tdf_gain;

} // nanespace sca_l sf

4.2.1.16.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca tdf::sca_gain”.
4.2.1.17. sca_lsf::sca_tdf::sca_source, sca_lsf::sca_tdf source

4.2.1.17.1. Description

The class sca Isf::sca tdf::sca_source shall implement a primitive module for the LSF MoC that realizes
the scaled conversion of aTDF signal to an L SF signal. The primitive shall contribute thefollowing equation
to the equation system:

y(t) = scale - inp (4.28)
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where scale is the constant scale coefficient, inp is the TDF input signa that shall be interpreted as a
continuous-time signal, and y(t) is the L SF output signal.

4.2.1.17.2. Class definition

nanmespace sca_l sf {
nanmespace sca_tdf {
class sca_source : public sca_lsf::sca_nodule
{
public:
::sca_tdf::sca_in<doubl e> inp; // TDF input
sca_l sf::sca_out y; // LSF output
sca_core::sca_paranet er<doubl e> scale; // scale coefficient
virtual const char* kind() const;
explicit sca_source( sc_core::sc_nodul e_nanme, double scale_ = 1.0 )
inp( "inp" ), y( "y" ), scale( "scale", scale_)
{ inplenentation-defined }
B
} // nanmespace sca_tdf

typedef sca_lsf::sca_tdf::sca_source sca_tdf_source;

} // nanmespace sca_l sf

4.2.1.17.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca_tdf::sca_source’.
4.2.1.18. sca_lsf::sca_tdf::sca_sink, sca_Isf::sca_tdf_sink

4.2.1.18.1. Description

The class sca_Isf::sca_tdf::sca_sink shall implement a primitive module for the LSF MoC that realizes a
scaled conversion from an LSF signal to aTDF signal. The value of the L SF input signal x(t) shall be scaled
with coefficient scale and written to the TDF output port outp.

4.2.1.18.2. Class definition

namespace sca_| sf {
namespace sca_tdf {
class sca_sink : public sca_lsf::sca_nodul e

public:
sca_l sf::sca_in x; // LSF input

;:sca_tdf::sca_out<doubl e> outp; // TDF out put
sca_core::sca_paranet er<doubl e> scale; // scale coefficient
virtual const char* kind() const;
explicit sca_sink( sc_core::sc_nodul e_nanme, double scale_ = 1.0 )
x( "x" ), outp( "outp" ), scale( "scale", scale_)
{ inplenmentation-defined }
} /1 nanmespace sca_t df

typedef sca_l sf::sca_tdf::sca_sink sca_tdf_sink;
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} // nanmespace sca_l sf
4.2.1.18.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca._|sf::sca_tdf::sca_sink”.
4.2.1.19. sca_lsf::sca_tdf::sca_mux, sca_Isf::sca_tdf mux

4.2.1.19.1. Description

Theclasssca |sf::sca tdf::sca_mux shall implement aprimitive module for the LSF MoC that realizesthe
selection of one of two LSF signals by a TDF control signal (multiplexer). The primitive shall contribute
the following equation to the equation system:

x(t) ctrl= false

y(=
X,(t) ctrl=true

(4.29)

where ctrl is the TDF control signal, x1(t) and X»(t) are the LSF input signals, and y(t) is the L SF output
signal.

4.2.1.19.2. Class definition

nanmespace sca_l sf {
nanmespace sca_tdf {
class sca_mux : public sca_lsf::sca_nodule
{
public:
sca_lsf::sca_in x1; // LSF inputs
sca_lsf::sca_in x2;
sca_l sf::sca_out y; // LSF output
::sca_tdf::sca_in<bool> ctrl; // TDF control input
virtual const char* kind() const;
explicit sca_mux( sc_core::sc_nodul e_nane )
oxXI( "x1t ), x2( "x2" ), y( "y" ), ctrl( "ctrl")
{ inplenmentation-defined }
} // nanmespace sca_tdf

typedef sca_lsf::sca_tdf::sca_nux sca_tdf_nux;

} // nanmespace sca_l sf
4.2.1.19.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca tdf::sca_mux”.
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4.2.1.20. sca_lsf::sca_tdf::sca_demux, sca_Isf::sca_tdf_demux
4.2.1.20.1. Description

The class sca_Isf::sca tdf::sca_demux shall implement a primitive module for the LSF MoC that realizes
the routing of an LSF input signal to either one of two LSF output signals controlled by a TDF signal
(demultiplexer). The primitive shall contribute the following equations to the equation system:

v (0= {x(t) ctrl = false (4.30)
0 ctrl=true

v (0= { 0 ctrl= false (4.31)

x(t) ctrl=true

where ctrl is the TDF control signal, x(t) is the LSF input signal, and y;(t) and y(t) are the LSF output
signals.

4.2.1.20.2. Class definition

namespace sca_l sf {
namespace sca_tdf {
class sca_demux : public sca_lsf::sca_nodule
{
public:
sca_lsf::sca_in x; [// LSF input

sca_l sf::sca_out yl; // LSF outputs
sca_l sf::sca_out y2;

r:sca_tdf::sca_in<bool> ctrl; // TDF control input
virtual const char* kind() const;

explicit sca_denmux( sc_core::sc_nodul e_nane )
ox(xt ), yI( "ylt ), y2( ty2' ), etrl( tetrlt)
{ inplenmentation-defined }

h
} // nanmespace sca_tdf
typedef sca_lsf::sca_tdf::sca_denux sca_tdf_denux;

} // nanmespace sca_l sf
4.2.1.20.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca._|sf::sca_tdf::sca_demux”.
4.2.1.21. sca_lsf::sca_de::sca_gain, sca_lIsf::sca_de_gain
4.2.1.21.1. Description

Theclasssca_|sf::sca_de::sca_gain shall implement a primitive module for the LSF MoC that realizesthe
scaled multiplication of adiscrete-event input signal by an L SF input signal. The primitive shall contribute
the following equation to the equation system:

y(t) = scale - inp - x(t) (4.32)

where scale is the constant scale coefficient, inp is the discrete-event input signal that shall be interpreted
as adiscrete-time signal, x(t) isthe LSF input signal, and y(t) is the L SF output signal.

4.2.1.21.2. Class definition

namespace sca_l sf {
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nanmespace sca_de {
class sca_gain : pu

public:
sc_core: :sc_in<do

sca_l sf::sca_in
sca_l sf::sca_out

sca_core::sca_par

Standard SystemC® AMS extensions 2.0 Language Reference Manual

blic sca_lsf::sca_nodul e

uble> inp; // discrete-event input
X; /1 LSF input
y; I/ LSF out put

anet er <doubl e> scal e; // scale coefficient

virtual const char* kind() const;

explicit sca_gain
inp( "inp" ),

{ inplenentation-
}
} // nanespace sca_de
typedef sca_lsf::sca_

} // nanmespace sca_l sf
4.2.1.21.3. kind

virtual const char* kin

The member function ki

( sc_core::sc_nodul e_nanme, double scale_ = 1.0 )
x( "x" ), y( "y" ), scale( "scale", scale_)
defined }

de::sca_gain sca_de_gain;

d() const;

nd shall return the string “sca._|sf::sca_de::sca _gain”.

4.2.1.22. sca_Isf::sca_de::sca_source, sca_Isf::sca_de_source

4.2.1.22.1. Description

The class sca Isf::sca_de::sca_sour ce shall implement a primitive module for the LSF MoC that realizes
the scaled conversion of a discrete-event input signal to an LSF signal. The primitive shall contribute the

following equation to th

y(t) = scale - inp

e equation system:

(4.33)

where scale is the constant scale coefficient, inp is the discrete-event input signal that shall be interpreted

as adiscrete-time signa

, and y(t) isthe L SF output signal.

4.2.1.22.2. Class definition

nanmespace sca_l sf {
nanmespace sca_de {
cl ass sca_source :
{
public:
sc_core::sc_in<do
sca_| sf::sca_out
sca_core: :sca_par
virtual const cha
explicit sca_sour
inp( "inp" ),
{ inplenentation-
¥

} // nanespace sca_de

typedef sca_lsf::sca_

110 Copyri

public sca_lsf::sca_nodul e

uble> inp; // discrete-event input
y; /1 LSF out put
anet er <doubl e> scale; // scale coefficient

r* kind() const;

ce( sc_core::sc_nodul e_nanme, double scale_ = 1.0 )
y( "y" ), scale( "scale", scale_)
defined }

de: :sca_source sca_de_source;
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} // nanmespace sca_l sf

4.2.1.22.3. kind

virtual const char* kind() const
The member function kind shall return the string “sca_|sf::sca_de::sca_source’.
4.2.1.23. sca_lsf::sca_de::sca_sink, sca_lsf::sca_de_sink

4.2.1.23.1. Description

The class sca_Isf::sca_de::sca_sink shall implement a primitive module for the LSF MoC that realizes a
scaled conversion from an L SF signal to a discrete-event signal. The value of the L SF input signal x(t) shall
be scaled with coefficient scale and written to the discrete-event output port outp.

4.2.1.23.2. Class definition

namespace sca_| sf {
nanmespace sca_de {
class sca_sink : public sca_lsf::sca_nodul e

public
sca_lsf::sca_in x; // LSF input

sc_core::sc_out<doubl e> outp; // discrete-event output
sca_core::sca_paranet er<doubl e> scale; // scale coefficient
virtual const char* kind() const
explicit sca_sink( sc_core::sc_nodul e_nanme, double scale_ = 1.0 )
oox( "x" ), outp( "outp" ), scale( "scale", scale_)

{ inplenmentation-defined }

} /1 nanmespace sca_de

typedef sca_l sf::sca_de::sca_sink sca_de_sink

} /1 nanmespace sca_| sf

4.2.1.23.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca _de::sca sink”.
4.2.1.24. sca_lsf::sca_de::sca_mux, sca_lIsf::sca_de_mux

4.2.1.24.1. Description

Theclasssca Isf::sca_de::sca_mux shall implement a primitive module for the LSF MoC that realizesthe
selection of one of two LSF signals by a discrete-event control signal (multiplexer). The primitive shall
contribute the following equation to the equation system:

x(t) ctrl= false

y(O)=
X,(t) ctrl=true

(4.34)

where ctrl is the discrete-event control signal, x;(t) and x,(t) are the LSF input signals, and y(t) is the
L SF output signal.
4.2.1.24.2. Class definition

namespace sca_l sf {

nanmespace sca_de {
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class sca_mux : public sca_lsf::sca_nodule
public:
sca_lsf::sca_in x1; // LSF inputs
sca_lsf::sca_in x2;
sca_l sf::sca_out y; // LSF output
sc_core::sc_in<bool > ctrl; // discrete-event control
virtual const char* kind() const;
explicit sca_mux( sc_core::sc_nodul e_nane )
x1( "x1" ), x2( "x2" ), y( "y" ), ctrl( "ctrl" )
{ inplenmentation-defined }
}
} // nanespace sca_de

typedef sca_l sf::sca_de::sca_nux sca_de_nux;

} // nanmespace sca_l sf
4.2.1.24.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_Isf::sca_de::sca_ mux”.
4.2.1.25. sca_lsf::sca_de::sca_demux, sca_lsf::sca_de _demux
4.2.1.25.1. Description

The class sca_Isf::sca_de::sca_demux shall implement a primitive module for the LSF MoC that redlizes
the routing of an LSF input signal to either one of two LSF output signals controlled by a discrete-event
signal (demultiplexer). The primitive shall contribute the following equations to the equation system:

yl(t): {x(t) ctrl = false (4.35)

0 ctrl=true

v 0= { 0 ctrl= false (4.36)

x(t) ctrl=true

where ctrl is the discrete-event control signal, x(t) is the LSF input signal, and y;(t) and y»(t) are the
L SF output signals.

4.2.1.25.2. Class definition

namespace sca_l sf {
nanmespace sca_de {
class sca_demux : public sca_lsf::sca_nodule
{
public:
sca_lsf::sca_in x; // LSF input

sca_|l sf::sca_out yl; // LSF outputs
sca_l sf::sca_out y2;

sc_core::sc_in<bool > ctrl; // discrete-event control
virtual const char* kind() const;
explicit sca_demux( sc_core::sc_nodul e_nane )

x( "x" ), yi( "y1" ), y2( "y2" ), ctrl( "ctrl" )
{ inplenmentation-defined }

} // nanespace sca_de

typedef sca_l sf::sca_de::sca_denux sca_de_denux;
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} // nanmespace sca_l sf

4.2.1.25.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca _Isf::sca_de::sca_demux”.

4.2.2. Hierarchical LSF composition and port binding

The hierarchical composition of LSF modules shall use modules derived from class sc_core::sc_module
and the constructor or its equivalent macro definitions. A hierarchical module can include modules and
ports of different models of computation. Port binding rules shall follow |IEEE Std 1666-2011 as well as
the following specific rules:

a. A port of class sca_lsf::sca_in shal only be bound to a primitive channel of class sca Isf::sca_signal
or to aport of classsca_Isf::sca in or sca_Isf::sca_out of the parent module.

b. A port of class sca_Isf::sca_out shall only be bound to a primitive channel of class sca Isf::sca signal
or to port of class sca Isf::sca_out of the parent module.

c. A port of class sca Isf::sca in or sca_Isf::sca_out shal be bound to exactly one primitive channel of
class sca_|sf::sca:signal throughout the whole hierarchy.

d. A primitive channel of class sca_lIsf::sca _signal shal have exactly one primitive port of class
sca_|sf::sca_out bound to it and may have one or more primitive ports of class sca_Isf::sca in bound
to it throughout the whole hierarchy.

Predefined L SF primitive modules using ports of other models of computation shall follow the port binding
rules of the corresponding models of computation.

4.2.3. LSF MoC elaboration and simulation

Animplementation of theLSFMoC inaSystemC AMSclasslibrary shall includeapublic shell consisting of
the predefined classes, functions, and so forth that can be used directly by an application. Animplementation
shall aso include an L SF solver that implements the functionality of the LSF classlibrary. The underlying
semantics of the LSF solver are defined in this subclause.

Theexecution of aSystemC AM S application that includes L SF modul es consists of elaboration followed by
simulation. Elaboration resultsin one or more equation systems based on the contributions of the connected
LSF modules. Simulation solves the equation systems repetitively. In addition to providing support for
elaboration and simulation, the L SF solver may a so provide implementation-specific functionality beyond
the scope of this standard. As an example of such functionality, the L SF solver may report information on
the L SF module composition and equation setup.

4.2.3.1. LSF elaboration

The primary purpose of L SF elaboration isto createinternal data structures and equationsfor the L SF solver
to support the semantics of LSF simulation. The LSF elaboration as described in this clause and in the
following subclauses shall executein asc_core::sc_module::end_of elaboration callback.

The actions stated in the following subclauses shall occur, in the given order, during L SF elaboration and
only during L SF elaboration. The description of such actions use the concept of an LSF cluster, whichisa
set of LSF modules connected by channels of class sca Isf::sca signal.

L SF elaboration shall lock the parameter values of the predefined primitive modules. (See 3.2.7).
4.2.3.1.1. Timestep calculation and propagation

The timestep for every LSF cluster shall be derived from the timestep of a connected TDF cluster or set
by the member functions set_timestep or set_max_timestep of an LSF primitive module derived from
class sca_|sf::sca_module in the corresponding LSF cluster. The timestep shall be propagated within the
LSF cluster to al primitive modules and to all ports of class sca tdf::sca_in and sca tdf::sca_out<T>,
if any.
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It shall bean error if atimestep valueisnot assigned to at least one L SF modul e. The assigned and propagated
timestep values shall be consistent throughout the L SF cluster; otherwise, it shall be an error. It shall be an
error if the propagated timestep is equal to the time returned by function sca_core::sca_max_time.

After successful LSF elaboration, al assigned timestep values shall be overridden by the propagated
timestep values.

NOTE—An L SF cluster could be considered as one TDF module marked to accept attribute changes, which could be
connected to TDF modulesin ahierarchical composition by the portsof classsca_tdf::sca inandsca_tdf::sca out<T>
of the predefined L SF primitive modules. In this case, the LSF cluster is included in the timestep calculation of the
TDF cluster and must comply with the same rules (see 4.1.3.1.2).

4.2.3.1.2. LSF equation system setup and solvability check

For each LSF cluster, an equation system shall be set up by combining:
1. the contributing equations of each of the predefined L SF primitive modulesin the cluster.

2. the equations implied by the connected ports of class sca Isf::sca_in and sca_lsf::sca_out that express
the equality of the values conveyed by the ports.

It shall be an error if any of the equation systemsis numerically singular.
4.2.3.2. LSF simulation

This subclause defines the process of time-domain simulation of LSF descriptions. The simulation of a
cluster of LSF modulesis done by arepetitive solving of the underlying equation systems.

4.2.3.2.1. LSF initialization

For each LSF cluster:
1. al LSF signals and states shall be set to zero.

2. foral LSF signalsconsistent initial conditions shall be calculated in agreement with theinitial conditions
set by the predefined primitives.

4.2.3.2.2. Time-domain simulation

The solver shall at least provide results at the calculated timestep distances. If the current calculation
timestepissc_core::SC_ZERO_TIME, the time and the state of the equation system shall be restored to
the time and state before the last calculation and the calculation shall be repeated on the new input values.

4.2.3.2.3. Synchronization with TDF MoC

Synchronization with the TDF MoC shall be done exclusively by using the predefined LSF primitive
modules containing ports of class sca tdf::sca_in and sca_tdf::sca out.

The L SF solver reads repetitively samples from ports of class sca tdf::sca_in for all calculated timesteps
of the L SF cluster. Consecutive reads shall be interpreted as forming a continuous-time signal.

The LSF solver writes repetitively samples to ports of class sca tdf::sca out for al calculated timesteps
of the LSF cluster.

4.2.3.2.4. Synchronization with the SystemC kernel

Synchronization with the SystemC kernel shall be done exclusively by using the predefined L SF primitive
modules containing ports of classsc_core::sc_in and sc_core::sc_out.

The LSF solver reads repetitively values from ports of class sc_core::sc in at each first delta cycle of
the corresponding SystemC time for all calculated timesteps of the LSF cluster. The value is assumed as
constant until the next value is read.

The LSF solver writes repetitively values to ports of class sc_core::sc_out at each first delta cycle of the
corresponding SystemC time for all calculated timesteps of the L SF cluster.
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4.3. Electrical linear networks model of computation

The ELN model of computation shall define the behavior of conservative continuous-time systems
consisting of linear networks based on electrical primitives. Theresulting differential and algebraic equation
system, which is determined by the set of connected predefined ELN primitive modules, shall be solved
during simulation. The mathematical relation defined in each ELN primitive module shall contribute to this
overall equation system. The predefined ELN primitive modules shall serve asabasic set of electrical linear
network primitives as defined in this subclause.

For ELN primitive modules with exactly two terminals, the voltage across the primitive is defined in volt
and the current through the primitive is defined in ampere.

Current tracing for ELN primitive modules shall be supported for at least the primitives having two terminals
asdefined in thissubclause. The current, whichistraced, isdefined asthe current in ampere flowing through
the ELN primitive from terminal p to terminal n.

Voltage tracing shall be supported by the primitive channels of class sca eln::sca node and
sca_eln::sca_node ref. The voltage, which is traced, is defined as the voltage in volt across the electrical
node of classsca_eln::sca_nodeor sca_eln::sca_node_ref and the corresponding el ectrical reference node
of classsca eln::sca node ref.

An implementation may support current tracing of ELN primitive modules with more than two terminals.

All ELN primitive modules, which support current tracing, shall be derived from class
sca_util::sca _traceable obj ect'.

4.3.1. ELN class definitions

All names used in the ELN class definitions shall be placed in the namespace sca_eln.
4.3.1.1. sca_eln::sca_module

4.3.1.1.1. Description

The class sca_eln::sca_module shall define the base class for all ELN primitive modules. An application
shall not derive from this class directly, but shall use the predefined primitive modules as defined in the
following clauses.

4.3.1.1.2. Class definition

nanespace sca_eln {
class sca_nodule : public sca_core::sca_nodul e

public:
virtual const char* kind() const;

prot ect ed:
sca_nodul e();
virtual ~sca_nodul e();
}:

} // namespace sca_eln

4.3.1.2. sca_eln::sca_node_if
4.3.1.2.1. Description

The class sca _eln::sca_node if shall define an interface proper for the primitive channels of class
sca_eln::sca_nodeand sca_eln::sca_node ref. Theinterface class member functions are implementation-
defined.

4.3.1.2.2. Class definition

namespace sca_eln {
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class sca_node_if : public sca_core::sca_interface

protect ed:
sca_node_if();

private:

/'l Qther menbers

i mpl ement ati on- defi ned

/1 Disabl ed

sca_node_i f( const sca_eln::sca_node_if& );

sca_el n::sca_node_i f& operator= ( const sca_eln::sca_node_if& );

¥

} // namespace sca_eln

4.3.1.3. sca_eln::sca_terminal
4.3.1.3.1. Description
Theclasssca_eln::sca_terminal shall define a port class for the ELN MoC.

4.3.1.3.2. Class definition

nanmespace sca_eln {
class sca_terminal : public sca_core::sca_port< sca_eln::sca_node_if >
{
public:
sca_termnal ();
explicit sca_termnal ( const char* name_ );
virtual const char* kind() const;
private:
/1 Qther menbers
i mpl ement ati on- defi ned
/1 Disabl ed
sca_term nal ( const sca_eln::sca_termnal &);

be

} // nanmespace sca_eln

4.3.1.3.3. Constructors

sca_termnal ();

explicit sca_termnal ( const char* name_ );

The constructor for classsca_eln::sca terminal shall passthe character string argument (if such argument
exists) through to the constructor belonging to the base class sca_core::sca_port to set the string name of
the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique_name(*sca_terminal”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca_core::sca port.

4.3.1.3.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_terminal”.
4.3.1.4. sca_eln::sca_node
4.3.1.4.1. Description

The class sca_eln::sca_node shall define a primitive channel for the ELN MoC. It shall be used for
connecting ELN primitive modules using portsof classsca_eln::sca_terminal. The primitive channel shall
represent an electrical node. An application shall not access the associated interface directly.

116 Copyright © 2008-2013 by the Accellera Systems Initiative. All rights reserved.



Standard SystemC® AMS extensions 2.0 Language Reference Manual March 19 2013

4.3.1.4.2. Class definition

nanespace sca_eln {

class sca_node : public sca_eln::sca_node_if,
public sca_core::sca_pri mchannel
{

public:
sca_node();
explicit sca_node( const char* nanme_ );
virtual const char* kind() const;
private:
/1 Disabl ed
sca_node( const sca_eln::sca_node& );

h

} // namespace sca_eln

4.3.1.4.3. Constructors

sca_node();

explicit sca_node( const char* name_ );

The constructor for class sca_eln::sca node shall pass the character string argument (if such argument

exists) through to the constructor belonging to the base classsca_core::sca prim_channd to set the string
name of the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique name(“sca_node’) to generate a
unique string name that it shall then pass through to the constructor belonging to the base class
sca core::sca_prim_channel.

4.3.1.4.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_node”.
4.3.1.5. sca_eln::sca_node_ref

4.3.1.5.1. Description

The class sca_eln::sca_node ref shall define a primitive channel for the ELN MoC. It shall be used for
connecting ELN primitive modules using ports of classsca_eln::sca _terminal. The primitive channel shall
represent an electrical reference node, a node which shall always hold avoltage of zero volt. An application
shall not access the associated interface directly.

4.3.1.5.2. Class definition

nanmespace sca_eln {

class sca_node_ref : public sca_eln::sca_node_if,
public sca_core::sca_pri mchannel
{

public:

sca_node_ref();

explicit sca_node_ref( const char* nane_ );
virtual const char* kind() const;
private:

/1 Disabled

sca_node_ref ( const sca_eln::sca_node_ref&);

h

} // nanmespace sca_eln

4.3.1.5.3. Constructors

sca_node_ref();
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explicit sca_node_ref( const char* name_ );

The constructor for classsca_eln::sca_node ref shall passthe character string argument (if such argument
exists) through to the constructor belonging to the base classsca_core::sca prim_channd to set the string
name of the instance in the module hierarchy.

The default constructor shall call function sc_core::sc_gen_unique _name(*“sca_node ref”) to generate
a unique string name that it shall then pass through to the constructor belonging to the base class
sca core::sca_prim_channel.

4.3.1.5.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_node ref”.
4.3.1.6. sca_eln::sca_r
4.3.1.6.1. Description

The class sca_eln::sca_r shall implement a primitive module for the ELN MoC that represents a resistor.
The primitive shall contribute the following equation to the equation system:

Vpu(t) = ip. () -value (4.37)

where value isthe resistance in ohm, v n(t) isthe voltage across the resistor between terminalsp and n, and
ip,n(t) isthe current through the resistor flowing from terminal p to terminal n.

4.3.1.6.2. Class definition

nanespace sca_eln {

class sca_r : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object U

public:
sca_eln::sca_terminal p;
sca_eln::sca_termnal n;
sca_core: : sca_par anet er <doubl e> val ue;
virtual const char* kind() const;
explicit sca_r( sc_core::sc_nodul e_nane, double value_ = 1.0)

op(C "p" ), n( "n" ), value( "value", value_)
{ inplenentation-defined }

} /1 namespace sca_eln
4.3.1.6.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca r”.
4.3.1.7. sca_eln::sca_c
4.3.1.7.1. Description

Theclasssca_eln::sca_c shall implement a primitive module for the ELN MoC that represents a capacitor.
The primitive shall contribute the following equation to the equation system:

d (val ue vp.ut)+q,)

ip, n(f) = dt (438)
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where value is the capacitance in farad, qo is the initial charge in coulomb, v, (1) is the voltage across the
capacitor between terminals p and n, and ip (1) is the current through the capacitor flowing from terminal
p to terminal n.

If theinitial charge qp isset to sca_util:: SCA_UNDEFINED, the primitive shall contribute no equation to
the equation system for thefirst calculation. In this case, theinitial charge qg shall be calculated asfollows:
o = value - vp no, Where vp g is the voltage across the capacitor after the first calculation.

4.3.1.7.2. Class definition

nanmespace sca_eln {
class sca_c : public sca_eln::sca_nodul e,

public sca_util::sca_traceabl e_object U

{
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

sca_core: :sca_paranet er <doubl e> val ue;
sca_core: : sca_par anet er <doubl e> qO;

virtual const char* kind() const;

explicit sca_c( sc_core::sc_nodul e_nane, double value_ = 1.0, double gq0O_ = 0.0 )
opC "p" ), n(C "n" ), value( "value", value_ ), qO( "q0", qO_ )
{ inplenentation-defined }

h

} // nanespace sca_eln
4.3.1.7.3. Constraint of usage
The argument value shall not be numerically zero.

4.3.1.7.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_c”.
4.3.1.8. sca_eln::sca |

4.3.1.8.1. Description

Theclasssca_eln::sca | shall implement aprimitive module for the ELN MoC that represents an inductor.
The primitive shall contribute the following equation to the equation system:

d(value ipat)+ phi 0)

Vp, n(t) = dt (439)

where value is the inductance in henry, phig is the initial linked flux in weber, v, 1(t) is the voltage across
the inductor between terminals p and n, and ip n(t) isthe current through the inductor flowing from terminal
p to terminal n.

If the initial linked flux phig is set to sca_util::SCA_UNDEFINED, the primitive shall contribute to the
equation system the equation v, , = 0 for thefirst calculation instead of equation 4.39. Inthis case, theinitial
linked flux phig shall be calculated as follows: phig = value - ip no, Where i, n is the current flowing through
the inductor after the first calculation.

4.3.1.8.2. Class definition
namespace sca_eln {

class sca_| : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object f
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{
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

sca_core: :sca_par anet er <doubl e> val ue;
sca_core: :sca_paranet er <doubl e> phi 0O;

virtual const char* kind() const;

explicit sca_l ( sc_core::sc_nodul e_nanme, double value_ = 1.0, double phiO_ = 0.0 )
pC "p" ), n( "n" ), value( "value", value_ ), phiO( "phi0", phiO_)

{ inplenmentation-defined }

h

} // namespace sca_eln
4.3.1.8.3. Constraint of usage

The argument value shall not be numerically zero.

4.3.1.8.4. kind
virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca 1”.

4.3.1.9. sca_eln::sca_vcvs

4.3.1.9.1. Description

Theclasssca_eln::sca_vevsshall implement aprimitive modulefor the ELN MoC that representsavoltage
controlled voltage source. The primitive shall contribute the following equation to the equation system:

Vip,nn(t) = value - Vingpnen(t) (4.40)

where value is the scale coefficient, Vncpnen(t) is the control voltage across terminals ncp and nen, and
Vnp,nn(t) is the voltage across terminals np and nn.

4.3.1.9.2. Class definition

namespace sca_eln {
class sca_vcvs : public sca_eln::sca_nodul e
public:
sca_eln::sca_term nal ncp;

sca_eln::sca_term nal ncn;

sca_el n::sca_term nal np;
sca_el n::sca_term nal nn;

sca_core: :sca_par anet er <doubl e> val ue;
virtual const char* kind() const;
explicit sca_vcvs( sc_core::sc_nodul e_nanme, double value_ = 1.0 )
ncp( "ncp" ), ncn( "ncn" ), np( "np" ), nn( "nn" ), value( "value", value_ )
{ inplenmentation-defined }

h

} // nanmespace sca_eln
4.3.1.9.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_vevs'.
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4.3.1.10. sca_eln::sca_vccs

4.3.1.10.1. Description

Theclasssca_eln::sca vcces shall implement aprimitive module for the ELN MoC that represents avoltage
controlled current source. The primitive shall contribute the following equation to the equation system:

inp,nn(t) = value - Vinep,nen(t) (4.41)

where value is the scale coefficient in siemens, Viep nen(t) is the control voltage across terminals ncp and
nen, and inp nn(t) is the current flowing through the primitive from terminal np to terminal nn.

4.3.1.10.2. Class definition

namespace sca_eln {
class sca_vccs : public sca_eln::sca_nodul e
public:
sca_el n::sca_term nal ncp;

sca_el n::sca_term nal ncn;

sca_el n::sca_term nal np;
sca_el n::sca_term nal nn;

sca_core: :sca_paranet er <doubl e> val ue;
virtual const char* kind() const;
explicit sca_vccs( sc_core::sc_nodul e_nanme, double value_ = 1.0 )
: nep( "nep” ), nen( “nen* ), np( “np" ), nn( “nn" ), value( "value", value_)
{ inplenmentation-defined }

h

} // namespace sca_eln

4.3.1.10.3. kind

virtual const char* kind() const;
The member function kind shall return the string “sca_eln::sca vces'.

4.3.1.11. sca_eln::sca_ccvs

4.3.1.11.1. Description

Theclasssca _eln::sca_ccvsshall implement aprimitive modulefor the ELN MoC that represents a current
controlled voltage source. The primitive shall contribute the following equations to the equation system:

Vnp,nn(t) =value - incp,ncn(t) (4.42)
Vncp,ncn(t) =0 (4.43)

where value is the scale coefficient in ohm, inepnen(t) is the current flowing through the primitive from
terminal ncp to terminal ncn, Vyp an(t) is the voltage across terminals np and nn, and Viep nen(t) isthe voltage
across terminals ncp and nen.

4.3.1.11.2. Class definition

namespace sca_eln {
class sca_ccvs : public sca_eln::sca_nodul e
public:
sca_el n::sca_term nal ncp;

sca_el n::sca_term nal ncn;

sca_el n::sca_term nal np;
sca_el n::sca_term nal nn;

sca_core: :sca_par anet er <doubl e> val ue;
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virtual const char* kind() const;

explicit sca_ccvs( sc_core::sc_nodul e_name, double value_ = 1.0 )
: nep( "ncep" ), nen( "nen" ), np( "np" ), nn( "nn" ), value( "value", value_ )
{ inplenmentation-defined }

} // nanmespace sca_eln

4.3.1.11.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_ccvs'.
4.3.1.12. sca_eln::sca_cccs

4.3.1.12.1. Description

Theclasssca _eln::sca_cccsshall implement aprimitive module for the ELN MoC that represents acurrent
controlled current source. The primitive shall contribute the following equations to the equation system:

inp,nn(t) = value - incp nen(t) (4.44)

Vncp,ncn(t) =0 (4.45)

where valueisthe scale coefficient, incp nen(t) isthe current flowing through the primitive from terminal ncp
to terminal nen, inp nn(t) is the current flowing through the primitive from terminal np to terminal nn, and
Vnep,nen(t) i the voltage across terminals ncp and nen.

4.3.1.12.2. Class definition

namespace sca_eln {
class sca_cccs : public sca_eln::sca_nodul e
public:
sca_el n::sca_termnal ncp;

sca_eln::sca_term nal ncn;

sca_el n::sca_termnal np;
sca_el n::sca_termnal nn;

sca_core: :sca_paranet er <doubl e> val ue;
virtual const char* kind() const;

explicit sca_cccs( sc_core::sc_nodul e_nanme, double value_ = 1.0 )
: nep( "ncp" ), nen( “ncn” ), np( “np" ), nn( “nn" ), value( "value", value_)
{ inplenmentation-defined }

}i

} /1 namespace sca_eln
4.3.1.12.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_cccs’.
4.3.1.13. sca_eln::sca_nullor

4.3.1.13.1. Description

The class sca_eln::sca nullor shall implement a primitive module for the ELN MoC that represents a
nullor. The primitive shall contribute the following equations to the equation system:

Vhip,ni n(t)=0 (4.46)

ini p,nin(t) =0 (4.47)
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where Vnip nin(t) is the voltage across terminal's nip and nin, and inip nin(t) is the current flowing through the
primitive from terminal nip to terminal nin.

NOTE—A nullor (anullator - norator pair) corresponds to an ideal operational amplifier (an amplifier with an infinite
gain).
4.3.1.13.2. Class definition

nanmespace sca_eln {
class sca_nullor : public sca_eln::sca_nodul e
public:
sca_el n::sca_term nal nip;

sca_eln::sca_term nal nin;

sca_el n::sca_term nal nop;
sca_el n::sca_term nal non;

virtual const char* kind() const;
explicit sca_nullor( sc_core::sc_nodul e_nane )

nip( "nip" ), nin( "nin" ), nop( "nop" ), non( "non" )
{ inplenmentation-defined }

} // nanmespace sca_eln

4.3.1.13.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_nullor”.
4.3.1.14. sca_eln::sca_gyrator

4.3.1.14.1. Description

The class sca_eln::sca_gyrator shall implement a primitive module for the ELN MoC that represents a
gyrator. The primitive shall contribute the following equations to the equation system:

iplvnl(t) =02 sz,nz(t) (4.48)

ipz,nz(t) = _gl ) Vpl,nl(t) (449)

where g; and g, are the gyration conductances in siemens (ampere / volt), vp,n,(t) is the voltage across
terminals p and ny, vp, n,(t) is the voltage across terminals p; and ny, ip, n,(t) isthe current flowing through
the primitive from terminal p; to terminal ny, and ip, n,(t) is the current flowing through the primitive from
terminal py to terminal ny.

4.3.1.14.2. Class definition

namespace sca_eln {

class sca_gyrator : public sca_eln::sca_nodule

{
public:
sca_el n::sca_term nal pil;
sca_el n::sca_term nal nil;

sca_el n::sca_term nal p2;
sca_el n::sca_term nal n2;

sca_core::sca_paranet er<doubl e> g1;
sca_core::sca_paranet er<doubl e> ¢g2;

virtual const char* kind() const;
explicit sca_gyrator( sc_core::sc_nodul e_name, double gl_ = 1.0, double g2_ = 1.0 )
pi( "p1" ), ni( "n1" ), p2( "p2" ), n2( "n2" ), gi( "gl", g1_), 92( "g2", g2_)

{ inplenmentation-defined }

h
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} // namespace sca_eln

4.3.1.14.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_gyrator”.
4.3.1.15. sca_eln::sca_ideal_transformer

4.3.1.15.1. Description

The class sca_eln::sca_ideal_transformer shall implement a primitive module for the ELN MoC that
represents an ideal transformer. The primitive shall contribute the following equations to the equation
system:

Vp1,n1(t) = ratio - Vp na(t) (4.50)

ipzyng(t) =ratio - ipl,nl(t) (4.51)

where ratio is the transformation ratio, vy, n,(t) is the voltage across terminals p, and ny, Vp, n,(t) is the
voltage across terminals py and ny, ip, n,(t) is the current flowing through the primitive from terminal p; to
terminal ny, and ip,n,(t) isthe current flowing through the primitive from terminal p, to terminal n,.

4.3.1.15.2. Class definition

nanespace sca_eln {
class sca_ideal _transformer : public sca_eln::sca_nodule
{
public:
sca_eln::sca_termnal pi;
sca_eln::sca_termnal ni;

sca_eln::sca_termnal p2;
sca_eln::sca_term nal n2;

sca_core::sca_paranet er<doubl e> rati o;
virtual const char* kind() const;

explicit sca_ideal _transfornmer( sc_core::sc_nodul e_nanme, double ratio_ = 1.0 )
opl( "p1" ), ni( "n1" ), p2( "p2" ), n2( "n2" ), ratio( "ratio", ratio_)
{ inplenmentation-defined }

} // namespace sca_eln

4.3.1.15.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca ideal_transformer”.
4.3.1.16. sca_eln::sca_transmission_line

4.3.1.16.1. Description

The class sca _€eln::sca transmission_line shall implement a primitive module for the ELN MoC that
representsatransmission line. The primitive shall contribute the following equationsto the equation system:

2y iay, b /(1) t <delay

Var b= petiay-dela (4.52)
e ‘0 y(vaz,;,z(t—delay)+zo-ia2,;,2(t—delay))-#zo-ia],b](t) t>delay
Zg lay b1) t<delay

Varb D=4 ety v (4.53)
e O vy, b (t — delay)+zgia, bt — delay))+zg ia, 1) t=delay
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where 7 is the characteristic impedance of the transmission line in ohm, delay is the transmission delay
in seconds and deltag is the dissipation factor in 1/seconds. v, b, (t) is the voltage across terminals a; and
b1, Va,n,(t) is the voltage across terminals ap and by, i, 6,(t) is the current flowing through the primitive
from terminal a; to terminal by, and i, ,(t) is the current flowing through the primitive from terminal a
to terminal by.

4.3.1.16.2. Class definition

namespace sca_eln {

class sca_transmission_line : public sca_eln::sca_nodule

{
public:
sca_el n::sca_term nal al;
sca_el n::sca_term nal bil;

sca_el n::sca_term nal a2;
sca_el n::sca_term nal b2;

sca_core: :sca_paranet er<doubl e> zO0;
sca_core::sca_paraneter<sca_core::sca_tinme> del ay;
sca_core: :sca_paranet er<doubl e> del t a0;

virtual const char* kind() const;

explicit sca_transm ssion_line( sc_core::sc_nodul e_nane,
doubl e z0_ = 100. 0,
const sca_core::sca_time& delay_ = sc_core:: SC ZERO Tl ME,
doubl e delta0_ = 0.0 )
:al( "al" ), bil( "bi" ),
a2( "a2" ), b2( "b2" ),
z0( "zO0", z0_ ),
del ay( "del ay", delay_ ),
del ta0( "delta0", delta0_ )
{ inplenentation-defined }

} // namespace sca_eln
4.3.1.16.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_transmission_line”.

4.3.1.17. sca_eln::sca_vsource

4.3.1.17.1. Description

Theclasssca eln::sca_vsour ceshall implement aprimitive modulefor the ELN MoC that realizesavoltage
source. In time-domain simulation, the primitive shall contribute the following equation to the equation
system:

init_value t <delay

Vp, n(l) = (454)

offset +amplitude -sin(2x - frequency - (t — delay)+ phase) t>delay

wheret isthe time, delay isthe initial delay in seconds, init_value is the inital voltage in volt, offset is the
offset voltage in volt, amplitude is the source amplitude in volt, frequency is the source frequency in hertz,
phaseisthe source phasein radians, and vp n(t) isthe output voltage acrossterminals p and n. V oltage source
parameters shall be set to zero by default.

In small-signal frequency-domain simulation, the primitive shall contribute the following equation to the
equation system:

vpu(f) =ac_amplitude - {cos(ac_phase)+ j -sin(ac_phase)} (4.55)

where f is the simulation frequency in hertz, ac_amplitude is the small-signa amplitude in volt, and
ac_phaseisthe small-signal phasein radian.
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In small-signal frequency-domain noise simulation, the primitive shall contribute the following equation
to the equation system:

vpu(f )= ac_noise_amplitude (4.56)

where f is the ssimulation frequency in hertz, and ac_noise_amplitude is the small-signal noise amplitude
involt.

4.3.1.17.2. Class definition

nanmespace sca_eln {

class sca_vsource : public sca_eln::sca_nodul e,
public sca_util::sca_traceabl e_object U

public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

sca_core::sca_paranet er<doubl e> i nit_val ue;
sca_core::sca_paranet er<doubl e> of f set;
sca_core::sca_paranet er <doubl e> anpl it ude;
sca_core::sca_paranet er <doubl e> frequency;
sca_core: :sca_par anet er <doubl e> phase;
sca_core::sca_paraneter<sca_core::sca_tinme> del ay;
sca_core::sca_paranet er<doubl e> ac_anpl i tude;
sca_core::sca_paranet er<doubl e> ac_phase;
sca_core::sca_paranet er<doubl e> ac_noi se_anpl it ude;

virtual const char* kind() const;

explicit sca_vsource( sc_core::sc_nodul e_nane,
doubl e init_value_
doubl e of fset _
doubl e anplitude_
doubl e frequency_
doubl e phase_
const sca_core::sca_t
doubl e ac_anplitude_ 0
doubl e ac_phase_ 0
doubl e ac_noi se_anplitude_ = 0.0 )

[oloNoNoNo)

0.
0.
0.
0.
0.
ime

& delay_ = sc_core:: SC_ZERO TI ME,

.0
.0,
p( "p" ),
n( "n" ),
init_value( "init_value", init_value_),
offset( "offset", offset_ ),
anpl i tude( "anplitude", anplitude_ )
frequency( "frequency", frequency_ )
phase( "phase", phase_ ),
del ay( "del ay", delay_ ),
ac_anplitude( "ac_anplitude", ac_anplitude_ ),
ac_phase( "ac_phase", ac_phase_ ),
ac_noi se_anplitude( "ac_noi se_anplitude", ac_noise_anplitude_ )
{ inplenmentation-defined }

B
} // nanmespace sca_eln

4.3.1.17.3. kind

virtual const char* kind() const;
The member function kind shall return the string “sca_eln::sca_vsource”.
4.3.1.18. sca_eln::sca_isource

4.3.1.18.1. Description

Theclasssca_eln::sca_isourceshall implement aprimitive modulefor the ELN MoC that realizesacurrent
source. In time-domain simulation, the primitive shall contribute the following equation to the equation
system:

i) = init_value t<delay (4.57)
. offset +amplitude - sin(2r - frequency -(t — delay)+ phase) t>delay '
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wheret isthe time, delay istheinitial delay in seconds, init_valueistheinitial current in ampere, offset is
the offset current in ampere, amplitude is the source amplitude in ampere, frequency isthe source frequency
in hertz, phase is the source phase in radians, and ipn(t) is the output current through the primitive from
terminal p to terminal n. Current source parameters shall be set to zero by default.

In small-signal frequency-domain simulation, the primitive shall contribute the following equation to the
equation system:

ip(f)=ac_amplitude - {cos(ac_phase)+ j -sin(ac_phase)} (4.58)

where f is the simulation frequency, ac_amplitude is the small-signal amplitude in ampere, and ac_phase
isthe small-signal phase in radian.

In small-signal frequency-domain noise simulation, the primitive shall contribute the following equation
to the equation system:

ip(f )= ac_noise_amplitude (4.59)

wheref isthe simulation frequency, and ac_noise_amplitudeisthe small-signal noise amplitudein ampere.

4.3.1.18.2. Class definition

namespace sca_eln {

class sca_isource : public sca_eln::sca_nodul e,
public sca_util::sca_traceable_object’

public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

sca_core::sca_paranet er <doubl e> ini t_val ue;
sca_core::sca_paranet er <doubl e> of f set;
sca_core::sca_paranet er <doubl e> anpl i t ude;
sca_core::sca_paranet er <doubl e> frequency;
sca_core::sca_paranet er <doubl e> phase;
sca_core::sca_paraneter<sca_core::sca_tinme> del ay;
sca_core::sca_paranet er <doubl e> ac_anpl i tude;
sca_core::sca_paranet er <doubl e> ac_phase;
sca_core::sca_paranet er <doubl e> ac_noi se_anpl i tude;

virtual const char* kind() const;

explicit sca_isource( sc_core::sc_nodul e_nane
doubl e init_val ue_
doubl e of fset _
doubl e anplitude_
doubl e frequency_
doubl e phase_
const sca_core::sca_t
doubl e ac_anplitude_
doubl e ac_phase_ =
doubl e ac_noi se_anplitude_ = 0.0 )

cocooo

0
0
0
0
0
e

& delay_ = sc_core:: SC_ZERO TI ME,

0.0
0.0,
p( "p" ),
n( "n" ),
init_value( "init_value", init_value_),
of fset( "offset"”, offset_ ),
anplitude( "anplitude", anplitude_ )
frequency( "frequency", frequency_ )
phase( "phase", phase_ ),
del ay( "del ay", delay_ ),
ac_anplitude( "ac_anplitude", ac_anplitude_ ),
ac_phase( "ac_phase", ac_phase_ ),
ac_noi se_anpl i tude( "ac_noi se_anplitude", ac_noise_anplitude_)
{ inplenmentation-defined }
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} // namespace sca_eln
4.3.1.18.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_isource’.
4.3.1.19. sca_eln::sca_tdf::sca_r, sca_eln::sca_tdf _r
4.3.1.19.1. Description

Theclasssca_eln::sca tdf::sca r shall implement a primitive module for the ELN MoC that represents a
resistor, which resistance is controlled by a TDF input signal. The primitive shall contribute the following
equation to the equation system:

Vpn(t) = scale - inp - ipn(t) (4.60)

where scaleisthe constant scale coefficient, inpisthe TDF input signal, vp n(t) isthe voltage acrossterminals
p and n, and ipn(t) is the current flowing through the primitive from terminal p to terminal n. The product
of scale and inp shall be interpreted as the resistance in ohm.

4.3.1.19.2. Class definition

namespace sca_eln {
namespace sca_tdf {

class sca_r : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object U

{
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

::sca_tdf::sca_i n<doubl e> i np;

sca_core::sca_par anet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_r( sc_core::sc_nodul e_nane, double scale_ = 1.0

SopC "p" ), nC "n" ), inp( "inp" ), scale( "scale", scale_
{ inplenmentation-defined }

)
)

} // nanmespace sca_tdf
typedef sca_eln::sca_tdf::sca_r sca_tdf_r;

} // nanmespace sca_eln
4.3.1.19.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca tdf::sca r”.
4.3.1.20. sca_eln::sca_tdf::sca _c, sca_eln::sca_tdf ¢
4.3.1.20.1. Description

The class sca_eln::sca_tdf::sca c shall implement a primitive module for the ELN MoC that represents
a capacitor, which capacitance is controlled by a TDF input signal. The primitive shall contribute the
following equation to the equation system:

d(inp Vo) + qo)

ipn(t)=scale - 7 (4.61)
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where scaleisthe constant scale coefficient, inpisthe TDF input signal, qp istheinitia chargein coulomb,
Vp,n(t) is the voltage across terminals p and n, and ip n(t) is the current flowing through the primitive from
terminal p to terminal n. The product of scale and inp shall be interpreted as the capacitance in farad.

If theinitial charge qpis set to sca_util::SCA_UNDEFINED, the primitive shall contribute no egquation to
the equation system for thefirst calculation. In this case, theinitial charge qg shall be calculated as follows:
Qo = value - Vi no, Where vy g is the voltage across the capacitor after the first calculation.

4.3.1.20.2. Class definition

nanmespace sca_eln {
nanmespace sca_tdf {

class sca_c : public sca_eln::sca_nodul e,
public sca_util::sca_traceabl e_object f

public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

;:sca_tdf::sca_i n<doubl e> i np;

sca_core::sca_paranet er <doubl e> scal e;
sca_core: : sca_par anet er <doubl e> q0;

virtual const char* kind() const;

explicit sca_c( sc_core::sc_nodul e_nane, double scale_ = 1.0, double q0_ = 0.0 )
opC "p" ), n(C "n" ), inp( "inp" ), scale( "scale", scale_), qO( "qO0", qO_ )
{ inplenmentation-defined }

} /1 nanmespace sca_tdf
typedef sca_eln::sca_tdf::sca_c sca_tdf_c;

} /1 nanmespace sca_eln
4.3.1.20.3. Constraint of usage
The TDF input signal inp shall not be zero.

4.3.1.20.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca tdf::sca _c”.
4.3.1.21. sca_eln::sca_tdf::sca |, sca_eln::sca_tdf |
4.3.1.21.1. Description

The classsca_eln::sca tdf::sca_| shall implement a primitive module for the ELN MoC that represents an
inductor, which inductance is controlled by a TDF input signal. The primitive shall contribute the following
equation to the equation system:

d(inp ipn(t)+ phio)
dt

(4.62)

vp,u(t) = scale -

where scale is the constant scale coefficient, inp is the TDF input signal, phig is the initial linked flux in
weber, vp (1) isthe voltage across terminals p and n, and ip (t) is the current flowing through the primitive
from terminal p to terminal n. The product of scale and inp shall be interpreted as the inductance in henry.

If the initial linked flux phig is set to sca_util:: SCA_UNDEFINED, the primitive shall contribute to the
equation system the equation v, , = 0 for thefirst calculation instead of equation 4.62. Inthis case, theinitial
linked flux phig shall be calculated as follows: phig = value - ip n, Where i, n is the current flowing through
the inductor after the first calculation.
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4.3.1.21.2. Class definition

nanmespace sca_eln {
nanmespace sca_tdf {

class sca_| : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object U

public:
sca_eln::sca_terminal p;
sca_eln::sca_termnal n;

::sca_tdf::sca_i n<doubl e> i np;

sca_core: : sca_par anet er <doubl e> scal €;
sca_core: :sca_paranet er <doubl e> phi 0;

virtual const char* kind() const;

explicit sca_l ( sc_core::sc_npdul e_nanme, double scale_ = 1.0, double phiO_ = 0.0 )
copC "p" ), n(C "n" ), inp( "inp" ), scale( "scale", scale_), phiO( "phi0", phiO_)

{ inplenmentation-defined }

b

} // nanmespace sca_tdf

typedef sca_eln::sca_tdf::sca_l sca_tdf_I;

} //nanespace sca_eln
4.3.1.21.3. Constraint of usage

The TDF input signal inp shall not be zero.

4.3.1.21.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_tdf::sca |”.
4.3.1.22. sca_eln::sca_tdf::sca_rswitch, sca_eln::sca_tdf_rswitch

4.3.1.22.1. Description

The class sca €eln::sca tdf::sca rswitch shall implement a primitive module for the ELN MoC that
representsaswitch, whichiscontrolled by aTDF control signal. The primitive shall contributethefollowing
equation to the equation system:

Fon“ipn(t) ctrl # off state

Vp.n(t) =
” o ipn(t) ctrl = off state

(4.63)

where ctrl is the TDF control signal, r is the resistance of the switch in ohm under the condition that
off_stateisequal to the TDF control signal, and r o, isthe resistance of the switch in ohm under the condition
that off_state is not equal to the TDF control signal. v n(t) isthe voltage across terminals p and n, and i n(t)
isthe current flowing through the primitive from terminal p to terminal n.

4.3.1.22.2. Class definition

namespace sca_eln {
namespace sca_tdf {

class sca_rswitch : public sca_eln::sca_nodul e,
public sca_util::sca_traceabl e_object T
{
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;
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r:sca_tdf::sca_in<bool > ctrl;

sca_core: :sca_par anet er <doubl e> ron;
sca_core::sca_paranet er<doubl e> roff;
sca_core: :sca_par anet er <bool > of f_state;

virtual const char* kind() const;

explicit sca_rswitch( sc_core::sc_nodul e_nane,

double ron_ = 0.0,
double roff_ = sca_util::SCA | NFINTY,
bool off_state_ = false )

P( "p" ). n( "n" ), ctrl( "etrl"),
ron( "ron", ron_ ), roff( "roff", roff_ ),
off _state( "off_state", off_state_ )

{ inplenmentation-defined }

}

} // nanmespace sca_tdf

typedef sca_eln::sca_tdf::sca_rswitch sca_tdf_rswtch;

} // nanmespace sca_eln
4.3.1.22.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_tdf::sca _rswitch”.

4.3.1.23. sca_eln::sca_tdf::sca_vsource, sca_eln::sca_tdf vsource

4.3.1.23.1. Description

March 19 2013

Theclasssca €eln::sca tdf::sca vsourceshall implement aprimitivemodulefor the ELN MoC that realizes
the scaled conversion of aTDF signal to an ELN voltage source. The primitive shall contribute thefollowing

equation to the equation system:

Vpn(t) = scale - inp

(4.64)

where scale is the constant scale coefficient, inp is the TDF input signal that shall be interpreted as a
continuous-time signal, and vp (1) isthe voltage across terminals p and n. The product of scale and inp shall

be interpreted as the voltage in volt.

4.3.1.23.2. Class definition

nanmespace sca_eln {
nanmespace sca_tdf {

class sca_vsource : public sca_eln::sca_npdul e,
public sca_util::sca_traceabl e_object T
{

public:
sca_eln::sca_terminal p;
sca_eln::sca_termnal n;
::sca_tdf::sca_i n<doubl e> i np;
sca_core::sca_par anet er <doubl e> scal e;
virtual const char* kind() const;
explicit sca_vsource( sc_core::sc_npdul e_nanme, double scale_
p( "p" ), n( "n" ), inp( "inp" ), scale( "scale", scale_
{ inplenmentation-defined }
¥

} // nanespace sca_tdf

typedef sca_eln::sca_tdf::sca_vsource sca_tdf_vsource;
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} // namespace sca_eln
4.3.1.23.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_tdf::sca_vsource’.
4.3.1.24. sca_eln::sca_tdf::sca_isource, sca_eln::sca_tdf isource
4.3.1.24.1. Description

Theclasssca_eln::sca tdf::sca isourceshall implement aprimitive modulefor the ELN MoC that realizes
the scaled conversion of aTDF signal to an ELN current source. The primitive shall contribute the following
equation to the equation system:

ipn(t) = scale - inp (4.65)

where scale is the constant scale coefficient, inp is the TDF input signa that shall be interpreted as a
continuous-time signal, and ip n(t) is the current flowing through the primitive from terminal p to terminal
n. The product of scale and inp shall be interpreted as the current in ampere.

4.3.1.24.2. Class definition

nanmespace sca_eln {
nanmespace sca_tdf {

class sca_isource : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object T

{
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

::sca_tdf::sca_in<doubl e> i np;

sca_core::sca_paranet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_isource( sc_core::sc_nodul e_nanme, double scale_ =
copC "p" ), n( "n" ), inp( "inp" ), scale( "scale", scale_)

{ inplenentation-defined }

h

1.0)

} // nanespace sca_tdf
typedef sca_eln::sca_tdf::sca_isource sca_tdf_isource;

} // nanmespace sca_eln
4.3.1.24.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_tdf::sca isource’.
4.3.1.25. sca_eln::sca_tdf::sca_vsink, sca_eln::sca_tdf_vsink
4.3.1.25.1. Description

Theclasssca eln::sca tdf::sca_vsink shall implement a primitive module for the ELN MoC that realizes
ascaled conversion from an ELN voltage to a TDF output signal. The value of the voltage acrossterminals
p and n shall be scaled with coefficient scale and written to a TDF output port outp.

4.3.1.25.2. Class definition

namespace sca_eln {
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namespace sca_tdf {

class sca_vsink : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object U

{

public:

sca_eln::sca_termnal p;

sca_eln::sca_termnal n;

::sca_tdf::sca_out <doubl e> out p;

sca_core::sca_paranet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_vsink( sc_core::sc_nodul e_nanme, double scale_ = 1.0 )

pC "p" ), n( "n" ), outp( "outp" ), scale( "scale", scale_)

{ inplenmentation-defined }
}
} // nanmespace sca_tdf

typedef sca_eln::sca_tdf::sca_vsink sca_tdf_vsink;

} // namespace sca_eln
4.3.1.25.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_tdf::sca vsink”.

4.3.1.26. sca_eln::sca_tdf::sca isink, sca_eln::sca_tdf _isink

4.3.1.26.1. Description

March 19 2013

Theclass sca_€eln::sca tdf::sca isink shall implement a primitive module for the ELN MoC that realizes
ascaled conversion from an ELN current to a TDF output signal. The value of the current flowing through
the primitive from terminal p to terminal n shall be scaled with coefficient scale and written to a TDF output

port outp. The primitive shall contribute the following equation to the equation system:
Vpn(t) =0
where v, n(t) is the voltage across terminals p and n.

4.3.1.26.2. Class definition

nanmespace sca_eln {
nanmespace sca_tdf {

class sca_isink : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object T

public:

sca_eln::sca_ternminal p;

sca_eln::sca_termnal n;

::sca_tdf::sca_out <doubl e> out p;

sca_core: :sca_par anet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_isink( sc_core::sc_nodul e_nanme, double scale_ = 1.0)

opC "p" ), n( "n" ), outp( "outp" ), scale( "scale", scale_)

{ inplenmentation-defined }
¥

} // nanespace sca_tdf

typedef sca_eln::sca_tdf::sca_isink sca_tdf_isink;
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} // namespace sca_eln
4.3.1.26.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_tdf::sca isink”.
4.3.1.27. sca_eln::sca_de::sca_r, sca_eln::sca_de_r
4.3.1.27.1. Description

The class sca_eln::sca_de::sca r shall implement a primitive module for the ELN MoC that represents a
resistor, which resistance is controlled by a discrete-event input signal. The primitive shall contribute the
following eguation to the equation system:

Vpn(t) = scale - inp - ipn(t) (4.67)

where scaleisthe constant scale coefficient, inp isthe discrete-event input signal, vp n(t) isthe voltage across
terminals p and n, and ip (t) isthe current flowing through the primitive from terminal p to terminal n. The
product of scale and inp shall be interpreted as the resistance in ohm.

4.3.1.27.2. Class definition

namespace sca_eln {
nanmespace sca_de {

class sca_r : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object U
{
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

sc_core::sc_i n<doubl e> i np;

sca_core::sca_par anet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_r( sc_core::sc_nodul e_nane, double scale_ = 1.0

SopC "p" ), nC "n" ), inp( "inp" ), scale( "scale", scale_
{ inplenmentation-defined }

)
)

} // nanespace sca_de
typedef sca_eln::sca_de::sca_r sca_de_r;

} // nanmespace sca_eln
4.3.1.27.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca de::sca r”.
4.3.1.28. sca_eln::sca_de::sca_c, sca_eln::sca _de_c
4.3.1.28.1. Description

The class sca_eln::sca_de::sca_c shall implement a primitive module for the ELN MoC that represents a
capacitor, which capacitance is controlled by a discrete-event input signal. The primitive shall contribute
the following equation to the equation system:

d(inp Vo) + qo)

ipn(t)=scale - 7 (4.68)
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where scaleis the constant scale coefficient, inp isthe discrete-event input signal, g istheinitial chargein
coulomb, v () isthe voltage acrossterminalsp and n, and i, n(t) isthe current flowing through the primitive
from terminal p to terminal n. The product of scale and inp shall be interpreted as the capacitance in farad.

If theinitial charge qgisset to sca util::SCA_UNDEFINED, the primitive shall contribute no equation to
the equation system for thefirst calculation. In this case, theinitial charge qg shall be calculated asfollows:
Qo = value - vp no, Where vy no is the voltage across the capacitor after the first calculation.

4.3.1.28.2. Class definition

namespace sca_eln {
nanmespace sca_de {
class sca_c : public sca_eln::sca_nodul e,

public sca_util::sca_traceabl e_object T

{ .
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;
sc_core::sc_i n<doubl e> inp;

sca_core: :sca_par anet er <doubl e> scal e;
sca_core: : sca_par anet er <doubl e> qO;

virtual const char* kind() const;
explicit sca_c( sc_core::sc_nodul e_nanme, double scale_ = 1.0, double gq0O_ = 0.0 )
copC "p" ), n( "n" ), inp( "inp" ), scale( "scale", scale_), qO( "q0", qO_ )

{ inplenentation-defined }

h
} // nanespace sca_de
typedef sca_eln::sca_de::sca_c sca_de_c;
} // nanmespace sca_eln
4.3.1.28.3. Constraint of usage
The discrete-event input signal inp shall not be zero.

4.3.1.28.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca de::sca c’.
4.3.1.29. sca_eln::sca_de::sca_l, sca_eln::sca_de_|

4.3.1.29.1. Description

Theclasssca eln::sca_de::sca | shall implement a primitive module for the ELN MoC that represents an
inductor, which inductanceis controlled by a discrete-event input signal. The primitive shall contribute the
following eguation to the equation system:

d(inp “ip.(t)+ phi)
vp,u(t) = scale - i

(4.69)

where scale is the constant scale coefficient, inp is the discrete-event input signal, phig istheinitial linked
flux in weber, vp (1) is the voltage across terminals p and n, and ipn(t) is the current flowing through the
primitive from terminal p to terminal n. The product of scale and inp shall be interpreted as the inductance
in henry.

If the initia linked flux phig is set to sca_util::SCA_UNDEFINED, the primitive shall contribute to the
equation system the equation vp , = 0 for thefirst calcul ation instead of equation 4.69. Inthis case, theinitial
linked flux phig shall be calculated as follows: phig = value - iy no, Where ip no is the current flowing through
the inductor after the first calculation.
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4.3.1.29.2. Class definition

nanmespace sca_eln {
nanespace sca_de {

class sca_| : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object U

public:
sca_eln::sca_terminal p;
sca_eln::sca_termnal n;

sc_core::sc_i n<doubl e> inp;

sca_core: : sca_par anet er <doubl e> scal €;
sca_core: :sca_paranet er <doubl e> phi 0;

virtual const char* kind() const;
explicit sca_l ( sc_core::sc_npdul e_nanme, double scale_ = 1.0, double phiO_ = 0.0 )

pC "p" ), n( "n" ), inp( "inp" ), scale( "scale", scale_ ), phiO( "phi0", phiO_)
{ inplenmentation-defined }
b
} // nanespace sca_de

typedef sca_eln::sca_de::sca_|l sca_de_l;

} // namespace sca_eln
4.3.1.29.3. Constraint of usage

The discrete-event input signal inp shall not be zero.

4.3.1.29.4. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_de::sca 1”.
4.3.1.30. sca_eln::sca_de::sca_rswitch, sca_eln::sca_de_rswitch

4.3.1.30.1. Description

The class sca_eln::sca_de::sca rswitch shal implement a primitive module for the ELN MoC that
represents a switch, which is controlled by a discrete-event control signal. The primitive shall contribute
the following equation to the equation system:

Fon“ipn(t) ctrl # off state

Vp.n(t) =
” o ipn(t) ctrl = off state

(4.70)

where ctrl is the discrete-event control signal, r is the resistance of the switch in ohm under the condition
that off_state is equal to the discrete-event control signal, and r, is the resistance of the switch in ohm
under the condition that off_stateis not equal to the discrete-event control signal. v, n(t) isthe voltage across
terminals p and n, and i, n(t) is the current flowing through the primitive from terminal p to terminal n.

4.3.1.30.2. Class definition

namespace sca_eln {
nanmespace sca_de {

class sca_rswitch : public sca_eln::sca_nodul e,
public sca_util::sca_traceabl e_object T
{
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;
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sc_core::sc_in<bool > ctrl;

sca_core: :sca_par anet er <doubl e> ron;
sca_core::sca_paranet er<doubl e> roff;
sca_core: :sca_par anet er <bool > of f_state;

virtual const char* kind() const;

explicit sca_rswitch( sc_core::sc_nodul e_nane,

double ron_ = 0.0,
double roff_ = sca_util::SCA | NFINTY,
bool of f_state_ = false )

p( "p" ), n(C "n" ), ctrl( "ctrl™ ),
ron( "ron", ron_ ), roff( "roff", roff_ ),
off _state( "off_state", off_state_ )

{ inplenmentation-defined }

h
} // nanespace sca_de
typedef sca_eln::sca_de::sca_rswitch sca_eln::sca_de_rswtch;

} // namespace sca_eln
4.3.1.30.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_de::sca_rswitch”.

4.3.1.31. sca_eln::sca_de::sca vsource, sca_eln::sca_de_vsource

4.3.1.31.1. Description

March 19 2013

Theclasssca_eln::sca_de::sca vsourceshall implement aprimitive modulefor the ELN MoC that realizes
the scaled conversion of a discrete-event signal to an ELN voltage source. The primitive shall contribute

the following equation to the equation system:

Vpn(t) = scale - inp

(4.71)

where scale is the constant scale coefficient, inp is the discrete-event input signal that shall be interpreted
as a discrete-time signal, and v n(t) is the voltage across terminals p and n. The product of scale and inp

shall be interpreted as the voltage in volt.

4.3.1.31.2. Class definition

nanmespace sca_eln {
nanespace sca_de {

class sca_vsource : public sca_eln::sca_npdul e,
public sca_util::sca_traceabl e_object T

{

public:

sca_eln::sca_terminal p;

sca_eln::sca_termnal n;

sc_core::sc_i n<doubl e> i np;

sca_core::sca_par anet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_vsource( sc_core::sc_nodul e_nanme, double scale_ = 1.0)

pC "p" ), n( "n" ), inp( "inp" ), scale( scale_)

{ inplenmentation-defined }
¥
} // nanespace sca_de

typedef sca_eln::sca_de::sca_vsource sca_de_vsource;
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} // namespace sca_eln
4.3.1.31.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_de::sca vsource’.
4.3.1.32. sca_eln::sca_de::sca_isource, sca_eln::sca_de_isource
4.3.1.32.1. Description

Theclasssca eln::sca de::sca isource shall implement aprimitive module for the ELN MoC that realizes
the scaled conversion of a discrete-event signal to an ELN current source. The primitive shall contribute
the following equation to the equation system:

ipn(t) = scale-inp (4.72)

where scale is the constant scale coefficient, inp is the discrete-event input signal that shall be interpreted
asadiscrete-time signal, and ip (t) isthe current flowing through the primitive from terminal p to terminal
n. The product of scale and inp shall be interpreted as the current in ampere.

4.3.1.32.2. Class definition

nanmespace sca_eln {
nanespace sca_de {

class sca_isource : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object T
{
public:
sca_eln::sca_termnal p;
sca_eln::sca_termnal n;

sc_core::sc_i n<doubl e> inp;

sca_core::sca_paranet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_isource( sc_core::sc_nodul e_nanme, double scale_ =
copC "p" ), n( "n" ), inp( "inp" ), scale( "scale", scale_)

{ inplenentation-defined }

h

1.0)

} // nanespace sca_de
typedef sca_eln::sca_de::sca_isource sca_de_isource;

} // nanmespace sca_eln
4.3.1.32.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_de::sca isource”.
4.3.1.33. sca_eln::sca_de::sca_vsink, sca_eln::sca_de_vsink
4.3.1.33.1. Description

Theclass sca_eln::sca_de::sca_vsink shall implement a primitive module for the ELN MoC that realizes
ascaled conversion from an ELN voltage to a discrete-event output signal. The value of the voltage across
terminals p and n shall be scaled with coefficient scale and written to a discrete-event output port outp.

4.3.1.33.2. Class definition

namespace sca_eln {
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nanmespace sca_de {

class sca_vsink : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object U

{

public:

sca_eln::sca_termnal p;

sca_eln::sca_termnal n;

sc_core: :sc_out <doubl e> out p;

sca_core::sca_paranet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_vsink( sc_core::sc_nodul e_nanme, double scale_ = 1.0 )

pC "p" ), n( "n" ), outp( "outp" ), scale( "scale", scale_)

{ inplenmentation-defined }
}
} // nanespace sca_de

typedef sca_eln::sca_de::sca_vsink sca_de_vsink;

} /I nanespace sca_eln
4.3.1.33.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca_de::sca_vsink”.

4.3.1.34. sca_eln::sca_de::sca _isink, sca_eln::sca_de_isink

4.3.1.34.1. Description

March 19 2013

Theclasssca_eln::sca_de::sca isink shall implement a primitive module for the ELN MoC that realizesa
scaled conversion from an ELN current to a discrete-event output signal. The value of the current flowing
through the primitive from terminal p to terminal n shall be scaled with coefficient scale and written to a
discrete-event output port outp. The primitive shall contribute the following equation to the equation system:

Vpn(t) =0
where v, n(t) is the voltage across terminals p and n.

4.3.1.34.2. Class definition

nanmespace sca_eln {
nanmespace sca_de {

class sca_isink : public sca_eln::sca_nodule,
public sca_util::sca_traceabl e_object T

public:

sca_eln::sca_ternminal p;

sca_eln::sca_termnal n;

sc_core::sc_out <doubl e> out p;

sca_core: :sca_par anet er <doubl e> scal e;

virtual const char* kind() const;

explicit sca_isink( sc_core::sc_nodul e_nanme, double scale_ = 1.0)

opC "p" ), n( "n" ), outp( "outp" ), scale( "scale", scale_)

{ inplenmentation-defined }
¥

} // nanespace sca_de

typedef sca_eln::sca_de::sca_isink sca_de_isink;
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} // namespace sca_eln

4.3.1.34.3. kind

virtual const char* kind() const;

The member function kind shall return the string “sca_eln::sca de::sca isink”.

4.3.2. Hierarchical ELN composition and port binding

The hierarchical composition of ELN modules shall use modules derived from class sc_core::sc_module
and the constructor or its equivalent macro definitions. A hierarchical module can include modules and
ports of different models of computation. Port binding rules shall follow |EEE Std 1666-2011 as well as
the following specific rules:

a A port of class sca_eln::sca terminal shal only be bound to a primitive channel of class
sca _eln::sca_node, sca _eln::sca node ref or to a port of class sca eln::sca terminal of the parent
module.

b. A port of class sca eln::sca_terminal shall be bound to exactly one primitive channel of class
sca_eln::sca_node or sca_eln::sca_node ref throughout the whole hierarchy.

c. A primitive channel of class sca_eln::sca_node or sca _eln::sca_node ref shall have one or more
primitive ports of class sca_eln::sca_terminal bound to it throughout the whole hierarchy.

d. For each cluster of connected predefined ELN primitive modules, at least one port of class
sca_eln::sca_terminal shall be bound to a primitive channel of classsca_eln::sca node ref.

Predefined ELN primitive modules with ports of other models of computation shall follow the port binding
rules of the corresponding models of computation.

4.3.3. ELN MoC elaboration and simulation

An implementation of the ELN MoC in a SystemC AMS class library shall include a public shell
consisting of the predefined classes, functions, and so forth that can be used directly by an application. An
implementation shall alsoinclude an ELN solver that implementsthe functionality of the ELN classlibrary.
The underlying semantics of the ELN solver are defined in this subclause.

The execution of a SystemC AM S application that includes ELN modules consists of elaboration followed
by simulation. Elaboration results in one or more equation systems setup by the contributions of the
ELN modules. Simulation solves the equation systems repetitively. In addition to providing support for
elaboration and simulation, the ELN solver may also provide implementation-specific functionality beyond
the scope of this standard. As an example of such functionality, the ELN solver may report information on
the ELN module composition and equation setup.

4.3.3.1. ELN elaboration

The primary purpose of ELN elaboration is to create internal data structures and setup equations for the
ELN solver to support the semantics of ELN simulation. The ELN elaboration as described in this clause
and in the following subclauses shall execute in one sc_core::sc module::end_of elaboration callback.
The actions stated in the following subclauses shall occur, in the given order, during ELN elaboration and
only during ELN elaboration. The description of such actions use the concept of an ELN cluster, which is
aset of ELN modules connected by channels of class sca_eln::sca_node.

ELN elaboration shall lock the parameter values of the predefined ELN primitive modules. (See 3.2.7).
NOTE—Connections by channels of class sca_eln::sca_node ref areignored for building ELN clusters.
4.3.3.1.1. Timestep calculation and propagation

The timestep for every ELN cluster shall be derived from the timestep of a connected TDF cluster or set
by the member functions set_timestep or set_max_timestep of an ELN primitive module derived from
classsca_eln::sca_module of the corresponding ELN cluster. The timestep shall be propagated within the
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ELN cluster to al primitive modules and to all ports of class sca_tdf::sca in and sca_tdf::sca_out<T>,
if any.

It shall be an error if a timestep value is not assigned to at least one ELN module. The assigned
and propagated timestep values shall be consistent throughout the ELN cluster; otherwise, it shall be
an eror. It shal be an error if the propagated timestep is equal to the time returned by function
sca _core::sca_max_time.

NOTE—AnN ELN cluster can be considered as one TDF module marked to accept attribute changes, which could be
connected to TDF modulesin ahierarchical composition by the portsof classsca_tdf::sca inandsca_tdf::sca out<T>
of the predefined ELN primitive modules. The ELN cluster is included in the timestep calculation of the TDF cluster
and must comply with the same rules (see 4.1.3.1.2).

4.3.3.1.2. ELN equation system setup and solvability check

For each ELN cluster, an equation system shall be set up by combining:

1. the contributing equations of each of the predefined ELN primitive modules in the cluster.
2. the equationsimplied by Kirchhoff’'s Laws.

It shall be an error if any of the equation systemsis numerically singular.

For each port of class sca eln::sca_terminal, the voltage across the terminal and the corresponding
reference node of class sca_eln::sca_node ref shall be defined due to Kirchhoff’'s Voltage Law. It shall
be an error if this voltage is undefined.

4.3.3.2. ELN simulation

This subclause defines the process of time-domain simulation of ELN descriptions. The simulation of a
cluster of ELN modulesis done by arepetitive solving of the underlying equation systems.

4.3.3.2.1. ELN initialization
The ELN initialization phase calculates consistent initial conditions for the equation systems.
4.3.3.2.2. Time-domain simulation

The solver shall provide results at least at the calculated timestep distances. If the current calculation
timestepissc_core::SC_ZERO_TIME, the time and the state of the equation system shall be restored to
the time and state before the last calculation and the calculation shall be repeated on the new input values.

4.3.3.2.3. Synchronization with TDF MoC

Synchronization with the TDF MoC shall be done exclusively by using the predefined ELN primitive
modules containing ports of class sca tdf::sca_in and sca_tdf::sca out.

The ELN solver reads repetitively samples from ports of class sca_tdf::sca_in for all calculated timesteps
of the ELN cluster. Consecutive reads shall be interpreted as forming a continuous-time signal .

The ELN solver writes repetitively samples to ports of class sca tdf::sca out for all calculated timesteps
of the ELN cluster.

4.3.3.2.4. Synchronization with the SystemC kernel

Synchronization with the SystemC kernel shall be done exclusively by using the predefined ELN primitive
modules containing ports of classsc_core::sc_in and sc_core::sc_out.

The ELN solver reads repetitively values from ports of class sc_core::sc_in at each first delta cycle of
the corresponding SystemC time for all calculated timesteps of the ELN cluster. The value is assumed as
constant until the next value is read.

The ELN solver writes repetitively values to ports of class sc_core::sc_out at each first delta cycle of the
corresponding SystemC time for al calculated timesteps of the ELN cluster.
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5. Predefined analyses

5.1. Time-domain analysis

The time-domain analysis shall be applicable to all descriptions supported by the predefined models of
computation as defined in Clause 4. The analysis shall compute the time-domain behavior of the overall
system, possibly composed by different models of computation and including descriptions as defined in
|EEE Std 1666-2011 (SystemC Language Reference Manual).

5.1.1. Elaboration and simulation

The execution of atime-domain analysis consists of elaboration followed by simulation (see 4.1.3, 4.2.3,
4.3.3). The elaboration and simulation shall use the same semantics as defined in IEEE Std 1666-2011
(SystemC Language Reference Manual).

An application may pause and resume the simulation using the function sc_core::sc_pause followed by
the function sc_core::sc_start. The time of each individual TDF, LSF, and ELN module after pausing is
implementation-defined. The time domain simulation is resumed from these individual module times.

An application may stop the simulation using the function sc_core::sc_stop. If the stop mode, defined
by function sc_set_stop_mode, issetto sc_core::SC_STOP_IMMEDIATE, the time domain simulation
shall stop immediately. If the stop modeisset tosc _core::SC_STOP_FINISH_DELTA, thetime of each
individual TDF, LSF, and ELN module after stopping is implementati on-defined.

NOTE—TDF, LSF, and ELN modules can be instantiated in the sc_main context and the elaboration and simulation
can be controlled by the function sc_core::sc_start.

5.2. Small-signal frequency-domain analyses

The small-signal frequency-domain analyses shall be applicable to all descriptions supported by the
predefined models of computation defined in Clause 4. The analyses shall compute the small-signal
frequency-domain behavior of the overall system, possibly composed of modules from different models of
computation. The system description shall be mapped to alinear complex equation system.

Two kinds of small-signal frequency-domain analysis shall be supported:

1. Small-signal frequency-domain analysis shall solvefor each frequency point the linear complex equation
system including all small-signal frequency-domain source contributions.

2. Small-signal frequency-domain noise analysis shall solve the linear complex equation system for
each frequency point and each small-signal frequency-domain noise source contribution, whereby
all contributions of small-signal frequency-domain sources and small-signal frequency-domain noise
sources, except the currently activated noise source, shall be set to zero.

All functionsused in the small-signal frequency-domain and noise analysis shall be placed in the namespace
sca_ac_analysis.

5.2.1. Elaboration and simulation

The execution of a small-signal frequency-domain or noise simulation consists of elaboration followed by
simulation. For starting asmall-signal frequency-domain or noise analysis, dedicated functions shall be used
(see 5.2.1.3). While performing the analysis, the state of the time-domain simulation shall not be changed.

5.2.1.1. Elaboration

The small-signal frequency-domain elaboration shall be performed if one of the dedicated start functions
is executed (see 5.2.1.3). In the case a time-domain elaboration has not yet been performed (due
sc_core::sc_start has not yet been executed), the implementation shall perform atime-domain elaboration
first.
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The implementation shall set up one complex linear frequency-dependent equation system by composing
the equation system contributions of TDF, LSF, and ELN descriptions.

5.2.1.2. Simulation

The linear complex equation system for the chosen analysis kind, shall be solved for each frequency point
according to the kind of analysis.

5.2.1.3. Running elaboration and simulation

The implementation shall provide the function sca ac analysis::isca ac start  and
sca_ac_analysis.:sca ac noise start for running small-signal frequency-domain elaboration and
simulation.

When called, functions sca_ac analysis::sca_ac start and sca_ac analysis.:aca ac _noise start shall
first run elaboration as described in Subclause 5.1, if not yet performed.

5.2.1.3.1. sca_ac_analysis::sca_ac_start

nanespace sca_ac_analysis {
enum sca_ac_scale { SCA LOG SCA LIN };

void sca_ac_start( double start_freq, double stop_freq, unsigned |ong npoints,
sca_ac_anal ysis::sca_ac_scal e scale = sca_ac_anal ysis::SCA LOG );

void sca_ac_start( const sca_util::sca_vector<doubl e>& frequencies );

} // namespace sca_ac_anal ysi s

The functions sca_ac_analysis::sca_ac_start shall perform a small-signal frequency-domain simulation.
The first function shall calculate the frequency domain behavior at npoints frequencies. If npoints is
greater than zero, the first frequency point in hertz shall be start_freqg. If npoints is greater than one, the
last frequency point in hertz shall be stop freg. If scale is sca_ac_analysis.:SCA_L OG, the remaining
frequency points shall be logarithmically distributed and if scale is sca_ac _analysis::SCA_LIN, the
remaining points shall be linearly distributed.

The second function shall calculate the small-signal frequency-domain behavior at the frequency points
given by the vector frequencies.

5.2.1.3.2. sca_ac_analysis::sca_ac_noise_start

nanmespace sca_ac_analysis {

voi d sca_ac_noi se_start( double start_freq, double stop_freq, unsigned |ong npoints,
sca_ac_anal ysi s::sca_ac_scal e scale = sca_ac_anal ysis::SCA LOG );

voi d sca_ac_noi se_start( const sca_util::sca_vector<doubl e>& frequencies );

} // nanmespace sca_ac_anal ysi s

The functions sca_ac_analysis::sca_ac_noise _start shall perform a small-signal frequency-domain noise
simulation. The first function shall calculate the frequency-domain noise behavior at npoints frequencies.
If npoints is greater than zero, the first frequency point in hertz shall be start_freq. If npoints is greater
than one, the last frequency point in hertz shall be stop_freg. If scaleissca_ac_analysis::SCA_LOG, the
remaining frequency points shall bedistributed logarithmically and if scaleissca_ac_analysis::SCA_LIN,
the remaining points shall be distributed linear.

The second function shall calculate the frequency-domain noise behavior at the frequency points given by
the vector frequencies.

144 Copyright © 2008-2013 by the Accellera Systems Initiative. All rights reserved.



Standard SystemC® AMS extensions 2.0 Language Reference Manual March 19 2013

5.2.2. Small-signal frequency-domain analysis of TDF descriptions

The small-signal frequency-domain and noise representation of a TDF description shall contribute the
following complex equation system:

A(f) - x + b(f) + bpoise(f) + c(f,x) =0 (5.1

where A(f) is a complex matrix of the frequency f that shall include contributions of modules derived
from class sca_tdf::sca_module. Each module derived from class sca_tdf::sca_maodule can provide the
implementation of the member function ac_processing (see 4.1.1.1.10) or the corresponding registered
member function (see 4.1.1.1.12). The contributions shall describe linear complex functions between ports
of classsca tdf::sca_in and ports of class sca_tdf::sca out.

X is a complex vector representing the small-signa frequency-domain values of the ports of class
sca_tdf::sca_out.

b(f) and bygis(f) are complex frequency dependent vectors, which represent the contributions to the ports
of class sca _tdf::sca_out independent from the ports of class sca_tdf::sca_in.

For small-signal frequency-domain analysis, the independent contribution b(f) shall be provided to
the equation system by using the function sca_ac analysis.:sca_ac for accessing the port of class
sca_tdf::sca_out. In this case the contribution bpgis(f) shall be set to zero.

For small-signal frequency-domain noise analysis, the independent contribution bpgis(f) shall be provided
to the equation system by using the function sca_ac_analysis::sca_ac_noise for accessing the port of class
sca_tdf::sca_out. In this case the contribution b(f) shall be set to zero.

c(f,x) is a vector of contributions from interaction with LSF or ELN primitives and may depend on TDF
small-signal frequency-domain values of the ports of class sca_tdf::sca out.

The implementation shall permit the access to time-domain values and complex frequency-domain
values at ports. The access to complex frequency-domain values shall be done by the functions
sca_ac_analysis::sca_ac or sca_ac_analysis::sca_ac_noise (see 5.2.2.1 and 5.2.2.2), while the time-
domain values shall be accessible by using the member functions to read from a port of class
sca_tdf::sca de::sca in or sca tdf::sca in.

If no value of type sca_util::sca_complex has been assigned to ports of class sca tdf::sca_out, using the
functions sca_ac_analysis::sca_ac or sca_ac_analysis::sca_ac_nhoise, respectively, the implementation
shall set these valuesto zero.

NOTE—It is not defined in which order and how often the member functions sca_tdf::sca_module::ac_processing
are executed.

5.2.2.1. sca_ac_analysis::sca_ac

nanmespace sca_ac_anal ysis {

t enpl at e<cl ass T>
const sca_util::sca_conpl ex& sca_ac( const sca_tdf::sca_in<T>&)

t enpl at e<cl ass T>
sca_util::sca_conpl ex& sca_ac( const sca_tdf::sca_out<T>& );

} /1 nanmespace sca_ac_anal ysis

The function sca_ac analysis::sca_ac applied to ports of class sca_tdf::sca in shall return a const
reference to avalue of type sca_util::sca_complex of the corresponding port.

Thefunction sca_ac_analysis::sca_ac applied to ports of classsca tdf::sca_out shal return areferenceto
avalue of type sca_util::sca_complex to alow assignment of a contribution to this port.

It shall be an error if the functions are called outside the context of the member function
sca_tdf::sca_module::ac_processing or its equivalent registered member function.
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NOTE—The values of type sca_util::sca_complex read using the function sca_ac_analysis::sca_ac from the ports of
classsca_tdf::sca in areimplementation-defined.

5.2.2.2. sca_ac_analysis::sca_ac_noise

nanmespace sca_ac_analysis {

t enpl at e<cl ass T>
const sca_util::sca_conpl ex& sca_ac_noi se( const sca_tdf::sca_in<T>& )

t enpl at e<cl ass T>
sca_util::sca_conpl ex& sca_ac_noi se( const sca_tdf::sca_out<T>& );

} // nanespace sca_ac_anal ysi s

The function sca_ac_analysis::sca_ac_noise applied to ports of class sca_tdf::sca_in shall return a const
reference to avalue of type sca_util::sca_complex of the corresponding port.

The function sca_ac_analysis:.:sca ac _noise applied to port of class sca tdf::sca out shall return a
reference to avalue of type sca_util::sca_complex to alow assignment of a noise contribution to this port.

It shal be an error if the function is called outside the context of the member function
sca tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.2.3. sca_ac_analysis::sca_ac_is_running

nanespace sca_ac_analysis {
bool sca_ac_is_running();

} // namespace sca_ac_anal ysi s

The function sca_ac_analysis::sca_ac is running shall return true while performing a small-signa
frequency-domain or a small-signal noise simulation; otherwise, it shall return false.

5.2.2.4. sca_ac_analysis::sca_ac_noise_is_running

nanespace sca_ac_analysis {
bool sca_ac_noise_is_running();

} // nanmespace sca_ac_anal ysi s

Thefunction sca_ac_analysis::sca_ac _noise_is running shall return true while performing asmall-signal
frequency-domain noise simulation; otherwise, it shall return false.

5.2.2.5. sca_ac_analysis:;sca_ac_f

nanespace sca_ac_analysis {
doubl e sca_ac_f ()

} // nanespace sca_ac_anal ysi s

The function sca_ac_analysis::sca_ac f shall return the current frequency in hertz.

It shal be an error if the function is called outside the context of the member function
sca_tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.2.6. sca_ac_analysis::sca_ac_w

nanmespace sca_ac_analysis {
doubl e sca_ac_wW);

} // nanmespace sca_ac_anal ysi s

The function sca_ac_analysis::sca_ac_w shall return the current angular frequency in radians per second
(rad/s).
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It shal be an error if the function is called outside the context of the member function
sca_tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.2.7. sca_ac_analysis::sca_ac_s

nanespace sca_ac_analysis {
sca_util::sca_conplex sca_ac_s( long n =1);

} // nanmespace sca_ac_anal ysi s

The function sca_ac_analysis::sca_ac_s shall return the complex value of the Laplace operator s = (jw)".

It shal be an error if the function is called outside the context of the member function
sca_tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.2.8. sca_ac_analysis::sca_ac_z

namespace sca_ac_analysis {
sca_util::sca_conplex sca_ac_z( long n, const sca_core::sca_tinme& tstep );
sca_util::sca_conplex sca_ac_z( long n =1);

} // namespace sca_ac_anal ysis

The functions sca_ac_analysis::sca_ac_z shall return the complex value of the z operator Z' (" 15t€P),
If not specified, the argument tstep shall be set to the value returned by the member function get_timestep
of the module of class sca_tdf::sca_module, in which the function is called.

It shal be an error if the function is called outside the context of the member function
sca_tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.2.9. sca_ac_analysis::sca_ac_delay

nanespace sca_ac_analysis {
sca_util::sca_conpl ex sca_ac_del ay( const sca_core::sca_tine& delay );

} // nanespace sca_ac_anal ysi s

The function sca_ac_analysis::sca_ac_delay shal return the complex value of the continuous time delay
(e—jw . delay)_

It shal be an error if the function is called outside the context of the member function
sca tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.2.10. sca_ac_analysis::sca_ac_lItf_nd

nanespace sca_ac_anal ysis {

sca_util::sca_conplex sca_ac_ltf_nd( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_util::sca_conplex& input = 1.0,

double k = 1.0 );

sca_util::sca_conplex sca_ac_ltf_nd( const sca_util::sca_vector<doubl e>& num
const sca_util::sca_vector<doubl e>& den,
const sca_core::sca_tinme& del ay,
const sca_util::sca_conplex& input = 1.0,

double k = 1.0 );

} /1 namespace sca_ac_anal ysis

Thefunction sca_ac_analysis::sca_ac Itf_nd shall return the complex value of thelinear transfer function

of the Laplace-domain variable s in numerator-denumerator form (see 4.1.4.3) with s = (j(o)i, multiplied
by the complex value input.
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It shal be an error if the function is called outside the context of the member function
sca_tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.2.11. sca_ac_analysis::sca_ac_lItf_zp

nanmespace sca_ac_analysis {

sca_util::sca_conplex sca_ac_ltf_zp( const sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
const sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
const sca_util::sca_conplex& input = 1.0,

double k = 1.0 );

sca_util::sca_conplex sca_ac_ltf_zp( const sca_util::sca_vector<sca_util::sca_conpl ex>& zeros,
const sca_util::sca_vector<sca_util::sca_conpl ex>& pol es,
const sca_core::sca_time& del ay,
const sca_util::sca_conpl ex& input = 1.0,

double k = 1.0 );

} // namespace sca_ac_anal ysi s

Thefunction sca_ac_analysis:.:sca_ac_Itf _zp shall return the complex value of the linear transfer function

of the Laplace-domain variable sin zero-pole form (see 4.1.4.4) with s = (joo)i, multiplied by the complex
value input.

It shal be an error if the function is called outside the context of the member function
sca_tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.2.12. sca_ac_analysis::sca_ac_ss

namespace sca_ac_anal ysis {

sca_util::sca_vector<sca_util::sca_conplex> sca_ac_ss(
const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c
const sca_util::sca_matrix<doubl e>& d,
const sca_util::sca_vector<sca_util::sca_conplex>& input );
sca_util::sca_vector<sca_util::sca_conplex> sca_ac_ss(
const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<double>& d );
sca_util::sca_vector<sca_util::sca_conplex> sca_ac_ss(
const sca_util::sca_matrix<doubl e>& a
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c
const sca_util::sca_matrix<doubl e>& d
const sca_core::sca_tinme& del ay,
const sca_util::sca_vector<sca_util::sca_conplex>& input );
sca_util::sca_vector<sca_util::sca_conplex> sca_ac_ss(
const sca_util::sca_matrix<doubl e>& a,
const sca_util::sca_matrix<doubl e>& b,
const sca_util::sca_matrix<doubl e>& c,
const sca_util::sca_matrix<doubl e>& d,

const sca_core::sca_tinme& delay );

} /1 nanmespace sca_ac_anal ysis

The functions sca_ac_analysis.:sca_ac _ss shall return the complex vector y of the state-space equation

system with (d/dt)’ = (jo)'. The function with the complex vector input as argument shall multiply the
complex vector y with input. It shall be an error if the matrix and vector sizes are inconsistent (see 4.1.4.5) .

It shal be an error if the function is called outside the context of the member function
sca_tdf::sca_module::ac_processing or its equivalent registered member function.

5.2.3. Small-signal frequency-domain analysis of LSF descriptions

The implementation of the LSF primitive modules shall define their small-signal frequency-domain
behavior.
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Therefore, the equation system for each L SF cluster (see 4.2.3.1.2) shall be transformed from time-domain
to small-signal frequency-domain by replacing a derivation d/dt by jw, an integral by 1/(jw) respectively
and adelay by 1% % The resulting equation systems shall be contributed to the overall equation system.

5.2.4. Small-signal frequency-domain analysis of ELN descriptions

The implementation of the ELN primitive modules shall define their small-signal frequency-domain
behavior.

Therefore, the equation system for each ELN cluster (see 4.3.3.1.2) shall be transformed from time-domain

to small-signal frequency-domain by replacing a derivation d/dt by jow, and a delay by €1® %® The
resulting equation system shall be contributed to the overall equation system.
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6. Utility definitions

6.1. AMS trace files

An AMS trace file records the smulation results for AMS signals and nodes. At least the tabular and
the VCD trace file format shall be supported. The VCD format can only support tracing for time-domain
simulation.

A VCD trace file can only be created and opened by calling function sca_util::sca_create vecd_trace file
and atabular trace file by calling function sca_util::sca_create tabular_trace file. A trace file may be
opened during elaboration or at any time during simulation. Values can only be traced by calling function
sca_util::sca _trace. A trace file shall be opened before values can be traced to that file, and values shall
not be traced to a given trace file if one or more delta cycles have elapsed since opening the file. A VCD
trace file shall be closed by calling function sca_util::sca close ved_trace file. A tabular trace file shall
be closed by calling function sca_util::sca_close tabular_trace file. A trace file shall not be closed by
these functions before the final delta cycle of the simulation.

An implementation may support other trace file formats by providing aternatives
to the functions sca util::sca create ved trace file, sca util::sca create tabular_trace file,
sca_util::sca _close ved_trace file, and sca_util::sca close tabular_trace file.

6.1.1. Class definition and function declarations

All names used in the class definitions and function declarationsfor tracing shall be placed in the namespace
sca_util.

6.1.1.1. sca_util::sca_trace_mode_base
6.1.1.1.1. Description

The class sca_util::sca trace_ mode_base shall define the base class for trace mode manipulators. The
manipulators, which shall be derived from this base class, are predefined. An application shall not create
an instance and shall not derive from this class.

Instances of derived classes can only be used as argument to the member function set_mode of class
sca_util::sca trace file (see6.1.1.2.5).

An implementation shall at least support the trace mode manipulators as defined in this subclause.
6.1.1.1.2. Class Definition

nanmespace sca_util {

class sca_trace_node_base

{
public:
virtual ~sca_trace_node_base() = O;

h

enum sca_ac_fnmt { SCA AC REAL_| MAG SCA AC MAG RAD, SCA AC DB DEG };

class sca_ac_format : public sca_util::sca_trace_node_base
{
public:
sca_ac_format( sca_util::sca_ac_fm format = sca_util::SCA_AC REAL_I MAG );

h

enum sca_noi se_fnt { SCA NO SE SUM SCA NO SE ALL };

class sca_noise_format : public sca_ util::sca_trace_node_base
public:
sca_noi se_format( sca_util::sca_noise_fm format = sca_util::SCA_NO SE_SUM );
}
class sca_decimation : public sca_util::sca_trace_node_base

{
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public:
sca_deci mation( unsigned long n );

h

class sca_sanpling : public sca_util::sca_trace_npde_base
{
public:
sca_sanpl i ng( const sca_core::sca_tine& tstep,
const sca_core::sca_tinme& toffset = sc_core:: SC ZERO TIME );
sca_sanpl i ng( double tstep, sc_core::sc_time_unit tstep_unit,
double toffset = 0.0, sc_core::sc_time_unit toffset_unit = sc_core::SC SEC );

¥

enum sca_mnultirate_fnt { SCA | NTERPOLATE, SCA DONT_| NTERPOLATE, SCA HOLD SAMPLE };

class sca_multirate : public sca_util::sca_trace_npde_base
public:
sca_nultirate( sca_util::sca_nultirate_fnmt format = sca_util:: SCA_| NTERPOLATE );

h

} // nanmespace sca_util

6.1.1.1.3. Trace mode classes

If an instance of class sca util::sca_ac format is passed to the member function set_ mode of class
sca_util::sca trace file, the format for writing the results of a small-signal frequency-domain or noise
simulation shall be set. If sca_util::SCA_AC_REAL_IMAG is passed as argument to create an instance
of classsca_util::sca_ac format, the results shall be written asreal and imaginary part. The signal names
shall be extended by .real and .imag. If sca_util::SCA_AC_MAG_RAD is passed as argument to create
an instance of class sca_util::sca_ac format, the results shall be written as magnitude value and phase in
radian. The signal names shall be extended by .mag and .rad. If sca util::SCA_AC DB _DEG is passed
as argument to create an instance of class sca util::sca_ac_format, the results shall be written as the
magnitude in decibel (dB) and phase in degree. The signal names shall be extended by .db and .deg. The
magnitude (DB) of the signal relative to areference level of one (1) shall be expressed in decibel according
to the formula:

DB = 20 - logio( magnitude) (6.1)

If an instance of class sca_util::sca_noise format is passed to the member function set_mode of class
sca_util::sca _trace file, the format for writing the results of a small-signal frequency-domain noise
simulation shall be set. If sca_util::SCA_NOISE_SUM is passed as argument to create an instance
of class sca util::sca_noise_format, the contributions of all noise sources of a small-signal frequency-
domain noise simulation shall be summed arithmetically. In this case, only the magnitude or real value
corresponding to the specified format shall be written. If sca_util::SCA_NOISE_ALL is passed as
argument to create an instance of classsca_util::sca_noise format, the contributions of all noise sources of
asmall-signal frequency-domain noise simulation shall be written separately. The name shall be extended
by the instance name followed by the corresponding format specifier (e.g., .db or .deg).

If an instance of class sca_util::sca_decimation is passed to the member function set_mode of class
sca_util::sca _trace file, only every n-th line of the results of atime-domain simulation shall be written to
the tabular trace file, where n is the argument that shall be assigned while creating the passed instance. It
shall be an error, if nisequal to zero.

If an instance of class sca util::sca_sampling is passed to the member function set_mode of class
sca_util::sca trace file, thetraced signals shall be sampled starting at time offset toffset with the sampling
period equal to the timestep tstep. The arguments toffset and tstep shall be assigned while creating the
passed instance. Only the sampled values shall be written to the tabular trace file. If tstep is set to the
value sc_core::SC_ZERO_TIME, no sampling shall be done. The default value of the time offset toffset
issc_core::SC ZERO _TIME.

In case multiple signals are written to the same tabular trace file, the trace file shall use the
timestep of the signal with the smallest timestep. If these signals have different rates and thus
use different timesteps, the class sca util::sca_multirate shall be used to define if and how values
are inserted in case there is no sample available at a particular point in time. The instance of
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class sca util::sca_multirate shall be passed as argument to the member function set_mode of
class sca_util::sca_trace file. If sca_util::SCA_INTERPOLATE is passed as argument to create an
instance of class sca util::sca_multirate, the inserted value shall be the result of interpolation of
the last available and the next available value in time. If sca util::SCA_DONT_INTERPOLATE
is passed as argument to create an instance of class sca util::sca_multirate, the symbol ‘*’ shall
be inserted. If sca_util::SCA_HOLD_SAMPLE is passed as argument to create an instance of class
sca_util::sca_multirate, the inserted value shall be equal to the last available value of the signal.

6.1.1.2. sca_util::sca_trace_file
6.1.1.2.1. Description

Theclass sca _util::sca trace file shall define the abstract base class, from which the classes that provide
filehandlesfor VCD, tabular, or other implementation-defined tracefile formats are derived. An application
shall not construct objects of class sca_util::sca_trace file, but may define pointers and references to this

type.
6.1.1.2.2. Class definition

nanespace sca_util {
class sca_trace_file
{
public:
voi d enabl e();
voi d disable();
voi d set_npde( const sca_util::sca_trace_npde_base& );
voi d reopen( const std::string& nane,
std::ios_base:: opennbde node=std::ios_base::out | std::ios_base::trunc );
voi d reopen( std::ostream& outstream);
/1 O her menbers
i npl ement ati on-defi ned

b

} /1 namespace sca_util
6.1.1.2.3. enable

voi d enabl e();

The member function enable shall enable tracing to the trace file. After construction of an object of class
sca_util::sca trace file, tracing shall be enabled by default. Tracing shall start at the simulation time,
returned by function sc_core::sc_time_stamp, at which the member function enableis called.

6.1.1.2.4. disable

voi d disable();

The member function disable shall disable tracing to the trace file. Values shall be written to the trace file
up to the simulation time, returned by function sc_core::sc_time _stamp, at which the member function
disableis called. Tracing shall stop until the member function enableis called.

6.1.1.2.5. set_mode

voi d set_npde( const sca_util::sca_trace_npde_base& );

Themember function set_mode shall changethe mode of thetracefileof the corresponding instance derived
from class sca_util::sca trace mode base.

6.1.1.2.6. reopen

voi d reopen( const std::string& namne,
std::ios_base:: opennode node=std::ios_base::out | std::ios_base::trunc );
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voi d reopen( std::ostream& outstream);

The member function reopen shall write all values up to the simulation time, returned by function
sc_core::sc_time_stamp, at which the member function is reopen is called. If atrace file was opened, it
shall be closed. If arguments name and mode are provided, a new trace file using the name and mode shall
be opened. If the argument outstreamis provided, tracing shall be continued using this stream. The member
function shall return true, if al actions were successful; otherwise it shall return false. It shall be an error
if the trace file cannot be closed and opened.

6.1.1.3. sca_util::sca_create_vcd_trace file

nanmespace sca_util {

sca_util::sca_trace_file* sca_create_vcd_trace_file( const char* name );

sca_util::sca_trace_file* sca_create_vcd_trace_file( std::ostream& os );
} // nanmespace sca_util
The function sca util::sca_create ved_trace file shall create a new object handle of class
sca_util::sca trace file. If afilenameispassed asacharacter string, it shall be opened. If the file name has
no extension, the file name shall be constructed by appending the character string “.ved” to the character
string passed as an argument to the function. If areference to an object of class std::ostream is passed, the

traces shall be written to the output stream managed by that object. The function shall return a pointer to
the sca_util::sca trace filehandle.

VCD tracing for the classessca tdf::sca_signal_if<T>, sca_tdf::sca in<T>, sca_tdf::sca out_base<T>,
sc_core::sc_signal_in_if<T>, SC_core::sc_port<sc_core::sc signal_in_if<T> >,
SC_core::sc_port<sc _core::sc signal_inout_if<T> > and sca tdf::sca trace variable<T> shall be
supported for at least the datatypes T defined in function sc_core::sc_trace, except those using areference
or a pointer to an object. In case the data type uses a reference to an object or a pointer to an object, the
tracing functionality isimplementation-defined.

6.1.1.4. sca_util::sca_close_vcd_trace_file

namespace sca_util {
void sca_close_vcd_trace_file( sca_util::sca_trace_file* tf );
} // namespace sca_util
Depending whether the passed sca_util::sca trace file argument is associated with a VCD trace file or

an output stream, the function sca_util::sca_close ved_trace file shall either close the VCD trace file or
flush and detach the output stream, respectively.

6.1.1.5. sca_util::sca_create_tabular_trace_file

nanmespace sca_util {
sca_util::sca_trace_file* sca_create_tabular_trace_file( const char* nanme );
sca_util::sca_trace_file* sca_create_tabular_trace_file( std::ostream& os );
} // nanmespace sca_util
The function sca util::sca create tabular_trace file shal create a new object handle of class
sca_util::sca _trace file. If afile name is passed as a character string, it shall be opened. If the file name
has no extension, the file name shall be constructed by appending the character string “.dat” to the character
string passed as an argument to the function. If areference to an object of class std::ostream is passed, the

traces shall be written to the output stream managed by that object. The function shall return a pointer to
the sca_util::sca trace file handle.

6.1.1.5.1. Format for time-domain simulations

The first line of atabular trace file shall start with %time followed by the signal names separated by one
or more spaces. The order of the signal names is defined by the order, in which they are added to the trace
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file of class sca_util::sca_trace file using sca_util::sca_trace. Each of the following lines shall contain
the simulation results for one point in time. The first column contains the time as type double in seconds,
the following columns the simulation results of the corresponding values, signals, and nodes in the order
of the signal names as reflected in the first line. Columns shall be separated by one or more spaces. The
simulation results shall be written to the file using operator << of the value or signals of type double for
sca_eln::sca_node and sca_eln::sca_node ref. For each calculation time of each value, signal, or node
added by sca_util::sca_traceto the current sca_util::sca _trace file, anew line shal be written to the file.

6.1.1.5.2. Format for small-signal frequency-domain and noise simulations

The first line of atabular trace file shall start with %frequency followed by the signal names separated by
one or more spaces. The order of the signal names is defined by the order, in which they are added to the
tracefileof classsca util::sca trace fileusingsca util::sca trace. Dependent on the trace mode settings,
the signal names shall be extended by the corresponding format specifier (see 6.1.1.1.3).

Each written line shall contain the simulation result of one frequency point. The first column shall contain
the frequency in hertz (Hz) written by the operator << of the type double. The following columns shall
contain the simulation results written by the oper ator << of the type double in the order of the signal names
asreflected in the first line. Columns shall be separated by one or more spaces.

6.1.1.6. sca_util::sca_close_tabular_trace_file
namespace sca_util {

void sca_close_tabular_trace_file( sca_util::sca_trace_file* tf );

} /1 nanmespace sca_util

Depending whether the passed sca_util::sca_trace file argument is associated with atabular trace file or
an output stream, the function sca_util::sca close tabular_trace file shall either close the tabular trace
file or flush and detach the output stream, respectively.

6.1.1.7. sca_util::sca_write_comment
nanespace sca_util {

void sca_wite_coment( sca_util::sca_trace_file* tf, const std::string& comrent );

} // namespace sca_util

Thefunction sca_util::sca_write_comment shall write the string given asthe second argument to the trace
file given by the first argument, as a comment, at the simulation time, at which the function is called.

For tabular trace files, the passed string is formatted by the implementation as a comment by adding ‘%' to
the beginning of each line of the string and terminating each line with the newline character(s).

NOTE—For VCD trace files, the passed string is enclosed between the tags ‘ Scomment’ and ‘ $end’.
6.1.1.8. sca_util::sca_traceable_objectT

6.1.1.8.1. Description
The class sca_util::sca_traceable obj ect’ shall be the base class for all objects, which can be traced.

6.1.1.8.2. Class definition

nanmespace sca_util {
cl ass sca_traceabl e_obj ect i

{
i mpl ement ati on- defi ned

h
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} // nanmespace sca_util

6.1.1.8.3. Constraint on usage
The class shall not be instantiated by an application.

6.1.1.9. sca_util::sca_trace

nanespace sca_util {

void sca_trace( sca_util::sca_trace_file* tf,
const sca_util::sca_traceabl e_object & obj ,
const std::string& str );

void sca_trace( sca_util::sca_trace_file* tf,
const sca_util::sca_traceabl e_object T obj ,
const std::string& str );

t enpl at e<cl ass T>

void sca_trace( sca_util::sca_trace_file* tf,
const sc_core::sc_signal _in_if<T>& val ue,
const std::string& str );

t enpl at e<cl ass T>

void sca_trace( sca_util::sca_trace_file* tf,
const sc_core::sc_port<sc_core::sc_signal _in_if<T> >& val ue,
const std::string& str );

t enpl at e<cl ass T>

void sca_trace( sca_util::sca_trace_file* tf,
const sc_core::sc_port<sc_core::sc_signal _inout_if<T> >& val ue,
const std::string& str );

} /1 namespace sca_util

Thefunction sca_util::sca_trace shall trace the value passed as the second argument to the tracefile passed
asthefirst argument, using the string passed as the third argument to identify the value in the trace file.

6.2. Data types and constants

All native C++ types are supported within a SystemC AM S application. The AM Sclasslibrary shall provide
additional data type classes, which shall be used as data containers to set up the equation systems and for
communication as part of the predefined models of computation.

The following data type classes shall be supported:

e Complex numbers, which are objects of class sca_util::sca_complex. A complex number shall be
represented by areal and imaginary part of type double.

» Matrix types, which are objects of class sca_util::sca_matrix. A matrix type shall represent a two
dimensional data container of an arbitrary type.

» Vector types, which are objects of class sca util::sca vector. A vector type shall represent a one-
dimensional data container of an arbitrary type.

NOTE—An application may create data type objects using the classes defined in this clause, as long as the data type

is supported within the predefined model of computation and its associated classes. The set of member functions for
these data type classes is restricted, as the primary use of these class definitionsis to act as data container only.

6.2.1. Class definition and function declarations

All names used in the class definitions and function declarations for data types shall be placed in the
namespace sca_util.

6.2.1.1. sca_util::sca_complex
6.2.1.1.1. Description

The type sca_util::sca_complex shall provide atype for complex numbers.
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6.2.1.1.2. Class definition

nanmespace sca_util {
typedef std::conpl ex<doubl e> sca_conpl ex;

} /1 namespace sca_util

6.2.1.2. sca_util::sca_matrix
6.2.1.2.1. Description

The class sca_util::sca_matrix shall provide atype for handling two dimensional matrices of an arbitrary
type.

6.2.1.2.2. Class definition

nanmespace sca_util {

t enpl at e<cl ass T>
class sca_matrix
{
public:
sca_matrix();
sca_matrix( unsigned long n_rows_, unsigned |long n_cols_ );
sca_matrix( const sca_util::sca_matrix<T>& matrix );

voi d resize( unsigned long n_rows_, unsigned long n_cols_ );
voi d set_auto_resizable();

voi d unset _auto_resizabl e();

bool is_auto_resizable() const;

unsi gned | ong n_rows() const;

unsi gned | ong n_col s() const;

T& operator() ( unsigned |long row, unsigned |ong col );
const T& operator() ( unsigned long row, unsigned long col ) const;

const sca_util::sca_matrix<T>& operator= (
const sca_util::sca_matrix<T>& matrix );
const sca_util::sca_matrix<T>& operator= (
sca_core: :sca_assign_frompr oxyT<sca_ut il::sca_matrix<T> >& );
bool operator== ( const sca_util::sca_matrix<T>& ) const;
bool operator!= ( const sca_util::sca_matrix<T>& ) const;

const std::string to_string() const;
void print( std::ostream& = std::cout ) const;

be

t enpl at e<cl ass T>
std::ostream& operator<< ( std::ostream& const sca_util::sca_matrix<T>& );

} // nanmespace sca_util

6.2.1.2.3. Template parameter T

The argument passed astemplate parameter T shall be either a C++ type for which the predefined semantics
for assignment are adequate (for example, a fundamental type or a pointer), or atype T that obeys each
of the following rules:

a. Thefollowing stream operator shall be defined and should copy the state of the object given asthe second
argument to the stream given as the first argument. The way in which the state information is formatted
isundefined by this standard.

std::ostream& operator<< ( std::ostream& const T& );

b. If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T such
that the value of the left operand is indistinguishable from the value of the right operand.

const T& operator= ( const T& );

c. If any constructor for type T exists, adefault constructor for type T shall be defined.
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6.2.1.2.4. Constructors

sca_matrix();
sca_matrix( unsigned long n_rows_, unsigned long n_cols_ );

sca_matrix( const sca_util::sca_matrix<T>& matrix );

The constructor sca_matrix() shall construct a matrix of size zero. The constructor sca_matrix( unsigned
long n_rows_, unsigned long n_cols ) shall construct amatrix of n_rows_rowsand n_cols_columns. For
creating the elements, the default constructor of the corresponding type shall be used. For matrices of type
short, unsigned short, long, unsigned long, int, unsigned int, sc_dt::int64, and sc_dt::uint64, the elements
shall beinitialized with zero. Matrices of type float, double, and sca_util::sca_complex shall beinitialized
with 0.0. The constructor sca_matrix( const sca_util::sca_matrix<T>& matrix ) shall construct a matrix
with the same dimension as matrix matrix and shall copy all elementsfrom matrix matrix to the new matrix
including the automati ¢ resizable mode state. For copying the elements, their copy constructor shall be used.

6.2.1.2.5. resize

voi d resize( unsigned long n_rows_, unsigned long n_cols_ );

The member function resize shall resize the matrix to n_rows_rows and n_cols_columns. After resizing,
the values of still existing elements shall remain unchanged. New elements shall be created by the default
constructor. New element for matrices of type short, unsigned short, long, unsigned long, int, unsigned
int, sc_dt::int64 and sc_dt::uint64 shall be initialized with zero. New elements for matrices of type float,
double, and sca_util::sca_complex shall be initialized with 0.0. Elements, which are no longer required,
shall be destroyed by their destructor.

6.2.1.2.6. set_auto_resizable

voi d set _auto_resizable();

The member function set_auto_resizable sets the matrix in the automatic resizable mode. In this mode
the matrix shall be resized automatically using the member function resize, if an element outside of the
current dimensions is accessed. In this case the matrix shall be resized to the minimum dimension for that
the accessed element exists. After construction, a matrix shall be set to be automatically resizable.

6.2.1.2.7. unset_auto_resizable

voi d unset _auto_resizable();

The member function unset_auto_resizable deactivates the automatic resizable mode. After calling the
member function unset_auto _resizable, it shall be an error to access an element outside of the current
matrix dimensions.

6.2.1.2.8.is_auto_resizable

bool is_auto_resizable() const;

The member function is_auto_resizable shall return true, if the matrix is automatic resizable; otherwise
it shall return false.

6.2.1.2.9. n_rows

unsi gned 1 ong n_rows() const;

The member function n_rows shall return the number of rowsin the matrix.
6.2.1.2.10. n_cols

unsi gned | ong n_col s() const;

The member function n_cols shall return the number of columns in the matrix.
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6.2.1.2.11. operator()
T& operator() ( unsigned |ong row, unsigned |ong col );
The operator () shall assign avalue to the matrix element at row row and column col.

const T& operator() ( unsigned long row, unsigned long col ) const;

The operator () shall return a reference to the matrix element at row row and column col. The behavior
for accessing a non-existing element shall depend on the mode returned by the member function
is auto_resizable.

The returned reference is only guaranteed to be valid until the next access.
6.2.1.2.12. operator=

const sca_util::sca_matrix<T>& operator= ( const sca_util::sca_matrix<T>& matrix );

The operator= shall copy matrix matrix. The dimensions, the automatic resizable mode state, and all
elements shall be copied. For copying the elements, the copy constructor shall be used.

const sca_util::sca_matrix<T>& operator= (
sca_core::sca_assign_frompr oxyf<sca_ut il::sca_matrix<T> >& );

The operator= shal copy the vaues the values made available by the object of class
sca core::sca assign from Jaronyr to the object of class sca_util::sca_ matrix.

6.2.1.2.13. operator==
bool operator== ( const sca_util::sca_matrix<T>& ) const;

The oper ator== shall return trueif the matrices given as argument have the same number of elements and
their respective elements have the same values. Otherwise, it shall return false.

NOTE—This member function requires the value type T to have an implementation of operator==.
6.2.1.2.14. operator!=

bool operator!= ( const sca_util::sca_matrix<T>& ) const;

The operator!= shall return true if the matrices given as argument have a different number of elements or
contain different valuesin at least one element. Otherwise, it shall return false.

NOTE—This member function requires the value type T to have an implementation of operator!=.
6.2.1.2.15. to_string

const std::string to_string() const;

The member function to_string shall perform the conversion of the current matrix to an object of class
std::string. Conversion shall be done by calling oper ator << ( std::ostreamé&, const T& ). The valuesin the
columns shall be separated by one or more spaces and the rows shall be separated by anew line.

6.2.1.2.16. print

void print( std::ostream& = std::cout ) const;

The member function print shall print the current matrix to the stream passed as an argument by calling
operator<< ( std::ostreamé&, const T& ). The values in the columns shall be separated by one or more
spaces and the rows shall be separated by a new line.

6.2.1.2.17. operator<<

tenpl at e<cl ass T>
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std::ostream& operator<< ( std::ostream& const sca_util::sca_matrix<T>& );

The oper ator << shall write the current matrix to the stream by calling oper ator << of the element type. The
valuesin the columns shall be separated by one or more spaces and the rows shall be separated by anew line.

6.2.1.3. sca_util::sca_vector

6.2.1.3.1. Description

Theclass sca_util::sca vector shall provide atype for handling vectors of an arbitrary type.
6.2.1.3.2. Class definition

nanespace sca_util {

t enpl at e<cl ass T>
cl ass sca_vector

{
public:
sca_vector();
explicit sca_vector( unsigned long len );
sca_vector( const sca_util::sca_vector<T>& vector );

void resize( unsigned long len );
voi d set_auto_resizable();

voi d unset _auto_resizable();

bool is_auto_resizable() const;
unsi gned |l ong | ength() const;

T& operator() ( unsigned |long pos );
const T& operator() ( unsigned |long pos ) const;

sca_util::sca_vector<T>& operator= ( const sca_util::sca_vector<T>& vector );
sca_util::sca_vector<T>& operator= ( sca_core::sca_assign_frompr oxyT<
sca_util::sca_vector<T> >& );

bool operator== ( const sca_util::sca_vector<T>& ) const;
bool operator!= ( const sca_util::sca_vector<T>& ) const;

const std::string to_string() const;
void print( std::ostream& = std::cout ) const;

1%

t enpl at e<cl ass T>
std::ostreanm& operator<< ( std::ostream& const sca_util::sca_vector<T>& );

} /1 namespace sca_util

6.2.1.3.3. Template parameter T

The argument passed astemplate parameter T shall be either a C++ type for which the predefined semantics
for assignment are adequate (for example, a fundamental type or a pointer), or atype T that obeys each
of the following rules:

a. Thefollowing stream operator shall be defined and should copy the state of the object given asthe second
argument to the stream given as the first argument. The way in which the state information is formatted
is undefined by this standard.

std::ostream& operator<< ( std::ostream&, const T& );

b. If the default assignment semantics are inadequate (in the sense given in this subclause), the following
assignment operator should be defined for the type T. In either case (default assignment or explicit
operator), the semantics of assignment should be sufficient to assign the state of an object of type T such
that the value of the |eft operand is indistinguishable from the value of the right operand.

const T& operator= ( const T& );

c. If any constructor for type T exists, adefault constructor for type T shall be defined.
6.2.1.3.4. Constructors

sca_vector();

explicit sca_vector( unsigned long len );
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sca_vector( const sca_util::sca_vector<T>& vector );

The constructor sca_vector () shall construct a vector of size zero. The constructor sca_vector ( unsigned
long len ) shall construct a vector with a length len. For creating the elements, the default constructor of
the corresponding type shall be used. For vectors of type short, unsigned short, long, unsigned long, int,
unsigned int, sc_dt::int64, and sc_dt::uint64, the elements shall be initialized with zero. Vectors of type
float, double, and sca_util::sca_complex shall be initialized with 0.0. The constructor sca_vector ( const
sca_util::sca vector<T>& vector ) shall construct a vector with the same dimension as vector vector, and
shall copy all elements from vector vector to the new vector including the automatic resizable mode state.
For copying the elements, their copy constructor shall be used.

6.2.1.3.5. resize

voi d resize( unsigned long len );

The member function resize shall resize the vector to the length len. After resizing, the values of till
existing elements shall remain unchanged. New elements shall be created by the default constructor. New
elements for vectors of type short, unsigned short, long, unsigned long, int, unsigned int, sc_dt::int64,
and sc_dt::uint64 shall be initialized with zero. New elements for vectors of type float, double, and
sca_util::sca_complex shall be initialized with 0.0. Elements, which are no longer required, shall be
destroyed by their destructor.

6.2.1.3.6. set_auto_resizable

voi d set _auto_resizable();

The member function set_auto_resizable sets the vector in the automatic resizable mode. In this mode
the vector shall be resized automatically using the member function resize, if an element outside of the
current dimensions is accessed. In this case the vector shall be resized to the minimum dimension for that
the accessed element exists. After construction a vector shall be set to be automatically resizable.

6.2.1.3.7. unset_auto_resizable

voi d unset _auto_resizable();

The member function unset_auto_resizable deactivates the automatic resizable mode. After calling the
member function unset_auto _resizable, it shall be an error to access an element outside of the current
vector dimensions.

6.2.1.3.8. is_auto_resizable

bool is_auto_resizable() const;

The member function is_auto_resizable shall return true, if the vector is automatic resizable; otherwise,
it shall return false.

6.2.1.3.9. length

unsi gned | ong | ength() const;

The member function length returns the length of the vector.

6.2.1.3.10. operator()

T& operator() ( unsigned |ong pos );

The oper ator () shall assign avalue to the vector element at position pos.
const T& operator() ( unsigned long pos ) const;

The operator () shall return areference to the vector element at position pos. The behavior for accessing a
non-existing element shall depend on the mode returned by the member function set_auto_resizable.
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The returned reference is only guaranteed to be valid until the next access.
6.2.1.3.11. operator=

sca_util::sca_vector<T>& operator= ( const sca_util::sca_vector<T>& vector );

The operator = shall copy vector vector. The dimensions, the automatic resizable mode, and all elements
shall be copied. For copying the elements, the copy constructor shall be used.

sca_util::sca_vector<T>& operator= ( sca_core::sca_assign_frompr oxyT<sca_ut il::sca_vector<T> >&);

The operator= shall copy the values the values made available by the object of class
sca_core::sca_assign from _proxyT to the object of class sca_util::sca_vector.

6.2.1.3.12. operator==

bool operator== ( const sca_util::sca_vector<T>& ) const;

The operator== shall return true if the vectors given as argument have the same number of elements and
their respective elements have the same values. Otherwise, it shall return false.

NOTE—This member function requires the value type T to have an implementation of operator==.
6.2.1.3.13. operator!=

bool operator!= ( const sca_util::sca_vector<T>& ) const;

The operator!= shall return true if the vectors given as argument have a different number of elements or
contain different values in at least one element. Otherwise, it shall return false.

NOTE—This member function requires the value type T to have an implementation of operator!=.
6.2.1.3.14. to_string

const std::string to_string() const;

The member function to_string shall perform the conversion of the current vector to an object of class
std::string. Conversion shall be done by calling operator << ( std::ostreamé&, const T& ). The valuesin the
vector shall be separated by one or more spaces.

6.2.1.3.15. print

void print( std::ostream& = std::cout ) const;

The member function print shall print the current vector to the stream passed as an argument by calling
oper ator << ( std::ostreamé&, const T& ). Thevaluesin the vector shall be separated by one or more spaces.

6.2.1.3.16. operator<<

t enpl at e<cl ass T>
std::ostream& operator<< ( std::ostream& const sca_util::sca_vector<T>& );

The oper ator << shall write the current vector to the stream by calling oper ator << of the element type. The
values in the vector shall be separated by one or more spaces.

6.2.1.4. sca_util::sca_create_vector

nanmespace sca_util {

tenpl at e<cl ass T>
sca_util::sca_vector<T> sca_create_vector( const T& a0 );

tenpl at e<cl ass T>
sca_util::sca_vector<T> sca_create_vector( const T& a0, const T& al );
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tenpl at e<cl ass T>
sca_util::sca_vector<T> sca_create_vector( const T& a0, const T& al, ... const T& al5 );

} // nanmespace sca_util
6.2.1.4.1. Description

The functions sca_util::sca_create vector shal create an object of class sca util::sca vector of the
size according to the number of arguments. The vector elements shall be initialized by the values of the
arguments. Thefirst argument shall initializethefirst vector element, the second argument shall initializethe
second vector element, and so on till the last argument. An implementation shall provide at |east functions
toinitialize vectors of 1 up to 16 arguments.

6.2.2. Definition of constants
6.2.2.1. sca_util::SCA_INFINITY

6.2.2.1.1. Description

The constant sca_util::SCA_INFINITY shall beinterpreted asinfinity, if representable as adedicated data
type, which is implementation-defined, else asif it were a floating constant that is too large for the range
of the data type to which the constant is assigned to.

6.2.2.1.2. Definition

namespace sca_util {

static const double SCA INFINTY = inplenentation-defined ;
} /1 namespace sca_util

6.2.2.2. sca_util::SCA_COMPLEX_J

6.2.2.2.1. Description

The constant sca_util:: SCA_COMPLEX_J shall represent theimaginary number j. This constant shall be
defined using class sca_util::sca_complex, where value 0.0 is passed as first argument of type double and
value 1.0 is passed as second argument of type double.

6.2.2.2.2. Definition

nanmespace sca_util {
static const sca_util::sca_conplex SCA COWLEX_ J = sca_util::sca_conplex( 0.0, 1.0 );

} // nanmespace sca_util

6.2.2.3. sca_util::SCA_UNDEFINED
6.2.2.3.1. Description
The constant sca_util::SCA_UNDEFINED shall beinterpreted as an undefined value of type double.

6.2.2.3.2. Definition

namespace sca_util {
static const doubl e SCA UNDEFI NED = i npl enent ati on-defined ;

} // namespace sca_util
6.3. Reporting information

An implementation shall provide a reporting mechanism to give information about the clustering and the
solvers. The content of the information shall be implementation-defined. Theinformation shall be reported
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by the member function report of the class sc_core::sc_report_handler with the severity SC_INFO and
the message type “SCA_INFORMATION”, and may use the verbosity levels defined by the enumeration
sc_core::sc_verbosity in IEEE Std 1666-2011 (SystemC Language Reference Manual).

6.3.1. Class definition and function declarations

All names used in the class definitions and function declarations for reporting information shall be placed
in the namespace sca_util.

6.3.1.1. sca_util::sca_information_maskT
Theclasssca_util::sca_informati on_maskJr shall provide amechanism to mask the reporting of information.

6.3.1.1.1. Class definition

nanmespace sca_util {
class sca_informati on_mas,kT

public:
sca_util::sca_informati on_mas,kT operator| ( const sca_informati on_maskT& ) const;

i mpl ement ati on- defi ned

h

} // nanmespace sca_util
6.3.1.1.1.1. operator|

sca_util::sca_informati on_mask'r operator| ( const sca_informati on_miskT& ) const;

The operator| shall add the provided element to the mask.
6.3.1.2. sca_util::sca_information_on

nanmespace sca_util {

void sca_i nformation_on();
void sca_information_on( sca_util::sca_informati on_maskJr mask );

} /1 namespace sca_util

The function sca_util::sca_information_on without argument shall enable reporting of all information.
The function with the mask argument shall enable reporting of al masked information. Reporting of other
information shall be disabled.

6.3.1.3. sca_util::sca_information_off

nanespace sca_util {

void sca_information_off();
void sca_information_off( sca_util::sca_informati on_matskT mask );

} // namespace sca_util

The function sca_util::sca_information_off without argument shall disable reporting of all information.
The function with the mask argument shall disable reporting of all masked information. Reporting of other
information shall be enabled.

6.3.2. Mask definitions

namespace sca_util {
namespace sca_info {

extern const sca_util::sca_information_mask' sca_nodul e;
extern const sca_util::sca_information_mask’ sca_tdf_sol ver;
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extern const sca_util::sca_informati on_maskT sca_l sf _sol ver;
extern const sca_util::sca_informati on_maskT sca_el n_sol ver;

} // nanespace sca_info

} // nanmespace sca_util

6.3.2.1. sca_util::sca_info::sca_module

Theglobal constant variable sca_util::sca_info::sca_module shall define amask that can be used to enable
or disable reporting of AMS module information.

6.3.2.2. sca_util::sca_info::sca_tdf_solver

The global constant variable sca_util::sca info::sca_tdf solver shall define a mask that can be used to
enable or disable reporting of TDF solver information.

6.3.2.3. sca_util::sca_info::sca_Isf_solver

The global constant variable sca_util::sca info::sca Isf_solver shall define a mask that can be used to
enable or disable reporting of L SF solver information.

6.3.2.4. sca_util::sca_info::sca_eln_solver
The global constant variable sca_util::sca _info::sca_eln_solver shall define a mask that can be used to

enable or disable reporting of ELN solver information.

6.4. Version and copyright

6.4.1. Function declarations

All names used in the function declarations to report information on the implementation shall be placed in
the namespace sca_core.

namespace sca_core {

#defi ne SCA_VERSI ON_MAJOR i mpl ement at i on- def i ned_nunber
#defi ne SCA_VERSI ON_M NOR i mpl ement at i on- def i ned_nunber
#defi ne SCA_VERSI ON_PATCH i mpl ement at i on- def i ned_nunber
#defi ne SCA_VERSI ON_ORI G NATOR i mpl ement ati on-defined_string
#defi ne SCA_VERSI ON_RELEASE _DATE i npl enent ati on-defi ned_date

#defi ne SCA_VERSI ON_PRERELEASE i mpl ement ati on-defined_string
#define SCA | S PRERELEASE i mpl ement at i on- def i ned_bool

#defi ne SCA_VERSI ON i mpl ement ati on-defined_string
#defi ne SCA_COPYRI GHT i mpl ement ati on-defined_string

extern const unsigned int sca_version_mgjor;

extern const unsigned int sca_version_m nor;

extern const unsigned int sca_version_patch;

extern const std::string sca_version_originator;
extern const std::string sca_version_release_date;
extern const std::string sca_version_prerelease;
extern const bool sca_i s_prerel ease;

extern const std::string sca_version_string;
extern const std::string sca_copyright_string;

const char* sca_copyright();
const char* sca_version();
const char* sca_rel ease();

} // nanespace sca_core

Each implementation shall define the macros and constants given above. It is recommended that each
implementation should in addition define one or more implementation-specific macrosin order to allow an
application to determine which implementation is being run.

The values of the macros and constants defined in this clause may be independent of the values of the
corresponding set of definitionsin IEEE Std 1666-2011 (SystemC Language Reference Manual).
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6.4.1.1. SCA_VERSION_MAJOR

The implemenation shall define the macro SCA_VERSION_MAJOR to be an implementation-defined
number consisting of a sequence of decimal digits from the character set [0-9] not enclosed in quotation
marks, which represents the major version number.

6.4.1.2. SCA_VERSION_MINOR

The implemenation shall define the macro SCA_VERSION_MINOR to be an implementation-defined
number consisting of a sequence of decimal digits from the character set [0-9] not enclosed in quotation
marks, which represents the minor version number.

6.4.1.3. SCA_VERSION_PATCH

The implemenation shall define the macro SCA_VERSION_PATCH to be an implementation-defined
number consisting of a sequence of decimal digits from the character set [0-9] not enclosed in quotation
marks, which represents the patch version number.

6.4.1.4. SCA_VERSION_ORIGINATOR

The implemenation shall define the macro SCA_VERSION_ORIGINATOR to be an implementation-
defined string consisting of a sequence of characters from the character set [A-Z][a-Z][0-9]_ enclosed in
guotation marks, which represents the originator of the implementation.

6.4.1.5. SCA_VERSION_RELEASE_DATE

The implemenation shall define the macro SCA_VERSION_RELEASE_DATE to be an 1SO 8601 basic
format calendar date of the form YYYYMMDD, where each of the eight characters is a decimal digit,
enclosed in quotation marks, which represents the rel ease date of the implementation.

6.4.1.6. SCA_VERSION_PRERELEASE

The implemenation shall define the macro SCA_VERSION_PRERELEASE to be an implementation-
defined string consisting of a sequence of characters from the character set [A-Z][a-z][0-9]_ enclosed in
guotation marks, which represents the pre-release string of the implementation.

6.4.1.7. SCA_IS_PRERELEASE

Theimplemenation shall definethemacro SCA_1S PREREL EASE tobe0 or 1, not enclosed in quotation
marks, which flagsif the implementation is a prerelease.

6.4.1.8. SCA_VERSION

The implemenation shall define the macro SCA_VERSION to be a string of the form
“major.minor.patch_prerelease-originator” or “major.minor.patch-originator”, where major, minor, patch,
prerelease, and originator are the values of the corresponding strings (without enclosing quotation
marks), and the presence or absence of the prerelease string shall depend on the value of the
SCA_IS PRERELEASE flag.

6.4.1.9. SCA_COPYRIGHT

The implemenation shall define the macro SCA_COPYRIGHT to be an implementation-defined string
enclosed in quotation marks, which represents the copyright notice of the implementation. Theintent is that
this string should contain alegal copyright notice, which an application may print to the console window
ortoalogfile.

6.4.1.10. sca_core::sca_version_major

The global constant variable sca_core::sca version_major shall be initialized with the value defined by
the macro SCA_VERSION_MAJOR converted to unsigned int.
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6.4.1.11. sca_core::sca_version_minor

The global constant variable sca_core::sca version_minor shall be initialized with the value defined by
the macro SCA_VERSION_MINOR converted to unsigned int.

6.4.1.12. sca_core::sca_version_patch

The global constant variable sca_core::sca_version_patch shall be initialized with the value defined by
the macro SCA_VERSION_PATCH converted to unsigned int.

6.4.1.13. sca_core::sca_version_originator

The global constant variable sca_core::sca version_originator shall beinitialized with the value defined
by the macro SCA_VERSION_ORIGINATOR converted to std::string.

6.4.1.14. sca_core::sca_version_release_date

Theglobal constant variablesca_core::sca_version_release dateshall beinitialized with thevaluedefined
by the macro SCA_VERSION_RELEASE_DATE converted to std::string.

6.4.1.15. sca_core::sca_version_prerelease

The global constant variable sca_core::sca version_prerelease shall beinitialized with the value defined
by the macro SCA_VERSION_PREREL EASE converted to std::string.

6.4.1.16. sca_core::sca_is_prerelease

The global constant variable sca_core::sca is prerelease shall beinitialized with the value defined by the
macro SCA_|S PREREL EASE converted to bool.

6.4.1.17. sca_core::sca_version_string

The global constant variable sca_core::sca_version_string shall be initialized with the value defined by
the macro SCA_VERSION converted to std::string.

6.4.1.18. sca_core::sca_copyright_string

The global constant variable sca_core::sca_copyright_string shall beinitialized with the value defined by
the macro SCA_COPYRIGHT converted to std::string.

6.4.1.19. sca_core::sca_copyright

const char* sca_core::sca_copyright();

The function sca_core::sca_copyright shall return the value of the sca_copyright_string converted to a
C string.

6.4.1.20. sca_core::sca_version

const char* sca_core::sca_version();

The function sca_core::sca_version shall return an implementation-defined string. The intent is that this
string should contain information concerning the version of the classlibrary implementation of the SystemC
AMS extensions, which an application may print to the console window or to alog file.

6.4.1.21. sca_core::sca_release

const char* sca_core::sca_rel ease();

Thefunctionsca_core::sca releaseshall returnthevalueof thesca version_string convertedtoaC string.
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Annex A. Introduction to the SystemC AMS extensions
(Informative)

This clauseisinformative and is intended to aid the reader in the understanding of the structure and intent
of the SystemC AMS extensions.

A.1l. SystemC AMS extensions overview

The SystemC AMS extensions broaden the scope of SystemC towards design of analog/mixed-signal
and signal processing systems at functional and architecture level considering the use cases executable
specification, architecture exploration, integration verification, and virtual prototyping.

For this purpose, the extensions provide new models of computation:

» Timed Data Flow (TDF) as described in Subclause 4.1 enables the modeling and efficient simulation of
signal processing algorithms and communication systems at functional and architecture level.

« Linear Signal Flow (LSF) asdescribed in Subclause 4.2 enables the modeling of control systems or filter
structures in continuous time using macro models connected by directed, real-valued signals.

« Electrical Linear Networks (ELN) as described in Subclause 4.3 enables the modeling of electrical |oads,
protection circuits, and buses at high frequencies using macro models for describing continuous-time
relations between voltages and currents.

Furthermore, the extensions introduce small-signal frequency-domain analysis as described in Subclause
5.2 as a new kind of analysis that complements the time-domain analysis as available in SystemC, data
types for computing with complex values, vectors, and matrices, and means for tracing AMS signals.

The AMSextensionsare built ontop of the SystemC standard. The architecture of the extensionsisshownin
Figure A.1. The extensions define new language constructs identified by the prefix sca_. They are declared
in dedicated namespaces sca_tdf, sca Isf, and sca_eln according to the underlying model of computation.
By using namespaces, similar primitives asin SystemC are defined to denote ports, interfaces, signals, and
modules. For example, atimed data flow input port is an object of class sca tdf::sca in.

Mixed-Signal Virtual Prototypes
written by the end user

SystemC AMS methodology-specific elements
methodology- elements for AMS design refinement, etc.
specific
elements Timed Data Linear Signal Electrical Linear
Transaction-level Flow (TDF) Flow (LSF) Networks (ELN)
modeling (TLM), modules modules modules
Cycle/Bit-accurate ports ports terminals

modeling, etc. signals signals nodes

Scheduler Linear DAE solver

Time-domain and small-signal frequency-domain
simulation infrastructure (synchronization layer)

SystemC Language Standard (IEEE Std. 1666-2011)

Figure A.1. AMS Extensions for the SystemC Language Standard
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The TDF model of computation is suitable to describe the functional behavior of the signal processing
parts of a system. TDF models consist of TDF modules derived from class sca_tdf::sca_module that
are connected via TDF channels of class sca_tdf::sca signal using TDF ports derived from class
sca_tdf::sca_in and sca_tdf::sca_out. The behavior of a TDF moduleis primarily specified by predefined
member functions set_attributes, initialize, and processing:

» The member function set_attributes is used to specify attributes such as rates, delay, or timesteps of
TDF ports and modules.

e The member function initialize is used to specify initial conditions. It is executed once when the
simulation starts.

» The member function processing describes time-domain behavior of the module. It is executed at each
activation of the TDF module.

TDF modulesform contiguous structures called aTDF cluster. Clusters must not have cycleswithout delays,
and each TDF signal must have one source. A cluster is activated in discrete time steps. At each timestep,
the member function processing of each TDF module is executed in the data flow’ s direction, considering
multiple data rates.

It is expected that there is at least one definition of the timestep value and, in the case of cycles, one
definition of a delay value per cycle. TDF ports are single-rate by default. It is the task of the elaboration
phase to compute and propagate consistent values for the timesteps to all TDF ports and modules. Before
simulation, the scheduler determines aschedul e that defines activation order of the TDF modulestaking into
account the rates, delays, and timesteps. During simulation, the member functions pr ocessing are executed
at discrete time steps. Example A.1 shows a TDF model of a mixer, which member function processing
will be executed with atimestep of 1ps.

#i ncl ude <systent-ans>

SCA_TDF_MODULE(mi xer) // TDF primtive nodul e definition
{

sca_tdf::sca_in<double> rf_in, lo_in; // TDF input ports
sca_tdf::sca_out<doubl e> if_out; // TDF output port

void set_attributes()

{

set_tinmestep(1.0, SC US); /1 time between activations

}

voi d processing() /1 executed at each activation

{

if_out.wite( rf_in.read() * lo_in.read() );

}
SCA_CTOR(mi xer) {}

Example A.1. TDF module of a mixer

In addition to the pure agorithmic or procedural description of the member function processing, different
kind of transfer functions can be embedded in TDF modules. Example A.2 gives the TDF model of again
controlled low passfilter by instantiating a class that computes a continuous-time L aplace transfer function
(LTF). The coefficients are stored in a vector of the class sca_util::sca vector and are set in the member
functioninitialize. Thetransfer function is computed in the member function processing by the L TF object
at discrete time points using fixed-size time steps.
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SCA_TDF_MODULE(| p_filter_tdf)

{
sca_tdf::sca_i n<doubl e> in;
sca_tdf::sca_out <doubl e> out;

sca_tdf::sc_i n<doubl e> gain; /'l converter port for SystenC input
sca_tdf::sca_ltf_nd Itf; /| conputes transfer function
sca_util::sca_vector<doubl e> num den; /1 coefficients

void initialize()

{
nun 0)
den(0)

1.0;
1.0;
den(1) 1.0

/( 2.0* MPl * 1.0e4 ); // MPl = 3.1415. ..
}

voi d processing()

{
}

SCA_CTOR(I p_filter_tdf) {}

out.wite( Itf( num den, in, gain.read() ) );

Example A.2. Continuous-time Laplace transfer function embedded in a TDF module

TDF modules can be instantiated and connected like SystemC modules. However, TDF modules are
primitive modules and no other modules or SystemC processes may be instantiated inside. To set up a
hierarchical structure, TDF modules must be instantiated in SystemC modules ( sc_core::sc_module).

Predefined converter ports (sca_tdf::sc_out or sca _tdf::sc_in) can establish a connection to a SystemC
channel, e.g., sc_core::sc_signal<T>, to read or write values during the first delta cycle of the current
SystemC timestep. Example A .3 illustrates the usage of such a converter port in a TDF module to model a
simple A/D converter with an output port, to which a SystemC channel can be bound.

SCA_TDF_MODULE(ad_converter) // Very sinple AD converter
{

sca_tdf::sca_i n<doubl e> in_tdf; // TDF port
sca_tdf::sc_out<sc_dt::sc_int<12> > out_de; // converter port to discrete-event domain

voi d processing()

out _de.write( static_cast<sc_dt::sc_int<12> >( in_tdf.read() ) );

}

SCA_CTOR(ad_converter) { }

Example A.3. TDF model of a simple A/D converter

L SF models are specified by instantiating a structure of signal flow primitives such as adders, integrators,
differentiators, or transfer functions. These primitives are part of the language definition. The primitives
are connected via signals of the class sca |sf::sca signal. To access L SF signals from the TDF or discrete
event domain, converter modules have to be instantiated. The instantiation of the L SF primitive modules
can bedonein aregular SC_MODULE using the standard SystemC rules.
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SC MODULE(I p_filter_lsf) // Hierarchical npdels use SC MODULE cl ass

sca_tdf::sca_i n<doubl e> in; /1 Input from TDF MC
sca_tdf::sca_out <doubl e> out; /1 Qutput to TDF MC
sca_l sf::sca_sub* subil; /] Subtractor

sca_l sf::sca_dot* dot1; // Differentiator

sca_|l sf::sca_tdf _source* tdf2lsfl; // converter TDF -> LSF
sca_l sf::sca_tdf_sink* I sf2tdf1; // converter LSF -> TDF

sca_l sf::sca_signal in_lsf, sig, out_Isf; /1 LSF signals

Ip_filter_|sf(sc_core::sc_nodul e_name, double fc=1.0e3) // Constructor with paraneters

{
tdf 2l sf1 = new sca_l sf::sca_tdf _source("tdf2lsf1"); // TDF->LSF converter

tdf 21 sf1->i np(in); // Port to signal binding like in SystenC
tdf 21 sf1->y(in_Isf);

subl = new sca_l sf::sca_sub("subl");
subl->x1(in_Isf);

subl->x2(sig);

subl->y(out _|sf);

dot1l = new sca_l sf::sca_dot("dot1",1.0/(2.0*MPlI*fc)); [/ MPI=3.1415...
dot 1- >x(out _I sf);
dot 1->y(sig);

Isf2tdf 1 = new sca_| sf::sca_tdf_sink("Isf2tdf1"); /| LSF->TDF converter
| sf 2t df 1- >x(out _I sf);
| sf 2t df 1- >out p(out ) ;

Example A.4. LSF model of alow passfilter structure with converter modules

ELN models are specified by instantiating predefined network primitives such asresistors or capacitors. As
with LSF, the ELN primitive modulescan beinstantiated inaregular SC_M ODUL E. To accessthevoltages
or currents in the network, converter modules have to be used. The SystemC AMS extensions provide
converter modules that translate these voltages and currents to double-precision floating point values in
timed data flow and discrete-event models and vice versa. Example A.5 givesthe ELN model of alow-pass
filter implemented with one resistor primitive and one capacitor primitive. Since it is intended to use the
model in a TDF context, additional converter primitives are used for converting TDF data sample values
to voltages and vice-versa.
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SC_MODULE(| p_filter_eln)

{
sca_tdf::sca_i n<doubl e> in; /1 1nput from TDF MbC
sca_tdf::sca_out <doubl e> out; /1 Qutput to TDF MC
sca_el n:: sca_node in_node, out_node; // node declarations
sca_el n::sca_node_ref gnd; /'l reference node
sca_eln::sca_r *ri; /'l resistor
sca_eln::sca_c BICH: /] capacitor
sca_el n::sca_tdf _vsource *v_in; /'l converter TDF -> voltage
sca_el n::sca_tdf _sink *v_out; /1 converter voltage -> TDF

SC CTOR(I p_filter_eln)
{

v_in = new sca_eln::sca_tdf _vsource("v_in", 1.0); // scale factor 1.0
v_in->inp(in); /1 TDF input

v_i n->p(in_node); /1 is converted to voltage
v_in->n(gnd);

rl = new sca_eln::sca_r("r1", 10e3); /1 10 kChmresistor

r1->p(in_node);
r1->n(out_node);

cl = new sca_eln::sca_c("cl", 100e-6); /1 100 uF capacitor
cl->p(out_node);
cl->n(gnd);
v_out = new sca_eln::sca_tdf_sink("v_out", 1.0); // scale factor 1.0
v_out - >p(out _node) ; // filter output as voltage
v_out->n(gnd);
v_out - >out p(out); /1 here converted to a TDF signal
}
b

Example A.5. ELN model of a low passfilter structure with converter modules

The TDF modules given in Example A.1 and Example A.2 can be instantiated and connected to form a
hierarchical structure together with other SystemC modules. The TDF modules are connected asin SystemC
with TDF signals of class sca_tdf::sca_signal and SystemC signals as shown in Example A.6.

SC_MODULE(frontend) // SC MODULE used for hierarchical structure

{
sca_tdf::sca_in<doubl e> rf, |oc_osc; /'l use TDF ports to connect with
sca_tdf::sca_out <doubl e> if_out; /1 TDF ports/signals in hierarchy
sc_core::sc_in<sc_dt::sc_bv<3> > ctrl_config; // SystenC input agc_ctrl configuration

sca_tdf::sca_signal <doubl e> if_sig; /1 TDF internal signal
sc_core::sc_signal <doubl e> ctrl _gain; /1 SystenC internal signal

m xer* mxerl;
Ip_filter_tdf* |pf1;
agc_ctrl* ctrl1;

SC CTOR(frontend) {
m xerl = new mi xer (" m xer1");
m xer1->rf_in(rf);
m xer1->lo_i n(loc_osc);
m xer1->if_out(if_sig);

Ipfl = new I p_filter_tdf("Ipfl");
I pfl1->in(if_sig);

| pf 1->out (i f _out);
| pf 1- >gai n(ctrl _gain);

ctrll = new agc_ctrl ("ctrl1"); /1 SystenC nodul e
ctrl1->out(ctrl_gain);
ctrl1->config(ctrl_config);

Example A.6. Sructural description including TDF and SystemC modules.

Using the frontend module given in Example A.6 and other modules for a demodulator and testbench
(implementation not shown here), the structure of the top-level model in sc_main isshownin Example A.7.
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#i ncl ude <systenc-ans> /1 SystenC AMS extensions header

#i ncl ude "frontend. h" /1 definitions for subsystens
#i ncl ude "denodul ator. h"
#i ncl ude "testbench. h"

int sc_mamin(int argc, char* argv[]) {

sca_tdf::sca_signal <doubl e> rf, loc_osc, d_in;
sca_t df::sca_si gnal <bool > synbol ;
sc_core::sc_signal < sc_dt::sc_bv<3> > ctrl_config;

frontend fel("fel");
fel.loc_osc(loc_osc);
fel.ctrl_config(ctrl_config);
fel.rf(rf);

fel.if_out(d_in);

denodul at or denod1("denpdl");
denodl.in(d_in);
denpdl. out (synbol ) ;

testbench tb1("th1");
tbl.rf(rf);
tbl.1oc_osc(loc_osc);
tbl.ctrl(ctrl_config);
t bl. synbol (synbol ) ;

/1l tracing ...

sca_util::sca_trace_file *tfp =
sca_util::sca_create_tabular_trace_fil e("systenc_anms_exanple");

sca_util::sca_trace(tfp, rf, "rf");

sca_util::sca_trace(tfp, loc_osc, "loc_osc");

sca_util::sca_trace(tfp, fel.if_sig, "fel.if_sig");

sca_util::sca_trace(tfp, ctrl_config, "ctrl_config");

sca_util::sca_trace(tfp, fel.ctrl_gain, "fel.ctrl_gain");

sca_util::sca_trace(tfp, d_in, "d_in");

sca_util::sca_trace(tfp, synmbol, "synbol");
sc_core::sc_start(51.2, sc_core::SC M5);
sca_util::sca_close_tabular_trace_file(tfp);

return O;

Example A.7. Top-level model insc_main

Besides means for modeling timed data flow, linear signal flow, and electrical linear networks, the
SystemC AMS extensions provide additional means for tracing AMS signals similar to what SystemC
already offersfor discrete-event signals. Besides the VCD format, which is best suited for tracing transient
digital signals, support for a tabular format is added, which facilitates the interface for further processing
of the results with mathematically oriented tools.

The SystemC AMS extensions provide support for small-signal frequency-domain analyses for
TDF, LSF, and ELN descriptions. For small-signal frequency-domain analysis, the function
sca_ac_analysis::sca_ac_start (Subclause 5.2.1.3.1) is called with arguments that specify a set of
frequencies, for which the transfer function is to be computed. Similarly, a small-signal frequency-
domain noise analysis can beinvoked using the function sca_ac_analysis::sca_ac _noise_start (Subclause
5.2.1.3.2). For LSF models and ELN models, the transfer function is part of the primitives description.
It just has to be transformed from the internal time-domain representation to the frequency-domain
representation. For TDF modules, the user can specify complex-valued transfer functions between
inputs and outputs by overloading the function sca_tdf::sca_module::ac_processing. The amplitude at
a frequency sca_ac_analysis::sca_ac f can be read from the input ports, be processed using functions
specified in Subclause 5.2, and propagated to the output ports. The results of the small-signal frequency-
domain analyses can be traced to atabular trace file (see 6.1.1.5).
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A.2. Introducing Dynamic Timed Data Flow

SystemC isan industry-standard language for electronic system-level (ESL) design and modeling, enabling
the creation of abstract architectural descriptions of digital hardware/software (HW/SW) systems, also
known as virtual prototypes. The introduction of the SystemC Anaog/Mixed-Signal (AMS) extensions
now facilitates modeling of heterogeneous embedded systems, which include abstract AMS behavior. This
annex presents the advancements of the SystemC AMS extensions that were made in the version 2.0 of this
standard to further expand the capabilities of SystemC AMS for the creation of these mixed-signal virtual

prototypes.

To comply with demanding requirements and use cases (e.g., in automotive applications), new execution
semantics and language constructs have been defined to facilitate a more reactive and dynamic behavior of
the Timed Data Flow (TDF) model of computation as defined in the previous SystemC AMS 1.0 standard.
The Dynamic TDF introduces fully complementary elements to enable atighter time-accurate interaction
between the AMS signal processing and control domain while keeping the modeling and communication
abstract and efficient. The features of Dynamic TDF are presented in this annex by means of a typical
example application from the automotive domain.

Introduction

The SystemC AMS 1.0 language standard enabled the description of analog/mixed-signal behavior as a
natural extension to existing SystemC-based design methodol ogies (Figure A.1). SystemC together with its
AMS extensions allow the creation of an executable description of a mixed discrete- and continuous-time
system. Digitally-oriented HW/SW architecture descriptions made in SystemC—often using transaction-
level modeling—can be augmented with abstract AMS behavior by using the SystemC AMS extensions.
This approach supports use cases such as software development, architecture exploration, and system
validation.

There is a strong need to include the interaction between the digital HW/SW and AMS or radio frequency
(RF) parts in the system, especially to validate the entire system architecture in terms of functional
correctness, partitioning, and dimensioning. The functionality of all of these parts is nowadays tightly
interwoven with calibration and control loops that cross the analog-digital domain boundary. Traditionaly,
the signal processing and control-oriented paths were analyzed and designed independently from each other.
However, the need for optimal system performance across multiple domains requiresamoreintegral design
and verification approach, which supports (AMS) signal processing and control functionality in a single
modeling platform.

The Timed Data Flow (TDF) model of computation defined in the SystemC AMS 1.0 standard has already
shown its value for signal-processing-oriented applications, such as RF communication and digital signal
processing (DSP) systems, where the complex envelope of the modulated RF signal can be described as
an equivalent baseband signal and where baseband algorithms are described naturally using data flow
semantics. Because TDF is derived from the well-known Synchronous Data Flow (SDF) model of
computation, high simulation performance can be obtained due to the cal culation of a static schedule prior
to simulation.

However, the use of the SystemC AM S extensions in other application domains has been limited due to the
restrictions caused by the fixed time step mechanismin TDF. Modeling control systems (e.g., in automotive
applications) becomes vastly inefficient by this limitation (Figure A.2). Thefixed and constant time step in
TDF doesnot allow end usersto easily model systemsinwhich activation periodsor frequenciesare changed
dynamically. A dynamic change of frequenciesisrequired to efficiently model voltage controlled oscillators
(VCO), clock recovery circuits, and phenomena such as jitter. A dynamic assignment of activations is
needed to model power down of hardware (e.g., in wireless sensor networks) or to model pulse width
modulation (PWM) in a functional way. These types of applications underline the need to introduce
Dynamic TDF capahilities, which are the subject of this annex.
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Figure A.2. Embedded mixed-signal system for automotive: Motor power steering control module

Use cases and requirements for Dynamic Timed Data Flow

The objective of Dynamic TDF isto offer mechanismsto dynamically change key TDF properties such as
time step, rate, or delay. Thisefficiently overcomes the previously mentioned limitations of the TDF model
of computation. These new features should also support the successive transition from abstract, functional-
level modeling to refined mixed-signal architecture modeling with ideal and ‘ non-digital’ properties. In that
respect, we consider the following relevant use cases:

Abstract modeling of sporadically changing signals that are constant over long time periods and that
cannot be model ed by sampled, discrete-timesignalsin an efficient way. A particular application is power
management that switches on/off subsystems. In order to model power down, it is required to be able to
specify a condition that enables/disables the execution of the AMS computations.

Abstract description of reactive behavior, for which computations are executed for events or transactions,
such as an analog threshold crossing or for which an immediate request or response is required (e.g.,
as part of a TLM model). Typica applications are sensor systems, in which crossing a threshold will
cause an action. An event-triggered modeling approach for these systems would be more natural and also
more efficient. A reactive synchronization mechanism would be beneficial, especially in cases where
these AMS systems are integrated together with TLM-based virtual prototypes. This avoids the penalty
of introducing fine-grained computations by using small time steps to detect the actual event.

Capture behavior where frequencies (and time steps) change dynamically. This is the case for
applications such as VCO, PLL, PWM, or clock recovery circuits, which are often controlled by analog
or digital signals. Modeling oscillators with variable frequencies (e.g., clock recovery) or capturing jitter
is not possible when using constant time steps. In order to allow modeling of such systems, it is required
to be able to change the time step continuously during simulation.

Modeling systems with varying (data) rates, which are changed during operation and thus during
simulation. Thisis the case, for example, when communication systems are described at high levels of
abstraction. To perform cross-layer optimization and to evaluate the correctness of a particular signal-
processing algorithm, both the physical layer (PHY) as well as media access control (MAC) as part of
thedatalink layer (DLL) need to be modeled. An example of such systems are cognitiveradios, in which
parameters such as datarates and modul ation schemes are adapted to estimated parameters of the channel.

Table A.1 gives the summary of the presented use cases, requirements, and application examples.
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Use cases

Abstraction of sporadically
changing signals

Abstract description of reactive
behavior

Capture behavior where
frequencies (and time steps)
change dynamically

Modeling systems with varying
(data) rates

Requirements

Switch on/off AMS computations

Detect analog zero- or threshold-
crossing

Request and response caused by
digital event or transaction

Changeable time step
of AMS computations

Changeable time step
and/or data rate

March 19 2013

Application examples

Power management unit

Sensor circuits;
alarm mode of systems

AMS embedded in digital HW/SW
virtual prototype

VCO, PLL, PWM, Clock recovery
circuits

Communication systems,
multi-standard radio interfaces

(e.g., cognitive radios)

Table A.1. Use cases, requirements, and applications for introducing Dynamic TDF capabilities

Application example: Motor control system

In order to illustrate the value of Dynamic TDF, we use a simple example from the automotive domain as
shown in Figure A.3, a DC motor control system with a proportional-integrator (Pl) controller and a pulse
width modulator (PWM). The formed control loop reduces the impact of aging, parameter deviations, and
environmental conditions on the load, which isin this case a power driver and DC motor described with
asingle pole transfer equation.

The PI controller computesthe required pul se width based on the reference value (i) and measured current
(imeas) through the load. The PWM generates a pulse (vqgry) Of variable width (resulting in a varying duty
cycle) that increases the current through the load.

Difference Pl controller Driver + DC motor

iref k i
% J— H kp + ?
i

meas

Figure A.3. Functional model (in the Laplace domain) of a DC motor control system

When using the conventional TDF model of computation defined in the SystemC AMS 1.0 standard,
the AMS computations are executed at fixed discrete time steps while considering the input samples as
continuous-time signals. Since the PWM block has an almost discrete-event behavior, the need to have very
steep ramps for the signal transitions at its output imposes the use of very small time steps. A fine-grained
timegrid isessential for acorrect overall response of the system, asit needs to meet the accuracy constraint
(time constants) of the PI controller and the Driver + DC motor. However, atoo-fine-grained time grid will
reduce the simulation performance, as the number of time steps and thus AM S computations will increase.

Alternatively, the PWM could be modeled as a pure SystemC discrete-event model. But this makes the
simulation lessefficient dueto the use of the dynamic scheduling of SystemC (evaluate/update cycle) instead
of the more efficient TDF static scheduling. Furthermore, it will introduce unnecessary synchronization
between TDF and the SystemC discrete-event model of computation.
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By introducing Dynamic TDF for this application, the computation of the motor control loop is only
triggered four times per pulse period by changing the TDF time step (Figure A.4): first at the start of the
rising edge, second at the end of the rising edge, third at the end of the voltage pulse plateau, and fourth at
the end of the falling edge. Each time, the PWM adjusts the scheduling of the next activation based on the
duty cycle sampled at its input during the rising edge. With the pulse output active, energy is supplied to
the power driver of the DC motor resulting in an increase of the current. This process repeats itself while
the system reaches its steady state. Note that the PWM output signal (vgry) represents a continuous-time
waveform and thus has finite-slope edges.

imeas ( t) 8 iref

2 - -0 6.0
t ramp
0 . . t duty T T 1 t/sec

t_period -

Van (1) 1

= L t/sec
0 0.01 002 003 004 005 006 007 008 0.09 0.1

Figure A.4. Sep response of the motor control loop using Dynamic TDF with four activations per period

To efficiently model the PWM pulse with a varying pulse width, the time step attribute will be changed
such that the PWM pulse's rising edge and falling edge are included resulting in only four activations of
the PWM TDF module per period, as shown in Figure A.4.

Execution semantics and language constructs of Dynamic Timed Data Flow

The Dynamic TDF modeling paradigm aims at efficient modeling of functionsrequiring dynamic activation,
such as PWM, while maintaining the principles of TDF modeling as introduced in the SystemC AMS
extensions. To this end, new expressive ways are added to the TDF model of computation to dynamically
change key TDF attributes such as time step, rate, or delay. Recall that TDF modules interconnected by
TDF signals via TDF ports constitute so-called TDF clusters and that the order in which the modules
in clusters have to be activated is statically computed before simulation starts. The new capabilities of
dynamically changing the mentioned TDF attributes may then require new schedules to be dynamically
recomputed.

Beforeillustrating these new capabilities, let us start first with aconventional TDF model for the PWM block
(Example A.8). The set_attributes callback is used to define the fixed time step of the module activation
by means of amodule parameter. The callback could also define the values of rates or delays. Theinitialize
callback (not needed in this case and therefore not shown) may be used to define initial conditions such as
delay values or filter coefficients. The processing callback defines the module’' s PWM behavior.
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/1 pwm h

#i ncl ude <cnat h>
#i ncl ude <systent-ans>

SCA_TDF_MODULE( pwm)

{
sca_tdf::sca_i n<doubl e> in;
sca_tdf::sca_out <doubl e> out;

pwnr( sc_core::sc_npdul e_nane nm double vO_ = 0.0, double vl_ = 1.0,
const sca_core::sca_tinme& t_period_ = sca_core::sca_tinme(5.0, sc_core::SC M),
const sca_core::sca_time& t_ranp_ sca_core::sca_tinme(0.05, sc_core::SC M),
const sca_core::sca_tinme& t_step_ sca_core::sca_tinme(0.01, sc_core::SC M) )
cin("in"), out("out"), vO(v0_), vi(vl), t_period( t_period_.to_seconds() ),
t_ranp( t_ranp_.to_seconds() ), t_duty_max( t_period - 2.0 * t_ranmp ),
t_duty( t_duty_mex ), t_step( t_step_ ) {}

void set_attributes()
{
set _timestep( t_step ); // fixed tine step for nodul e activation

}

voi d processing()
{
double t = get_time().to_seconds(); // current tine
double t_pos = std::fnmod( t, t_period ); // time position inside pulse period

if (t_pos < t_ranmp) { // calculate and clanmp duty tine
t_duty = in.read() * t_duty_nmax;
if ( t_duty <0.0) t_duty = 0.0;
if (t_duty >t_duty max ) t_duty = t_duty_max;

}

double val = vO0; // initial value
if ( t_pos <t_ranp) /'l rising edge
val = ( (vl - v0) / t_ranp ) * t_pos + vO;
else if ( t_pos < t_ranmp + t_duty ) /1 plateau
val = vi;
else if ( t_pos <t_ranp + t_duty + t_ranp ) /1 falling edge
val = ( (vO - vl) / t_ranp ) * ( t_pos - t_ranp - t_duty ) + vi;
// else return to initial value

out.wite(val);

}
private:
doubl e v0, vi1; /1 initial and plateau val ues
doubl e t_period, t_ranp; /1 pul se period and ranp tine
doubl e t_duty_nax; /1 maxi mum duty tinme
doubl e t_duty; /1 current duty tine
sca_core::sca_tinme t_step; // nodule time step

Example A.8. Conventional TDF module of the PWM function (no Dynamic TDF)

Thefollowing new callback and member functions are introduced as part of the TDF model of computation
to support Dynamic TDF;

» The callback change_attributes provides a context in which the time step, rate, or delay attributes of a
TDF cluster may be changed. Thecallback iscalled aspart of the recurring execution of the TDF schedule.

» The new member function request_next_activation, as well as existing TDF member functions that
set attributes (e.g., set_timestep, set_rate, set_delay, etc.), can be called within the change_attributes
callback to redefine TDF properties. The member function request_next_activation will request a next
cluster activation at agiven time step, event, or event list, which is specified as argument. Note, however,
that if multiple TDF modules belonging to the same cluster redefine the next cluster activation by using
request_next_activation, the earliest point in time will be used and the other requests will be ignored.

» The member functions does attribute _changes and does no_attribute _changes are used to mark a
TDF moduleto allow or disallow making attribute changesitself, respectively. Beforeamodule can make
changes to its attributes, it should call does_attribute _changes first. By default, a TDF module is not
allowed to make changes to its attributes.

« The member functions accept_attribute _changes and reject_attribute changes are used to mark
a TDF module to accept or reject attribute changes caused by other TDF modules in the
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same cluster, respectively. By default, a TDF module will reject attribute changes. The use of
reject_attribute changesisespecialy useful when TDF modules are used to model DSP functionality,
in which variable time steps are not allowed.

» Themember function set_max_timestep isintroduced to defineamaximum timestep of aTDF moduleto
enforceamodule activation if thistime period isreached. Bounding thetime step is essential to guarantee
sufficient time points for the calculation of a continuous-time response, especially when embedding
continuous-time descriptions (e.g., by using Laplace transfer functions).

With the help of these new capabilities, the Dynamic TDF module for the PWM block is given in Example
A.9. Inthisexample, the moduleisregistered as supporting Dynamic TDF. The time step is then redefined
by calling the request_next_activation member function in the change_attributes callback.

Note that the behavior of the PWM module has not been changed; only the module activation is affected.
Therefore, we can use the same implementation in the processing callback as shown in Example A.8.

/1 pwm.dynam c. h

#i ncl ude <cnat h>
#i ncl ude <systent-ans>

SCA_TDF_MODULE(pwr) // for dynam c TDF, we can use the sanme hel per macro to define the nodul e class

sca_tdf::sca_i n<doubl e> in;
sca_tdf::sca_out <doubl e> out;

pwnr( sc_core::sc_nodule_nanme nm ... ) // sanme nodule argunents as in Exanple A 8
in("in"), out("out"), ... /| sanme constructor initialization as in Exanple A 8

{}

void set_attributes()

does_attribute_changes(); /1 nmodule allowed to make changes to TDF attri butes

accept _attribute_changes(); /1 nodule allows attribute changes made by ot her nodul es
}
voi d change_attributes()
{

double t = get_time().to_seconds(); /'l current tine

double t_pos = std::frmod( t, t_period ); /1 time position inside pulse period

// Calculate tinme step till next activation

doubl e dt = 0.0;

if ( t_pos <t_ranp) /1 rising edge

dt = t_ranp - t_pos;
else if ( t_pos < t_ranmp + t_duty ) /1 plateau

dt = ( t_ramp + t_duty ) - t_pos;

else if ( t_pos <t_ranp + t_duty +t_ranp ) // falling edge
dt = ( t_ramp + t_duty + t_ranp ) - t_pos;

el se // return to initial value
dt = t_period - t_pos;

t_step = sca_core::sca_tinme( dt, sc_core::SC SEC);

if ( t_step == sc_core::SC ZERO TI ME ) // time step should advance
t_step = sc_core::sc_get_tinme_resolution();
request _next_activation( t_step ); /1 request the next activation

}
voi d processing()

/| same PWM behavior as in Exanple A 8
}

private:
/1 same menber variables as in Exanple A 8

¥
Example A.9. Dynamic TDF modul e of the PWM function
Table A.2 shows an example with PWM parameters to compare the two variants of the TDF model of

computation. The simulation of the conventional PWM TDF model uses afixed time step that triggers too
many unnecessary computations. When using Dynamic TDF, the PWM model isonly activated if necessary.
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TDF model of t_step t_ramp t_period Time accuracy #activations
computation variant (ms) (ms) (ms) (ms) per period
Conventional TDF 0.01 0.05 5.0 0.01 ( = t_step) 500
(fixed)
Dynamic TDF variable 0.05 5.0 defined by 4

sc_set_time_resolution()

Table A.2. Comparison between the conventional and Dynamic TDF model of the PWM

When introducing Dynamic TDF modules, where modul e activations may occur at user-defined time points
or are driven by events, some care should be taken how to combine these new models with existing
TDF descriptions, which rely on the fixed discrete-time activations. The SystemC AMS 1.0 standard
defined dedicated converter ports or converter modules acting as interfaces between different models of
computation. In a similar way, the interface between the conventional (static) TDF computations and
Dynamic TDF are realized by dedicated converter ports to decouple static TDF clusters from dynamically
changing clusters.

Summary

This annex presented new features for the SystemC AMS extensions to facilitate a more reactive
and dynamic behavior of the Timed Data Flow modeling approach as defined in the SystemC AMS
standard. The Dynamic Timed Data Flow capabilities have been demonstrated, which offer unique and
fully complementary language constructs and execution semantics enriching the existing TDF model of
computation. Thismeansthat the proven model abstraction strategy using dataflow semanticsismaintained,
while user-defined TDF module activations are introduced to enable a tighter, yet efficient and time-
accurate, synchronization for AMS signal processing and control systems. These Dynamic TDF features
further expand the capabilities of SystemC AMS to support more demanding ESL design methodol ogies
and modeling requirements for heterogeneous systems such as in automotive applications.
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Annex B. Glossary
(Informative)

Thetechnical termsand phrases as defined in |EEE Std 1666-2011 (SystemC Language Reference Manual)
also apply for the AMS extensions. In addition, this glossary contains brief, informal descriptions for a
number of terms and phrases used in this standard. Where appropriate, the complete, formal definition of
each term or phraseis given in the main body of the standard.

Each glossary entry contains either the clause number of the definition in the main body of the standard or an
indication that asimilar termisdefined in the SystemC Language Reference Manual (IEEE Std 1666-2011).

B.1. application

A C++ program, written by an end user, that uses the SystemC class library, or the AMS extensionsthat is,
uses classes, calls functions, uses macros, and so forth. An application may use as few or as many features
of C++ asis seen fit and as few or as many features of SystemC and the AMS extensions as is seen fit.
(See2.1.2.) (See SystemC term.)

B.2. cluster
A cluster is aset of connected modules sharing the same model of computation.
B.3. continuous-time signal

A continuous-time signal is a piecewise contiguous and differentiable signal, which may be represented in
approximation by a set of samples at discrete time points. Vaues between the samples can be estimated
by different interpolation techniques.

B.4. current time interval
The current time interval is the time from the last calculation to the current time.
B.5. discrete-time signal

A discrete-timesignal isasignal that has been sampled from acontinuous-time signal resulting in asequence
of values at discrete time points. Each value in the sequenceis called a sample.

B.6. electrical linear networks, ELN

A model of computation that uses the electrical linear networks formalism for calculations. (See 4.3.)
B.7. electrical primitive

A primitive module derived from class sca_eln::sca module. (See 4.3.)

B.8. frequency-domain processing

Frequency-domain processing can be embedded in timed data flow descriptions for anaysis of small-signal
frequency-domain behavior. The small-signal frequency-domain processing member function can be either
the member function sca_tdf::sca_ module::ac_processing or an application-defined member function,
which shall be registered using the member function sca_tdf::sca_ module::register_ac processing.

B.9. hierarchical port
A port of a parent module.
B.10. implementation

A specific concrete implementation of the full SystemC AMS extensions, only the public shell of which
need be exposed to the application (for example, parts may be pre-compiled and distributed as object code
by atool vendor). (See 2.1.2.) (See SystemC term.)
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B.11. linear signal flow, LSF

A model of computation that uses the linear signal flow formalism for calculations and signal processing.
(Seed.2)

B.12. model of computation, MoC

A model of computation is a set of rules defining the behavior and interaction between AMS primitive
modules instantiated within amodule. (See 2.1.4.)

B.13. numerically singular
Numerically singular describesasituation, in which the solution of an equation system cannot be cal cul ated.
B.14. primitive module

A classthat isderived from classsca _core::sca_moduleand compliesto aparticular model of computation.
A primitive module cannot be hierarchically decomposed and contains no child modules or channels.

B.15. primitive port
A port of aprimitive module.
B.16. proxy class

A class, which only purpose is to extend the readability of certain statements that would otherwise be
restricted by the semantics of C++. An example is to use the proxy class to represent a continuous-time
signal and to map it to discrete-time signal. Proxy classes are only intended to be used for the temporary
(unnamed) value returned by a function. A proxy class constructor shall not be called explicitly by an
application to create a named object. (See SystemC term.)

B.17. rate

The rate defines the number of samples that are read or written per execution of a port of class
sca _tdf::sca in, sca tdf::sca_out, sca tdf::sca de::sca in or sca _tdf::sca de::sca_out as part of the
TDF model of computation. The rate of such a port shall have a positive, nonzero value.

B.18. sample

A samplereferstoavalueat acertain pointintimeor refersto aset of valueswith acertain start and end time.
sample_id denotestheindex of the (data) sample. nsample denotes the number of samplesin aset of values.

B.19. solver
A solver computes the solution of an equation system (e.g., aset of differential and algebraic equations).
B.20. terminal

A terminal is a class derived from the class sca_core::sca_port and is associated with the electrical linear
networks model of computation. For electrical primitives with 2 terminals, the terminal names p and n are
defined. Multi-port primitives may use different terminal names.

B.21. timed data flow, TDF

A model of computation that uses the timed data flow formalism for scheduling and signal processing. (See
4.1)

B.22. time-domain processing

Time-domain processing is the repetitive activation of the time-domain processing member functions as
part of the timed data flow model of computation. The time-domain processing member function can be
either the member function sca_tdf::sca_module::processing or an application-defined member function,
which shall be registered using the member function sca_tdf::sca_module::register_processing.
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Annex C. Deprecated features

(Informative)

Thisannex containsalist of deprecated features. A deprecated featureisafeaturethat waspresent inversion
1.0 of the SystemC AM S extensions language reference manual . Deprecated features may or may not remain
in available implementations compliant with this standard. The user is strongly discouraged from using
deprecated features because an implementation is not obliged to support such features. An implementation
may issue awarning on the first occurrence of each deprecated feature but is not obliged to do so.

a

Member function set_timeoffset of classes sca tdf::sca de::sca in, sca tdf::sca de::sca out, and
sca tdf::sca trace variable.

Member function get_timeoffset of classes sca_tdf::sca _de::sca_in and sca_tdf::sca de::sca out.

c. Member function set_rate of classsca tdf::sca trace variable.

The argument sample id of member function write and operator= of class
sca_tdf::sca trace variable.
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Annex D. Changes between SystemC AMS 1.0 and 2.0 standard
(Informative)

This annex lists the more significant changes between the above two versions of the SystemC AMS
extensions.

a The member function sca core::sca module::get timestep has been moved to
sca_tdf::sca_module::get_timestep.

b. New member functions for TDF modules and TDF ports to dynamically change or evaluate TDF
attributes during smulation (see 4.1.1.1, 4.1.1.5,4.1.1.7, 4.1.1.8, 4.1.1.9, and 4.1.1.13):

sca_tdf::sca_module::change_attributes
sca_tdf::sca_module::reinitialize
sca_tdf::sca_module::request_next _activation
sca_tdf::sca_module::accept_attribute_changes
sca_tdf::sca_module::regject_attribute_changes
sca_tdf::sca_module::does attribute_changes
sca_tdf::sca_module;:does no_attribute changes
sca_tdf::sca_module::is_dynamic
sca_tdf::sca_module::are_attribute_changes allowed
sca_tdf::sca_module::are_attributes changed
sca_tdf::sca_module::is_timestep_changed
sca_tdf::sca in::is timestep_changed
sca_tdf::sca in::is rate changed

sca_tdf::sca in::is delay_changed

sca_tdf::sca out::is timestep_changed
sca_tdf::sca out::is rate changed

sca_tdf::sca out::is delay_changed
sca_tdf::sca _de::sca_in::is_timestep_changed
sca_tdf::sca _de::sca in::is rate changed
sca_tdf::sca _de::sca_in::is_delay_changed
sca_tdf::sca _de::sca out::is timestep_changed
sca_tdf::sca_de::sca_out::is rate _changed
sca_tdf::sca_de::sca_out::is _delay_changed

¢. New classes for TDF decoupling ports, which enable continuous-time and discrete-time decoupling of
TDF clusters (see 4.1.1.8 and 4.1.1.9):

sca_tdf::sca_out<T, sca_tdf::SCA_CT_CUT, INTERP>
sca_tdf::sca_out<T, sca tdf::SCA_DT_CUT>

d. New class to define the default interpolation mechanism for the continuous-time decoupling port (see
4.1.1.4):

sca_tdf::sca_default_interpolator

e. New specialized TDF port classes and member functions, which enable event-driven TDF module
activation (see 4.1.1.10, 4.1.1.11, and 4.1.1.12):

sca_tdf::sca_de::sca_in<T>::default_event
sca_tdf::sca_de::sca_in<T>::value_changed_event
sca_tdf::sca_de::sca_in<T>::event
sca_tdf::sca_de::sca_in<bool>
sca_tdf::sca_de::sca_in<bool>::default_event
sca_tdf::sca_de::sca_in<bool>::value_changed_event
sca_tdf::sca_de::sca_in<bool>::posedge event
sca_tdf::sca_de::sca_in<bool>::negedge event
sca_tdf::sca_de::sca_in<bool>::event
sca_tdf::sca_de::sca_in<bool>::posedge
sca_tdf::sca_de::sca_in<bool>::negedge
sca_tdf::sca_de::sca_in<sc_dt::sc_logic>
sca_tdf::sca_de::sca_in<sc_dt::sc_logic>::default_event
sca_tdf::sca_de::sca_in<sc_dt::sc_logic>::value_changed_event
sca_tdf::sca_de::sca_in<sc_dt::sc_logic>::posedge_event
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sca tdf::sca de::sca_in<sc_dt::sc_logic>::negedge event
sca_tdf::sca_de:sca_in<sc_dt::sc_logic>::event
sca_tdf::sca de::sca_in<sc_dt::sc_logic>::posedge

sca tdf::sca de::sca_in<sc_dt::sc_logic>::negedge

f. New member functions to set and get the maximum timestep for modules and TDF ports (see 3.2.1,
41.11,41.15,41.16,4.1.1.10,and 4.1.1.13):

sca_core::sca_module::set_max_timestep
sca_tdf::sca_module::get_max_timestep
sca_tdf::sca in::set_max_timestep
sca_tdf::sca in::get_max_timestep
sca_tdf::sca_out::set_max_timestep
sca_tdf::sca_out::get_max_timestep
sca_tdf::sca_de::sca_in::set_max_timestep
sca_tdf::sca_de::sca_in::get_max_timestep
sca_tdf::sca_de::sca_out::set_max_timestep
sca_tdf::sca_de::sca_out::get_max_timestep

g. New member functions to return the last timestep value of TDF modules and TDF ports (see 4.1.1.1,
4.1.15,4.1.1.6,4.1.1.10,and 4.1.1.13):

sca_tdf::sca_module::get_last_timestep
sca_tdf::sca_in::get_last_timestep
sca_tdf::sca_out::get_last_timestep
sca_tdf::sca_de::sca_in::get_last_timestep
sca_tdf::sca_de::sca_out::get_last_timestep

h. New member functions for the embedded linear dynamic equations to estimate the value one timestep
ahead (see 4.1.4.3.7,4.1.4.4.7, and 4.1.4.5.6):

sca_tdf::sca Itf_nd::estimate_next_value
sca_tdf::sca Itf_zp::estimate_next_value
sca_tdf::sca_ss::estimate_next_value

i. New member functionsfor the embedded linear dynamic equationsto enable zero timestep recal culations
(see4.1.4.3.8,4.1.4.4.8,and 4.1.4.5.7):

sca_tdf::sca Itf_nd::enable iterations
sca_tdf::sca Itf_zp::enable iterations
sca_tdf::sca_ss::enable_iterations

j. New function to return the maximum value of the simulation time (see 3.2.6):

sca_core::sca_max_time

k. New constant to explicitly assign an undefined value of type double to the initial charge (qo) or initial
linked flux (phig) of ELN primitives representing a capacitor or inductor, respectively (see 6.2.2.3):

sca_util::SCA_UNDEFINED

I. The version of a SystemC AMS implementation is now available to the preprocessor using a set of
macros and global constant variablesto be consistent with |EEE Std 1666-2011 (see 6.4):

SCA_VERSION_MAJOR
SCA_VERSION_MINOR
SCA_VERSION_PATCH
SCA_VERSION_ORIGINATOR
SCA_VERSION_RELEASE_DATE
SCA_VERSION_PRERELEASE
SCA_IS PRERELEASE
SCA_VERSION
SCA_COPYRIGHT
Sca_core::sca_version_major
sca_core::sca_version_minor
sca_core::sca_version_patch
sca_core::sca_version_originator
sca_core::sca_version_release date
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sca_core::sca version_prerelease
sca_core:sca is prerelease
sca_core:sca version_string
sca_core:sca _copyright_string

m. The member function bind of the following port classes has been made virtual consistent with IEEE Std
1666-2011 (see 4.1.1.10 and 4.1.1.13):

sca_tdf::sca _de::sca_in
sca_tdf::sca_de::sca out

n. The default value for the timestep argument for the member function calculate and operator() of

the following classes has been changed from sc_core::SC_ZERO_TIME into the value returned by
function sca_core::sca_max_time (see 4.1.4.3, 4.1.4.4, and 4.1.4.5):

sca_tdf::sca Itf_nd
sca tdf::sca Itf_zp
sca_tdf::sca_ss

0. New member functions for class sca_tdf::sca trace variable to read a value of atrace variable (see
4.1.1.14):

const T& read() const;
operator const T&() const;

p. Deprecated member functions (see Annex C):

sca_tdf::sca_de::sca_in::set_timeoffset
sca_tdf::sca_de::sca_in::get_timeoffset
sca_tdf::sca_de::sca_out::set_timeoffset
sca_tdf::sca_de::sca_out::get_timeoffset
sca_tdf::sca _trace variable::set_timeoffset
sca_tdf::sca trace variable::set_rate
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sca tdf::sca Itf_zp, 84

sca tdf::sca_module, 21
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sca_util::sca vector, 160
default_event, member function
classsca tdf::sca de:isca in, 54
class sca tdf::sca de::sca in<bool>, 59
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 65
deprecated features
get_timeoffset, member function, 185,
set_timeoffset, member function, 185,
derived from, definition, 3
disable, member function
classsca util::sca trace file, 153
disabled, usage, 4
discrete-time signal, glossary, 183
does_attribute_changes, member function
class sca tdf::sca_ module, 25
does no_attribute_changes, member function
class sca tdf::sca_ module, 25

E
elaboration
electrical linear networks, 140
linear signal flow, 113
timed dataflow, 73
elaboration and simulation
electrical linear networks, 140
linear signal flow, 113
small-signal frequency-domain analysis, 143
small-signal frequency-domain noise analysis, 143
timed data flow, 72
time-domain analysis, 143
electrical linear networks
glossary, 183
model of computation, 115
namespace sca €eln, 6
small-signal frequency-domain description, 149
time-domain analysis, 143
electrical primitive
glossary, 183
elipsis, usage, 4
embedded linear dynamic equations, 75
enable_iterations, member function
class sca tdf::sca Itf_nd, 82
class sca tdf::sca Itf_zp, 88
class sca tdf::sca ss, 94
enable, member function
classsca util::sca trace file, 153
enumeration
sca_ac_analysis::sca ac_scale, 144
sca tdf::sca cut_poalicy, 34
sca util::sca_ac_fmt, 151
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sca_util::sca_multirate fmt, 151
sca_util::sca_noise_fmt, 151
error
definition, 6
sc_core::SC_ERROR, 6
estimate_next_value, member function
class sca tdf::sca Itf_nd, 82
classsca tdf::sca Itf_zp, 88
class sca tdf::sca ss, 93
event, member function
classsca tdf::sca de::sca in, 54
class sca tdf::sca de::sca in<bool>, 59
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 65

F
files
header files, 9
tracefiles, 151
frequency-domain processing, glossary, 183
functions
sca_ac_analysis::sca ac, 145
sca_ac_analysis::sca ac_delay, 147
sca ac_anadlysis::sca ac f, 146
sca ac_analysis::sca ac_is running, 146
sca ac_andysis::sca ac Itf_nd, 147
sca ac_analysis::sca ac Itf_zp, 148
sca ac_anadlysis::sca ac_nhoise start, 144
sca ac_analysis::sca ac s, 147
sca ac_anadlysis::sca ac_ss, 148
sca_ac_andysis:sca ac_start, 144
sca_core::sca_copyright, 167
sca_core::sca_max_time, 14
sca_core::sca _release, 167
sca_core::sca version, 167
sca_util::sca_close tabular_trace file, 155
sca util::sca_close ved trace file, 154
sca_util::sca_create_tabular_trace file, 154
sca_util::sca_create ved_trace file, 154
sca util::sca_create vector, 162
sca_util::sca_information_off, 164
sca_util::sca_information_on, 164
sca_util::sca write_comment, 155

G
get_ct_delay, member function
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 42
class sca tdf::sca out<T, sca_tdf::SCA_DT_CUT>,
46
get_delay, member function
classsca tdf::sca de:sca in, 51
class sca tdf::sca de::sca in<bool>, 56
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 62
class sca tdf::sca de::sca_out, 68
classsca tdf::sca in, 31
class sca tdf::sca out, 37
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 41
class sca tdf::sca out<T, sca_tdf::SCA_DT_CUT>,
46
get_last_timestep, member function
class sca tdf::sca de::sca in, 52
class sca tdf::sca de::sca in<bool>, 57
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 63
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class sca tdf::sca de::sca out, 69
classsca tdf::sca in, 32
class sca tdf::sca module, 26
class sca tdf::sca out, 38
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 42
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
47
get_max_timestep, member function
class sca tdf::sca de:isca in, 52
class sca tdf::sca de::sca in<bool>, 57
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 63
class sca tdf::sca de::sca out, 69
class sca tdf::sca in, 32
class sca tdf::sca_ module, 25
class sca tdf::sca out, 38
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 42
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
47
get_rate, member function
classsca tdf::sca de:isca in, 51
class sca tdf::sca de::sca in<bool>, 56
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 62
class sca tdf::sca de::sca out, 68
classsca tdf::sca in, 32
class sca tdf::sca out, 37
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 42
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
46
get_time, member function
classsca tdf::sca de:isca in, 51
class sca tdf::sca de::sca in<bool>, 57
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 62
class sca tdf::sca de::sca out, 68
classsca tdf::sca in, 32
class sca tdf::sca module, 25
class sca tdf::sca out, 37
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 42
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
47
get_timeoffset, member function (deprecated), 185,

get_timestep, member function
class sca tdf::sca de:isca in, 52
class sca tdf::sca de::sca in<bool>, 57
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 63
class sca tdf::sca de::sca out, 68
classsca tdf::sca in, 32
class sca tdf::sca_ module, 25
class sca tdf::sca out, 37
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 42
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
47
get_value, member function
class sca tdf::sca default_interpolator, 29
get, member function
class sca _core::sca parameter, 18

H

hierarchical composition
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electrical linear networks, 140

linear signal flow, 113

timed data flow, 72
hierarchical port, glossary, 183

I
implementation
definition, 3
glossary, 183
implementation-defined, definition, 4
initialization
electrical linear networks, 141
linear signal flow, 114
timed data flow, 74
initialize_de signal, member function
class sca tdf::sca de::sca out, 69
initialize, member function
class sca tdf::sca de::sca in, 52
class sca tdf::sca de::sca in<bool>, 57
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 63
class sca tdf::sca de::sca out, 69
classsca tdf::sca in, 33
class sca tdf::sca_ module, 22
class sca tdf::sca out, 38
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 43
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
47
interface
class sca core::sca interface, 12
definition, 3
interface proper
classsca eln::sca node if, 115
classsca Isf::sca signal_if, 95
classsca tdf::sca signa_if, 27
definition, 4
is auto_resizable, member function
classsca util::sca_matrix, 158
class sca util::sca vector, 161
is delay_changed, member function
class sca tdf::sca de::sca in, 53
class sca tdf::sca de::sca in<bool>, 58
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 64
class sca tdf::sca de::sca out>, 70
classsca tdf::sca in, 33
class sca tdf::sca out, 39
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 44
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
48
is_dynamic, member function
class sca tdf::sca module, 26
is_locked, member function
class sca _core::sca parameter_base, 16
is rate_changed, member function
class sca tdf::sca de::sca in, 53
class sca tdf::sca de::sca in<bool>, 58
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 64
class sca tdf::sca de::sca out, 70
classsca tdf::sca in, 33
class sca tdf::sca out, 39
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 43
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class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
48

is_timestep_changed, member function
class sca tdf::sca de::sca in, 53
class sca tdf::sca de::sca in<bool>, 58
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 64
class sca tdf::sca de::sca out, 70
classsca tdf::sca in, 33
class sca tdf::sca module, 26
class sca tdf::sca out, 38
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 43
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
48

K

kind, member function
class sca core::sca_module, 11
class sca _core::sca_parameter, 17
class sca _core::sca_parameter_base, 15
class sca core::sca port, 14
class sca core::sca _prim_channel, 13
classsca eln::sca c, 119
classsca eln::sca cccs, 122
classsca eln::sca ccvs, 122
classsca eln::sca deiisca ¢, 135
classsca eln::sca de::sca isink, 140
classsca eln::sca de::sca isource, 138
classsca eln::sca de::sca |, 136
classsca eln::sca de::sca r, 134
classsca eln::sca de::sca rswitch, 137
classsca eln::sca de::sca vsink, 139
classsca eln::sca de::sca vsource, 138
class sca eln::sca_gyrator, 124
classsca eln::sca idea_transformer, 124
classsca eln::sca isource, 128
classsca eln::sca |, 120
classsca eln::sca node, 117
classsca eln::sca _node ref, 118
classsca eln::sca nullor, 123
classsca €eln::sca r, 118
classsca eln::sca tdf::sca c, 129
classsca eln::sca tdf::sca isink, 134
classsca eln::sca tdf::sca isource, 132
classsca eln::sca tdf::sca |, 130
classsca eln::sca tdf::sca r, 128
classsca eln::sca tdf::sca rswitch, 131
classsca eln::sca tdf::sca vsink, 133
classsca eln::sca tdf::sca vsource, 132
classsca eln::sca terminal, 116
classsca €eln::sca transmission_line, 125
classsca eln::sca vcecs, 121
classsca eln::sca vevs, 120
classsca eln::sca vsource, 126
class sca |sf::sca_add, 98
classsca Isf::sca de:isca demux, 113
classsca Isf::sca de::sca gain, 110
classsca Isf::sca de:isca mux, 112
classsca Isf::sca de::sca sink, 111
classsca Isf::sca de::sca source, 111
classsca Isf::sca delay, 101
class sca Isf::sca dot, 100
classsca Isf::sca gain, 99
classsca Isf::sca in, 97
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classsca Isf::sca integ, 101

classsca Isf::sca Itf_nd, 104

classsca Isf::sca Itf_zp, 105

class sca Isf::sca out, 98

classsca Isf::sca signal, 96

class sca Isf::sca source, 103

classsca Isf::sca ss, 106

classsca Isf::sca sub, 99

class sca Isf::sca tdf::sca_demux, 109

classsca Isf::sca tdf::sca gain, 106

class sca Isf::sca tdf::sca mux, 108

classsca Isf::sca tdf::sca sink, 108

class sca Isf::sca tdf::sca source, 107

class sca tdf::sca de::sca in, 52

class sca tdf::sca de::sca in<bool>, 57

classsca tdf::sca de::sca in<sc_dt::sc_logic>, 63
class sca tdf::sca de::sca out, 69

classsca tdf::sca in, 32

class sca tdf::sca Itf_nd, 82

classsca tdf::sca Itf_zp, 87

class sca tdf::sca_ module, 22

class sca tdf::sca out, 38

class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 43

class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
47

class sca tdf::sca signal, 28

class sca tdf::sca ss, 93

class sca tdf::sca trace variable, 71

L

length, member function
class sca util::sca vector, 161
linear signal flow
glossary, 184
model of computation, 95
namespace sca |sf, 6
small-signal frequency-domain description, 148
time-domain analysis, 143
lock, member function
class sca _core::sca parameter_base, 16

M

macros
SCA_COPYRIGHT, 166
SCA _CTOR, 12
SCA_|S PRERELEASE, 166
SCA_TDF_MODULE, 27
SCA_VERSION, 166
SCA_VERSION_MAJOR, 166
SCA_VERSION_MINOR, 166
SCA_VERSION_ORIGINATOR, 166
SCA_VERSION_PATCH, 166
SCA_VERSION_PRERELEASE, 166
SCA_VERSION_RELEASE DATE, 166

may, usage, 3

model of computation
definition, 3
electrical linear networks, 115
glossary, 184
linear signal flow, 95
timed data flow, 21
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N

n_cols, member function
class sca util::sca_matrix, 158
n_rows, member function
class sca util::sca_matrix, 158
namespaces
nested, 6
sca ac_analysis, 6
sca_core, 6
sca eln, 6
sca Isf, 6
sca tdf, 6
sca util, 6
negedge_event, member function
class sca tdf::sca de::sca in<bool>, 59
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 65
negedge, member function
class sca tdf::sca de::sca in<bool>, 60
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 65
nodes
classsca eln::sca node, 116
classsca eln::sca node if, 115
classsca eln::sca _node ref, 117
definition, 4
numerically singular, glossary, 184

O

operator!=
class sca_util::sca_matrix, 159
class sca_util::sca vector, 162
operator()
class sca tdf::sca de::sca in, 54
class sca tdf::sca de::sca in<bool>, 60
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 65
class sca tdf::sca Itf_nd, 82
class sca tdf::sca Itf_zp, 88
class sca tdf::sca ss, 94
class sca_util::sca_matrix, 159
class sca_util::sca vector, 161
operator(]
classsca tdf::sca in, 34
class sca tdf::sca out, 39
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 44
class sca tdf::sca out<T, sca _tdf::SCA_DT_CUT>,
48
operator<<
class sca _core:;sca_parameter_base, 16
class sca_util::sca_matrix, 159
class sca_util::sca vector, 162
operator=
class sca _core:isca assign to_proxy, 19
class sca _core:;sca_parameter, 18
class sca tdf::sca de::sca out, 70
class sca tdf::sca out, 39
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 44
class sca tdf::sca out<T, sca_tdf::SCA_DT_CUT>,
48
class sca tdf::sca trace variable, 71
class sca_util::sca_matrix, 159
class sca_util::sca vector, 162
operator==
class sca_util::sca_matrix, 159
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class sca util::sca vector, 162 classsca eln::sca de::sca r, 134
operator| classsca eln::sca de::sca rswitch, 136
classsca util::sca information_mask, 164 classsca eln::sca de::sca vsink, 138
operator const bool& classsca eln::sca de::sca vsource, 137
class sca tdf::sca de::sca in<bool>, 58 class sca eln::sca gyrator, 123
operator const sc_dt::sc_logic& classsca eln::sca idea_transformer, 124
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 64 classsca eln::sca isource, 126
operator const T& classsca eln::sca |, 119
class sca _core::sca parameter, 18 classsca eln::sca nullor, 122
class sca tdf::sca de::sca in, 53 classsca eln::sca r, 118
classsca tdf::sca in, 34 classsca eln::sca tdf::sca c, 128
class sca tdf::sca trace variable, 72 classsca eln::sca tdf::sca isink, 133
operator double() class sca _eln::sca tdf::sca isource, 132
class sca tdf::sca ct_proxy, 76 classsca eln::sca tdf::sca |, 129
operator sca_util::sca vector<double>() classsca eln::sca tdf::sca r, 128
classsca tdf::sca ct_vector_proxy, 78 classsca eln::sca tdf::sca rswitch, 130
classsca eln::sca tdf::sca vsink, 132
P classsca eln::sca tdf::sca vsource, 131

classsca eln::sca transmission_line, 124
classsca eln::sca vecs, 121
classsca eln::sca vevs, 120
classsca eln::sca vsource, 125

class sca Isf::sca_add, 98

classsca Isf::sca de:isca demux, 112
class sca Isf::sca de::sca gain, 109
classsca Isf::sca de:isca mux, 111
classsca Isf::sca de::sca sink, 111
class sca Isf::sca de::sca source, 110
classsca Isf::sca delay, 101

class sca Isf::sca dot, 99

classsca Isf::sca gain, 99

classsca Isf::sca integ, 100
classsca Isf::sca Itf_nd, 103
classsca Isf::sca Itf_zp, 104

class sca |sf::sca source, 102

class sca Isf::sca ss, 105

classsca Isf::sca sub, 98

class sca Isf::sca tdf::sca_demux, 109

parameters
class sca _core::sca parameter, 16
class sca _core::sca parameter_base, 15
port binding
electrical linear networks, 140
linear signal flow, 113
timed data flow, 72
ports
class sca core::sca port, 13
classsca eln::sca terminal, 116
classsca Isf::sca in, 96
class sca Isf::sca out, 97
class sca tdf::sca de::sca in, 49
class sca tdf::sca de::sca in<bool>, 54
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 60
class sca tdf::sca de::sca out, 66
classsca tdf::sca in, 29
class sca tdf::sca out, 34, 35
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,

INTERP>, 39 lass sca Is-:sca tdf::sca_gain, 106
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>, c L 1SI.sca tdi-sca gan,

a4 class sca Isf::sca tdf::sca_ mux, 108
definition. 3 class sca Isf::sca tdf::sca sink, 107

class sca |sf::sca tdf::sca source, 106
definition, 3
glossary, 184

primitive port, glossary, 184

print, member function
class sca _core::sca parameter, 18
class sca _core::sca_parameter_base, 16

posedge_event, member function

class sca tdf::sca de::sca in<bool>, 59

classsca tdf::sca de::sca in<sc_dt::sc_logic>, 65
posedge, member function

class sca tdf::sca de::sca in<bool>, 60

classsca tdf::sca de::sca in<sc_dt::sc_logic>, 65

refixes . i
P slé(a 4 class sca util::sca_matrix, 159
SCK 4 classsca util::sca vector, 162

processing
ac_processing, member function, 23
processing, member function, 23
register_ac_processing, member function, 23
register_processing, member function, 23
timed data flow, 74

processing, member function
class sca tdf::sca module, 23

proxy classes
glossary, 184
sca core::sca_assign_from_proxy, 18
sca_core::sca assign_to_proxy, 18
sca tdf::sca ct_proxy, 76
sca tdf::sca ct_vector_proxy, 77

primitive channels
class sca _core::sca prim_channel, 12
classsca €eln::sca node, 116
classsca eln::sca _node ref, 117
classsca Isf::sca signal, 96
class sca tdf::sca signal, 27
primitive modules
classsca eln::sca c, 118
classsca eln::sca cccs, 122
classsca €eln::sca ccvs, 121
classsca €eln::sca de::sca ¢, 134
classsca €eln::sca de::sca isink, 139
classsca eln::sca de::sca isource, 138
classsca €eln::sca de::sca |, 135
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R
rate, glossary, 184
read_delayed value, member function
class sca tdf::sca de::sca in, 53
class sca tdf::sca de::sca in<bool>, 58
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 63
class sca tdf::sca de::sca out, 69
classsca tdf::sca in, 33
class sca tdf::sca out, 38
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 43
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
48
read, member function
class sca tdf::sca de::sca in, 53
class sca tdf::sca de::sca in<bool>, 58
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 64
classsca tdf::sca in, 34
class sca tdf::sca trace variable, 72
register_ac_processing, member function
class sca tdf::sca module, 23
register_processing, member function
class sca tdf::sca module, 23
reinitialize, member function
class sca tdf::sca module, 23
reject_attribute_changes, member function
class sca tdf::sca module, 24
relationship
with C++, 1
with SystemC, 1
reopen, member function
classsca util::sca trace file, 153
reporting information, 163
request_next_activation, member function
class sca tdf::sca module, 23
resize, member function
classsca util::sca_matrix, 158
class sca util::sca vector, 161

S

sample, glossary, 184
sca_ac_analysis::sca_ac_delay, function, 147
sca_ac_analysis::sca_ac_f, function, 146
sca_ac_analysis::sca_ac_is_running, function, 146
sca_ac_analysis::sca_ac_Itf_nd, function, 147
sca_ac_analysis::sca_ac_Itf_zp, function, 148
sca_ac_analysis::sca_ac_noise_is_running, function, 146
sca_ac_analysis::sca_ac_noise_start, function, 144
sca_ac_analysis::sca_ac_noise, function, 146
sca_ac_analysis::sca_ac_s, function, 147
sca_ac_analysis::sca_ac_scale, enumeration, 144
sca_ac_analysis::sca_ac_ss, function, 148
sca_ac_analysis::sca_ac_start, function, 144
sca_ac_analysis::sca_ac_w, function, 146
sca_ac_analysis::sca_ac_z, function, 147
sca_ac_analysis::sca_ac, function, 145
sca_ac_analysis::SCA_LIN

value of type sca_ac_analysis::sca ac_scale, 144
sca_ac_analysis::SCA_LOG

value of type sca_ac_analysis::sca ac_scale, 144
SCA_COPYRIGHT, macro, 166
sca_core::sca_assign_from_proxy, class, 18
sca _core::sca_assign_to_proxy, class, 18
sca_core::sca_copyright_string, constant, 167
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sca _core::sca_copyright, function, 167
sca _core::sca interface, class, 12
sca core::sca is prerelease, constant, 167
sca_core::sca_max_time, function, 14
sca _core::sca_module, class, 10
sca core::sca_parameter_base, class, 15
sca _core::sca_parameter, class, 16
sca _core::sca _port, class, 13
sca core::sca_prim_channel, class, 12
sca _core::sca release, function, 167
sca _core::sca_time, typedef, 14
sca _core::sca_version_meajor, constant, 166
sca_core::sca_version_minor, constant, 167
sca core::sca version_originator, constant, 167
sca _core::sca version_patch, constant, 167
sca core::sca version_prerelease, constant, 167
sca _core::sca version release date, constant, 167
sca _core::sca version_string, constant, 167
sca _core::sca version, function, 167
SCA_CTOR, macro, 12
sca eln:isca ¢, class, 118
sca_eln::sca cccs, class, 122
sca_eln:isca cevs, class, 121
sca eln::sca de_c, typedef
classsca eln::sca de:isca ¢, 134
sca eln::sca_de_isink, typedef
classsca eln::sca de::sca isink, 139
sca eln::sca de_isource, typedef
classsca eln::sca de::sca isource, 138
sca eln::sca de |, typedef
classsca eln::sca deiisca |, 135
sca eln::sca de r, typedef
classsca eln::sca de::sca r, 134
sca eln::sca_de_rswitch, typedef
classsca eln::sca de::sca rswitch, 136
sca eln::sca_de_vsink, typedef
classsca eln::sca de::sca vsink, 138
sca eln::sca_de_vsource, typedef
classsca eln::sca de::sca vsource, 137
sca eln::sca de:sca c, class, 134
sca _eln::sca de::sca isink, class, 139
sca _eln::sca_de::sca isource, class, 138
sca eln::sca de::sca |, class, 135
sca eln::sca de:sca r, class, 134
sca _eln::sca_de::sca rswitch, class, 136
sca _eln::sca_de::sca vsink, class, 138
sca _eln::sca_de::sca vsource, class, 137
sca eln::sca _gyrator, class, 123
sca eln::sca ideal_transformer, class, 124
sca_eln::sca _isource, class, 126
sca eln:isca |, class, 119
sca _eln::sca_module, class, 115
sca eln::sca_node if, class, 115
sca eln::sca_node ref, class, 117
sca_eln::sca_node, class, 116
sca eln::sca nullor, class, 122
sca eln:isca r, class, 118
sca eln::sca tdf_c, typedef
classsca eln::sca tdf::sca c, 128
sca eln::sca tdf_isink, typedef
classsca eln::sca tdf::sca isink, 133
sca eln::sca tdf_isource, typedef
classsca eln::sca tdf::sca isource, 132
sca eln::sca tdf_|, typedef
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classsca eln::sca tdf::sca |, 129
sca_eln::sca tdf_r, typedef

classsca €eln::sca tdf::sca r, 128
sca eln::sca tdf_rswitch, typedef

classsca eln::sca tdf::sca rswitch, 130
sca eln::sca tdf_vsink, typedef

classsca €eln::sca tdf::sca vsink, 132
sca eln::sca tdf_vsource, typedef

classsca €eln;:sca tdf::sca vsource, 131
sca eln::sca tdf::sca c, class, 128
sca eln::sca tdf::sca isink, class, 133
sca_eln::sca tdf::sca isource, class, 132
sca eln::sca tdf::sca |, class, 129
sca eln::sca tdf::sca r, class, 128
sca_eln::sca tdf::sca rswitch, class, 130
sca eln::sca tdf::sca vsink, class, 132
sca_eln::sca tdf::sca vsource, class, 131
sca_eln::sca terminal, class, 116
sca_eln::sca transmission _line, class, 124
sca_eln::sca vcecs, class, 121
sca_eln::sca vevs, class, 120
sca_eln::sca vsource, class, 125
SCA_|1S PRERELEASE, macro, 166
sca Isf::sca add, class, 98
sca |sf::sca de demux, typedef

classsca Isf::sca deiisca demux, 112
sca |sf::sca de gain, typedef

classsca Isf::sca de::sca gain, 109
sca |sf::sca de mux, typedef

classsca Isf::sca dei:sca mux, 111
sca |sf::sca de sink, typedef

classsca Isf::sca de::sca sink, 111
sca |sf::sca de source, typedef

class sca Isf::sca de::sca source, 110
sca Isf::sca de::sca demux, class, 112
sca |sf::sca de::sca gain, class, 109
sca Isf:isca de::sca mux, class, 111
sca Isf:isca dei:sca sink, class, 111
sca Isf::sca de:sca source, class, 110
sca |sf::sca delay, class, 101
sca Isf::sca dot, class, 99
sca |sf::sca gain, class, 99
sca Isf::isca in, class, 96
sca |sf::sca integ, class, 100
sca Isf:isca Itf_nd, class, 103
sca |sf:isca ltf_zp, class, 104
sca Isf::sca_module, class, 95
sca Isf::sca out, class, 97
sca |sf::sca signal_if, class, 95
sca |sf::sca signal, class, 96
sca Isf::sca source, class, 102
sca Isf:isca ss, class, 105
sca Isf::sca sub, class, 98
sca |sf::sca tdf_demux, typedef

class sca Isf::sca tdf::sca_demux, 109
sca |sf::sca tdf_gain, typedef

classsca Isf::sca tdf::sca gain, 106
sca |sf:isca tdf_mux, typedef

class sca Isf::sca tdf::sca mux, 108
sca |sf:isca tdf_sink, typedef

classsca Isf::sca tdf::sca sink, 107
sca |sf::sca tdf_source, typedef

class sca Isf::sca tdf::sca source, 106
sca Isf::sca tdf::sca demux, class, 109
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sca |sf::sca tdf::sca gain, class, 106
sca Isf::sca tdf::sca mux, class, 108
sca |Isf::sca tdf::sca sink, class, 107
sca |Isf::sca tdf::sca source, class, 106
SCA_TDF_MODULE, macro, 27
sca tdf::sc in, class

class sca tdf::sca de:isca in, 49
sca tdf::sc_in<bool>, class

class sca tdf::sca de::sca in<bool>, 54
sca tdf::sc_in<sc_dt::sc_logic>, class

classsca tdf::sca de::sca in<sc_dt::sc_logic>, 60
sca tdf::sc_out, class

class sca tdf::sca de::sca out, 66
sca tdf::sca ct_proxy, class, 76
sca tdf::sca ct_vector_proxy, class, 77
sca tdf::sca cut_poalicy, enumeration, 34
sca tdf::sca de::sca in, class, 49
sca tdf::sca de::sca in<bool>, class, 54
sca tdf::sca de::sca in<sc_dt::sc_logic>, class, 60
sca tdf::sca de::sca out, class, 66
sca tdf::sca default_interpolator, class, 28
sca tdf::sca in, class, 29
sca tdf::sca Itf_nd, class, 79
sca tdf::sca Itf_zp, class, 84
sca tdf::sca_module, class, 21
sca tdf::sca out_base, class, 35
sca tdf::sca out, class, 34, 35, 39
sca tdf::sca out<T, sca tdf::SCA_CT_CUT, INTERP>,
class, 44
sca tdf::sca signal_if, class, 27
sca tdf::sca signal, class, 27
sca tdf::sca ss, class, 89
sca tdf::sca trace variable, class, 71
sca tdf::sca trace, class, 156
sca util::SCA_AC _DB_DEG

value of type sca util::sca ac fmt, 151
sca util::sca_ac_fmt, enumeration, 151
sca util::sca_ac_format, class, 151
sca util::SCA_AC_MAG_RAD

value of type sca util::sca ac fmt, 151
sca util:SCA_AC_REAL_IMAG

value of type sca util::sca ac fmt, 151
sca util::sca_close tabular_trace file, function, 155
sca util::sca _close ved trace file, function, 154
sca util::SCA_COMPLEX_J, constant, 163
sca util::sca_complex, typedef, 156
sca util::sca_create tabular_trace file, function, 154
sca util::sca_create ved_trace file, function, 154
sca util::sca_create vector, function, 162
sca_util::sca_decimation, class, 151
sca util::SCA_DONT_INTERPOLATE

value of type sca_util::sca_multirate fmt, 151
sca util::SCA_HOLD_SAMPLE

value of type sca_util::sca_multirate fmt, 151
sca util::SCA_INFINITY, constant, 163
sca util::sca info::sca eln_solver, constant, 165
sca util::sca info::sca Isf_solver, constant, 165
sca _util::sca info::sca_ module, constant, 165
sca util::sca info::sca tdf solver, constant, 165
sca _util::sca_information_mask, class, 164
sca_util::SCA_INTERPOLATE

value of type sca_util::sca_multirate fmt, 151
sca_util::sca_matrix, class, 157
sca_util::sca_multirate_fmt, enumeration, 151
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sca_util::sca_multirate, class, 151
sca util::SCA_NOISE _ALL
value of type sca util::sca_noise_fmt, 151
sca_util::sca_noise_fmt, enumeration, 151
sca_util::sca_noise_format, class, 151
sca util::SCA_NOISE_SUM
value of type sca util::sca_noise_fmt, 151
sca util::sca_sampling, class, 151
sca _util::sca trace file, class, 153
sca_util::sca_trace_mode base, class, 151
sca util::sca traceable object, class, 155
sca_util::SCA_UNDEFINED, constant, 163
sca_util::sca vector, class, 160
sca_util::sca write_comment, function, 155
SCA_VERSION_MAJOR, macro, 166
SCA_VERSION_MINOR, macro, 166
SCA_VERSION_ORIGINATOR, macro, 166
SCA_VERSION_PATCH, macro, 166
SCA_VERSION_PRERELEASE, macro, 166
SCA_VERSION_RELEASE DATE, macro, 166
SCA_VERSION, macro, 166
set_attributes, member function
class sca tdf::sca_ module, 22
set_auto_resizable, member function
classsca util::sca_matrix, 158
class sca util::sca vector, 161
set_ct_delay, member function
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 41
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
45
set_delay, member function
classsca tdf::sca de:isca in, 51
class sca tdf::sca de::sca in<bool>, 56
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 61
class sca tdf::sca de::sca out, 67
classsca tdf::sca in, 31
class sca tdf::sca out, 36
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 41
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
45
set_max_delay, member function
class sca tdf::sca Itf_nd, 82
classsca tdf::sca Itf_zp, 87
class sca tdf::sca ss, 93
set_max_timestep, member function
class sca core::sca_module, 12
classsca tdf::sca de:isca in, 51
class sca tdf::sca de::sca in<bool>, 56
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 62
class sca tdf::sca de::sca out, 68
classsca tdf::sca in, 31
class sca tdf::sca out, 37
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 41
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
46
set_mode, member function
classsca util::sca trace file, 153
set_rate, member function
classsca tdf::sca de:isca in, 51
class sca tdf::sca de::sca in<bool>, 56
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 61
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class sca tdf::sca de::sca out, 67
classsca tdf::sca in, 31
class sca tdf::sca out, 36
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 41
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
46
set_timeoffset, member function (deprecated), 185,

set_timestep, member function
class sca core::sca_module, 11
classsca tdf::sca de:isca in, 51
class sca tdf::sca de::sca in<bool>, 56
class sca tdf::sca de::sca in<sc_dt::sc_logic>, 62
class sca tdf::sca de::sca out, 67
classsca tdf::sca in, 31
class sca tdf::sca out, 36
class sca tdf::sca out<T, sca tdf::SCA_CT_CUT,
INTERP>, 41
class sca tdf::sca out<T, sca tdf::SCA_DT_CUT>,
46
set, member function
class sca _core::sca_parameter, 18
shall, usage, 3
should, usage, 3
signal
definition, 4
simulation
electrica linear networks, 141
linear signal flow, 114
timed data flow, 74
solvability check
electrica linear networks, 141
linear signal flow, 114
solver, glossary, 184
store_value, member function
class sca tdf::sca_default_interpolator, 29

T

template parameter |F
class sca core::sca port, 14
template parameters
class sca tdf::sca out, 34
template parameter T
class sca _core::sca_parameter, 17
class sca tdf::sca de::sca in, 50
class sca tdf::sca de::sca out, 67
class sca tdf::sca in, 30
class sca tdf::sca signal, 28, 29
class sca util::sca_matrix, 157
class sca util::sca vector, 160
terminal
classsca eln::sca terminal, 116
definition, 3
glossary, 184
timed data flow
attribute changes, 75
glossary, 184
model of computation, 21
namespace sca tdf, 6
reinitialization, 75
small-signal frequency-domain descriptions, 145
time-domain analysis, 143
time-domain processing, glossary, 184
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timestep calculation and propagation \WYj
electrical linear networks, 140 warning
linear signal flow, 113 definition. 6
timed dataflow, 73 sc_core::SC_WARNING, 6
to_double, member function write. member function
class sca tdf::sca_ct_proxy, 76 class sca tdf::sca_de::sca out, 70
to_matrix, member function class sca tdf::sca out. 39
class sca_tdf::sca ct_vector_proxy, 78 class sca tdf::sca_out<T, sca tdf::SCA_CT_CUT,
to_port, member function INTERP>. 44 B o
class sca tdf::sca_ct_proxy, 77 class sca tdf::sca_out<T, sca tdf::SCA_DT_CUT>,
class sca tdf::sca ct_vector_proxy, 78 48
to_string, member function class sca tdf::sca trace variable, 71

class sca _core::sca parameter, 17
class sca _core::sca parameter_base, 15
classsca util::sca_matrix, 159
class sca util::sca vector, 162
to_vector, member function
class sca tdf::sca ct_proxy, 77
class sca tdf::sca ct_vector_proxy, 78
tracefiles, 151
typedef
sca _core::sca time, 14
sca eln::sca de ¢, 134
sca eln::sca de isink, 139
sca eln::sca_de isource, 138
sca eln::sca de |, 135
sca eln::isca de r, 134
sca_eln::sca_de rswitch, 136
sca eln::sca _de vsink, 138
sca eln::sca_de vsource, 137
sca eln::sca tdf c, 128
sca eln::sca tdf_isink, 133
sca eln::sca tdf_isource, 132
sca eln::sca tdf 1, 129
sca eln::sca tdf r, 128
sca eln::sca tdf_rswitch, 130
sca eln::sca tdf_vsink, 132
sca _eln::sca tdf_vsource, 131
sca Isf:isca _de demux, 112
sca |sf::sca de gain, 109
sca Isf:isca de mux, 111
sca Isf:isca de sink, 111
sca Isf::sca de source, 110
sca Isf:isca tdf_demux, 109
sca |sf::sca tdf_gain, 106
sca Isf::sca tdf_mux, 108
sca Isf::sca tdf_sink, 107
sca Isf::sca tdf_source, 106
sca util::sca_complex, 156

U

unlock, member function
class sca _core::sca parameter_base, 16
unset_auto_resizable, member function
classsca util::sca_matrix, 158
class sca util::sca vector, 161

VvV
value_changed_event, member function
classsca tdf::sca de::sca in, 54
class sca tdf::sca de::sca in<bool>, 59
classsca tdf::sca de::sca in<sc_dt::sc_logic>, 65
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