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1 Introduction

This document specifies the OpenCPI Resource-Constrained C/C++ Language
(RCC) authoring model and describes how to write RCC workers in C or C++. This
model is based on the C language and makes most design choices to minimize
resources appropriate for resource-constrained embedded systems. DSP processors
with on-chip memories, micro-controllers, and multi-core processors are natural targets
for this authoring model. The RCC model is also an appropriate model for any general-
purpose processor with a C compiler, when the developer is comfortable with the
constraints of the C language.

This document also describes a C++ variant of this authoring model that takes
advantage of the expressive power of the C++ language. Both the C and C++ language
variants are considered to be based on this one authoring model as so many concepts
and details are common.

This specification is based on the authoring model concept as defined in the OpenCPI
Component Development Guide, and that is a prerequisite to this document. That
document introduces key concepts for all authoring models, including the configuration
and lifecycle model of components, and the software execution model for most
authoring models targeting general purpose software platforms.

All OpenCPI authoring models are required to coexist and interoperate with the other
existing models that are more appropriate for their respective processing technologies.
These include the OCL authoring model for GPUs, and the HDL authoring model for
FPGAs. Other models and any unique aspects to their associated development
workflow, are described in their own documents.
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1.1 References

This document depends on several others. Primarily, it depends on the OpenCPI
Component Development Guide, which describes concepts and definitions common
to all OpenCPI authoring models. As the RCC authoring model is based on the C
language, specifically C90: ISO/IEC 9899:1990, it also depends on the ISO-C language
reference manual and associated libraries. The exceptions to the C90 basis are the use
of <stdint.h> from C99. The C++ authoring model is based on the language as
defined in ISO/IEC 14882:2003, prior to Cxx11. While it is possible to develop workers
enabling C++11 (or later) features, this reduces portability for embedded systems
running older compilers. A later major release will be centered on C++11.

Table 1: Table of Reference Documents

Title

Published By

Link

https://opencpi.qgitlab.io/releases/v2.4.7/docs/

Specification

OpenCPI User Guide OpenCPI OpenCPl_User_Guide.pdf

OpenCPI Component OpenCP] https://opencpi.gitlab.io/releases/v2.4.7/docs/
Development Guide —Rentt OpenCPI_Component_Development_Guide.pdf
ISOC Language |5 oy age  |SO/IEC 9899:90

ISO C++ Language
Specification

C++ Language

ISO/IEC 14882:2003
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2 Overview

RCC workers are C/C++ language component implementations. They are hosted in an
OpenCPI container, which is responsible for:

¢ loading, executing, controlling, and configuring the worker
e effecting data movement to and from the data ports of the worker
¢ providing interfaces for the local services available to RCC workers.

RCC workers that are executing and collocated together in the same container can
make use of local zero-copy approaches to move data between them. For connections
between workers in different containers, the containers move data between each other
using a common data transport mechanism. Containers make use of a default data
transport between the two devices unless explicitly configured to do otherwise.

The OpenCPI Component Development Guide (CDG) contains sections for the
general introduction to the control plane functionality of workers and containers,
followed by the general execution model of software-based workers. The specifics of
the RCC authoring model are included here, consisting of:

e container-to-worker interfaces: how the container calls the worker’s entry points
e worker-to-container interfaces: how the worker calls the container’s entry points

e the local services: how the worker uses local services and which ones are
available.

Creating a component implementation (a.k.a. authoring a worker), includes writing
source code as well as specifying certain characteristics of the implementation in a
separate XML file. This XML file is called the OpenCPI Worker Description (OWD). |t
refers to the OpenCPI Component Specification (OCS) being implemented, specifies
the authoring model and language, and describes any non-default constraints or
behavior of this particular component implementation. It includes attributes and
information that are specific to the authoring model. RCC OWDs are initially generated
using the ocpidev tool and then may be further customized. The ocpidev tool and
the OWD aspects that are common to all authoring models are described in the
OpenCPI Component Development Guide.

RCC workers can act as a proxy for other workers, which then act as slaves. Proxy
workers provide a control interface via their properties and control operations that are
translated into lower level controls for workers that are more primitive, usually device
specific, and usually written using different more processor-specific authoring models.

Having a proxy for higher level, more generic control processing relieves the slave
workers of the complexity and burden and footprint of adapting to common interfaces
and control protocols. A common use-case for proxies is controlling device workers:
they are fully described in the OpenCPI Platform Development Guide. In an
application, a proxy is guaranteed to be configured and started before its slaves are
started, allowing the proxy to privately configure the slave.
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3 XML Description Files (OWD) for RCC Workers.

This section describes the format and structure of the RCC OWD. This XML document
specifies for the worker:

¢ The OCS being implemented (required)

e The authoring model (required) and language (may default)

e Some generic worker attributes allowed in all authoring models (all optional)
e Some attributes and elements specific to RCC workers (all optional)

e Property information beyond what is in the OCS (all optional)

¢ Port information beyond what is in the OCS (all optional)

¢ Slave information: which ones and how they are configured and connected.

The top level XML element for a RCC worker is RCCWorker, which implies the
authoring model. Using defaults, the simplest OWD for an RCC worker would be:
<RCCWorker spec='myspec'/>

The RCCWorker XML element includes or references an OCS, and then describes
implementation information about this particular RCC implementation of that OCS. The
RCCWorker element must either include as a child element a complete OCS, or include
one by reference, using the spec attribute of the top-level element. For example, the
“vsadd” RCC implementation of the “vsadd-spec” OCS would reference the component
specification this way:
<RCCWorker spec="vsadd-spec”
---other attributes---
>

---other child elements---
</RCCWorker>

The RCCWorker follows the specification of OWDs in general as specified in the CDG.
This section only defines the aspects of the RCC OWD that are not common to all
OWDs. A more complete example is below:

<RCCWorker language='c++' spec='vsadd-spec'>
<SpecProperty name='control' writable='true'/>
<Property name='debug' type='float' volatile='true'/>
<Port name='in' minBufferCount='2'/>

</RCCWorker>

The RCCWorker element may also include the OCS as an embedded child element in
the rare cases when there can never be alternative implementations of that OCS.
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3.1 Attributes of a Top-level RCCWorker Element

The name, spec, controlOperations, onlyPlatforms, excludePlatforms,
sourceFiles, includeDirs and componentLibraries attributes are the same for

all authoring models and are described in the OpenCPI Component Development
Guide (CDG).

3.1.1 Name Attribute — See the CDG
3.1.2 Spec Attribute — See the CDG
3.1.3 ControlOperations Attribute — See the CDG

3.1.4 Language Attribute

The Language attribute of the component implementation for RCC workers should
have the value c or c++. The defaultis c.

3.1.5 Slave Attribute — C++ Language Only

This attribute indicates that this worker is a proxy for one other worker, and that other
worker is named as the string value of this attribute. This attribute is only supported for
C++ workers. The name of the slave worker may have a package prefix, denoted with
periods, if the slave worker is not in the same namespace as this worker. The slave
worker name must include the authoring model suffix. An example is:

<RCCWorker language='c++' slave='ocpi.devices.xyz_adc.hdl'/>

This would indicate that this worker is a proxy for the HDL worker named xyz_adc, in
the ocpi.devices package name scope.

This attribute cannot be used when a worker is a proxy for more than one slave. In that
case, the <slaves> element must be used. See the section “Slaves Element in the
OWD?”. This attribute also cannot be used if the required slave worker is not the default
build configuration (or only build configuration) of the slave worker. The <slaves>
element can be used in that case, since it provides a way to specify parameter settings
for slave workers.

3.1.6 ExternMethods Attribute — C Language Only

The default scope and name for RCC worker methods in C is to be declared static, i.e.
name-scoped in the file, and have the method name in lower case, e.g.:

static RCCResult start (RCCWorker *self) ;

This attribute is used to change the name scope to external, and provide a pattern string
to use when generating the names of methods. The pattern string value of this attribute
is like a sprintf format string where various letter codes are preceded by % to insert
values into the string. The letter codes are: m (lower case method name), M (capitalized
method name), w (lower case worker name), and W (capitalized worker name). An
example is the pattern $W_%m, which, for the start method of the XYZ worker, would be:
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extern RCCResult Xyz start (RCCWorker *self);

The code generator uses this pattern when generating the skeleton file for the worker.
Making worker methods have externally-scoped names allows them to be implemented
in separate source files. This is not typical usage.

3.1.7 StaticMethods Attribute — C Language Only

This attribute provides a pattern like the ExternMethods attribute, but leaves the
worker methods in the file scope, declared static.

3.1.8 StaticPrereqlLibs Attribute

This attribute provides a list of names of prerequisite libraries needed by this worker.
Prerequisite libraries are only those built in to OpenCPI (at this time). Mentioning these
libraries automatically adds the header file directory associated with the library to be
searched when the worker source files are compiled.

The indicated libraries are statically linked into the binary artifact for this worker and are
thus not shared by any other worker. This static mode makes using the worker simpler
since there is no requirement for the library to be present, as a dynamically loaded
library, in the runtime environment.

3.1.9 DynamicPrereqLibs Attribute

This attribute provides a list of prerequisite libraries needed by this worker. Prerequisite
libraries are only those built in to OpenCPI (at this time). Mentioning these libraries
automatically adds the header file directory associated with the library to be searched
when the worker source files are compiled.

The indicated libraries are dynamically linked with the binary artifact for this worker and
are thus sharable by any other worker. This dynamic mode makes using the worker's
use of the library require the library to be present, as a dynamically loaded library, in the
runtime environment.
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3.2 Port Elements in the OWD

The port child element of the RCCWorker specifies information about a data port in the
OCS. Itreferences an OCS port, ordataInterfaceSpec, element by its Name
attribute. The Name attribute of the Port element must match the Name attribute of a
Port or DataInterfaceSpec element of the ComponentSpec. The Port element
adds implementation-specific information about the port initially defined in that
ComponentSpec.

A number of attributes available for the port element are common to all authoring
models and are described in the CDG. These are usually used to override attributes
inferred from the protocol associated with the data port.

3.2.1 Name Attribute

This attribute specifies the name used to reference the Port or DataInterfaceSpec
element in the OCS. It must match the name used for the port in the OCS.

3.2.2 MinBufferCount Attribute

This numeric attribute specifies the minimum number of message buffers required by
the worker for a port. The Worker Interface allows the worker code (typically in the
run method) to take a buffer from an input port, and ask for a new buffer for that port
while retaining ownership of the previous buffer from that port. This example behavior
requires the infrastructure to provide at least two buffers for that port.

The buffers are guaranteed to exist, so the worker can keep one that is full while waiting
for another one, and be guaranteed that it will be able to receive a second buffer while
holding onto the first (i.e. not deadlock). If the worker wants to compare the previous
buffer with the next buffer, it requires there to be two, but it does not require that when
the first one arrives, the second one is also full of data ready to process. The worker
must wait (via its run condition) for each buffer to arrive.

This attribute informs the infrastructure as to the minimum buffering requirements of the
worker implementation for that port. The default value is one. This attribute should not
be used to tune the buffer count for performance. It should only specify the actual
minimum requirements for the correct function of the worker.

MinBufferCount only applies to input ports, since there is no way to use the current
worker interface to depend on the existence of multiple output buffers.

This value has no effect on the behavior or interface for run conditions. See the
RunCondition and run worker method sections for more details. In particular it does not
wait for more than one buffer to be available before running the worker.

The stronger contract, where the worker will only be run when all of the required buffers
for a port are available, is not supported.
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3.3 Slaves Element in the OWD

While the slave aftribute can be conveniently used to indicate that this worker is a
proxy for a single slave (worker) with its default/only build configuration, the <slaves>
element is used when there are multiple slaves or specific build configurations
(parameter property settings) are required. The slaves element introduces a set of
slave instances, along with their static or initial properties and interconnections. The
slaves element is essentially an “assembly of slave instances”, very similar to an
application XML (OAS) as an assembly of component instances, or to an HDL assembly
as an assembly of HDL worker instances.

Here is an example (in a proxy's OWD) which specifies a single slave worker, which is
equivalent to using the top-level slave attribute for a single worker:
<slaves>

<instance worker='ocpi.devices.xyz adc.hdl'/>
</slaves>

3.3.1 Name Attribute of the Instance Element in a Slave Assembly

Each instance can have an optional name attribute whose purpose is to uniquely name
the instance within the assembly. If the name attribute is not specified, the name of the
instance is the worker's name (without package prefix or model suffix). If there is more
than one instance of a worker, the default names have a zero-based ordinal as a suffix.
For example, if the slave assembly is:
<slaves>
<instance worker='ocpi.devices.xyz adc.hdl'/>
<instance worker='ocpi.devices.xyz adc.hdl'/>
</slaves>

The first slave has the name xyz_adc0 and the second has xyz adcl.

The slave instance's name is the name used in the proxy worker's source code to
reference this particular slave. This instance naming is identical to naming in HDL
assemblies and application assemblies.

3.3.2 Worker Attribute of the Instance Element in a Slave Assembly

This attribute specifies the worker for this slave instance. Its syntax is the same as the
slave aftribute described earlier. The attribute's value is the name of the worker to use
as a slave of this proxy. This value may have a package prefix, denoted with periods, if
the slave worker is not in the same namespace (e.g. library) as this proxy worker. The
worker name must include the authoring model suffix.

3.3.3 Connections in Slave Assemblies

Slave instances may be connected using the techniques described for all types of
assemblies (applications and HDL assemblies): using either the connect attribute of

the instance (for simple connections), or the connection element. These are
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described in the OpenCPI Application Development Guide section on the OAS XML
documents.

Slave assemblies may have external ports, the same as application assemblies or HDL
assemblies.

Connections to external ports of a slave assembly are used during the execution of an
application to delegate connections at a proxy worker's ports in the application
assembly, to slave instance ports in the proxy's slave assembly. This means that if the
proxy is selected to support an instance in the application, any connections to its ports
are in fact connected to slave instance ports in the slave assembly instead, and not to
the proxy worker itself.

For example, if the application is this (file_read => mycomp => file write):

<application>
<instance component='file read' connect='mycomp'/>
<instance component='mycomp' connect='file write'/>
<instance component='file write'/> -
</application>

and you have a proxy worker that implements the mycomp spec (with pxin and pxout
ports), with this slave assembly:
<slaves>
<instance worker='myfirst.hdl' connect='mysecond'/>
<instance worker='mysecond.hdl'/>
<external name='pxin' instance='myfirst' port='in'/>
<external name='pxout' instance='mysecond' port='out'/>
</slaves>

This means that, at application execution/deployment time, when the proxy is selected
for mycomp, the connection of £ile read to the pxin port of mycomp, is actually
connected to the in port of myfirst, and the connection to £ile_write from the
pxout port of mycomp is actually connected from the out port of mysecond instead.
So the way the proxy has delegated the connections at its ports, to the external ports of
the slave assembly with the same names as the proxy's ports. And in this case the app
is now:

file read => myfirst => mysecond => file write

3.3.4 Array Port Connections in Slave Assemblies

Proxy ports that are delegated as described above may be array ports, meaning they
can have a count attribute in the <port> element which indicates the width or
dimension of the port. This indicates that each such array port is actually a set of ports
numbered from 0 to count -1. When array ports are referenced in <connection>
elements, the index attribute is used to indicate which individual port(s) in the array are
being connected. The mycomp spec (OCS) implemented by the proxy worker may
declare ports as having count attributes, e.g.:
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<ComponentSpec>

<port name='pxin' protocol='myprot' count='2'/>

<port name='pxout' producer='true' protocol='myprot'/>
</ComponentSpec>

This component spec could be for a proxy with a pxin port of count 2, and a pxout
port that is not an array port. An RCC proxy worker might have an OWD like this:

<RccWorker language='c++' spec='mycomp'/>

<slaves>
<external name='pxin' count='2'/> -- external matches OCS port
<external name='pxout'/> -- external matches OCS port

<instance worker='first.hdl' connect='adder' port='argl'/>
<instance worker='second.hdl' connect='adder' port='arg2'/>
<instance worker='adder.hdl'/>
<connection>
<external name='pxin' index='0'/>
<port name='in' instance='first'/>
</connection>
<connection>
<external name='pxin' index='1l'/>
<port='in' instance='second'/>
</connection>
</slaves>
</RccWorker>

This slave assembly declares external ports consistent with the proxy's spec, and has
two workers (first.hdl and second.hdl) that each connect to one of the pxin
ports (index 0 and index 1). Both £irst and second have their outputs connected to
an adder worker instance (at input ports argl and arg2), whose output is connected to
the pxout extern port. [diagram]

These array ports are not supported in all assemblies or for all instances, but are
supported for proxy ports and the external ports of slave assemblies.

3.3.5 Conditional Slave Assemblies

A slave assembly for a proxy worker can have parts (any XML elements) that are
conditionally present based on a boolean expression of the proxy's parameter
properties. See the section “Expressions in Property Values” in the OpenCPI

Application Development Guide for details.

Conditional slave assemblies allow proxies to be more configurable and multipurpose,
reducing the need for “copy-and-paste” proxy variants that change the underlying slave
assembly in various ways. They can be especially useful for digital radio control (DRC)
proxies. For example, a DRC proxy worker may or may not want to include
timestamping or timegating support and may or may not want to include retuning
support.

The XML conditional syntax can be:

e An if attribute (containing an expression) on an element specifying whether or
not it should be included.
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* An <if> element with a test attribute containing an expression specifying
whether or not the contained elements should be included.

¢ An <else> element with no attributes immediately following a <i£> element,
which can contain child elements to be included when the test expression in the
preceding <if> element is false.

The proxy's source code can be conditionalized the same way, using the
OCPI_PARAM <worker-name> <property-name> () preprocessor macros in
preprocessor ‘conditionals. See the section “Accessing the Values of Parameter
Properties” for details.
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4 The RCC Worker Interface

This section defines the interface between the worker and its container: the API for this
authoring model. The term worker method is used as a shorthand and language-
neutral term for what is a member function in C++ or a worker entry point function in C.
Methods in C++ have an implicit this argument that is hidden by the language. C
language RCC workers have the first argument to all worker methods as an explicit
self argument. This self argument is a pointer to a structure containing context and
state information for the worker as well as C function pointers to container methods

When discussing a worker's runtime behavior, the term worker is sometimes used as a
runtime instance of the worker in contrast to referring to the source code that is written
for the worker as a component implementation.

RCC worker code must avoid the prefixes OCPI and RCC (even without a trailing
underscore) for compile-time constants and types as these are reserved for use by the
authoring model. The RCC authoring model also specifies that all generated macros
are upper case, and all generated data types are capitalized and mixed CamelCase.
User code is recommended to follow these conventions, but is not required to do so.

The worker interface consists of control operation methods whose behavior is defined in
the Control Plane Introduction section of the CDG. In addition, there is a required
run method that supports the event-driven execution model defined in the Software
Execution Model section of that same document. The run method is the only required
method (except C++ where it is optional) and all the other worker methods are optional.
All processing of the worker occurs in the context of these methods. There are two
categories of methods:

e Worker methods represent functionality of the worker, to be called by the container,
and which may have default implementations. These include the run method, and
the lifecycle control operation methods: initialize, start, stop, and release.

e Container methods represent functionality of the container, to be called by the
worker, such as changing run conditions, and accessing ports and buffers. All C
language container methods are dispatched through function pointers in the
container member of the RCCWorker structure (supplied as the self argument).
C++ container methods are accessible member functions inherited from the worker's
base class.

Default methods are the behaviors that are executed if the user supplies no code for a
worker method. Default methods for C-language workers are indicated by NULL
pointers for those methods in the RCCDispatch structure, described below. For C++,
they are simply methods in the base class.

Several integral typedefs and constants are defined and used throughout the interface:

* RCCBoolean is aliased to uint8_t, to match the defined size in property space
and message layouts.

e RCCChar is a signed 8 bit type to represent property values of type Char.
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¢ RCCOrdinal is used for ordinals for ports, operations, and properties.

e RCCPortMask indicates a proper subset of a worker's ports, with ports indicated
using, e.g.: (1 << portl_ordinal) | (1 << port2 ordinal).

* Ordinals for ports are generated as enumeration constants <KWORKER> <PORT>.
* RCC_NO_PORTS is a mask of type RCCPortMask indicating no ports.
* RCC_ALL PORTS is a mask of type RCCPortMask indicating all ports.

More complex data types used in worker and container methods are described in the
following sections where they are used.
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4.1 The RCC Execution Model

The CDG describes the fundamentals of software execution models for OpenCPI
software authoring models. RCC workers executing in their containers operate
according to this model, with the details described in the RCC Worker Interface section
below.

The container executes workers such that all execution threads are supplied by the
container. Thus there is no need or possibility for workers to create threads.
Containers may arrange for workers to run concurrently, each in its own thread, or run
one at a time with all workers in the container running in a single thread.

A simple non-preemptive single-threaded container implementation would have a loop,
testing run conditions, and calling workers' run methods. A more complex
environment might run workers in different threads for purposes of time preemption,
prioritization, etc. This worker execution model allows a variety of container execution
models while keeping the worker code simple.

On each execution, the worker sees the status of all I/O ports, and can read from
current input buffers, and write to current output buffers. It must return from the run
method to get new buffers, after specifying whether buffers are consumed or filled
during the execution.

This simple execution environment can be easily implemented in full function GPP
environments, providing a test environment and a migration path to more minimal
embedded environments such as a single-threaded environment with no real operating
system at all (i.e. “bare metal”’). Such a minimal environment is possible, although none
are currently supported.

The execution source code for an RCC worker should be written for a multi-threaded
environment. Since the interfaces between the worker and container are already
implicitly thread-safe, this concern mostly applies to workers calling library functions.
Library functions such as 1localtime or strtok should be avoided since they are not
thread-safe. Library functions such as setenv or even exit, should never be called
since they modify the environment for other workers. More information about
appropriate library functions is in the RCC Local Services section below.
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4.2 Worker Methods: Called by the Container, Implemented by the Worker.

This section describes the methods that a worker may implement with only one being
mandatory (and only for C, not C++): run. All other methods are optional and have
default behavior. These other methods are control operations that perform lifecycle
state transitions. The transitions are described in the control plane introduction section
of the CDG. All processing of the worker occurs in the context of these worker
methods.

For C++, the OpenCPI code generation tools create a custom base class that the actual
worker class inherits. The derived class that implements the worker is declared by the
worker author directly in their source code. This derived class inherits the custom base
class, but can otherwise contain any other member functions and data members, with
the caveat that they do not shadow certain members in the generated custom base
class (which are specifically mentioned below). All worker methods in C++ are member
functions and this is where all worker processing takes place.

4.2.1 RCCWorker Structure Type — C Language Only

This structure type , a typedef name, represents the visible state of a worker. The
container creates this structure (defined in RCC_Worker . h) with no particular content or
member ordering, but with the documented members present. The structure members
are written by either the container or the worker, but not both. Members written by the
container are declared const to enhance error checking when compiling worker code.

A pointer to this structure is the first argument to all C language worker methods, called
self.

Workers (code in worker methods) access property values via the properties
member of the RCCWorker structure, whose type is void *. Its usage is described in
the Property Access section below.

The defined members of the RCCWorker structure are described in the table below.
Some example C code that uses these various members of RCCWorker is:

XyzProperties *props = self->properties; // void * needs no cast
MyState *state = self->memory; // void * needs no cast
self->container.setError (“stuff happened”) ;

if (self->runCondition == &mySearchCondition) ..

if (self->connectedPorts & (1 << XYZ IN)) ..

uint32_t *msgdata = self->ports[XYZ IN].current.data;
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Table 2: Members of the RCCWorker Structure for C Workers

Member Name

Member
Data Type

Written
by

Member
Description

properties

void *const

container

A const pointer to the properties
structure for the worker, whose layout is
implied by the properties declared in the
OCS and OWD. The value is NULL if
there are no such properties.

memories

void *const
*const

container

An array of const pointers to the
memory resources requested by the
worker in the memSizes member of
the RCCDispatch structure. Any
memories that are not read-only are
initialized to zero before a worker
executes any method.

memory

void *const

container

A pointer to the memory resource as
requested in the memSize member of
the RCCDispatch structure.

container

const
RCCContainer

container

A dispatch table of container
method/function pointers.

runCondition

RCCRunCondition
*

worker

Initialized from the RCCDispatch
runCondition member. Checked
by container after calling the start
method.

connectedPorts

RCCPortMask

container

A mask indicating which ports are
connected. A worker can check this to
see if an optional port is connected.

ports

RCCPort[]

varies by
member

An array of RCCPort structures,
indexed by port ordinals.

4.2.2 The Worker Derived Class — C++ Language Only

All the worker methods are member functions of the worker's derived class. This class
inherits a base class specifically generated for the worker and defined in the
gen/<worker>-worker.hh file. Worker methods that must exist (based on the
OWD), are declared pure virtual in this generated base class. Container methods are
accessible member functions of the base class. There are several accessible data
members of the generated base class that can used in worker method code. One is
m_properties, which is a structure containing members for property values. Its
usage is described in the Property Access section below.

There are also data members in the base class for each port. These are described in
the Port Management Data Members and Methods section below.
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4.2.3 RCCResult Enumeration Type — C and C++ Languages

The RCCResult type is an enumeration type used as the return value for all worker
methods. It indicates to the container what to do when the worker method returns, as
described in the following table:

Table 3: RCCResult Return Values

Enumeration Identifier Description

RCC_OK The worker method succeeded without error.

RCC_ERROR The worker method did not succeed, but the error is not
fatal to worker or container: the method may be retried
if defined to allow this.

RCC_FATAL The worker should never run again and is non-
functional. The container or other workers may be
damaged. The worker is in an unusable state. The
container may know that it, or other workers are
protected from damage, but the worker indicates this
condition in case there is no such protection.

RCC_FINISHED The worker needs no more execution. This is a normal
completion. The worker is entering the finished state.
This allows the container release resources (such as
I/O buffers) prior to the worker instance being
destroyed or reused. Any messages remaining in input
buffers will not be processed and may be discarded.
Properties are still accessible.

RCC_ADVANCE The worker is requesting that all ports that were ready
when the run method was entered be advanced
(applies only to the run method).

RCC_ADVANCE_ FINISHED | The worker is requesting that all ports be advanced
(run method only) and declaring that it is also
“finished”. The worker is entering the finished state like
RCC_FINISHED.

These return values apply to each method as defined in their specific behavior. Some
values are not valid results for all methods. When the result is RCC_ERROR or
RCC_FATAL, the worker may have also set a descriptive error message via the
setError container method described below.

4.2.4 Worker Initializations

A worker may initialize its state in several places, as appropriate. Each is described
below in detail, but here is a summary of the different places it may be done and why:
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e C++ Worker Constructor: convenient for one time initializations that do not
depend on initial property values, do not generate error conditions, and cannot use
member data initializers.

e C++ Member Data Initializers: convenient for one time member data initializations
that do not depend on initial property values and do not generate error conditions.

¢ The initialize control operation: one time initializations that do not depend on
initial property values for C, and those that might generate errors for C++.

e The start control operation: initializations that should happen when the worker is
first started as well as when it is resumed after being suspended.

e The firstRun test in the run method: one-time initializations that depend on initial
property values. See firstRun container method.

Guidance to choose where initialization should take place is, in priority order:

1. In C++, use the constructor (or member initializers) if the initializations do not
depend on property values and do not generate errors, otherwise

2. Use the firstRun container method unless it is critical that the first execution of the
run method should not be slower than subsequent executions.

If neither #1 nor #2 is suitable:
3. Use initialize if the initializations do not depend on property values.

4. Use start if the initializations depend on property values or must be repeated
when the worker is resumed after being suspended.

4.2.5 initialize — Worker Method

This worker method implements the initialize control operation as defined in the CDG
and it is optional. It cannot depend on any property settings. A worker should
implement this method under these conditions, for one-time initializations that do not
depend on properties:

¢ There are initialization errors that can be reported to the container.
e There is significant processing work or time involved in the initialization.
¢ There are significant resource allocations performed during initialization.

If none of the above conditions are true, this method can be unimplemented and the
default implementation will be used.

Using the initialize method will allow the run or start methods to be more
consistent in execution time. Without an initialize, all one-time initialization must
be done on the first invocation of start, or if start is unimplemented, the first
invocation of run. Sometimes this is unavoidable.

For one-time initializations that depend on property values, the firstRun container
method can be called in the run method to know when it is being called for the first time.
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4.2.5.1 Synopsis

static RCCResult initialize (RCCWorker *self); // C language
RCCResult initialize(); // C++ language

4.2.5.2 Returns
This method shall return a RCCResult value.

If the initialization cannot succeed, it shall return RCC_ERROR. If the worker detects an
error that would disable the implementation or its environment, it shall return
RCC_FATAL. Otherwise it shall return RCC_OK if normal worker execution should
proceed.

4.2.6 start — Worker Method

This optional method implements the start control operation as defined in the CDG.
Upon successful completion, the worker is in the operating state or possibly in the
finished state. This operation is called for the first time after initialization and after
initial property settings are done. It may also be called after a successful stop
operation to resume execution. Thus any truly one-time initializations must be protected
by some means in the worker implementation to ensure they are executed only once. If
this method is not provided the default implementation advances the worker to the
operating state.

4.2.6.1 Synopsis

static RCCResult start (RCCWorker *self); // C language
RCCResult start(); // C++ language

4.2.6.2 Returns
This method shall return a RCCResult value.

If the start method cannot succeed, it shall return RCC_ERROR. If the worker detects an
error that would disable the implementation or its environment, it shall return
RCC_FATAL. It shall return RCC_FINISHED if no 