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Abstract

The Software Communications Architectures (SCA) speci�cation es-
tablishes an implementation independent framework with baseline
requirements for the development of Joint Tactical Radio System
(JTRS) software de�ned radios. The Common Object Request Broker
(CORBA) is a middleware that is used by the SCA to manage a
system's communication infrastrucure. In order for a system to be
compliant, it must implement a CORBA interface through which it can
communicate with the rest of the system. Offering support for such an
interface can be dif�cult for specialized hardware processors (SHPs)
such as digital signal processors (DSPs) and �eld programmable
gate arrays (FPGAs). This dif�cultly stems for the fact thatmost
SHPs either have a limited amount of resources that would best not
be consumed by communication cycles. Furthermore, SHPs, such as
FPGAs, do not have architectures that lend themselves to thetype
of processing required for the support of CORBA. Change Proposal
289 (CP289) proposes a technique by which the need for CORBA
can be abstraced away from the SHP device, thereby allowing the
system to comply with the speci�c rules that have been de�nedby
the SCA without sentencing the SHP to suffer from the additional
overhead that has been introduced into the component through the use
of CORBA. This paper presents an approach by which the techniques
described by CP289 can be successfully implemented.

Introduction
The Software Communications Architectures (SCA) speci�cation
establishes an implementation independent framework withbaseline
requirements for the development of Joint Tactical Radio System
(JTRS) software de�ned radios [1]. The requirements include both
interface and behavioral speci�cations that ensure the maintenance
of portability and con�gurability across vendor platforms.

The SCA uses the Common Object Request Broker (CORBA) to
provide a common languange through which all distributed elements
(components) within the system communicate. Although CORBA
has caught on as a middleware for general purpose processors
(GPPs), CORBA implementations for processing elements such as
digital signal processors (DSPs) and �eld Programmable gate arrays
(FPGAs) are far less common.

Providing a mechanism by which resources, such as DSPs and
FPGAs, communicate with CORBA objects can be a challenging
task. Many Specialized Hardware Processors (SHPs) are not capable
of providing the level of support that is necessary to process CORBA
messages ef�ciently. Thats not to say that those SHPs cannotbe
made to do so, but rather that using the device's resources for that
purpose may result in poor performance.

Change Proposal 289 (CP289) is intended to address components
that may not be capable of complying with the requirements de�ned
in section 3.2 [1] in an ef�cient manner. The speci�cation de�nes a
way by which SHPs, such a DSPs and FPGAs, can be integrated into
the SCA. The goal is to provide a level of abstraction that enables
SHP components to look and behave like their GPP counterparts,
regardless of what the component's physical implementation actually
is. In addition components should be portable across similar
SHP environments, and be able to be replaced by alternative
implementations of the component. These requirements should not

prohibit a component implementation from taking adavantage of the
features that are speci�c to the SHP's architecture.

In this paper we present an approach for generating HDL speci�c
components and interfacing them to a �eld programmable gate
Array (FPGA) container in which they will execute. Speci�cally, we
will discuss a software prototype that is able to generate a Hardware
Description Language (HDL) speci�c component skeleton from
a SCA component description. In addition, we will also discuss
the intellectual property (IP) that will provide an interface to the
component's execution environment. We begin by reviewing how
SCA components are speci�ed at the highest level. Next we describe
an interfacing technique that has allowed us to standardizethe
way in which SHP components executing on RTL Programmable
Logic (RPL) communicate. Then we describe how an HDL speci�c
component descriptions are realized given the informationcontained
in the SCA component's high level description. Finally, we discuss
the container intellectual property (IP) that will facilitate the
interconnection of the newly created RPL components.

Background

Software Component Descriptions

The Software Communications Architecture (SCA) speci�cation
provides architectural speci�cations for the deployment of
communications software into a Software De�nable Radio (SDR)
device [1].The intent of the SDR device is to provide a re-
con�gurable platform which can host software components written
by various vendors to support user functional services. TheSCA
speci�cation requires portable software components to provide
common information called a domain pro�le.

The domain pro�le exists as a collection of XML �les used
to describe the hardware devices and software components that
constitute the system. The XML �les most relevant to this
document are the Software Package Descriptor (SPD), the Software
Component Descriptor (SCD), and the Property File (PRF). The
SPD describes the various implementations that are supported by a
given component. The SPD �le tells the RPL component developer
the name of the component and the location of the appropriateSCD.

Components are described at the highest level by their SCD. Each
SCD �le describes the ports that are used by the components tosend
and receive data to and from other entities in the system. Included
in this description is a port name, repository ID, and type. The
port type is either provides or uses depending on the responsiblities
that the port assumes. The port is a provides port if it assumes
the responsibilities of servicing requests and issuing responses.
Similarly, the port is a uses port if it assumes the responsibility of
issuing requests and servicing responses.

The SCD also speci�es the location of the component's property �le.
The property �le associates a collection of properties witha speci�c
component. Each property consists of a name, a value, and the
value's type. The value's type is used to do determine the amount
of memory that needs to be allocated in order to accommodate a
worker's property space, as well as the offset into that memory that



should be used to access the property value.

The repository ID indicates the location of the ports interface
description within the interface repository. The worker developer
uses the repository ID to query the interface repository about the
interfaces that the worker needs to support.

SCA Component Interface Descriptions
Each SCA component port must be accompanied by an interface
de�nition. The interface de�nition describes how the interface
through which the port can be accessed. Speci�cally, it describes the
types of data and operations that an interface to a speci�c port can
support. The interface de�nitions reside in an interface repository.
The Interface Repository (IR) is a CORBA object that acts as a
container for interface de�nitions. Our implementation approach
uses the Interface Repository to store the interface de�nitions
associated with the RPL components that are being developed. For
a detailed explanation of the Interface Repository, the reader is
referred to [2]. It should be noted that the SCA speci�cationdoes
not reference any speci�c IDL �les. Therefore, there is no standard
way of using the SCA meta-data to discover the appropriate IDL �les.

RPL Component Interfaces
CP289 aims to standardize the way in which components
communicate with their external environment. Standardizing these
interfaces guarantee that one vendor's component implementation
will work with another vendor's container implementation.All
CP289 components communicate with surrounding entities using
the Open Core Protocol.

The Open Core Protocol (OCP) delivers a core centric protocol
that comprehensively describes the system level-integration of
intellectual property (IP) cores [3]. Interfaces to OCP cores are
described in terms of parameterizable signals with well de�ned
behaviors. Developers can leverage their understanding ofOCP to
facilitate integration of existing OCP compliant cores into their
system, thus reducing design time.

RPL components communicate with their external environment
via OCP interfaces. Each interface is described by a collection of
OCP parameters otherwise known as a pro�le. The developer can
customize an interface to meet the needs of a particular component
instance by altering the parameter values that have been de�ned
in the interfaces pro�le. The three OCP interfaces de�ned by
CP289 include the Worker Control Interface (WCI), the Worker
Port Interface (WPI), and the Worker Memory Port Interface (WPMI).

The Worker Control Interface exists to provide a means by which
the container communicates control and status informationto the
component, as well as to provide a mechanism by which properties
can be written to and read from the component's property space.
Each worker has a WCI. The size of the property space that the WCI
must support is determined through examination of the component's
SCD. The Worker Port Interface supports the communication of
application data between components and their container, as well
as connected components. The WPI supports several addressing
patterns that range from a First-In-First-Out, which does not
require any addressing signals, to the ability to access buffered data
randomly. The addressing mode that a particular component instance
will support is dependent on the values the have been assigned to
the parameter's contained by the port's interface pro�le. The Worker
Memory Port Interface provides the component access to bothon
and off-chip memory resources.

The majority of an OCP interface's parameter values are speci�ed
by an interface's OCP pro�le and cannot be changed. However,

there are a handful of parameters that offer the developer some
�exibility in customizing the OCP interface to meet the needs of
the application. This �exibility exists to provide a mechanism for
controlling the width of data, and address signals, as well as to
accommodate various memory access scenarios.

In our implementation, the OCP pro�les exist as XML �les. When a
new OCP interface is needed, an instance is created and handed the
XML �le that describes the OCP pro�le that the interface should
conform to. The interfaces parameter values are set according to the
values speci�ed in the XML �le.
The aforementioned con�gurable parameter values can be changed
by altering the appropriate lines in the XML �le. In the �nal
implementation what is now our software prototype, clear distinction
between the static and con�gurable parameter values must me
maintained. In addition, the tool needs to perform error checking
on those parameters that are speci�ed by the user to guarantee the
validity of their values.

Containers

The term component is used to describe a computational entity that
provides an independently de�ned unit of functionality. Containers
contain at least one component. They exist to provide an immediate
runtime environment in which the component executes. Containers
provide components access to services that are offered by the
physical resources of the device, as well as those services offered
by other components in the system [4].

Implementation

The remainder of this document discusses our realization ofthe
CP289 speci�cation as it pertains to RTL Programmable Logic
(RPL). Speci�cally, we will describe our software prototype that
automates the process of generating HDL speci�c skeletons for
CP289 RPL components. The �rst step in this process is using
the information contained within the SPD, the SCD, and the
interface de�nition to generate the OCP interfaces that areneeded
to accurately describe the speci�c interface instances that the
component will communicate through. Using the generated OCP
interface descriptions, our prototype can create a compliant core
RTL con�guration �le. This con�guration �le provides a textual
description of the component core and its interfaces. Details
concerning the core con�guration �le can be found in [3]

Finally, a mapping between the components OCP con�guration
and a speci�c Hardware Description Language (HDL) is de�ned.
As a matter of preference, we have made these mappings speci�c
to VHDL. Alternative mappings could include those necessary
for Verilog and SystemC. The result that is produced by the
software prototype is a VHDL entity and an associated package.
The package contains a collection of VHDL types that facilitate
component instantiations. At the present time, it is up to the
developer to populate the components architecture with any
and all logic necessary to manage both the computational and
communicable aspects of the worker. In the future, we hope to
provide functionality that will automatically generate IPcommon
to most or all components. We also discuss various pieces of
Intellectual Property (IP) that is required to interface a component
with its surrounding execution environment.

Parsing the Software Package and Component Descriptors

Previous sections described the roles of the Software Package and
Component Descriptors. The relationship between the SPD and the
SCD is shown in Figure 1. These descriptors are described within
our system using XML �les. The XML �les are parsed by the
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Fig. 1. Relationship Between Package and Component Descriptors

appropriate XML parser and data structures capturing the content
of the information contained within the XML �les are createdby our
prototype.

The Interface Repository
The Interface Repository (IR) is a CORBA object that acts as a
container for interface de�nitions. Our implementation uses the
Interface Repository to store the interface de�nitions associated with
the RPL components that are being developed. Our implementation
prototype assumes that prior to execution, an IR facility has been
created and populated with the appropriate interface de�nitions.
For a detailed explanation of the Interface Repository, thereader is
referred to [2]. It should be noted that the SCA speci�cationdoes
not reference any speci�c IDL �les. Therefore, there is no standard
way of using the SCA meta-data to discover the appropriate IDL
�les. In the paragraphs to follow, we describe our techniquefor
discovering the appropriate interface de�nitions.

Figure 2 shows a model of the containment facility that the Interface
Repository implements. The facility supports an API that provides
a vehicle by which users can extracts its contents. Given theports
repid, a lookup can be done to discover the interface that a given
component port supports. The result of this lookup operation is an
object that describes the interface of the port associated with that
repid.

Once the interface object has been acquired, the member datait
contains can be used to populate the model described in the next
section. The important information contained by the interface object
includes the interfaces name and supported operations, as well as
the inputs, outputs, and exception arguments that are supported by
each operation.

The operations contained by the interface can be acquired by
invoking the contents operation on the appropriate interface object.
The contents operation requires that it be provided an argument that
speci�es the type of object that it should look for. The result of
the contents operation is a sequence of operation objects that are
contained by the interface object.

The data contained by an operation object includes the name of the
operation, the mode of the operation, the operations returntype, and
the sequence of parameters that belong to the operations argument
list.

Storing OCP Speci�c Meta-Data
Before we explain how OCP related meta-data is inferred fromthe
SCD and the interface de�nitions, it is worth mentioning howthe

Fig. 2. CORBA Interface Repository Facility

Fig. 3. OCP Speci�c Meta-Data Storage Facility

data will be stored until the appropriate HDL speci�c skeletons can
be created.

Figure 3 is a representation of the OCP model as it exists within our
implementation. OCP modules are composed by one or more OCP
interfaces. Similarly, OCP interfaces are composed of one or more
OCP ports. The form that an instanced OCP interfaces assumesis
dependent on the parameter values that are contained by the OCP
Interface Object. Finally each port is associated with a net, which
speci�es a connection between 2 OCP ports.

One of the main objectives in this process is successfully creating
an instance of the model in Figure 2 that best describes the RPL
component that is being created.
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Fig. 4. Inferring OCP Interfaces

Inferring OCP Interfaces from Component Ports
The list of the ports belonging to a component is de�ned in theSCD.
Each port must be associated with a name, type, and repid. Figure 4
shows how this information is used to generate the appropriate OCP
interfaces.

Each component port corresponds to at least one OCP interface that
uses a Worker Port Pro�le. For each component port an IR lookup is
done using the ports repository ID. The IR lookup determinesif the
ports associated interface de�nition contains one-way operations. If
the ports associated interface de�nition contains at leastone one-way
operation, then two interfaces must be created to support the port.
The �rst interface enables the communication of the operation itself,
while the latter enables the return values, output arguments, or
exceptions to be communicated back to the requesting entity.

Worker Properties
A worker's property space exists for the purpose of storing
con�guration and test data that is associated with the worker. Each
property is associated with a property name, type, and property
value as shown in Figure 5. In addition we associate each property
with an offset. The offset indicates the address of the memory
location, relative to a given base address, that contains the property
value. The offset is calculated by our tool and as a result does not
appear in Figure 5.

HDL Speci�c Interfaces
OCP provides an HDL independent language for describing
component interfaces. An OCP description can then be translated
into an HDL speci�c implementation. This translation process can
either be performed manually by the component's developer or
automated. Our implementation automates this process using a piece
of prototype software. The software parses the OCP con�guration
�le and generates the appropriate VHDL constructs. OCP modules
correspond to VHDL entities and OCP interfaces correspond to
ports that exist within the respective entity. The direction of the
VHDL entity's ports are determined by the type of interface the port
will service, in addition to the type of access the port is intended
to provide. For instance, the data port of an interface that masters
a connection needs to be an input if it is requesting data. If the

Fig. 5. SCA Propety Model

interfaces are being asked to provide data, it is acting as a slave to
the master initiating the request. As a result, a slave must have an
output port so that it may provide data responses to requestors.

Our utility steps through each level of hierarchy within theOCP
description, generating the corresponding VHDL as it progresses. In
addition to the OCP interfaces, the tool generates and instantiates
several VHDL types that facilitate access to the property space.
These types describe the size of the values stored in the property
space, as well as information needed to access them.

The end result of this process is a VHDL entity, an empty
architecture body, and a VHDL package. It is the responsibility of
the component developer to populate the architecture body with
the RTL that will produce the component's desired functionality.
Future work may result in the tool automatically generatingspeci�c
blocks of logic. These logic blocks would be common to a particular
interface and include such things as state controllers, memory
elements, error handlers, etc.

Interfacing Components with the Surrounding Container

As stated earlier, containers provide the runtime environment in
which the component executes. Among other things, containers
provide means by which data is communicated amongst co-located
components, or components that are executing on the same
device and share the same memory space, as well as with system
components that execute on other devices. Containers provide a
critical backbone for the system and careful considerations should be
given to their implementation. The following describes an example
infrastructure that must be supplied by an RPL container in order for
the execution environment of the component to be supported.The
description is speci�c to RPL component's that execute on FPGAs,
although most of the concepts are also true for the ASIC domain.

An RPL container aims to provide a fabric through which the
components can access the services provided by the container,
including those features speci�c to the device, as well as access
services that are provided by other components that are executing
with in the system. This fabric consists of an independent control
and data plane. The control plane is used to deliver control and status
information to the each component's Worker Control Interface. The
data plane provides a vehicle for the exchange of the application's
data. Both planes have different expectations for the typesof
performances that they are expected to deliver.
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The Worker Internal Control Ring
The Worker Internal Control Ring (WICR) is the current technique
used by our implementation to distribute control and status
information through out the Field Programmable Gate Array
(FPGA). The WCIR consists of 8-bit wide ring, where each
component provides the link to WCIR for succesive components.
The architecture guarantees that communication for a single
transaction will have been initiated with its intended component
within N clock cycles and completed 9 cycles there after, where
N is the number of components that are connected into the ring.
This transfer latency is the result of an attempt to balance latency
and footprint. Communicating an entire WCI transaction in asingle
clock cycle requires 72 routing paths. Since the rate at which control
information needs to be delivered is relatively low, we opted to
reduce the footprint of WICR by increasing its communication
latency. Furthermore, this type of architecture facilitates timing
closures. This results from the fact that each component serves as a
repeater for the next component. This is contrary to a sharedbus
where all components would see the contents of the bus at the same
time. However, the length of the bus grows as additional components
are connected. This would ultimately lower the maximum frequency
at which the control plane could operate.

The WCI is mastered exclusively by the container. As a result,
nothing is needed to resolve potential con�icts that may arise
from components that are competing for access to the ring. Each
component connected into WICR is a slave entity continually
examines the contents of the ring. When the slave recognizesan
address that falls within its range it will capture the content of the
WCI transaction and then respond appropriately.

Communication Application Data Ef�ciently
Communicating over the data plane is much more abstract due to
the need to support a variety of communication approaches. The
most notable differences are the mechanisms that are neededto
support randomly accessible data versus data that is communicated
by a stream based approach. Derivatives of these scenarios do exist,
however, for the purpose of this discussion, we are going to remain
focused on the two most general approaches for communicating data:
addressed based and stream based. Interfaces for both approaches
are described by OCP pro�les that have are de�ned by [4].

Addressed based approaches allow components to randomly access
data through one of their ports assuming that port can be mastered
by the component itself. Support for this type of communication
is critical for applications that perform iterative calculations over
the same set of data, such as Fast Fourier Transforms. Currently
this type of communication is supported within our application by
an interconnection network known as Race-On-Chip (ROC). ROC
is a ring architecuture by which the Worker Internal ControlRing
(WICR) is based off of. One of the more notable differences between
ROC and WICR is that ROC is not limited to being mastered by a
sole ring entity. Any entity that is capable of assuming the role of
the ring's master is able to do so provided that it has been given
access to it by the ring's arbiter. This provides the mechanism by
which any component connected to the ring can randomly address
the port contents of any other component that is connected tothe ring.

Components that communicate via a stream based approach typically
operate on and produce data in the order that it was received.Since
the address of each element is implicitly de�ned by the orderin
which the element is received, there are no need for any address
signals to exist. Connections between two streaming components
may be intermediated by a FIFO in the event that their is a needfor
those components to operate asynchronously with respect toeach
other. An communication fabric for the stream based approach is
forthcoming

Conclusions
This paper has presents an approach by which the CP289
speci�cation can be implemented. We began by presenting a high
level description of an SCA component. Next we discussed how
the interfaces to that component can be converted into an OCP
con�guration, and �nally an HDL description. Finally, we discussed
the intellectual property (IP) that is acting to provide theactual
implementation of the container.

CP289 provides a mechanism by which an SHP device can become
a compliant member of an SCA system. This mechanism allows
CORBA to be abtracted away from an SHP device. This is important
for FPGAs especially because their resources could not be used
ef�ciently if it had to execute the processing that is required to
support CORBA messaging. This abstraction would most likely be
provided by a software proxy that is running on the system.

Future Work
The current state is that most of the IP that supplies the infrastructure
for the components must be generated by hand. We hope to advance
our software utility so that the majority of the the IP generation and
con�guration can be performed by the tool and not the developer.
In addition, we must further advance the IP that is providingour
container implementation. This includes adding support for stream
based processing.

We also hope to introduce the ability to recon�gure speci�c areas
of our FPGA device with out disruption to the active areas of
the device. This is known as partial recon�guration, or runtime
recon�guration. This would allow new components to be added
into or subtracted away from a given FPGA container at runtime.
The current state of partial recon�guration is such that we feel
that it needs to be advanced further before it can be deployed
as a viable solution. Nevertheless, continual advancements in this
area indicate that this technology will be successful in thenear future.
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