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Abstract prohibit a component implementation from taking adavaatafjthe

The Software Communications Architectures (SCA) spetibnaes- features that are speci ¢ to the SHP's architecture.

tablishes an implementation independent framework witkelae ) . )
requirements for the development of Joint Tactical Radistedy !N this paper we present an approach for generating HDL speci
(JTRS) software de ned radios. The Common Object RequekeBr components and interfacing them to a eld programmable gate
(CORBA) is a middleware that is used by the SCA to manageA&ay (FPGA) container in which they will execute. Specillyawe
system's communication infrastrucure. In order for a syst® be Will discuss a software prototype that is able to generateaiware
compliant, it must implement a CORBA interface through tvitican ~ Description Language (HDL) specic component skeleton niro
communicate with the rest of the system. Offering suppogifch an & SCA component description. In addition, we will also diu
interface can be dif cult for specialized hardware process(SHPs) the intellectual property (IP) that will provide an inter&ato the
such as digital signal processors (DSPs) and eld prograrbtea COMponents execution environment. We begin by reviewiog h
gate arrays (FPGAs). This dif cultly stems for the fact thapst SCA components are speci ed at the highest level. Next werilgs
SHPs either have a limited amount of resources that would hets @0 interfacing technique that has allowed us to standarthee
be consumed by communication cycles. Furthermore, SHRk, a1 Way in which SHP components executing on RTL Programmable
FPGAs, do not have architectures that lend themselves tdyge Logic (RPL) communicate. Then we describe how an HDL speci ¢
of processing required for the support of CORBA. Change &sap Component descriptions are realized given the informatimtained
289 (CP289) proposes a technique by which the need for CORElthe SCA components high level description. Finally, wisodiss
can be abstraced away from the SHP device, thereby allowieg tthe container intellectual property (IP) that will facite the
system to comply with the speci ¢ rules that have been dengd interconnection of the newly created RPL components.

the SCA without sentencing the SHP to suffer from the additio

overhead that has been introduced into the component thrtheguse

of CORBA. This paper presents an approach by which the tqubsi Background

described by CP289 can be successfully implemented. o
Software Component Descriptions

Introduction The Software Communications Architecture (SCA) speciaat
The Software Communications Architectures (SCA) spediara provides architectural specications for the deployment o
establishes an implementation independent framework baeline communications software into a Software De nable Radio RD
requirements for the development of Joint Tactical Radist@y device [1].The intent of the SDR device is to provide a re-
(JTRS) software de ned radios [1]. The requirements inellbth con gurable platform which can host software componentstem
interface and behavioral speci cations that ensure thentemance by various vendors to support user functional services. S#
of portability and con gurability across vendor platforms speci cation requires portable software components tovigde
common information called a domain pro le.
The SCA uses the Common Object Request Broker (CORBA) to
provide a common languange through which all distributesneints The domain prole exists as a collection of XML les used
(components) within the system communicate. Although C@RBto describe the hardware devices and software componeats th
has caught on as a middleware for general purpose processmgstitute the system. The XML les most relevant to this
(GPPs), CORBA implementations for processing elements sisc document are the Software Package Descriptor (SPD), thev&ef
digital signal processors (DSPs) and eld Programmable gatays Component Descriptor (SCD), and the Property File (PRFe Th
(FPGAS) are far less common. SPD describes the various implementations that are sugupont a
given component. The SPD le tells the RPL component dewalop
Providing a mechanism by which resources, such as DSPs dhd name of the component and the location of the appropEi@te.
FPGAs, communicate with CORBA objects can be a challenging
task. Many Specialized Hardware Processors (SHPs) areapabte Components are described at the highest level by their S@bh E
of providing the level of support that is necessary to prec@®RBA SCD le describes the ports that are used by the componergsrid
messages ef ciently. Thats not to say that those SHPs caheot and receive data to and from other entities in the systenuded
made to do so, but rather that using the device's resouraeth&d in this description is a port name, repository ID, and typ&eT
purpose may result in poor performance. port type is either provides or uses depending on the regpies
that the port assumes. The port is a provides port if it assume
Change Proposal 289 (CP289) is intended to address contsonéhe responsibilities of servicing requests and issuingoarses.
that may not be capable of complying with the requirementsede  Similarly, the port is a uses port if it assumes the respadlitgitof
in section 3.2 [1] in an ef cient manner. The speci cation des a issuing requests and servicing responses.
way by which SHPs, such a DSPs and FPGAs, can be integrated int
the SCA. The goal is to provide a level of abstraction thatobleg|a The SCD also speci es the location of the component's prigpée.
SHP components to look and behave like their GPP counterpaithe property le associates a collection of properties védtbpeci ¢
regardless of what the component's physical implememadictually component. Each property consists of a name, a value, and the
is. In addition components should be portable across simil@alue's type. The value's type is used to do determine theummno
SHP environments, and be able to be replaced by alternativememory that needs to be allocated in order to accommodate a
implementations of the component. These requirementsighmt worker's property space, as well as the offset into that nmgntioat



should be used to access the property value. there are a handful of parameters that offer the developereso
exibility in customizing the OCP interface to meet the needf
The repository ID indicates the location of the ports irded the application. This exibility exists to provide a mectiam for
description within the interface repository. The workerveleper controlling the width of data, and address signals, as welltea
uses the repository ID to query the interface repositoryudltbe accommodate various memory access scenarios.
interfaces that the worker needs to support.
In our implementation, the OCP pro les exist as XML les. Whea
new OCP interface is needed, an instance is created andchémele
SCA Component Interface Descriptions XML le that despribes the OCP pro le that the interface §H1d)u
) ) conform to. The interfaces parameter values are set acgptdithe
Each SCA component port must be accompanied by an interfagg e speci ed in the XML le.

de nition. The interface de nition describes how the in@re Tne aforementioned con gurable parameter values can bagea
through which the port can be accessed. Speci cally, it dess the by altering the appropriate lines in the XML le. In the nal
types of data and operations that an interface to a Specirt @  jmplementation what is now our software prototype, cleatiottion
support. The interface de nitions reside in an interfacostory. petween the static and con gurable parameter values must me
The Interface Repository (IR) is a CORBA object that acts as @ajntained. In addition, the tool needs to perform errorckhre

container for interface de pitions. Our implementation pap:ach on those parameters that are speci ed by the user to guarahee
uses the Interface Repository to store the interface demit validity of their values.

associated with the RPL components that are being develdfmd

a detailed explanation of the Interface Repository, thedeeas

referred to [2]. It should be noted that the SCA speci catidmes )

not reference any specic IDL les. Therefore, there is narsiard Containers

way of using the SCA meta-data to discover the appropriale [E3.  The term component is used to describe a computationaly ehtit
provides an independently de ned unit of functionality. i@ainers
contain at least one component. They exist to provide an et

RPL Component Interfaces runtime environment in which the component executes. Qoens

rovide components access to services that are offered éy th

O i e e o, Soargasss DIVaca resorces o te device, a el as hose serviees
X by other components in the system [4].

interfaces guarantee that one vendor's component impletien
will work with another vendor's container implementatioall
CP289 components communicate with surrounding entitiesgus )
the Open Core Protocol. Implementation
The remainder of this document discusses our realizatiothef
The Open Core Protocol (OCP) delivers a core centric prétocgP289 speci cation as it pertains to RTL Programmable Logic
that comprehensively describes the system level-integrabf (RPL). Speci cally, we will describe our software protogypthat
intellectual property (IP) cores [3]. Interfaces to OCP esorare automates the process of generating HDL specic skeletans f
described in terms of parameterizable signals with wellng@ CP289 RPL components. The rst step in this process is using
behaviors. Developers can leverage their understandinQ@® to the information contained within the SPD, the SCD, and the
facilitate integration of existing OCP compliant coresoirtheir interface de nition to generate the OCP interfaces that meeded
system, thus reducing design time. to accurately describe the specic interface instancest i
component will communicate through. Using the generated® OC
RPL components communicate with their external envirortmefhterface descriptions, our prototype can create a comipli@re
via OCP interfaces. Each interface is described by a caleaf RTL con guration le. This con guration le provides a textal
OCP parameters otherwise known as a pro le. The developer céescription of the component core and its interfaces. Betai
customize an interface to meet the needs of a particular eoemt  concerning the core con guration le can be found in [3]
instance by altering the parameter values that have beenede
in the interfaces prole. The three OCP interfaces de ned by:inany, a mapping between the components OCP con guration
CP289 include the Worker Control Interface (WCI), the Workeand a speci ¢ Hardware Description Language (HDL) is de ned
Port Interface (WPI), and the Worker Memory Port InterfadéPMI).  As a matter of preference, we have made these mappings speci
to VHDL. Alternative mappings could include those necegsar
The Worker Control Interface exists to provide a means bycthi for Verilog and SystemC. The result that is produced by the
the container communicates control and status informatiothe software prototype is a VHDL entity and an associated pazkag
component, as well as to provide a mechanism by which priesertThe package contains a collection of VHDL types that famfiit
can be written to and read from the component's property spagomponent instantiations. At the present time, it is up te th
Each worker has a WCI. The size of the property space that tGé Wdeveloper to populate the components architecture with any
must support is determined through examination of the cor@pts and all logic necessary to manage both the computational and
SCD. The Worker Port Interface supports the communicatibn @ommunicable aspects of the worker. In the future, we hope to
application data between components and their contaisewvedl provide functionality that will automatically generate B@mmon
as connected components. The WPI supports several addyes$ most or all components. We also discuss various pieces of
patterns that range from a First-In-First-Out, which doest nintellectual Property (IP) that is required to interface amponent
require any addressing signals, to the ability to accestetad data with its surrounding execution environment.
randomly. The addressing mode that a particular componetdrice
will support is dependent on the values the have been askigne
the parameter's contained by the port's interface pro laeTWorker ) )
Memory Port Interface provides the component access to both Parsing the Software Package and Component Descriptors
and off-chip memory resources. Previous sections described the roles of the Software Backad
Component Descriptors. The relationship between the SRDtlza
The majority of an OCP interface's parameter values areiggec SCD is shown in Figure 1. These descriptors are describeoinvit
by an interface's OCP prole and cannot be changed. Howevesur system using XML les. The XML les are parsed by the
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Fig. 1. Relationship Between Package and Component Dé&swip

appropriate XML parser and data structures capturing theecd
of the information contained within the XML les are creatbg our
prototype.

The Interface Repository

The Interface Repository (IR) is a CORBA object that acts as a

container for interface de nitions. Our implementationeasthe
Interface Repository to store the interface de nitionsoasated with

the RPL components that are being developed. Our impleni@mta

prototype assumes that prior to execution, an IR facilitg baen
created and populated with the appropriate interface dems.
For a detailed explanation of the Interface Repository,réaaer is
referred to [2]. It should be noted that the SCA speci catidoes
not reference any specic IDL les. Therefore, there is narsard

way of using the SCA meta-data to discover the appropriate ID

les. In the paragraphs to follow, we describe our technidoe
discovering the appropriate interface de nitions.

Figure 2 shows a model of the containment facility that therfiace
Repository implements. The facility supports an API thaivioes
a vehicle by which users can extracts its contents. Givenptires

repid, a lookup can be done to discover the interface thatvengi

component port supports. The result of this lookup openaisoan
object that describes the interface of the port associati#l tvat
repid.

Once the interface object has been acquired, the memberitdata
contains can be used to populate the model described in tkie ne

section. The important information contained by the irsteef object
includes the interfaces name and supported operations,efisas/
the inputs, outputs, and exception arguments that are siggpby
each operation.

The operations contained by the interface can be acquired
invoking the contents operation on the appropriate interfabject.
The contents operation requires that it be provided an aegtithat
speci es the type of object that it should look for. The resof

the contents operation is a sequence of operation objeatsatie
contained by the interface object.

The data contained by an operation object includes the ndrtteeo
operation, the mode of the operation, the operations ratyme, and
the sequence of parameters that belong to the operationsang
list.

Storing OCP Speci ¢ Meta-Data

Before we explain how OCP related meta-data is inferred ftoen
SCD and the interface de nitions, it is worth mentioning hahe

CORBA: Container
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Fig. 2. CORBA Interface Repository Facility
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Fig. 3. OCP Speci c Meta-Data Storage Facility

b
dgta will be stored until the appropriate HDL speci ¢ skeles can

be created.

Figure 3 is a representation of the OCP model as it existsinvihr
implementation. OCP modules are composed by one or more OCP
interfaces. Similarly, OCP interfaces are composed of anmare
OCP ports. The form that an instanced OCP interfaces assismes
dependent on the parameter values that are contained by Giie O
Interface Object. Finally each port is associated with g nétich
speci es a connection between 2 OCP ports.

One of the main objectives in this process is successfuliyatarg
an instance of the model in Figure 2 that best describes tHe RP
component that is being created.
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Fig. 4. Inferring OCP Interfaces interfaces are being asked to provide data, it is acting dave $o0

the master initiating the request. As a result, a slave mase fan
output port so that it may provide data responses to reguesto

Inferrllng OCP Interfaces frpm Component PorFs ) Our utility steps through each level of hierarchy within tB&CP
The list of the ports belonging to a component is de ned iN8@D.  gescription, generating the corresponding VHDL as it pesges. In
Each port must be associated with a name, type, and repidre=4 addition to the OCP interfaces, the tool generates andritiatas
shows how this information is used to generate the appfep@CP several VHDL types that facilitate access to the propertgicep
interfaces. These types describe the size of the values stored in theegyop
) space, as well as information needed to access them.
Each component port corresponds to at least one OCP irgetiat
uses a Worker Port Pro le. For each component port an IR IpdkU The end result of this process is a VHDL entity, an empty
done using the ports repository ID. The IR lookup determifiése  architecture body, and a VHDL package. It is the resporissibif
ports associated interface de nition contains one-wayraiiens. If the component developer to populate the architecture boidly w
the ports associated interface de nition contains at leastone-way the RTL that will produce the component's desired functlipa
operation, then two interfaces must be created to supperp@it.  Fytyre work may result in the tool automatically generatipgci
The rstinterface enables the communication of the operattself, pjocks of logic. These logic blocks would be common to a pattr

while the latter enables the return values, output argusieot nterface and include such things as state controllers, ongm
exceptions to be communicated back to the requesting entity  glements, error handlers, etc.

Worker Properties

A worker's property space exists for the purpose of storing . . . . . )

con guration and test data that is associated with the workach ~S Stated earlier, containers provide the runtime enviremmin
property is associated with a property name, type, and m;opeWh'C,h the component executes. Among. other things, containe
value as shown in Figure 5. In addition we associate eachepgop Provide means by which data is communicated amongst caedca
with an offset. The offset indicates the address of the mgmofomponents, or components that are executing on the same
location, relative to a given base address, that contaiaptbperty device and share the same memory space, as well as with system

value. The offset is calculated by our tool and as a resulsdag COmMPponents that execute on other devices. Containers deroai
appear in Figure 5. critical backbone for the system and careful consideratsirould be

given to their implementation. The following describes aaraple
infrastructure that must be supplied by an RPL containerrdeiofor
. the execution environment of the component to be suppoifbd.
HDL Speci ¢ Interfaces description is speci ¢ to RPL component's that execute orGRB,
OCP provides an HDL independent language for describiraithough most of the concepts are also true for the ASIC domai
component interfaces. An OCP description can then be atatsl
into an HDL speci ¢ implementation. This translation presecan An RPL container aims to provide a fabric through which the
either be performed manually by the component's developer ocomponents can access the services provided by the camtaine
automated. Our implementation automates this procesg aspiece including those features specic to the device, as well aseas
of prototype software. The software parses the OCP contipma services that are provided by other components that areugmgc
le and generates the appropriate VHDL constructs. OCP rtexdu with in the system. This fabric consists of an independemitrob
correspond to VHDL entities and OCP interfaces correspand &nd data plane. The control plane is used to deliver contrdlséatus
ports that exist within the respective entity. The directiof the information to the each component's Worker Control IntegfaThe
VHDL entity's ports are determined by the type of interfabe port data plane provides a vehicle for the exchange of the apidlita
will service, in addition to the type of access the port ieimted data. Both planes have different expectations for the typks
to provide. For instance, the data port of an interface thasters performances that they are expected to deliver.
a connection needs to be an input if it is requesting datahdf t

Interfacing Components with the Surrounding Container
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The Worker Internal Control Ring Conclusions

The Worker Internal Control Ring (WICR) is the current teicjue This paper has presents an approach by which the CP289
used by our implementation to distribute control and statuspeci cation can be implemented. We began by presentingga hi
information through out the Field Programmable Gate Arralevel description of an SCA component. Next we discussed how
(FPGA). The WCIR consists of 8-bit wide ring, where eaclthe interfaces to that component can be converted into an OCP
component provides the link to WCIR for succesive compamentcon guration, and nally an HDL description. Finally, we situssed

The architecture guarantees that communication for a einghe intellectual property (IP) that is acting to provide thetual
transaction will have been initiated with its intended comgnt implementation of the container.

within N clock cycles and completed 9 cycles there after, nehe

N is the number of components that are connected into the rif@P289 provides a mechanism by which an SHP device can become
This transfer latency is the result of an attempt to balamtenty a compliant member of an SCA system. This mechanism allows
and footprint. Communicating an entire WCI transaction isirrgle CORBA to be abtracted away from an SHP device. This is importa
clock cycle requires 72 routing paths. Since the rate atlwbantrol for FPGAs especially because their resources could not ke us
information needs to be delivered is relatively low, we dpt® efciently if it had to execute the processing that is regirto
reduce the footprint of WICR by increasing its communicatiosupport CORBA messaging. This abstraction would most yiked
latency. Furthermore, this type of architecture facifigattiming provided by a software proxy that is running on the system.
closures. This results from the fact that each componenesas a
repeater for the next component. This is contrary to a shared
where all components would see the contents of the bus aathe s Future Work
time. However, the length of the bus grows as additional aorepts

are connected. This would ultimately lower the maximum fiegpy | he current state is that most of the IP that supplies thastrfucture
at which the control plane could operate. for the components must be generated by hand. We hope toavan

our software utility so that the majority of the the IP geniera and

The WCI is mastered exclusively by the container. As a resufion guration can be performed by the tool and not the dewelop
nothing is needed to resolve potential conicts that maysari In addition, we must further advance the IP that is providmg
from components that are competing for access to the ringh E&container implementation. This includes adding supportstpeam
component connected into WICR is a slave entity continualkyased processing.

examines the contents of the ring. When the slave recogrimes

address that falls within its range it will capture the catef the Ve also hope to introduce the ability to recon gure specieas
W(CI transaction and then respond appropriate|yl of our FPGA device with out dlsruptlon to the active areas of

the device. This is known as partial recon guration, or romd

recon guration. This would allow new components to be added
Communication Application Data Ef ciently into or subtracted away from a given FPGA container at ruetim
eTthe current state of partial recon guration is such that veelf
.lihat it needs to be advanced further before it can be deployed
fs a viable solution. Nevertheless, continual advancesnenthis
area indicate that this technology will be successful inntéar future.

Communicating over the data plane is much more abstract au
the need to support a variety of communication approachés.
most notable differences are the mechanisms that are neede
support randomly accessible data versus data that is coroated
by a stream based approach. Derivatives of these scenariesist,
however, for the purpose of this discussion, we are goingioain
focused on the two most general approaches for communicdtita: REFERENCES
addressed based and stream based. Interfaces for bothaelppso

- 1] M. S. programmable Radio Consortium, “Software commation archi-
are described by OCP pro les that have are de ned by [4]. g prog

tecture speci cation,” November 2001, v2.2.

[2] T. O. M. Group, “Common object request broker architeetuCore
Addressed based approaches allow components to randocggsac speci cation,” March 2004, v3.0.3.

data through one of their ports assuming that port can beemgabst [3] O. I. Partnership, “Open core protocol speci cation005, v3.1 Avail-
by the component itself. Support for this type of commurnarat able: http://www.opc-ip.org.

is critical for applications that perform iterative calatibns over [4] J.T.R.S.J.P. Of ce, “Extension for component portéhifor specialize
the same set of data, such as Fast Fourier Transforms. @yrren hardware processors,” March 2005, v3.1.

this type of communication is supported within our appiatby

an interconnection network known as Race-On-Chip (ROC)CRO

is a ring architecuture by which the Worker Internal ContRihg

(WICR) is based off of. One of the more notable differencasvben

ROC and WICR is that ROC is not limited to being mastered by a

sole ring entity. Any entity that is capable of assuming tbke rof

the ring's master is able to do so provided that it has beerngiv

access to it by the ring's arbiter. This provides the meciranby

which any component connected to the ring can randomly addre

the port contents of any other component that is connectetong.

Components that communicate via a stream based approdchllyp
operate on and produce data in the order that it was receSiade
the address of each element is implicitly de ned by the orafer
which the element is received, there are no need for any ssidre
signals to exist. Connections between two streaming coergsn
may be intermediated by a FIFO in the event that their is a eed
those components to operate asynchronously with respeeacth
other. An communication fabric for the stream based apjpraac
forthcoming
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