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1 SCOPE

ThisUses Guide is intended to provide practical guidance and suggestions for dev&oftimgre
Communications ArchitectureSCA) compliant products. It is not a substitute for the SCA
specification, but a companion document to prowidelementatiorguidance andlesignrationale
which complement thisrmal specification.This document will expand in content and detalb&#\
userexperiences accumulate.

1.1 INFORMATIVE REFERENCES

The following documentarereferenced within this specification or used as reference or guidance
material in its development.

[1] Software Communications Architecture Specification Appendix B: SCA Application
Environment Profiles, Version .20 August2015.

[2] OMG Document formal/20221-12, Common Object Request Broker Architecture
(CORBA) Specification, Version 3.3 Part 1. CORBA Interfaces, Version 3.3, November
2012

[3] OMG Document formal/20081-06, Common Object Request Broker Architecture
(CORBA) for embedded Specification, Version N6 November 2008

[4] Software Communications Architecture Specification Appendix-FAttachment 1: SCA
CORBA Profiles (from CORBA¥), Version 41, 20 August2015.

[5] Software Communications Architecture Specification Appendb@atform Specific
Model (PSM)- Domain Profile Descriptor Files, Versionl420 August2015.

[6] Software Communications Architecture Specification ApjpeRd Units of Functionality
andProfiles, Version 4, 20 August2015.

[7] OMG Document formal/20024-01, UMLTM Profile for CORBATM Specification,
Version 1.0, April 2002.

[8] Software Communications Architecture Specification Appendikédel Driven Sipport
TechnologiesVersion 41, 20 August2015.

[9] Donald R. Stephens, Cinly Magsombol, Chalena Jimenez, "Design patterns of the JTRS
infrastructure”, MILCOM 2007 IEEE Military Communications Conference, no. 1,
October 2007, pp. 83839,

[10] Cinly Magsombol, Chalena Jimenez, Donald R. Stephens, "Joint tactical radio&ystem
Application programming interfaces", MILCOM 200TEEE Military Communications
Conference, no. 1, October 2007, pp.-883.

[11] Donald R. Stephens, Rich Anderson, Chalena Jiméme® Anderson, "Joint tactical radio
systend Waveform porting", MILCOM 2008 IEEE Military Communications
Conference, vol. 27, no. 1, November 2008, pp. 28235

[12] JTRS Waveform Portability Guidelines,
http://www.public.navy.mil/jtnc/sca/Pages/portabilityguidelinesl.aspx

[13] JTRS Open Source Information Repositdyp://gforge.calit2.net/gf/project/jtrs_open. ir/
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[14] Ant hony Nwokafor, ADesign and i mplementati o
P25 wusing an open source SDR platform in an
University of California San Diego, 2Q.

2 SCANTRODUCTI ON

2.1 SEPARATION OF WAVEFO RM AND OPERATING ENV IRONMENT

A fundamentalfeature of he SCA is the separation of waveformisr om t he r adi o6s
environmentWaveform mrtability isenhancedby establishinga standardized host environmémnt
waveforms, regardless of other radlmaracteristics An examplediagram of an SC/Aasedadiois

illustrated within Figure 1. The waveform softwarés isolated from specific radio hardware or
implementations by standardized APIs.

Radio Set Operating Environment (OE) Radio Set
Audio Device Modem Device Ethernet Device| |Specific Control

= 2= eez= ||
N seannt X R}
( e M
e om ST

Operating Environment

Middleware, . SCA Core Framework
mta/l\/bssagmg Posix Real-Time

g-rrans = {

Figure 1 Example SCA PoweredRadio

2.2 OPERATING ENVIRONMEN T
2.2.1 Application Environment Profile

To promotewaveformportability among the many differenhoicesof operating systemshé SCA
specifiesthe operating systerfOS) functionality relative to IEEEPOSIX options andunits of
functionality. The Application Environment Profile (AEP) specification[1] identifies pecific
operations such as pthread_creaf§ oper(), etc., that are available for use by
ManageablapplicatiorComponentand musbe providedby the radio platform A platform may

N'POSIX is a registered trademark of the Institute of Electrical and Electronics Engineers, Inc.
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implement oprovide additionaDSfunctions, but waveforraccess to those functionsisnstrained
to those definedn the AEP profiles. This prohibition ensures thany SCAcompliant radio can
supportthe waveformms OS cal | s

The SCA AEP definesthree profiles, the AEP, Lightweight (LWAEP) and UltraLightweight
(ULWAEP) that may be usedcross a range of radio sets ranging from a small handheld to a
multichannel radio embedded within an aircraftie LWAEP isa subset of the AEP anidtended

for constained processors such Bgital Signal Processor®SPs that typicallydo not support
more capable redime operating system$he ULWAEP is a subset of the LWAEP and intended for
very constrained, microkernel based systems.

Some waveforms may requiretworking functions such acketor bind. If aradio platformis
going tohostwaveformsthat utilize those operationg must support the Networking Functionality
AEP as an extension to tipeimary AEP profile. Referencg4] providesadditional information
related tonetworking.

2.2.2 Middleware and Data Transfer

In Figurel, the radio platfornprovides middlewaranddata/messaging transport in addition to the
reaktime operating systenMiddleware is a generalized servighichfacilitates messaging between

sdtware componentwhich may or may not beosted on separate processor€AR.2.2 and its
predecessormandatedCORBA as the middlewardayer and delegatedthe choice of aspecific
transporprotocolto the radicset developerCommondatatransfemprotocols ard CP-IP and shared

memory. The formecan introducesubstantial latencgndmay haveu nf ai rl'y t ar ni she
reputation within the radio community-astertranspors such as shared memory generaliglid
latenciesmoreacceptabléo high-data ratavaveforms.

SCAdoes not have @ORBA requirement andefines middlewarendependent AP|slthoughthey
arestill specifiedin interface definition language (IDU2]. Radio developers maypntinueto use
CORBA orselecta different middlewarsuch ashe lightweight Remote Procedure Call (RPC) used
by the Android platform.If an alterngée middleware is selected, then products that were dependent
on the prior mechanisnvould require recompilationbut theAPIs shouldremain the sam#or the

most part, thus maximizingaveform portability.

2.3 JTNC APPLICATION PROGRAM INTERFACES

Figure 1 containsseveralindependenAPIs which separatehe waveform from the radio sefhe
primary emphasis of th@TNC API standardizatiorefforts has been upomterfaces between the
waveform ad radiosetsuch as thosi#lustrated inFigure2. The internal interfaces and transport
mechanisms of the radio are definedchasessarpy the radio provider. Thenderlyingintent is to
provide portability or reuse of the waveform beéweadio platforms and not necessapibytability

of the radio operating environment softwaFar additional discussioan waveform portability, see
[11] and[12].
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Operator o | | |1 System
Control Control
HMI -
Service 2
K> g
Modem Ll Modem =
Hardware Device < > é
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Figure 2 JTR Set and Waveform Interfaces

There has been a conscious efforti@intain a clear separation betwele® $§CAand the) TNCAPIs

which define services provided by the radio set to the wavetuch as GPS, time, et€he
distinction not only maintains the integrity of SCA framework and preserves its applicability across
a wide range of domains, but also allows the content of each family of specifications to evolve
according to its own timetabl@ partial list of theJTNC APIs is provided inTablel. The APIs

have been developed wittofsvare design patternthat encouragea scalableand extensible
infrastructure. See[9] and[10] for an introduction to theggregation, least privilege, extension,
explicit enumeration, and deprecatidesign patterngsed by thd TNCAPIs.

Table 1 Partial List of JTNC APIs

Audio Port Device API Ethernet Device API
Frequency Reference Device API GPS Device API
Modem Hardware Abstraction Layer (MHAIBPI | Serial Port Device API
Timing Service API Vocoder Service API
MHAL On Chip Bus (MOCB) API Packet API

JTRS Platform Adapter (JPA) API

The JTRS Platform Adapter (JPA) is both an APl and a design pattern for controlling the waveform
by the radio sefit is a particularly vexing problem, to define a portable command/control interface
for waveforms across multiple radio setsJhis API uses the SCARropertySet interfaceas a
container forwaveform parameters controlled and manipulated by the radioltsatsosupports
bidirectional communication, permitting the waveform to provide status to the radio set.
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3 TOPI C ORI ENTHII EGWAINIDA SUPPLEMENTAR
| NFORMATI ON

3.1 SCA FEATURES

3.1.1 Push model

3.1.1.1 Overview

Earlier SCA versions wergull model orientechs shown irFigure3. References are exchanged
between providers and consumebsit callbacksare required to retrieve informatidnom the
provider component

For example:

1 getPortfor pulling uses and providg®orts
1 Pulling attributes (e.g. devicelD, registeredDevices)
1 Pulling Application Components from a Naming Service

[getRegisteredDevices ]
DomainManager AppFactory [ Iresolve I

\ o /
¥
N _
\4 NamingService
DeviceManager P4
-~
| getPort l
\ \
-

" A
\
al [ getPort ] \k)pComponent
tDevicelD ; u

Figure 3 Pull model registration

SCAnow utilizesa push modeFigure4, architectual approachhat allows for a direct exchange of
information without callbacks. The primary benefits of thisdelare betteinformationassurance
and performanceBetterinformationassurance is achieved by limitiogmponent to managaccess

to pushes only and eliminating the need for a Naming SertAedormancas enhanced dabe total
number of calls involvedh the registration process is reducéthis cardecrease componestartup
and instantiation timePush model registration also allotixe call back attributes and operations to
become optional and whéimey arenot used¢he amount of required implementaticenbereducel.

For example:

1 Device ID and Rovides Ports can be pushed with dag¢a provided atomponent registration
tmeand dondédt need to pulled | ater

1 Registeredcomponents (complete with IDs and Provides Ports) can be pushed with
DeviceManagetomponentegistration
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o The DCD information can abs be pushed instead of pulled by accessing a
DeviceManagecomponenattribute
1 Direct registration ofpplication components removes the need for a Naming Service

DomainManagerComponent

ApplicationFactoryComponent

[ registerComponent ],\
-

,[ registerComponent ]
-

DeviceManagerComponent

-

-
[ registerComponent ]’

ManageableApplicationComponent

DeviceComponent

Figure 4 Push model registration

3.1.1.2 External framework management

External Framework Management was exparsligthtly to accommodate a push model.
For example

1 TheinstallApplicationreturnnow providesa ComponentType data structuhat contains
data elements whigbreviously required separate pull calls.

However extenal framework managememredominatelymaintairs the pull model support of
previous SCA versions.

The rationat for this approachs that it provide a good balancef performance, capability and
compatibility. Itaffordsgreater performance when utiligithe push modedxtensiorfor external
managementut continues to suppattie existingusecases where pulls may still be needed. It also
allows for backward compatibility without violating the least privilege principle.
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get name
Pulls are maintained for
External CF Management

System Control P

capabilities are provided for
External CF Management

get applicationFactories
Both Pull and Push model

create
. .. - Currently only supporting a
installApplication “pull” for external ports.
Application Factory | ==

ComponentType references are

returned to the caller
2 L ApplicationFactoryComponent

--->0
Note: Push Model utilized for _be=--"
registration and “internal CF”
management DeviceManagerComponent

(& /

DeviceComponent [ bleApplicationCi

Figure 5 External framework management

3.1.1.3 Registered andobtainable provides ports

In order to implement a push model and allow continued support of prior use cases, the provides port
semantic$ad to be enriched. SGAirrentlyprovides two types of providespofiRe gi st er ed o
AObtainabl eo. Somet i niee tetmisfieSstea tai rced raemfldehr &réeydn atnoi
found in earlier SCA versions To avoid confusion, Registered Provides ports = Static Provides
Ports. Olainable Provides Ports = Dynamic Provides Ports.

3.1.1.3.1 Registeredprovides ports

Registered provides ports are provides ports which have a lifecycle tied to the lifecycle of the
componentRegistered ports are registered with treemework during component regjiation and
theframework will not attempt to retrieve them when making connections. Registered ports are not
explicitly released bythtE a mewor k except t hrelease@bfecopetaton c o mp o n e

Thus the getProvidesPort@and disconnectPort®pemtions typicallyare not called for registered
providesports For assurance reasorieere may be cases wharcomponent may want to reject

calls for these portsxplicitly (e.g. raise akinknownPorbr InvalidPortexception). There may also

be instances whem component may want to allow ports
fobtainabl ed. Meani ng ¢getPovidesPorters thenaonnebtienstothe r i e v
ports can be disconnected throwibconnectPorts The exact det& surrounding the semantics of

port connectivity ardeft unspecified to allow component develaptr customize this behavior to

match the needs of the target platform.

However aframework that is builin accordance witlihe specifiedSCA requirements W not
retrieve registered provides ports througgtProvidesPortand will not disconnect them through
disconnectPorts
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connectUsesPorts
’ 7| Registered provides port is supplied to

clients through connectUsesPorts
[ Registered Provides Port ] e
rd
AN Core Framework 4 E|
Component E o |:| f\u Component
’, o u"- ~
”’ bl

registerComponent =~ «[. disconnectPorts

Registered provides port is Called on the uses side only for
registered with the component Registered provides ports

Figure 6 Registered port management

3.1.1.3.2 Obtainable provides ports

Registered provides ports are provides pwtich are meant to have a lifecycle tied to the lifecycle

of a given connectiorObtainable provides ports are not registered with the component and instead
the framework will attempt to retrieve the ports throubb getProvidesPort®perationwhen thg

are needed to complete connections. Obtainable provides ports are explicitly released by the
Framework viathe disconnectPort®perationwhen the connections to them are torn down. With
obtainable provides ports, by specifying connectionIDs getProvidesPorts and calling
disconnectPortsadditional use cases and added functionality are supported that is not available
within prior SCA versions.

getProvidesPorts
Called since Obtainable provides ports are

. not registered with the component
registerComponent ;
Obtainable provides ports are not N P connectUsesPorts
registered with the component ™ o I . ’
~ 1] /
hRS 1 Core Framework o ’ |:| Component
gy [
d <
Component i D ;_-\)
b ~~ 7
e X ’
. . N\ /
[ Obtainable provides port 1 \ /
A ri

disconnectPorts
Called on both the uses and provides side

only for Obtainable provides ports

Figure 7 Obtainable port management

Whether omot obtainable provides ports havebmtied to the lifecycle of a given connectismot
specified Severalisecases exist whertheymay have a longer lifecycle:

T A Abackward compatibilityd use case where
component, but not registeradimicking the prior SCA puimodel behavior
T A Afan ind use case wher e srhudtiplescanmeetionsywidhv i d e s

reference counting used to dictate when it is released.
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Note: Registered provides port lifecycle matches that of the
component. This is restricted because a registered provides
port must be registered with the component and is not retrieved
through getProvidesPort or released through disconnectPorts.

Note: Not restricted, but consider registering
the port with the component, or keeping it
obtainable and creating it during

getProvidesPort
\ A0
\ s P
-
l{' P - . -, ‘<
| Lifecycle Description || Registered ” Obtainable J, T e
= Z
2
Note: Component -+ . || | | -, *’
e e e s T component creation [ ] o x~ e
after creation, but ¥ L g
before initializatioin '.I initialize || P | | e ~ ‘ Port Creation
. 7
| getProvidesPorts ”/ | | ‘
- 7
| disconnectPorts ’ || | | [ ] ‘
I" Port Release
| releaseObject ’ || [ ] | | e ‘
7 LY
\
7 N

Note: If registered port creation \

encounters e_m error, the initialize T iz rE v reead

error exception could be thrown. . ;

previously through disconnectPorts,

then releaseObject trumps all

Figure 8 Port lifecycles

3.1.2 Enhancedpplication Connectivity
3.1.2.1 Background

Prior SCArelease®nly supported thability to deployindividual, standalone applications. While

multiple applications could bdeployed on a platformthe SCA component framewodid not

provide direct support to iatconnect or logically nestdbe applications. As a result, the client
creating the applications was left to do this manually, using a combination of external ports and either
Ahard codedod interconnection or aenaned fmantthec i nt
application XML.

However, his approach was very limited and required much of the cliedince endpoint
interconnection was not automatically controlled by the SCA a number of challexigts] such
asthefollowing:

1 Added complexity to client codiethe client code needs to understand howetgeveand
establishport connections, and for some implementations utilize XMlintoospectthe
application information.

1 Reduced security in some systems, the ability to neakCORBA port connections is
intentionally restrictedio preserve application integrjtgnd for similar reasons, the ability to
obtain the necessary CORBA object references is restricted.

9 Abstraction / Information hiding in some cases, you may want aplagation to behave like
a single component, and include such aapglication within an outer component. f3€A
4 frameworks did not support this manner of abstraction

9 Distribution of application$ in some systems (typically those with an applicagiartitioned
across two or more security domains) it is desirabl@etmomposan application into sub
applications with componeninstantiationandinterconnection occurring locally within the
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domainthus minimizingi by pass o tr af f i agoentiors b priorgyersioosma i n s
of the SCA this wasot supported, leading to nesptimal workarounds.

In the currentSCA, a set of capabilities has been added to supporiitbeeneeds. Te wo
capabilties fANested applicationntempeonmnhadddssedn theél Agprpd i
following sections Nested applicationsay alsobenefit from the use of the Enhanced allocation
property supportwhich isdescribed in sectiod.1.5

3.1.3 Nested applications
3.1.3.1 Use cases for nested applications

A simple, monolithic application is still the best solutifam many platforms howeverseveral
common situationsxistwhere a hierarchical, nestagplication presents a better solution.

The first scenarioarisesfrom the simpledesireto better manage application instantiatiand
encapsulate complex application structure into a hierarahiigahization In SCA 2.2.2 and earlier
versionsthapplc at i on str uct ucoesistmgps ifl leatf @ Thsdnmigiping nt s
no longerexists becausecomplex subassembliesiow can be formed and abstractedo sub
applications,which may in turn be combined to form singleapplication. This ahitectural
technique can enable a subassembly to be used in different contexts, promoting reuse in common
asset libraries such #sseemployed n software product lines.

ApplicationManagerComponent

<<ApplicationControllerComponent>>
AppComponent A
v , v
<<ManageableApplicationComponent>> <<ApplicationControllerComponent>> <<ManageableApplicationComponent>>
AppComponent B SubAssembly C1 AppComponent D
<<ManageableApplicationComponent>> <<ManageableApplicationComponent>> <<ManageableApplicationComponent>>
Component C2 Component C3 Component C4

Figure 9 Simple nestedapplication

An example of thisompositions shown inFigure9. In this example, an overall application is made
up of four toplevel components, with one of the components (AppComponent A) functioning as the
app!l i cApdidatmnConsrollerComponentComponen€1however is not a simple component
created by theormalcomponentinstantiatioalement witin the SAD, but rather a subpplication
created through amssemblyinstantiation To AppComponentA this nested sapplication is
abstractedas a single ManageableApplicationComponerttut from a creational stdpoint the
Aupper | evel 0 CAmpppnent crstruct® antrdeasapplioation per a cited SAD. As

is discussed later, in this example there is no separate ApplicationM@oagssnenproduced to

1 Componentplacements are located inside either a componentplacement or hostcollocation element
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manage the sulpplication, ratherall managementis performed by the upper blue
ApplicationManagegComponent However, thisapproachis a coreframework implementation
decision,and arequally valid approach woulthvethe subapplication managed by an intermediate
ApplicationManageComponent through the narrowed interface made availableby the
ManageableApplicationComponent

A second usease arises on platforms which provide encryption in such a way that two or more
security domains are established (e.g. plaintext and ciphertext domains). In sorasshigince
environments, these domains are distinct and separated (usually by some sort of cryptographic
subsystem) such that control and configuration communication between the domaso eed
minimized. In such a system, it could be beneficialtacstire an application such that it resembles

two or moreindependensub-applications, one in each security domain. A typical representation of
this situation is shown iRigure10.

SCA Specificatiortbs er 6 s Gui de

ApplicationManagerComponent

<<ApplicationControlleComponentr>> <<ApplicationControllerComponent>>
PtComponent 1 CtComponent 1
I
Y v

<<ManageableApplication
Component>>
PtComponent 2

<<ManageableApplication
Component>>
PtComponent 3

<<ManageableApplication
Component>>
CtComponent 2

<<ManageableApplication
Component>>
CtComponent 3

<<ManageableApplication
Component>>
CtComponent 4

PT Sub-application CT Sub-application

Figure 10 Security domain divided application

In this example, we see a ttgvel application wholly consisting of two sw@pplications,each
deployed in a different security domaiiTheexamplealsohasthe ApplicationManageZomponent
distribuing properties and contiahg two distinctApplicationControllerComponentBe aware that
the SCA does not specifyowthis applications physically constructed a clever implementation
could distributethe requiredCF::ApplicationFactorybehavior across the security domains (while
still controlling this through a commo@F::ApplicationFactoryinterfacg thus minimizing cross
domain commumations.

3.1.3.2 How nested applications work in SCA

While a significant enhanceme®CA support of nested applications is not immediately obvious, or
described in a dedicated sectioBupportis enabled through a number of small changes scattered
throughout thelocument The majomodificationsrequired tosupport this featurexistin Section
3.1.3.31.1 (ApplicationManagey, 3.1.3.31.3 (ApplicationFactory, andthroughoutAppendix D.

2 Not to be confused with an SCA domaiin this system, there is still only one domain manager.

3 Application ManagerComponents implement @f: ApplicatiorManagerinterface and
responsibilities, and are created / supplied by the core framework.
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3.1.3.2.1 ApplicationFactory Componentsupport for nested applications

The ApplicationFactoyComponent via the ApplicationFactoryinterface provides the means to
create a single, televel application. The application is created according to the specifications
providedin a set of XML files,encapsulated by Software Assembiyl Descriptor (SAD), which
define howanapplicationwill be created. The instructions include which elements are asdtpw
they are deployed, configured, and connected.

EarlierSCA versiosreferred teelements asmdividual components, which werefaeed by Software
PackageDescriptors (8D) and so onThe currentSCA addssupport for nested applications by
all owing not only the <creation of components
BaseFactoryComponentsut also the creation of assemblieThese assemblies, which function as
sub-applications, are represented in theerSAD by anassemblyinstantioalement, itself contained
within anassemblyplacemeretement. While the method and order of eventsfidargely to the
implementationthe postcondition is cleaii after an application is constructed, all components
represented by theuter SAD and those of any child SAD files cited assemblyplacementsill
have beemstantiatedinterconnected, aralComponentTypé.e. ApplicationManagerComponent
returned to the client. Furthermore, only depel instantiated applicationsill be listed in the
DomainManageZo mponent 6 s a p p the pteaende of any subassembiiels is anksted.

Just as important is what ®t specified in SCA. Though not an inclusive list, the following
implementatioralternativesvere intentionallypreserved

1 SCA does not specify the ordém which components and subassembl&sould be
constructed or initialized

1 SCA neither requires mprohibits usage of intermediate ApplicationMan&ymnponents to
manage any suassemblies. Put another way, in some core frameworkspamenter
could choose to have the top level ApplicationMan@gerponenbnly manage the top level
leaf components ah delegate any direct subassembly managementatdéi s u b 0
ApplicationManageComponent while in others, a singl@&pplicationManageComponent
could be responsible for all components.

1 SCAdoes not specify detaitegardinghow nested applications are instalieésystem.The
DomainManageto mp o n mstallAp@icatiorf) operation only lists a top level SADthe
deploymeniof any othemecessary files is assumed to have been previously accomplished,
and no assumptiorsse madeegardingabsolute or relativdirectory placement.

1 The nested SAD is no different from auterSAD. In this way, an implementation could
all ow separate installation of the SAD for
allowing the application to be used as a-applicdion by citing it from another SAD.

1 SCA, while requiring a single client interfadeR::ApplicationFactory and compliance to
the requirements of an ApplicationFactGomponent, does not dictate how the funcidg
of this component isdistributed across the system. In many systeman
ApplicationFactoryComponemtill map to a single component which singlehandedly guides
the deployment. However, other compliant implementations are possible, especially when
an application is deployed across processoseourity domains. Orguchexample would
be a central coordinator which implements tGE::ApplicationFactory interface, but
delegates some afs component creatiobehavior to subcomponents (which need not
implement any specific interface). This federh deployment could minimize cross
processor or cross domain communicationsome casespeeding up deployment, etc.
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3.1.3.2.2 ApplicationManagerComponent support for nested applications

The ApplicationManag&@omponertthas two broad responsibilitieshigh wereexpandedvith the
introduction ofnested applicationg.he first responsibility is to tear down the application instance
created by the corresponding ApplicationFadBomponent When nested applications are
supported in SCAthe allocatiorof the teardow responsibilities is unspecified. One implementation
approactwould be for the top level ApplicationMana@amponent to manage tégrel components
exclusively with one ofthem being an ApplicationManageComponent which manages its sub
applicationcomponents. The advantage of this approach is one of symmetry (each SAD creates an
application and is managed by an ApplicationMan@gerponent andit is mostsimilar to prior
SCA core framework implementationglowever, ¢ther implementations are validzor example,
SCA does not require ApplicationManaGemponents to manage the sapiplication components

T instead a single, televel ApplicatonManage€omponent could be responsible for tegrdown

all components (and port disconnection, etc.). ThE@ach may be more efficiem some cases

or bettercentralize the domain data.

Secondly ApplicationManagegComponentsre responsible for distributing client calls maoé¢he

Base Application interfaces, specialized by theCF::ApplicationManager interface to the
application. Inearlier SCAversions distribution was straightforward, all calls were to be passed to

a singlecomponent which realized ti@F::Resourcenterface fiot an assembly) that was designated

as theassemblycontrollem the SAD. Ift he DMD accardinality attri b
only one designatedassemblycontroller exists and the ApplicationManagerComponent
responsibilities remain the sameHowever in implementations that implement the
NestedDeployment UOF andhaveaDMR c ar di nal ity attri bute with
assemblycontrollersare allowed and thosassemblycontrollersare allowed to refer to an
assemblyinstantiation When this is the case, the ApplicationMan&mnponentis na able to
forwardconfigurd), query) andrunTes() as it did before. Instead, it must examine each individual
property and forward it to the appropriatesemblycontrollersased on the information contained in

its top level SAD and derived XML files (which in the nestembe would include at least one
additional SAD). Additionally, as multiple properties can be listeddardigureor querycall, the
ApplicationManageComponent may also be required to breakhgsecalls,or potentially combine

their results and excépn behavior.

3.1.4 ApplicationInterconnection
3.1.4.1 Overview

An alternative to having aingle monolithic application would be to have multiple independent
applications that collaborate with one another. The SCA application interconnection capability
provides astandardizedapproachfor how to address the problem @fstablising connections
between framework components modeled as applications. Prior to the introduction of this capability
multiple solutionswere used to addre#isis problem complicatng software euse and portability.

Its introductionshould alleviate those problems and ensure thaifarmrealization of this approach

is available across platforms.

4 Prior to the introduction of the SCA Component Model, there was no formal
ApplicationManagerComponent, instead all requirements were allocated to an unnamed CF
compnent which implemented in tl&F:: ApplicationManageiinterface.

21

Distribution Statement on the Cover Page applies to all pages of this document.



SCA Specificatiortbs er 6 s Gui de Version:4.1
23 February 2016

3.1.4.2 Use case for interconneatg applications

A scenariowhich highlights the need famultiple independent applicatiorsould be one that
requires a system with a clesaparation of concerns and loose couplingpofiponentsFor example,

a radio platfornthat containsan Android presentation layavhich provides a general purpose user
interface that managand monitosthe systemThissystem could have been designed in accordance
with the Model, View, Presenter pattern whéeihne applications to be connected would be the
waveform (Model) and Ul intermediary (Presenter).

Earlier SCA versios did not have a meafisr the frameworko form these connections. The SAD
contained thexternalportselement which by definition provided a means fan applicatiorto be
connected witltomponerd (application or otherwise) exterrtalawaveform butno corresponding
frameworkguidance or requirements establish those connections. Typicalhe gap was filled by
introducing an additional component within the systerperformthat functionality

3.1.4.3 Application interconnection design

The currentSCA defines a formal mechanidhmt utilizes the externalportselement as the conduit

to manage the formatiomnd destruction of those intgpplication connections. The external port
connection construct provides a good solution beciaasigns withthenature of the problertwo
applications that need to be conneactgith one another but they are created independently and there
are no guarantees that they will be creat€dnsequently, e connection mechanismmust
accommodate instances when one sidé@connectioroes not exist

External Port Connection

SAD B Would use the approach in Figure 16,
“Inter-application connections with
giﬁll?g(?tsBB WA - external ports”, to do this
SAD A
Deploys A
\ .
_|- Deploy 0..nB’s

- =" | Number of B's created
could vary in this Use Case

L7 5

Figure 11 Inter -application connections

3.1.4.4 Application i nterconnectionimplementation

Building upon the earlier scenario, both the waveform and the presentation layer will have their
connectios describedn ther respectiveSAD files. The Android presentation layer, applicatién
contains a provides port that can be accessed and used by other applicationt, ideritify that
portwithin its externalportslement as providesidentifier The waveform, pplication B,wishes to
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p r e s e nextarnal pornso In ang ef its@SAD connectiorspiécifiesa
connection between its local uses port and the externally prowideides porfrom A. The example

illustrates tlat only one application needs to define the connection for it to be processed by the
framework.

SCAnow includes aradditionaltype, applicationwithin the domairfinder element.The semantics

SAD A
<softwareassembly id="DCE:1..." name="A_fac">

<externalports>
<port>
<providesidentifier>A_ext_in_port</providesidentifier>
<componentinstantiationref refid="DCE:1..." />
</port>

<l/externalports>

4

Application -

(A_name)

create passingin
name = A_name

Y
a ) > ApplicationFactoryComponent

(A_fac)

A_AC

SAD B external port name
<connections> 7 |
<connectinterface id="B_to_A"> .
<usesport> il

<usesidentifier>B_out_port</usesidentifiey*
<componentinstantiationref reﬁd="DCE:"I{. s
<fusesport> .
<providesport> ¥ ‘
<providesidentifier>A_ext_in_port</providesidentifier>
<findby>
<domainfinder type="application" name="A_name" />
</findby> 7
</providesport> I’
</connectinterface>" ’

< jons> ’
/connections: , ”Z

Looking for any application in

Lthe domain named “A_name”

B Application %
= (B_name)
ApplicationFactoryComponent
(B_fac)
i /

Figure 12 Connectivity specific example

3.1.4.5 ApplicationFactoryC omponent support for interconnected applications

associated with this type provide the framewarth informationdescribingthe elementghat will
included within connectios and how those connectionsshould be formed.The

be

ApplicationFactoryComponent
element.When the application type is used, no implicit creation behavior is intendettheso
framework is not expected to instantiate an applicatidrdoes noexist If neitherendpointexists

or can be resolvedhen the specificatiopermitsimplementation specific behaviddowever, the
desired approadn the aforementioned scenavimuld be forthe connectiomo be held in a pending
state until it can bestablishednote that in this approach either the waveform or the framework will
need to have sufficient safeguardetsure that a call to this connectipnor to its formatiordoes

not result in an unexpected or uncontrolled termination). An altee@iurse of actiomvould be to
prevent the application from beingstantiated although this seemsxcessiveas a weHldesigned

retri

waveform shouldhot havecritical dependeriesthat exist acrosapplicationboundaries
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SAD B
Deploys B_AC
Declares External Port B_Port
Connects B_Port = A_Port

[ External Port A_Port J [ External Port B_Port ]

SAD A

Deploys A_AC k
Deploys A_Comp

1
1
Connects A_AC— A_Comp L ‘\ T
Declares External Port A_Port Application l—. vl e
(A) | oo Q """" Iy (B)

Logical Connections
The logical connection from .
an “external port” perspective ApplicationFactoryComponent

ApplicationFactoryComponent is also a port connection

between the two applications.

A_Comp ] A_AC

P
P
|

B_AC

Figure 13 Inter -application connectionswith external ports

The ApplicationFactoryComponent must be able to accommoatatiéple connection strategies
depending orthe information provided in the domain profile. When only the application name is
specified any ApplicationManagerComponent in the domain with thatecan be used. When both
the application factory and pplication rames are specified, only the named
ApplicationManagerComponent credt by the specified ApplicatiGiactoryCompona may be
used When only the applicatiorattory name is specified then any ApplicationManagerComponent
created by the specified ApplicationFactoryCompomesybe used.

3.1.5 Enhanced allocation property support
3.1.5.1 Overview

Several use cases exisat requirghe framework to &ve the ability to constrain the deployment of
application or nested application componeBiSA 2.2.2 provided this capability with tlebannel
deployment functionality contained within tls®ftware Communications Architecture Extensions
specification Thosecapabilities were included withthis SCArevision and an alternative approach
was providedwith the introduction of nested applicatiogéested applicatiomextend SCA 2.2.2
allocation propertieby making them more dynamic aratcessibléo nested applications. The new
constructs provide users with the ability to deploy neafggications to different domains

3.1.5.2 Descriptor structure for nested gplications

The SADD sefinition was modified inthis SCA releaseto accommodate nested applioas. An

SCA application consists of O or more components and 0 or more nested applications. The nested
applications incorporate a new elemerpplicationinstantiation which is similar to a
componentinstantiatigribut has different suelements.
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Nestedapplications are similar ta ManageableApplicationComponent that they can receive
properties deviceassignmentand deploymentdependencieblowever they differ from those
components in that thegannot becreated by @asd-actoryComponent The informaton in the
applicationinstantiationelementis intentionally similar to théApplicationFactory::creatg call.
This similarity permits an implementatitmusethe ApplicationFactory::ceatg) operatiorto create
a nested application.

<IATTLIST componentfile

id ID #REQUIRED - _
ype can be fAsoft
type CDATA #IMPLIED> — |descriptoro or fiJ
<IELEMENT partitioning descriptoro

( componentplacement | hostcollocation

| assembly  placement ) Assemblies may consist of bo
)+> components and assemblies (
<IELEMENT assemblyplacement SAD). However, assemblies
) cannot be insidbostcollocaton
(¢ omponentfileref sections and cannot be create
, assemblyinstantiation+ by component factories.
)> New element, modeled after

<IELEMENT assemblyinstantiation " | componentinstantiatian
. Componentpropertiegonfigureproperty typ
(' componentproperties? , only), override nested SAD similar to that i
, deviceassignments? : create call andeviceassignemenasd

: deploymentdependenciast in the same wa
l)
! deployment(?e.pend(—?‘naes. ’ as if passed intdpplicationFactory::create(
executionaffinityassignments ?

) >
<IATTLIST assemblyinstantiation Nested assemblies can also serve as
id ID #REQUIRED>/ application controllers

3.1.5.3 SCA EnhancedAllocation Properties

SCA 2.2.2 allocation properties could onlydmesignedn .prf files, and not overridden. Similarly,
dependencies were specified in .spd files, and could not be overridden. This severely limited the
manner in which thegouldbe used.

The SCA deploy componentby evaluatingdependency requiremesrdgainstexisting component
allocationproperty definition As an example a &iceComponen{or other component) defines an
allocationproperty in a .prf file as follows:

<simple id="RadioChannel" type="short" name="RadioChannel">
<value>0O</value>

<kind kindtype=" allocation"/>
<action type=ineq"/ >
</simple>

Thenacomponento be deploye@stablishes dependency agairtsieallocationproperty bystating
the type of devicé requires
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<dependency ty pe="RadioChannelDependency">
<propertyref refid= "Rad ioChannel" value="5"/>

</dependency>

If the dependency can be satisfied by one ottdmponenallocationproperty definitionsvithin the
domain then thaDeviceComponentecomes aisage or deploymerandidate.

SCA now provides the ability to override component allocatiorproperties in the
componentinstantiatiosection Thisallows a system designer to asdilififerent values to allocation
properties on a peénstance basise.g. it he channel 4 instance of
deployedChannel allocatiopr oper t y o v.dnrprior 3ICA earsioris,oa system designer
would have hadte di t t he ¢ o mp asetha SGAEextengon .pdd file td accomplish
this. SCA also introducka capability to specify SAD andeatq) baseddeploymentdependencies
The deploymentdependencietement specifies a list ofegendencies which can override SPD
defined dependencies (eithesithin deployment or as part of a usdsvice connection)The
dependency relationship is overridden,t ribe allocationproperty, which differsfrom other
Aproperty. Lastlye a tist dfedegloymentdependenciesan be passed into the
ApplicationFactory::creatf operationto allow clientcontrolled dependencies (e.g. radio channel)
to be specified.

3.1.5.4 SCA DependencyHierarchies

SPDs define the dependencies for a particular componentigfessoverridden, thesdefinitions
apply to all instances of the component.

As shown inFigure 14, SAD componentinstantiationsan optionally override a dependency for a

given instancé if the SPD uses the dependency for deploymemtusesdeviceelationship This

would, for examplgeallow an application to place two instances of the same component in different
domains.

An optional toplevel SAD deploymentdependenciedement allows fo global dependency
overridingacross all applicablapplication componentseeFigure 14). Using this approactioes

not impose the dependency on a component, but overrides # like-named dependency existed

within thecomponerdi s S PD. Thi s appr oa cwithinias asseintkydhatyusesno r e
nested applicatian
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ApplicationFactory Create()
Deploymentdependency
parameter
(override)

Y
SAD top-level
Deploymentdependcy
(override)

l

SAD componentinstantion
Deploymentdependcy
(override)

Only apply dependency if
it name matches .spd
v dependency

SPD Implementation -level
Dependency

\/

SPD-level Dependency

Figure 14 Dependency Hierarchy

At the highest level of the dependency hierarchglient could supply deploymentdependencies
which could be applietb the entire applicatiorA common usage scenafwuld be to specifa
radio channel placement dependeni&y.Figure 15 depicts, vinen application nesting is usdhe
rules sty the samebut overriding occurs from the outermoSAD (highes$ precedence) to the
innermost SADAN additionaldeploymentdependenisyadded to thassemblyinstantiatioelement.
This allows dependencies to be supplied that would apptieoested application (and any its

children) A common usage scenario for this capability would bgldcedistinct subapplications
in different domains.
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ApplicationFactory Create()
deploymentdependency
parameler
(override)

Y
SAD top-level
deploymentdependency
(override)

Quter SAD

SAD assemblyinstantion
deploymeantdapendency
(override)

Y
SAD top-level
deploymenidependency
(override)

Inner SAD

SAD componentinstantion
deploymentdependency
(override)

Y

SPD Implameantation -level
Dependency

¥

SPD-level Dependency

Version:4.1
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Figure 15 Dependency Hierarchy and SubApplications

The following tableprovides an example of a class of allocation properties and how they might be

used within a system:

ApplicationFactory Create()
by client

Outer .sad top-level

Quter .sad
assemblyinstantiation

Nested .sad top-level

Nested .sad
componentinstantiation

.spd dependency element

.prf allocationproperty
DEFINITIONS

Controls placement of an specific application instance.
Typical use would be placementon a specific radio
channel and/or domain

Uncommonly used. Controls placement of an overall
application that is not instance specific

Controls placement of a given nested application
instance.

Controls “hard coded” placement of a nested application.
Used when instance-specific overriding is not used /
needed. Typical use would be for forcing locationto a
specific domain

Uncommonly used

Defines dependencies actually needed by a component.
Note that if not specified, cannot be overridden. “Default”
values allowed

Set in .spd/ .scd prf files, can be overridden at
componentinstantiation

Figure 16 Allocation property examples
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radioChannel eq 2

domain eq “green”
(if instance specific)

domain eq “purple”
(if fixed for application)

radioChannel eq 0
domain eq “white”

radioChannel =5
domain = “blue”
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3.1.6 Lightweight Components
3.1.6.1 Overview

Lightweight Componentand Units of FunctionalityUOF) arethe mechanismsvhich can be used

to better align SCA based products with mission requiremeigistweight Components provide a
flexible architectural approach that accommoslatious platforms requirements (mobile versus
static, single channel versunultiple channels, single waveform versus multiple waveforms, small
form factor, etq.

Users comented thathe SCA 2.2.2 interface associations led tonesizefits-all implementation
which resulted in components beitarger than necessary. For axale,an SCA 2.2.2 resource
componenincludes testable objects, properties, déowever,if a componentd o e feedasselft
test capability or properties the specificationstill required its developerto implement that
functionality. The developer could circumverthe problem by removing the inherited interface
manually which could lead to compliantgsuesor providing a stubbed implementation that would
be compliant but introduce dead code and incrpesguctsize.

The currentSCA utilizes anoptionalcomposition pattern to address this problefm example of

how this feature is included withian SCA components illustrated inFigure 17. The SCA
convention is to label each optional composition association with its designated Unit of
Functionality

«interface» «interface» «interface» «interface»
CF:.LifeCycle CF::Componentldentifier CF::Testableinterface CF::PropertySet
-~ 0.1

0.1 \).‘1 0.1

ginterface» L \ «INTERROGABLE»  (TESTABLE» «CONFIGURABLE»

«interface»
CF::PortAccessor

CF::Controllableinterface «RELEASEABLE»

0.1

CONNECTABLE» 0~
«CONTROLLABLE» « »

A
BaseComponent 8:]

«connects»
«interface»
CF:..ComponentRegistry

+connectedComponent *

1
+domainProfiIe/

Descriptor | |1..*

«registers»

«produces»
~
«produces consumes» +targetLog

i

: +eventChanneN

i

Type of Properties, i.e. * Log Service

test, configure, query
dictates some of the
Componet supported
interfaces

+property

ComponentProperties ﬁ’

Event Service

Figure 17 ComponentOptional Composition
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3.1.6.2 Benefits

Each optionatompositionflag shown in théJnified Modeling LanguageUML) is associated with

a UOF in Appendix [6]. Having the ability to eliminatannecessarinterfaces allows components

to be smaller and more focused th@mponents realized in accordance with eaBI€A versions
Having fewer interfaces t o r e;oheisloeld renembercrats a ¢
there are size implations associated with stubbed implementatidime savingsealizedfrom a

single component might be minimal, but the amount can add up when extended across all of the
components that comprise a radio set. Omitting rather than stulntiegdedperationscan also

improve a syste® assurance profile because it eliminates a potential vulnerabilitgvifig an
additional system operatipm this caseone that might be given less scrutiny because it was not
intended to be used. Lastly, omitting #esdran@usinterfacescanreducedevelopment time across

the entire software development life cydiéaking a decisiortio not implement an interfagarly in

the development cycle reduces a cascade of requirements that span the entirety of the development
processWhen the decision is made tomplement an interface, even a dummy implementaiton

incurs additional costsuch agequirements analysidesign decisions, development time, software
integration and testing and compliance testifige total effort saved as a result of not performing

those activities can result in a significaimine savingsthat will grow linearly as additional
componentsr@ incorporatedvithin the system.

3.1.6.3 SCA Solution

During the design process two approachese considered as routes to get to the endpoint of
lightweight components. Treelectedpproach, illustrated iRigurel8, can behought of as optional
composition In optionalcompositiona componenvo ul d onl y r ealrntefface d he i r
thatit need. In the example, the My WF Component realization would have the option of providing

an implementation for either tiropertySetnd/or the.ifecycleinterfaces.

<interface=> <interface>
CFE::PropertySet CF::Lifecycle
73 <

My WF 2]
Component

Figure 18 Component Optional Composition

3.1.6.4 Implementation Consideraions

The optionalcompositionapproachcomes with implications on the framework implementation
which are associated withe two scenarios representedrigurel9. In theexampleon the left, the
framework neeslto account for My WF Component havirggrelationship with either or both
interfaces.In the otherscenario acomponent implementatiotefines an implementation specific
interfaceto act as an intermediatiiat combines the requiredinterfaces into a single referende

this case the framewodannotmake any implementation decisions that preclude a developer from
utilizing that type of designBoth of these are viable alternativesd existing Core Framework
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implementations may need to incorporatd d i tii so_naadvithifia CORBA PSMto determine
whether or not a component reazeparticular interface.

<interface> <interface>
CE: :Pro;;gert¥8et CF::Lifecycle
74 ~

My WF 2]
Component

<interface> <interface>
CFE::PropertySet CFE::Lifecycle

<interface=
2272

AN

My WF 2]
Component

. Components would
only realize the

.
‘ .

.

N

interfaces thatare

Each component would

introduce a new interface

to combine interfaces into
needed

a single reference

Figure 19 Optional Composition Design Approaches

Additionally, theApplicationManagerComponedbesnot use any of the lightweight configurations.
This constraint isncludedto preserve backwards compatibility with earlier implementations.

An important pointto keep in consideration is that Lightweight Components are an optional
capability If a developer chooses not to leverage the opticoralpositioncapabilitythen theyare
ableto develop compliant applications that &e¥y similarto those produced incaordance with
SCA 2.2.2. Some developers may determine thatetif'ancementprovided by Lightweight
Componentsdo not exceed the cost benefit threshakbkociated withthe change However
Lightweight Components provideSCA users witta commonpattern ad approach to optimize
componentsor those thatvould benefit fronthe capability

3.1.7 Component Model
3.1.7.1 Overview

The SCA component model provides a means to improve the clarity and consistency of the
specification. Earlier SCA versions contained numerouseafec e s t o fAcomponent s
define the term and used it very inconsistently throughout the document. Consequently, a large
burden was placed on the reader to determine which elements described the attributes of runtime
system elements. The presemdghe component model also provides a foundation for the use of
software modeling and Model Driven Development techniques within the development of SCA
compliant productdgrigure20 illustrates some of the SCA components.
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Figure 20 SCA Component Relationships

3.1.7.2 Interfaces and Components

- tF: Y @ P tFactoryC {]
e eecomiE
i
SE
L DeviceC: a = DeviceC: 8
2\

AgaregateDeviceComponent S | ’

FileComponent 3

SCA 2.2.2 was expressed in terms of interfaces, or moreifisply CORBA interfaces.

Accompanying each interface specification was information describing its associations, semantics
and requirements. This representation of information was often challenging for new readers of the
specification because it did nalign with their expectations of what an interface should provide and

it did not support an easy decomposition of implementation responsibilities.
An interface is ahared boundary or connection between two entitispecifies a weltlefined, and

limited role which needs to be fulfilled. The role may either be functional (defined specific behavior
t o be pdrof ammferttonaf(identifiecriteria used to judge the qualities of operation:
def i ievh fFométhng deeds e donetbot b e

fito bed ) . Il nterfaces

fi h o_tw do it. As such, most pumsterfacedend to be stateless.

Since a weldefined interface defines a limited role, and complex system elements generally need to
fulfill multiple roles, multiple, separate interfaces are often required to fully support the set of

functional and nonfunctional requirements. It is oftethe case that multipleterfacesneed to

interact with one another and only certain sequences of those interactions will result in useful
functionality. Therefore it is often useful to package these interactions between multiple interfaces

into an integated unit of defined behavior known asamponent.
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A Component is aautonomous unit within a system or subsystem. Compopemt&le one or more
interfaceswvhich users may access and encapsulate the internals of how they are provided other than
as accezed by their interfaces.

Components provide a modular, replaceable part of a system, which within its defined environment:

1 implement a seltontained lifecycle, which may include sequential interaction requirements
which exist between multiple provided éntaces

1 present a complete and consistent view of its execution requirements (MIPS, memory, etc) to
its physical environment

f serve as a type definition, whose conf or ma
interfaces

1 encompass static and dynare@mantics

Table 2 Characteristics of Component and Interfaces

Interface Characteristic Component Characteristic
Role-orientedA best suited as problem Service-orientedA best suited as solution
domain / analysievel abstractions domain / functionalevel abstractions
Conceptual / Abstract / Unbounded Practical / Concrete / Constrained
Responsibilities Responsibilities

Have no implementation mechanisms Cani and often da provide prototype or

default impementations

A necessary, though not sufficient, element | ProperlydevelopedComponentémprove
PortabilityandDetailed Architecturé Design | prospects oPortabilityandDetailed
Reuse Architecture/ Design Reuse

Interfacesare generall 5YNTAX without an | ComponentMUST HAVE well-defined
underlyingSEMANTIC definition, and are SEMANTIC baselines because they fulfill
generally seen &STATELESSas a result multiple Roleswithin aFrameworkA
ComponentareMUCH-MORE than the sum
of the Interface which they implement

3.1.7.3 Benefits and Implications

The introduction of the component model provides a concrete bridge from interface to
implementation responsibilities and a wedfined path for integrating model based software
engineering techniquesithin the development process. Having these abilities will be even more
important as usage of SCA optional composition becomes more prevalent.

The textual and formatting changes associated with the incorporation of components within the
framework are visally intimidating because they introduce several new sections, new model
elements and relocate text. The division of responsibilities may at times look duplicative e.g. why
there is a need for@omainManageinterface and a DomainManagerComponent. Howeaseyou

read the corresponding sections it will become apparent that in most cases the component oriented
sections include semantics and requirements associated with deployed or executing systems or
elements.
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In terms of the SCA product implementatione thmpact of the component model should be
negligible. The component model does not contain any constructs that map into IDL, therefore any
requirements that are implemented by a product developer must be done within the context of the
IDL generated from th interface definitions. In fact, the layout represents how most current SCA
developments already implement their software elements:

1 The developer creates an implementation class that represents a component, e.g. a
ManageableApplicationComponent

1 The implenentation class has associations with other classes that correspond to
CF::LifeCycle PortAccessarPropertySeaind other interfaces

1 The implementation fulfills the roles, behaviors and interfaces prescribed by its incorporated
SCA elements

The component odel is still a work in progress within the specification for a couple of reasons.
There were a number of modifications made to accommodate inclusion of the new concept and it is
fully expected that some elements that should have been moved were notl\esotime of
publication, the group had not come to consensus on far reaching decisions such as whether or not
exception throwing should be described in an interface or component sections.

It is expected that these and other issues related to compevigrdsntinue to evolve in future
revisions of the specification, however, consistent with the earlier discussions, these modifications
will improve the quality of the specifications and enhance its use within modeling environments but
they should have nionpact on an SCA product implementation.
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3.1.8 Units of Functionality and SCA Profiles
3.1.8.1 Overview

Earlier SCA versions have subscribed to a nol
specification compliance. The documents described the SCA miemmed associated a set of
requirements with each construct. When a developer chose to incorporate an instance of one of those
elements they were responsible for implementing all of the associated requirements or seeking a
waiver for any capabilities thatere not provided.

The SCA Units of Functionality (UOF) and Profiles were developed to address the restrictions
imposed by the earlier specifications. The intent behind the UOFs wasoiduce a set of flexible
constructs within the framework that alled/SCA to accommodate a wide variety of target platform

(e.g. resource constrained, fixed wing aircraft) and architecture (e.g. single versus multiple channel)
specific requirements gracefully whi d€lociurs etdwr r
products.

The primary benefit associated with having UOFs is that they provide a standardized approach that
allows interfaces and requirements that are not appropriate for a product to be omitted from the
component specification. The elimination of thesguirements has the following ancillary benefits:

1 Reduced footprirt being able to omit unnecessary interfaces reduces the size of the deployed
object. Even a stubbed interface realization requires a small amount of space and these small
savings can addp

1 Increased assuranteeducing the size of the developed object increases the degree to which
the code can be assessed. The reduction in size minimizes the number of locations in the
product that could be exploited. Likewise, having dead or stubbedictvdduces additional
locations where vulnerabilities might exist

1 Reduced development tinéhaving fewer requirements has a direct correlation with smaller
projects and shorter development cgcle

1 Enhanced product performanteeducing object size anémoving unnecessary modules
improves the performance as there is less code to execute and fewer opportunities for
superfluous context switches

3.1.8.2 SCA UOFs and Profiles

SCA UOFs were intended to be understood in a manner similar te>M8iEX" namesakes: a Unit

of Functionality is a subset of the larger specification that can be supported in isolation, without a
system having to support the whole specification. The initial design philosophy behind UOFs was
that they should be restricted to apial SCA features. However, this was relaxed as the specification
matured so there are some UOFs that are associated with mandatory capabilities. Part of the rationale
behind the expansion was to identify and highlight tightly coupled requirementshérenats to
accommodate discussions regarding whether or not some of those capabilities might become optional
in the future. Even with the expansion not all SCA requirements are associated with a UOF.

The Profiles comprise a set of UOFs, the collectiowtuth is intended to be aligned with common,
real world platform configurations. SCA Profiles are only applicable to OEs because it was easier
to forecast a relatively small set of common configurations for distinct classes of target platforms.

N'POSIX is a registered trademark of the Institute of Electrical and Electronics Engineers, Inc.

35

Distribution Statement on the Cover Page applies to all pages of this document.



SCA Specificatiortbs er 6 s Gui de Version:4.1
23 February 2016

The profiles provide a common, easy way to select a UOF configuration of compliant SCA radios,
from an almost infinitely flexible platform with the Full Profile, to a minimalist,Lightweight Profile,
platform where the radio boots and begins executing a single wawefith little configuration and
processing.

3.1.8.3 Use of UOFs and Profiles

Appendix F (referencfs]), similar to many of the other SCA documents, provides a couple sample
conformance statements. The UOFs and Profiles
with its mission. The pracct developemust commuwicatea pr oduct 6s capabil i
consumers and stakeholdefhe following textrepresentsaan example conformancstatement:

i Pr oBlisan SCA conformant Operating Environment (OE) in accordance with the SCA Medium
Prdile containing an SCA Lightweight Application Environment Profile confornR@SIX! layer

and an SCA Full CORBA Profile transfer mechani

In this example the statement contains an explicit reference to a profile (MeBigore21 dictates the
approximately 226 requirements that are applicable requirements for this product. The Medium profile
contains the Management Registration, AEP Provider and Deployment UOFs enspehific
requirements are identified in the SCA Appendix F Attachment 1. SCA Conformance mapping
spreadsheet.

Full Optional +up to 101

234
Management Application Backwards Compatible
Un-registration

AppDeploymentData

Management
Releasable Application Installable
i AppReleaseable
Medium
226
CORBA Provider
Management
bl Channel Extension
DeviceMgrDeploymentData
Clghtweight Event Channel
221
AEP Provider Log Capable
Log Producer
Deployment

Nested Deployment

PlatformComponentFactoryDeployment

Figure 21 SCA Profiles with OE Units of Functionality

N POSIX is a registered trademark of the Institute of Electrical and Electronics Engineers, In
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The sampleconformance statement could be refined to includbtiadal units of functionality as

foll ows: AProduct B is an SCA conformant Opera
Medium Profile which contains an SCA Lightweight Application Environment Profile conforming
POSIX! layer and an SCA Full CORBRrofile transfer mechanism, and extended by the Log
Capabl e, Log Producer and Event Channel UOFs o0

The majority of the SCAs ability to be tailored resides within the optional UOFs. At the BaseComponent
level 14 standardized capabilities and approximaddlyequirements exist that could be applied to a
component.

The SCA was not developed with the intent of excluding a mandatory unit of functionality from a
profile. The likelihood of having to do so now is unlikely as the profiles do not include that many
UOFs, however the profile concept is still developing so the benefits of utilizing that type of strategy
will need to be evaluated if the need arises.

3.1.9 Late Registration

Component registration is accomplished using a push model approach as describadrn3&ect
The SCA components which provide a registration capability are the ApplicationFactoryComponent,
DeviceManagerComponent and DomainManagerComponent,

In most instances component registration follows a standard pattern; a component registry, that is
associated with a manager component, comes into existence, the manager component deploys all of
its components which subsequently register with their deploying component via its associated
registry, the manager component takes whatever actions are ngtedsalize the registration.

3.1.9.1 Application Registration

Figure 22 illustrates what occurs when an application is deployed on a platform. After the
ApplicationFactoryComponent deploys each ManageableApplicationComponent, the deployed
component registers witthe ApplicationFactoryComponent. Upon successful application creation,

the ApplicationFactoryComponent returns an ApplicationManagerComponent which contains

i nformati on describing al |l of t he applicat.
ApplicationFacbryComponent and the created ApplicationManagerComponent are stored within the
DomainManagerComponent.

N'POSIX is a registered trademark of the Institute of Electrical and Electronics Engineers, Inc.

37

Distribution Statement on the Cover Page applies to all pages of this document.



SCA Specificatiortbs er 6 s Gui de Version:4.1
23 February 2016

Any GPP
CF CF OE OE OE
Domain pplication Device || «e | |[Device App
Manager Factory 1 n Component ( ComponentType
identifier =
[ profile =| | Manageable
g — type =| | Application
- - componentObject=| Component1
yd " providesPorts =
- specializedinfo =| | Deployment
7 -
( ComponentType N / /; L Attributes
identifier = ¥ ,’
Broflc f Application < 1. registerComponent Each ManageableApplication Component uses
togpet: Manager the standard ComponentType and register’s with
com;?r(;:?:esﬁj)?s; _ 1.1 registerComponent its Appli\cationFactory’s ComponentRegistry
specializedinfo = o
Managerinfo .~ \ ComponentType
. I ~ A identifier =
App Comp n The ApplicationFactory N profile = Manageable
returns an ApplicationManager — | ¥ type = Application
® to its client componentObject= Com;:lonent
N S —~ providesPorts =
AN specializedinfo =| | Deployment
a3 Attributes

Each manager
(ApplicationManager)
holds all of the
components deployed by
the application.

Figure 22 Application Component Registration
3.1.9.2 PlatformComponent Registration

PlatformComponent registration behaves in a similanner as illustrated iRigure 23. Typical
deployment of a PlatformComponent is initiated by a DeviceManagerComponent. As each
PlatformCompnent is instantiated it registers with its deploying DeviceManagerComponent. The
Airegistration finalizationo activity for Pl
DeviceManagerComponent registers with a DomainManagerComponent. A feature of
DeviceManagrComponent registration is that in addition to registering itself, any
PlattormComponents that have previously registered with the DeviceManagerComponent are
registered with the DomainManagerComponent.
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When first registering with DomainManager, the ‘\
DeviceManager providesit’s own ComponentTypeand

Any GPP - T T ~
cF CE OF OF OF ) omponent ype
Domain Device Device|| 4se | |Device Device Ide;.?:—:; Z
Manager| | | [Manager| _
g 9 1 n n+1 type =| | Device1
componentObject =
| providesPorts =
/ [T—_| specializedinfo=| [ Allocation
1. registerComponent | Properties
< p /
.
r ComponentType ) /(—_‘\ v ComponentType
identifier = = . \'\ identifier =
profile = ) o F\ ) 2. registerComponent II profile =
type = Device < ’ type=| | Devicen
. ’ :
e e v Manager p.1 registerComponent Each Device uses the componentObject =
providesPorts = < standard providesPorts =
specializedinfo = Managerinfo ComponentType N specializedinfo=| | Allocation
‘ w [ \ \‘ Properties
= ’ T~. \ U
Device n )

N / each registered componentis passed via specializedinfo:
with an ID value of MANAGER_INFO_ID. \
é ComponentType ) ComponentType
identifier = | ) identifier =
profile = ) 3. reglsterc?mponent profile = Device
type = Device N type = n+1
componentObject = 3.1 registerComponent compont_—:ntOb]ect =
providesPorts = <+ prO\{ld_BSPOI‘tS =
specializedinfo = DeviceManager |*7 4 specializedinfo=| | Allocation
T Properties
Componentld For “late registration”, the DeviceManager forwards the
Allocation ComponentType of the component that registered late.
Properties In specializedinfoit passes the identifier of the
L ) DeviceManagerComponent that this componentis
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Figure 23 Platform Component Registration

3.1.9.3 Late Registration

Within SCA, late registration is defined as any PlatformComponent registration that occurs after the
initial registration of its associated DeviceManagerComponent. According to this definition there are
several scenarios which fall under the classificatiblate registration. The model scenario for late
registration is associated with plug and play components that are introduced within a platform after
the system has been up and running. A nuanced scenario arises in the typical deployment approach.
SCA dees not have a mandated time when a DeviceMangerComponent has to register so it would
not be fatfetched to envision a situation where that manager would deploy 15 components and
register with its DomainManagerComponent after 10 of the deployed compoientedistered

with it. Fortunately, the design of tli@omponentRegistrinterface and the registration strategy is
flexible enough that it can accommodate both scenarios. There have been suggestions that the
approaches to regular and late registration carglicative and the regular approach should be
removed. The claim is a reasonable one but we have chosen not to take any action within the
specification until the relative merits of both approaches have more concrete data upon which to
make a determinaticabout a way forward.

Figure23also illustrates the late registration scenario. In the example Device n+1 registers after the
DeviceManager@mponent registered with the DomainManagerComponent. As a result, the
DeviceManagerComponent implementation needs to recognize that is has already registered with the
DomainManagerComponent and this is a new component registration. Once that determmasation

39

Distribution Statement on the Cover Page applies to all pages of this document.



SCA Specificatiortbs er 6 s Gui de Version:4.1
23 February 2016

been made, the DeviceManagerComponent is responsible for registering that component within the
domain. The DeviceManagerComponent adds the registering component to its set of registered
components and forwards the registration. The only modificationdemay the
DeviceManager Component i s t he addi tion of a
specializedinfo which indicates its associated DeviceMangerComponent; this information is used by
the DomainManagerComponent as it registers the component.

3.1.10EnhancedProcess Collocation Support

Applications across all device categories continue to require better performances. Two main trends
are driving the embedded device market today:

1 Smaller form factors
1 Improved performance per watt

However, traditional methodd achieving better performances via higher clock frequency lead to
increased thermal dissipation and energy requirements. Multicore technology provides an alternative
solution which improves performance per watt ratios and reduces boasstaal requiraents.

This SCAreleasentroduces support for enhanced process collocation and core affinity architectures
within the framework. Core affinity is defined by its constituent parts

1 core = a complete set of registers, execution sets, etc. that are tteededute a program
1 affinity = the state of being bound to a specific logical processor

3.1.10.1Background

POSIX' Operating Systems support dynamic loading of libraries and dynamic creation of threads
within an OS process address space, thus allowing threads to be dynamically added to an OS
processFur t her mor e, todayos 0 p-eoreaptrocessgrand ylifeteet ms S
techniques to execute processes/threads across different cores.

Multi-core processors can operate using one of two appro&memetric MultiProcessing (SMP)

hasa single operating system which controls more than one identical processoicSMP, all
processors/cores must be able to access the same memory and the same I/O devices. Multiple
operating systems are used witAsymmetric Multi Processing (AMP), wheo@e operating system

exists for each processor/core. There is a greadtodidi@xibility within this approach as operating
systems do not need to be the same and their processors/cores do not need to be identical.

Given the choice; SMP is the better alternative when communication speed between cores is critical
or the workloadheeds to be distributed dynamically across processors or cores, while AMP is better
in situations when communication speed between cores is not critical and more than one operating
system is present.

Most common Operating Systems support SMP using a sleredhich allocates each task to a core
while only a limited number support AMP. Reahe operating systems provide users with the ability
to influence the scheduling of tinmitical tasks. This ability is generally offered as part of core
affinity.

N'POSIX is a registered trademark of the Institute of Electrical and Electronics Engineers, Inc.
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3.1.10.2Earlier SCA Capabilities

Prior to this extension SCA provided the ability to collocate either (all) platform or application
components within the same OS process address space using a factory component but the factory
was not able to create both types ompmnents within that process. In addition, factories were
somewhat static in nature as they are preconfigured with the types of components that they can create.
SCA also provided Ilimited support for muttore devices deployment via the
ExecutableDeviceCoponent. The system designer was able to model the platform using either a
single ExecutableDeviceComponent per core or one component for multiple cores. Using either
strategy allowed the framework/OS to make the determination of where each executabldshoul
deployed.

3.1.10.3Enhanced SCA Capabilities

The process collocation enhancements provides support for the following features:

1 executable Device Component dynamic threading.

1 mixing ApplicationComponent and PlatformComponent threads within the same OS
process gace.

1 multi-core devices deployment via core affinity requirements.

Affinity was introduced because it introduces a valuable capability within the framework, represents
the most basic SMP scheduling technique and is widely supported by embedded opesiating. s

The proposal does not introduce any more advanced scheduling techniques because their
implementations are more proprietary in nature. However, core affinity can be extended to support
more complex designs such as core reservation by only allovgingle task to have an affinity for

the reserved core and not allowing any of the other tasks to use that core.

Core affinity complements the existing SCA capabilities which govern component deployment.
Candidate DeviceComponents that can host a comparenselected by using any allocation
properties, allocation properties, deployment channels, etc. identified by that component. After those
items are evaluated and processed a target ExecutableDeviceComponent is selected. Any existing
affinity preferences that accompany that component are then passed to the
ExecutableDeciveComponent which, if it supports the capability, is responsible for mapping those
requirements to the underlying operating system.

3.1.11Self-Launching Components

Self-launching PlatformComponés are those which come into existence in a manner other than
being deployed by a DeviceManagerComponent. These components are often associated with plug
and play scenarios, however they could also be employed as part of a routine system startup. Once a
platform component that will be managed by the framework is launched it is subject to all of the
PlatformComponent requirements.

The primary issue to be addressed related tdaatiching components is iffhow they are associated

with the framework. SCA daenot dictate an approach for this situation so a system designer will
need to use an implementation specific approach to associate the two components and provide an
endpoint that the PlatformComponent can use to register. The component registry |azdtidrec
provided via approached such as a property, within a designated file or as an argument to the
component s executable file.
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When the component registers, it is responsible for providing a ComponentType argument to the
registercomponenbperation. Asan SCA component the sé#funching PlatformComponent will

have a companion set of descriptor files (profile). The PlatftormComponent will populate the
ComponentType parameter either with information from the profile, it does not necessarily have to
parsethe profile, or corresponding information that it received through its execute parameters. If the
PlatformComponent does not populate its allocation properties then the DeviceManagerComponent
with which it registers will satisfy that requirement.

3.2 DESIGN GUIDANCE
3.2.1 CORBA profiles

3.2.1.1 Guidance on the use of Any

On systems with limited resources, the use of the OMG IDL Any data type should be minimized.

The Any data type should not be used within the data path or in situations with demanding
performance requirem&n When an Any type must be used, it should be associated with a simple

type. The CF::Properties data type is the only SCA construct that contains an Any data type within
its data structure definition.

3.2.1.1.1 Rationale for restrictions on the use of Any

The Anydata type should be avoided due to the significant performance and resource consumption
implications that it may levy on method calls that use them. Many ORB providers supply insertion
and extraction operations for known simple types and transport théouviarge TypeCodes that

can increase message sizes significantly (in some cases the type information can more than double
the size of the messages). The potential size implications are even greater for complex types, the
CORBA compiler must generate cdde insertion and extraction and add it to each component using

the interface as well as adding the type information to each message.

The additional size and processing complexity associated with marshaling and unmarshalling utilizes
resources that coulae better directed towards providing application critical capabilities.

It is not necessary to find an ORB that does not support complex types in Any, or to remove the
capability from a commercial product because the majority of resource savings aregbeieause

an Application does not use a capability, not from its absence. For example, in user defined IDL
types the Any capability is turned on when the operator is generated by the IDL compiler and used
by the code. However, some ORBs do have the whilibptimize for size by only including the Any
capability when it is linked with an application through the use of a modular architecture.

3.2.1.2 Guidance on the availability of commercial ORBs implementing these profiles

Initially there may be few, if any, camercial ORBs available that provide an implementation
tailored in accordance with the SCA specified profiles. With few noted exceptions, the Full and
Lightweight CORBA profiles are proper subsets of the CORBA/e Compact fgijfilerhis means

that a processing element with sufficient resources could use a CORBA/e Compact ORB, support
nearly all permitted Application features and require minimal portingteffo

3.2.1.3 Use Case for the Lightweight profile

The Lightweight profile is intended for extremely limited processing elements, such as most DSPs,
and assumes an approach for implementing SCA components (ManageableApplication or Device)
that strives to maximize permance and minimize resource utilization. In order to avoid resource
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and method calls are restricted to those necessary for the port implementations. Note that some
current standard APIs such as, Audio Port Device and GPS Device would need to be modified to
follow these constraints. Coordinatitretween the lightweight and management portions of a
component is outside the scope of this recommendation and not required to use CORBA.

Components may need to be deployed on even more limited processors such as FPGAs or have
interfaces to othezomponents on such processdiigure26.

GPP 1 DSP 1 FPGA 1

Processing Element Processing Element Processing Element

<<MAC>> GORBA <<MAC>> <<MAC>> .
B cpnnectivity C D

A A

=

Y Y Y

Platform Specific Platform Specific Platform Specific
Transport Transport Transport

MAC = ManageableApplicationComponent
Component F contains the realization of a Component B provides port
Component F also has additional restrictions on itos data types

Figure 26 Distributed component with FPGA portion

Compatibility will be enhanced in these instances if data types are restricted to those realizable on
such processors. Therefore, components implementing the lightweight profile are encouraged to
avoid using the data types discouraged and marked-witthe table of Attachment 1 to Appendix

E-2 (see referendd]).

3.2.1.4 Guidance on restriction interface data types

It is recommended that data types be restricted in any interface to modules implemented on extremely
limited processing elements such as FB@Ad most DSPs.

Interfaces to code modules implemented on extremely limited processing elements, such as FPGAs
and most DSPs, whether or not they are implemented in CORBA, are encouraged to refrain from
using the data types marked with * in the Lightw&iG®ORBA profile.

This recommendation is intended to enhance portability of CORBA t@@RBA implementations
and to ensure that data can be exchanged easily between CORBA &€D@RB# components.

3.2.1.5 Rationale for CORBA feature inclusion in the profiles

Thechoice to include CORBA features in the profiles was driven by use cases. Some of these use
cases are listed along with columns comparing Full with minimumCORBA and CORBA/e Compact
in Attachment 1 to Appendix-E (see referendd]).
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3.2.2 SCA Waveform Construction
3.2.2.1 Overview

The SCA component structure contains a collection of building blocks that a product developer can
combine in order to produce aliverable, e.g. a waveform or service implementation. The process

of creating an end product requires a series of engineering decisions, which from an SCA perspective
are centered on decomposing the overall product functionality into encapsulated etbaterds

be integrated with the defined SCA components.

3.2.2.2 FM3TR waveform example

The publicly available FM3TR waveform architecture is illustrateBigure 27 (this waveform is
available from the JTNC Open Source Information Reposifd]). The yellowcolored
components represent radia $enctionality, whereas the red and blue colored blocks represent
waveform software components.

SCA contains component definitions that should be used for each-siaedocomponent. Any of
the macresized waveform components, for example the Data Linki@b(DLC) component, could
be implemented by aggregating several smaller modules or routines, but those routines would be
bundled and it would only expose functionality to external users via a consolidated set of interfaces.

SCA uti |l i z e sctasthémeohartisi byovbichs tomponent may be extended to provide
application specific functionality and behavior. The blue and red
ManageableApplicationComponents on the GPP expose: in, out, and control ports. The core
framework can connect theport interfaces to other ApplicationComponents or
BasePl atformComponents in order to provide ov
ports are described as &éprovidesd ports, wher e
provide or usgort connections, respectively.

Using either the middleware services provided by the radio set, or direct C++ pointers, connection
IDs and object references permit independent software components to communicate. The
components onl y nteredobjectarefdrence.t The méssaging becames more
difficult if the components are distributed into separate memory partitions. For such deployments,
middleware services provide a general solution to be applied throughout the complete radio set.
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Figure 27 Example FM3TR SCA Waveform Design

The FM3TR waveform is a simple time domain multiplexed access (TDMA) application with
Continuous Phase Frequency Shift Keying (CPFSK) as the baseband modulation. The JTNC
implementationprovides either data or voice operation. Continuously Var8hldpe Delta
modulation (CVSD) is implemented for the vocoder. R8etbmon (RS) forward error coding is

used to improve the bit reliability of the wireless link.

The Data Multiple Access Ctwol (MAC) is an SCA ManageableApplicationComponent that
converts the input data stream into data symbols grouped to matctStbeding format. The voice
MAC performs a similar operation for the data stream produced by the vocoder-ddueAs a
simple 32-bit synchronization code used to synchronize transmitter and receiver. -ddte $ a
second synchronization word used to identify data packet types such as voice, data, etc.

The architecture and deployment of this waveform is fairly typical for S@plementations,
although other variations are possible. In this example, the waveform components deployed on the
FPGA and DSP do not have SCA interfaces. Historically radio architects have attempted to wring
the last drop of performance from the DSP BR&GA devices and not implemented SCA interfaces

on these lowelevel software components. There is a substantial cost for this stiatefpss of
portability for these waveform components. However, advances have made extending the full SCA
model beyondhe bounds of the GPP much more technically feasible.

An example logical model of an FM3TR radio is illustrateBigure28, complete wittradio devices,
services, and core framework components.
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Figure 28 Example Deployment of FM3TR
3.2.3 Static Deployment
3.2.3.1 Overview
The earlier approach to SCA deployment uses a

capabilities. Within the deployment model the ApplicationFactoryComponent creates software
components by sending instructions to DeviceComponents representing the processors. After the
components have been instantiated, the ApplicationFactoryCompondnssei connect 0 c ol
to the components, providing them with the object references necessary for communication with the
desired component. The ApplicationFactoryComponent then reads the Software Assembly
Descriptor (SAD) fileerto 6wired the waveform t

The deployment strategy is very flexible and is well suited to scenarios featuring target platforms
that need to accommodate a wide breath of candidate architectures. On the flip side, the flexibility
comes at a price because deployment performareesfieed) can suffer when there are multiple
permutations of devices and configurations that can host an application. SCA has been extended to
provideadditional guidanceegarding how to improve deployment performance. One improvement

is the deploymentptimizations, a second introduces language that allows a platform to preprocess
its domain profile files, thus reducing the need for xml parsing or processing to occur as part of
deploymentThis SCA releasprovides yet another optimization with the imtugtion of a common
approach for static deployment.

3.2.3.2 Deployment Background

Figure29illustrates the steps that need to take place for apipicdeployment to occur.
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Static application deployment is characterized by the framework not having to make deployment
decisions or receive assistance idgr the process of establishing connections between
ApplicationComponents. Having limited or no responsibilities during either of those activities
expedites the deployment process because the number of decisions the framework needs to make
during applicabn instantiation are minimized.

oA LNE

3.2.3.3 Connection Management

SCA permits legacy (i.e. pf8CA 41) connections to be established within a platform. This is
accomplished by having an ApplicationFactoryComponent query each
ManageableApplicationComponent for its yides port connection IDs and then send those IDs to
the components that require the connection endpoint. While this is similar to the earlier SCA
connection mechanism, it requires a slight modification of a legacy application. A second alternative
has conponents return their connection IDs upon registration, thus eliminating the communication
traffic required by getProvidedPorts(). This method is not as flexible as the first and does not support
plug and play components, but it improves waveform staitapst A third approach could be
employed in a more static scenario where an ApplicationFactorComponent receives connection
information generated at build time from the domain profile files. Within this scenario, the
ApplicationFactoryComponent would notgrére registration from the deployed components
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because the target configuration would already be known. Fully realized, this approach would result
in prewired applications that are ready for operation upon instantiation.

3.2.3.4 Example

This example usage ofagic configuration is subject to the following constraints:

1. The application does not utilize the enhanced deployment capabilities
2. The application does not create any of its components via an
ApplicationComponentFactoryComponent

Application installation is identical to how it has always been executed, with the objective of
transferring application software onto the platform. The application uses the platform capacity
management mechanism and model with the assumption that tieatpplto be deployed will fit

on the desired target processing element. The application useSpphieationFactory.create
operation deviceAssignments parameter, the value needs to be provided by the system developer, to
target a ManageableApplication@ponent to a specific DeviceComponent (eliminating the need

for the ApplicationFactoryComponent to determine where to deploy the component). Using a
variation of the third connection approach described in the previous section, the developer will
populate he SAD with a value in thgrovidespore | e ment 6 s st atiributg.iTHisivadué o b j e c
implies that the ApplicationFactoryComponent will know the provides port location. (Note: A
determination was made that given the existence of the aggregatesitUsesPort®peration there

was not a significant improvement that would be realized by adding a static capability to supply uses
port information).

A fully static approach which would eliminate the need to call the deployment machinery would
require useport information to be integrated within the deployed component as well. However, the
current thinking is that any potential performance improvements associated with that approach are
outweighed by its lack of flexibility.

3.2.4 Application PIMProfilesConformanceBenefits

SCA Appendix E1 specifies profiles for SCA to use which enable application Platform Independent
Modeling (PIM). The profiles identify a set of Object Management Group (OMG) IDL features that
are available for use in the definition of applioa specific interfaces. Technically speaking, the
definition of application APIs is beyond the bounds of the SCA, but it is an important topic for the
specification to address when looking at the broader relationship of individual elements within an
SCA compliant implementation and the degree to which they contribute to a system meeting the
original JTRS objectives.

3.2.4.1 Application Conformance

Application conformance with one of the applicable IDL Profile enhances the ability of an
applicati onmdso odseesliygnc otuoplbeed 0 t o i ts 1 mpl ement af
contribute to portability, the incorporation of the guidance provided within the specification can
increase portability significantly.

The generic def i niqtuiadn tof oRorsttaliel iotfy bies nfgt lper
to carry or move aroundo. The definition is a
attributed to a computer program if it can be used in an operating systems other than the mhe in wh

it was created without requiring major rewor ko
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While it is not explicitly stated, it could be inferred that SCA enhances portability within a somewhat
homogeneous environment. When applications are designed in accordance with IDL profiles, their
undetying designs become more portable because they are better able to reside in heterogeneous
environments, where there are multiple processor families and/or different programming languages.

Designing applications in accordance with the IDL profiles enabieapplication to be moved to a
different processor environment or a subcomponent to be moved to or replaced by a different
implementation within an alternative target environment, while maintaining the integrity of the
applicationds design.

3.2.4.2 Engineering Tool Conformance

The benefits of using engineering tools within a software development process are well known and
understood. The primary benefits are related to productivity and quality. Tools can perform code
generation and relieve developers from hawngerform some of the rote tasks related to the process

of moving from the design to implementation phase of a project. This automation not only performs
the step quickly but the code is less error prone and many products have been tuned to optimize the
performance of the generated code.

The existence of tools can be particularly useful for organizations that are in the early stages of
initiating development activities in a new environment. Tool vendors have developed expertise in
the tools and techniquewailable for all of their target environment and they are able to share that
knowledge to jumpstart an organization.

Tools can also enforce compliance with the specification. Ensuring that the developed products are
compliant with the specification willlaw them to fully take advantage of the associated benefits.

3.2.5 IDL PSM Constraints

Within the IDL to Language Specific Mappings section of the SCA Platform Specific Model
Language Specific Mapping [add reference] appendix, several constraints reltiedStandard

| DL to | anguage mappings. The first constrain
mappings generate | anguage el ements within the
strategies that a developer may use that would allom theuse Standards compliant tools and still

be able to develop code that maximizes reusability and is platform independent such as the following:

9 avoid IDL features such as Any or object which have a high correlation with CORBA
specific features.

1 modify any structures within the IDL generated code that use the CORBA name space to
use the SCA CF::Primitive and Primitive Seq Types.

Taking a few simple actions such as these will permit a product developer to produce SCA compliant,
language PSM artifacts quigkand correctly using commercial/open source products.

3.2.6 Organization Specific SCA Tailoring

SCA provides a framework and within that framework there are numerous was to combine the
framework elements and have an end result that aligns completely withéhes f i cat i ond s
and semantic requirements. The introduction of Lightweight Components within the specification
was beneficial because it provided a compliant approach for SCA interfaces to be combined to
develop products that are highly aligneidhnaa specific mission. The drawback of that approach is
that it no longer has a uniform set of interfac€gyure 30 illustrates the definition of a
DeviceComponent.
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Figure 30 Device Component Definition

An organization could decide to use the SCA defined component definition as a starting point. After
analysis they might determine that only the DeviceComponent level UOFs (i.e. AGGREGATABLE,
INTERROGABLE, MANAGEABLE, and ALLOCATABLE) were needed within the
implementation. Consequently, the following IDL interface would be used within their system:

interface MyQOrganizationDevice . DeviceAttributes ,
Administratableinterface , CapacityManagement
AggregateDeviceAttributes , Lifecycle

When that component thagalizes thévlyOrganizationDevicenterface is integrated into a platform,

its executable will be deployed by a DeviceManagerComponent and the resulting DeviceComponent
will register with that manager. The Core Framework narrows the object referencesgrovitie
registered ComponentType data structure to obtain information from the component. The following
code snippet,

ComponentType myCoreFramework,
my CoreFramewor k. component Object.all ocateCapaci

is representative of an approach that could be tesatlocate capacity on this device as part of the
ApplicationFactory application component deployment process.

This is a perfectly functional, compliant approach to take, but the composition of the
MyOQOrganizationDevicdanterface cannot be known ahead ohdé by a (general purpose) Core
Framework implementation, and without careful coordination the exact structure and content of that
interface will not even be known within the organization.

3.2.6.1 Organization Specific Interfaces

In instances where the organizati@aommunity of interest, domain specific group, etc. knows that
it will be using a common definition, they could decide to define a layer of interface definitions which
resides above the SCA defined construcBgure 31 shows a representation of the
OrganizationDevicelnterfaceinterface that could be defined and maintained within the
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organizational group boundary. Similar to the prior example, this intewaaéd have associated

metadata that stated that OrganizationDevicelnterface supports the DeviceComponent level UOFs
(i.,e. AGGREGATABLE, INTERROGABLE, MANAGEABLE, and ALLOCATABLE).

«interface» «interface» «interface»

CF::DeviceAttributes CF::Administratablelnterface CF::CapacityManagement
N Ko T
T ALLOCATABLE
ERROGABLE MAN&EAE E V4
\
«interface» AGGREGATABLE «interface» nierh
CF::AggregateDeviceAttributes OrganizationDevicelnterface 1 Cﬁ:fif:é;:;e H
1

Figure 31 Definition of an Organization Specificinterface

The following code represents teganizationDevicelnterfackL.

interface OrganizationDevicelnterface : DeviceAttributes,
AdministratableInterface, CapacityManagement,
AggregateDeviceAttributes, Lifecycle

3.2.6.2 Organization Specific Components

Ourexample organization might also decide to define a set of organization specific components. The
organization could use their own interface and the corresponding model would look similar to that
in Figure32

«interface»
OrganizationDevicelnterface

\
\\ BasePlatformComponent g]
favicsComponﬂnt @
«aggredates»
0.~

AggregateDeviceComp 8:] H

Figure 32 Use of an Organization Specific Interface

As a byproduct of the incorporation of the OrganizationDevicelnterface interface, the component
used in theimplementation would still represent the DeviceComponent level UOFs (i.e.
AGGREGATABLE, INTERROGABLE, MANAGEABLE, and ALLOCATABLE) but the IDL
would have a slightly different appearance

interface MyOrganizationDevice : OrganizationDevicelnterfadecycle
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3.2.6.3 Organization Specific Components Alternatives

The pattern presented by the previous examples could be reused and extended almost infinitely. If a

basic set of rules and relationships are followed then all of these permutations would result in the

devebpment of component vocabularies that could be standardized within the bounds of a

Acommunityo
definition.

yet remain SCA

«interface» «interface» «interface» «interface»
CF::LifeCycle CF::Componentldentifier CF::Testablelnterface CF::PropertySet
0.1 0.1 0.1
«interface» «INTERROGABLE>» «TESTABLE» «CONFIG :
CF::Controllableinterface «interface»
CF::PortAccessor

«conrjects»

compl i ant

As a

+connectedComponent *

«interface»
CF::ComponentRegistry

+domainProfile

Descriptor

1..*

Type of Properties, i.e.
test, configure, query
dictates some of the
Componet supported
interfaces

| .
+property N I Log Service

ComponentProperties H

Event Service

Figure 33Base Component Definition

Also, recal that DeviceComponent has an inheritance relationship with a BaseComponent via
BasePlatformComponent. Using the techniques described earlier in this section, an organization
could describe their own collection of interface and component definitions andire them

together using a model similar to the on&igure34.
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rrganizationDeviceComponent@ w

:

DeviceComponent 3:]

«interface»
OrganizationDevicelnterface**

‘ BasePlatformComponent @ l

Figure 34 Model of an Organization Specific Component

If the group determined that they wanted the component to support the following UOFs:
MANAGEABLE, CONTROLLABLE, CONFIGURALBE, CONNECTABLE i (i.e. not
AGGREGATABLE, INTERROGABLE (DeviceComponent), ALLOCATABLE, REASABLE,
INTERROGABLE (BaseComponent), or TESTABLE). They would implement/define a set of
interfaces with a representation of

interface MyOrganizationDevice2 : Controllablelnterface,
Administratableinterface, PropertySet, PortAccessor, Lifecycle

or

interface MyOrganizationDevice2 OrganizationDevicelnterface**,
Controllableinterface, PropertySet, PortAccessor

3.2.6.4 Summary

The optional composition pattern employed by SCA Lightweight Components represents a vast
departure from the interface definition appioaised in SCA 2.2.2. SCA no longer has a singular
set of interfaces that applications (truly all components) must adhere to. This shift places an
additional responsibility on a Core Framework implementation since it is no longer able to make
assumptionsegarding the high level interfaces supported by a component or the set of interfaces
realized by any given component. However, on the flip side it provides component developers with
an additional tool that can be employed to define mission specificaogsto be employed within

a development project.

The examples provided within this section provide just a few techniques that could be used within a
company |/ depart ment / probl em domain / ent e
implementations aunderlying components or interfaces. The structure and content are such that they
can comfortably accommodate SCA compliant, layered interpretations which could at some point
evolve into official or defacto standards.
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3.2.7 Sample Waveform Architecture and Calesations

The publicly available APCQ5 waveform[13] provides a representative example architecture for

a simple waveform. This waveform was vd®ped by the California Institute for
Telecommunications and Information Technology (CALIT2) with support from Joint Program
Executive Office (JPEO) Joint Tactical Radio System (JTRS) through SPAWAR Systems Center
Pacific.

APCO25 is a suite of standards provide interoperabldigital radio communications between

North Amercan federal, state/province and local public safety agencies. The project specifies a
narrowband waveform with two phases of Vocoder and Channel access scheme implementation
approabes. Phase 1 waveforms use a51RHz bandwidth channel, with Frequency Bion

Multiple Access (FDMA) access methods and the Improved MBaltid Excitation (IMBE voice

codec. Phase 2 uses 2% kHz bandwidth channel with askot Time Division Multiple Access
(TDMA) access scheme and the Advanced Multiband Excitation (AMBEpi@e codec for a
reduced bitrate. APCQ5 also supports secure communications through the use of encryption, key
management and equipment authentication.

The CALIT2 Encryption FrameworK14] describes the high level platform and waveform
architecture, shown iRigure35.

P25 Waveform
Components

Encryption

Vocoder

Figure 35High Level APCO-25 Architecture

The waveform components (dark blue) assemble and extract P25 frames and directs the output to the
appropriate output dese be that and audio output, graphical user interface or antenna.

The Platform Infrastructure elements (grey) provide a variety of functions

1 the Audio Device captures inputs through the microphone and plays them through a speaker.

1 the Vocoder provides voé encoding and decoding as well as additional features such as
DTMF, single tone detection and voice activity detection. Forward Error Correction (FEC)
encoding is applied to the encoded speech frames and FEC decoding is applied to the
received, FEC enced speech frames before decoding and synthesizing.

1 the Modem is softwarbased implementation of Continuous 4 level Frequency Modulation
(C4FM) consisting of a bitto-symbol conversion module and a modulator/demodulator
module.
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1 the Encryption Device charg information from one form to another in an attempt to hide,
and then restore, its meaning. Within data communications it transforms raw data to cipher
text data in order to make it unintelligible to unauthorized persons.

1 the Universal Software Radieripheral (USRP) is a Software Defined Radio provided by
Ettus Research. The USRP provides all of the basic components, e.g. ADC, DAC, that are
required for baseband processing of sigtfasbulk of the Core Framework implementation
(not shown in the figre) resides on the GPP.

Figure 36 represents the collection and connection of SCA components required to implement the
architecture.

ui_in
«ManageableApplicationComponent» @
P25 Transmitter mod_out
ui_out
voc_out
ui_out_tx
ui_in_tx enc_o . ; voc_in
—_J enc_in
«ApplicationControllerCompanent» @ ui_in_mod
User Interface - modem in
ui_out_rx . B
a - ui_out aDevice(%’mponenl» {]
ui in X ui_out_mod ". Modem Device
J M
ui_in
modem_out
x_in 6
«DeviceComponenti»
Encryption Device
encrypt_out entypt_in m_out
. TG ui_in
enc_out ) mod_in
U
«ManageableppllcatlonComponent» g]
. P25 Receiver
enc_in
«DeviceComponent» g] wound out voc_out
Sound Card . - rx_out
tx
encryp{_in encrypt_out _out
«DeviceComponent» :’ x_in
audio_out . Vocoder
«DeviceComponent» .
Sound Card Capture voc_in
audio_in
complex_out

Figure 36 APCO-25 Platform Components

The interaction between the components are described by the following scenarios:
Transmit Scenario
1. The radio's User Interface (Java GUI) initiates voice communications via the Push to Talk
button

2. A control packet is sent to the activate the Vocoder to accept data from the Audio
3. Device
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The Vocoder generates FEC encoded Link Control (LC) information using data from the
control packet.

The Sound Card sends audio data to the Vocoder

The Vocoder encodemd performs FEC

The Vocoder sends the data to the P25 Transmitter

The P25 Transmitter assembles the data into frames along with the LC and other control
information

9. The frames are sent to the modem for baseband processing and modulation

10.The modem sendselprocessed information to the USRP for transmission

Receive Scenario

1. The USRP downconverts the received signal from the carrier frequency and sends it to the
modem

The Modem resamples, demodulates and decodes the data

The Modem sends the decoded P25 fimitneghe P25 Receiver

The P25 Receiver extracts the LC, other control information and the voice data.

The P25 Receiver sends the voice data is sent to the Vocoder

The Vocoder decodes the data

The Vocoder sends the audio data to the Sound Card for playback

The LC and other control information are extracted from the P25 frame are sent to the Java
GUI

The execution scenarios are similar when encryption is requested from the GUI. In that case, control
information is sent to the Vocoder components to inforemtlof the encryption request. As data is
processed, the AMBE encoded voice data is sent to the Encryption Device prior to FEC encoding
during transmission and the encrypted AMBE encoded voice data is sent to the Encryption Device
for decryption before AMBElecoding during reception. The P25 Transmitter and P25 Receiver also
interact with the Encryption Device. These components exchange control data for encryption or
decryption, as appropriate, during the data transmission and reception processes.

Of courseprior to waveform execution, the Core Framework components interact with one another

to deploy and configure the Application and Platform Components. The DeviceManagerComponent
deploys the Platform Components and the Application Components are deployed by
ApplicationFactoryComponent (s) . The Devi ceMa
Descriptor (DCD) identifies, deploys, configures and connects the Platform Components that it
manages. The DomainManagerComponent may provide a capability to install appudicat
Application installation results in the construction of an ApplicationFactoryComponent which in turn

is the mechanism to create, instantiate, an application. Each Application has an associated Software
Assembly Descriptor (SAD) which describes itsnpmnents, connections and attributes.

Each Platform and Application Component will have an associated Software Package Descriptor
(SPD) and referenced domain profile files. SCA was designed to promote the development of
portable applications, so an apptcae onés domain profile is | arge
Components. Keeping with the SCA philosophy, any dependencies between the elements are
communicated via welllefined constructs, e.g. the SRIBesdeviceelement which provides a
mechanism to spegifa device in the system that supplies a capacity or required capability or the
SAD connectiorelement which allows an application to specify a connection endpoint.

Capacity Management is an important feature within the SCA. Our example -2B@@veform
requires C4FM modulation and AMBE Vocoding. Those capabilities could be delivered as waveform

»
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component s, but that would compromise the wav
would be to select (collaborate with if necessary) a Platform Comptrargrovides the requisite
functionality. The Platform Component could advertise the existence of that feature as an allocation
property and then the Application Component could require the presence of that capability.
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3.3 SCA MODIFICATIONS
3.3.1 Resource and &vice Interfacdrefactoring

3.3.1.1 Overview

This releaseeworked the SCA 2.2.Resourceand Deviceinterfaces as a component of the other
changes that occurred within the specification. Two primary changes occurred; the first of which
decomposed the interfacasta more specialized, lower level interfaces; the second removed the
Resource Device LoadableDeviceand ExecutableDevicenterfaces. The existence of the finer
granularity interfaces provides the developer with the ability to create more secure,igiofietr
components. The net impact of the changes is that the implemented components will support a set of
operations and attributes roughly identical to those of the legacy interfacdsesogrcehowever

they will require modifications to accommodateetnew structure. The changes should be
straightforward and minor in nature, e.g. changing the format of an operation invocation, and not
require the introduction of new logic.

3.3.1.2 Resource Related Modifications

3.3.1.2.1 Resourcanterface changes

The new structure dhe Resourcenterface supports the SCA optional composition pattern as well

as the least privilege pattern employed within the JTNC APIs. The changes remove the specialized
interface Resourceand pass the responsibility of determining the inheResturceinterfaces that

will be realized to the component. The flexibility of the approach becomes apparent when it is
eval uated fr om t h &igupeB7dighlights theResouanteriaqe ehartgesvThae.
identifier attribute was moved to t@®mponentidentifieinterface and thetartandstopoperations

were moved to th€ontrollablelnterfacenterface.

Note: The Resource

interface is removed and
the new interfaces allow
for optional composition.

«interface»

S CF::Componentidentifier
/
/7 . - .
+, identifier: strin
’/ /v g ‘
R
<> ¥
CF-Reseotree «interface»
< identifier CF:Controllableinterface
@ start() + started: boolean
® stop() |
1, start(): void

—» stop(): void

Figure 37 Resourcdnterface Refactoring
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As seen irFigure38, the equivalent, inheritdlesourcenterfaces, may be realized optionally by an
Application Component. Having the ability to realize these interfaces allows the component to be
tailored to gproduct specific set of requirements. Eliminating unnecessary interfaces also increases

the assurance | evel of the

created

component

code and the finer granularity interface definitions allow the ldpee to expose only the interfaces

and information that need to be provided.

«interface» «interface» «interface»

‘ «interface»

CF:iLifeCycle CF:Componentidentifier CF:Testablelnterface ’ ‘ CF::PropertySet
0.1 0.1 0.1 0.1
dinterfacen «INTERROGABLE»  «TESTABLE» CONFIGURABLE» —
o «interiace»
CF::Controllablelnterface «RELEASEABLE» CF::PortAccessor
0.1 /l

CONNECTABLE» 0]
«CONTROLLABLE» « LN

™

~~.
-

BaseComponent 8:]
«connects»

+connectedComponent * «interface»

«registersy

1

CF::ComponentRegistry

~ Note: Optional
composition dictated

by the design of the

+domainProfile

. 0”*\
Descriptor [ [1..* «produces»
~
«producescTsumes» +targethg

+eventChanneI§l

Type of Properties, i.e. Log Service
test, configure, query
dictates some of the
Componet supported
interfaces

+property

ComponentProperties ﬁJ

Event Service

Figure 38 Application Component Optional Interfaces

3.3.1.2.2 ResourceFactorynterface Changes

product interfaces

)

BaseComponent

T

ApplicationComponent @

The ResourceFactorypictured inFigure 39, was also refactored. THeesourceFactorynterface
modifications take advantage of optional composition in a manner similar to that applied to the
Resourceinterface, Figure 37, but it has two important distinctions. Thehutdown and
releaseResourceperations were removed from the interface in lieu of an approach that aligns its
life cycle management with the other CF interfaces, i.e. utilizind ifle€ycleinterface. Secondly,

the ResourceFactorynterface was not removed, it was renamed tacCbenponentFactoryThe
ComponentFactorinterface was preserved because it retainedréte Componerdperation and

it was renamed to reflect its new functionality that gives it the ability to create not only

ApplicationComponents but also PlatformComponents.
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interfaces
CF:LifeCycle

+ initialize() void
+ releassObject(y void

«interfaces
CF::Componentf actory

+ createComponent(gring, Properiesy ComponentT ype

the ComponentFactory relationship
with BaseComponent

[ Note: Identifier is provided through } ‘

Note: ResourceFactory: createResource ~
operation changed to return a ComponentType S
struct, not a simple CF::Resource s
~ > ~
~ ~
So <i> ~ N
S ~ ~ .
~. CF::ResourceFactory Base Component 2) «interfaces
S identifie CF::ComponentFactory
~ ~
s Y tal. YAl
584 \.
2 reh Resetreett +orested Component \ bV
Sehatdeean \ -
* \ e
N N

A areatess

N \ BaseFactoryC omponent @

Y 0.~

and shutdown is replaced by the

Note: ResourceFactory will inherit from Lifecycle
Lifecycle:releaseObject operation.

Figure 39 ResourceFactorynterface Refactoring
3.3.1.3 Device Related Modifications

3.3.1.3.1 Deviceand LoadableDevicenterface changes

TheDevice Figure40, andLoadableDevicgFigure42, interfaces were refactored such that they no

longer have an inheritance relationship with one another dRéseurcenterface. The refactored
componets that provide theDevice and LoadableDeviceinterface behavior utilize optional
composition in a manner similar to the strategy used bRéseurcenterface replacement.

Note: The Deviceinterface
is removed and the new Note: Optional composition to
interfaces allow for optional obtain the LifeCycle interface
composition. ;
1
\ 1
\ <i> " N o
! ac 1 ainterf winterdfaces «interfaces
‘\ CF . Resouroe 1 cr;gel“::@;‘:i.ms | CF::Administratableinterface CF::CapacityManagement
1 )
1
‘\ 1 0.1 0.1 0.1
\ /\ 1 ALLOCATABLE
\ ¢ INTERROGABLE MANAGEABLE
\ BasePlatfaomComponent a’
1
\ <j> —
* CE-Deovie =interfi »
=Deviee = 'ﬂggrgg;tel::\:i!mﬂﬂ!ims | AGGREGATABLE «interfaces
°u5ageState 0.1 CF:LifeCycle
®adminState
® operationalState caggregatess
@ softwareProfile +componentAggregator | 0.°
@ label e a
% compositeDevice e
% allocateCapacity()
®deallocteCapacity()
Figure 40 Devicelnterface Inheritance Refactoring
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«interface»
CF::Componentddentifier

+ identifier: string

i

«interface»
CF::DeviceAttributes

+ operationalState: OperationalType

identifier
¥ \
\
\ .
\ <j> «interface»
\ o
\ CF::Device CF::Admini stratablelnterface
\
\\ uaagcstatc X | 5, adminState: Mm[nTwe
A achrinState
\ . /
\ operationaotate
& L1, Dol
- SoTtwarerrothe
e . PN «interface»
”»' o P siteDevi \ CF::CapacityManagement
-7 - ] Y usageState: Usage Type
_\\__ B :

o o R — &L bl e ?h_“ : - allocateCapacity(Properties): boolean
DR ills” [t eillc SR FEETRIA \ +p deallocate Capacity(Properties): void
component type

P «interface»
,’ \ CF::AggregateDeviceAttributes
+ X compositeDevice: AggregateDevice

for optional composition

v

[ Note: Refactored into a separate interface to allow

Figure 41 Devicelnterface Refactoring

Note: Inheritance from Device is
removed in favor of optional
composition and component

CF::Loadableinterface

«interface»

bov coCampamtet |

P

inheritance.
I
I
<i> 1
CF::Device ! File SystemComponent & ) |+ fleSygem Wg@ +loadedFile
i ! :
! ¥y SACCONO 0.* «loadss 47«
I
1
/\ .
<i>
5 : «interface»
CF::LoadableDevice CPaoadabiie
2ioac) 5 load(FileSysem, gring, LoadT ype): void
S iimtoad) +, unload(sring): void
x
\

Note: LodableDevice
operations are moved to the
LoadableInterface interface

Figure 42 LoadableDevicédnterface Refactoring
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3.3.1.3.2 ExecutableDevicénterface Changes

The ExecutableDevicenterface,Figure 43, was refactored so that it no longer has an inheritance
relationship with the_.oadableDeviceénterface. TheExecutableDeviceperations were moved to a

new interface Executablelinterfacewhich is accessed by the ExecutableDevice component via
option composition. A new feature of the ExecutableDeviceComponent is that now it also can be
optionally composed to provide loading functionality via lth@dableInterfacénterface.

Note: Inheritance from LoadableDevice
is removed in favor of optional «interfaces DeviceComponent a
compaosition and component CF::Executableinterface
inheritance.
AR

\

\
\

\ - v
== . ‘\ File SystemComponent Sj +fileSystem ‘4d‘ 8 winterfaces
CF::LoadableDevice \ = CFL .
\ 1. zacoessess «LOADABLE=» 0.1
\
[0

FAN \

«managess

1.00s +executsbleArtifact
<i> \
CF::ExecutableDevice Executable Object | /|
@ STACK_SIZE_ID =“STACK_SIZE”

®PRIORITY_ID = “PRIORITY"

¥ oxecute()

«nteface»
2 terminatel) CF::Executableinterface

1 + PRIORITY_ID: string = "PRIOR
I + EX 1 3

[ Note: ExecutableDevice operations and constants are moved ]

to the Executablelnterface Interface ; et
execute(dnng, Properties Properties) ExecutionlD_Type

Figure 43 ExecutableDevicénterface Refactoring

3.3.1.4 Summary

The SCA2.2.2resource (i.e. application) and device interfaces were refactored to remove many of

the operations and attributes from the top level interfaces andatarthe inheritance relationship

between those interfaces and @¥e::Resourcanterface. The new interfaces are now accessible at

the component level using the optional composition strategy. The rationale behind relocating the
operations and attributesi t o provi de a devel oper with a mech
to align better with product requirements. Elimination of the inheritance relationship allows the
components to circumvent the collocation prohibitions that are discussed in thsveight
Components sectid®r 1.6

3.3.2 Refactored CF Control and Registration Interfaces
3.3.2.1 Overview

SCA reworked the composition of the control and rtegii®n interfaces as part of the modifications

that occurred within the specification. The most significant change was that the SCA 2.2.2 interfaces
were refactored into smaller, more concise, standalone interfaces. The composition of these
interfaces ensr es t hat only the methods needed for 14
constructedo system are provided to consuming
enhances the assurance profile of the platform because it follows the leagjgpeaittern, allowing

only the necessary interfaces to be available and accessible. The refactoring also improves platform
and system performance because it contains modifications that transform the SCA from a pull to a
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push model registration approach. FPusodel behavior is more efficient because it allows a
component to pass along its information when it is ready and not wait to be called or encourage
additional request, response cycles. The granularity of the information included within the pushes is
also more efficient since the SCA approasbwa | | ows al | of the compone
bundled within one push rather than forcing the components to invoke multiple requests for the same
content.

3.3.2.2 DeviceManageilnterface Changes

The DeviceManagerregistrationoperations,Figure 44, were collapsed and migrated from the
interface. The migration was consistent with the principles of the least privilege pattern since it is
unnecessary for a client that already has a neferéo a DeviceManagerComponent to require an
additional interface to obtain an endpoint to register itself. This move leverages the fact that the only
components required to register with a DeviceManagerComponent are those that it launches, and it
is reagnable to assume that the DeviceManagerComponent can provide its registration address as
part of the launch parameters.

The registration process, which had been perforitiedugh the DeviceManagerComponent,
DomainManagerComponent and ApplicationFactory@onent, was refined as part of the redesign.

SCA introduceda single capabilityComponentRegistrhat could be associated with and used by

any of those components. Component registration behavior was reworked to leverage a push model
mode of operations kich yields substantial performance improvements. Lastly, the implementation

of the registries is much simpler beca@sanponentRegistiyrovides a general purpose registration
capability that no longer needs to be tailored to register uniquely eithereset®vice or application
components.
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Note: To continue with the optional composition
model, The DeviceManager interface is
refactored to extract out the registration
methods into new standalone interface.

<i> <i> !
CF::PortAccessor CF::PropertySet /

U
1
flosyuhmconml S:]
. +nodef deSygem
<> ’ -

«nterdace»

CF.Componentidentifier

1
CF::DeViCEManager /] ~\ «INTERROGABLE»
@ deviceConfigurationProfile «intedaces e
. & CF . ReleaseableManager \
SfileSys 0 * |DeviceManagerComponent S )
o utdow voud — e
jdentifier o “MANAGER RELE ASABLE P N
®abel —_— /‘ \m_q gerss *OOMANROG WAl
atess 1 01
®resi i s — cesten
registeredDevices deployeaCk D" COMOOR .R,,,.',n[ «intertaces
QregisteredServices p 8:] ot CF::ComponentRegistry
«unregiderss s tegderComponenyComponentT d
«manages F3
®registerDevicef) ! AN domamruiRegE Y
@ gisterDevice() cesie M%,. N 0.1 // \\
® shutdown() _)""( \
O ez suwnmmw\u@ CF ponenRegistry \
registerService(} r \
3 unreg derComponeni(nng) vo \
SunsegisterService) + \
® lementationd() / :
getComponentimplementation 1 Note: Here we reuse the ComponentRegistry interface
! that was utilized by Application Factory. Both Device and
Service registration is now reduced to a single
Note: When a shutdown needs to be supported, a registration method. A type is passed in the parameter
ComponentShutdown interface will be passed into the list to indicate Device or Service.
execparams along with a ComponentRegistry

Figure 44 DeviceManagelnterface Refactoringi registration operations

The refactoring removed tlideviceManageattributes from the top level interface. The predominant
usage of these attributes befamvwas for interrogation by the DomainManagerComponent as part

of pull model registration. These attributes are no longer needed within push model registration
becaise the registering DeviceManagerComponent provides its corresponding values as part of
registration. The refactored design provides an optional mechanism for th®eviceManager
interfaceds attributes to be acComposentbypeedata vi a
element, when an implementation finds it necessary to preserve the possibility of registered
components being accessed externally.
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Note: Separate attributes are
consolidated within the
ComponentType associated with this
- component.
<i> <i> ! = @ wintedaces
se Component CF: DeploymentAtyibutes
CF::PortAccessor CF::PropertySet ! antedaces
’f o deployeoComponents Components CF: Componentidentifier
dentiter nng
% f! r’ Hhs’-mm@ 0.1
n / +nogeF deSydem 1
<I> ! <
. 1 0" «INTERROGABLE
CF::DeviceManager I
R . R . ! «intedaces Rl
*deviceConfigurationProfile ——————| ¢ CF:ReleaseableManager
QfileSys e = e
& . o*MANAGER RELEASABLE»
> identifier : +domanRegrar
bt createss e \ 01
. N M «reates
% registeredDevices sdeployedCH o .mmpwnm,.'gml «interfaces
;agisterads x Fal b ety
= 01
\\ aunregqiderss + regterComponentComponentType) void
'S ~ ORI domain FullRegirar
shutdown() N b
© getComp lmpl d ‘\\ -oeaavmcaﬂponrg‘_ N 0.1 /
x < = Y’ antedaces
\ . . CF: FullCom ponentR:
\ Note: Separate “label” attribute is not nocnent §) giety
v really necessary so it has been removed. * uniegderComponeni@nng) void
Note: getComponentimplementationld is not Separate “registerdDevcies” and
needed (no use case).

“registeredServices” attributes now
collapsed into “deployededComponents”. Y,

Figure 45 DeviceManagelnterface Refactoringi attributes

The DeviceManageinterface was removed and its inheritance relationship witlPtmeAccessor

andPropertySetnterfacesfigure46, was made optional per the optional composition pattern. The
presence

or

absence

of

t hese i

nterfac

connections or implementation sgecattributes.

[

standalone so they can be made optional for
implementations that don’t require a LogService and

Note: Make the PortAccessor and PropertySet interfaces
remove the Devic interface
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BasePlattormComponent SJ CF:FullComponenRegistry
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it can be made optional in implementations where

[ Note: Make the shutdown a standalone interface so ]

it’s not required.

Figure 46 DeviceManageinterface Refactoringi miscellaneous operations
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3.3.2.3 DomainManagerinterface changes

The DomainManageregistrationoperationsFigure47, were collapsed and migrated from its SCA

2.2.2 interface. The rationale behind the changes mirrors that provided for the corresponding changes
in theDeviceManagemterface. ThéomainManagr interface has an additional pair of registration
related interfaces, used expressly for event registration, which were migrated to a new interface.
Moving the event registration operations outside ofDoenainManagerinterface aligns with the

least prvilege approach; howevethe revised SCAdid not integrate those services within the
component registry. The event registration operations remained in a distinct interface because they
have a wider range of potential users, from components launched &yiceManagerComponent

to consumers that reside outside of the framework implementation, many of which should not have
access to framework internals pertaining to registered components.

«interfaces BaseComponent @ «interfaces
CF:EventChannelRegistry CF::DomainManager
0 '\ vdoMan"C:Mpa‘t*!Z 1.° =

ApplicationF actoryComponent @

<i>
CF::PropertySet

éll

<i>
CF::DomainManager

-
+appFactories

\
\
\
\

Qidentifier

«manages
incoming and

outgeing domain
Event channelss

@ deviceManagers «managess
9 applications

9 applicationFactories
fileMgr

®domainManagerProfile

+fileManager

'5:"‘!"!v"‘!€?~l“"0|& FileManagerComponent S]

«interfaces
CF_FuliComponentRegistry

Q' ictarDevi

O
o Event Service

® : c icel) Bl T — . «interface»
& ~
p » 7 " o . _ . CF::Componentdentfier
* registerDeviceManager() Note: To continue with the least privilege model, The DomainManager interface is
® unregisterDeviceManager() refactored to extract out the registration methods into new standalone interfaces. + identifier: sting
% installApplication() 4&
@ uninstallApplication()
L 3 Devicol) cinterfaces «interface»
3 AV} = CF::DomainM.
'S istarServicel) CF::E ventChannelRegistry e
o h = + domainManagerProfile: string
O-registerWithE tCh 1o » regi serithE ventChannel(Objedt, string, sting): void + managers Components
Q. isterEromEventCh. 10 +, unregigerFromE ventChannel(gring, Sring) void *+ applications Components
it 20 i + applicationFactories Components
+ fileMgr. FileManager

Figure 47 DomainManagerinterface Refactoring i registration operations

The DomainManagerComponent no longer needs a separate manager registry since manager
registration was integrated within the component registry. The application installation and
uninstallation operations were also migrated awaynfthe component. This migration was
performed to satisfy scenarios, such as those associated with a static system configuration where no
capability need exist to add or remove applications. Lastly, it should be noted that the
DomainManagerattributes wee not removed from the interface. The attributes were retained
because the DomainManagerComponent provides the interface between a platform domain and its
external consumers, e.g. an external management system or user interface, and they provide the
acces poi nt for t hose consumer s t o retrieve
configuration.
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Note: To continue with the least privilege model, The
DomainManager interface not only removes the manager
registration methods, but transforms them to use the more

general component registration operations.

<i>
CF::DomainManager

<identifier
®deviceManagers
®applications

@ applicationFactories

@ fileMgr

< domainManagerProfile

«interfacexs
CF::ComponentRegistry

registerComponent(Component Type): void

i

xinterfacex»
CF::FullComponentRegistry

®installApplication()
% yninstallApplication()

>

unregisterComponent(string): void

Figure 48 DomainManagerinterface Refactoringi manager registration operations

Figure 49 DomainManagerinterface Refactoringi installation operations

3.3.2.4 Application Interface Changes

The Applicationinterface Figure50, was refactored such that it removes direct visibility of many of

t he

i nterface

attributes.

These attr

but es

time internals. All of the information contained within the attributes is ess@nt@oper framework
operations, however several scenarios exist for which demonstrate that it is not needed by clients.
Eliminating the interfaces improves system IA awareness and performance in accordance with the
other push model enhancements. The fater was also renamed AgplicationManagetto better
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