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Software Radio Specification Intention
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Model Driven Engineering, Douglas C. Schmidt, IEEE Computer Magazine, February 2006
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Insufficient tools to do the JQb
Platform Complexities——
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SDR Platform Complexities — Radio Functional
Capabilities?
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MDD - Modeling and Programmin
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Bringing modeling and programming together
A

Modeling Programming

“Instead of forcing a separation of the high-level engineering/modeling
work from the low-level implementation programming. It brings them
together as two well-integrated parts of the same job™’3
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Some Ramifications
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MDD- Systems and Software Together
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Bringing Systems and Software together
\l
N\ ///

Software
Engineering

Systems
Engineering

Increased cross discipline collaboration
Speaking the same language
Flattens learning curves
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Model Driven Development/Generative F'T?Bgramming &
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MDD Features
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MDD Features

Domain Specific Generators
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Domain Specific Language
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Software Radio DSL - Radio Families

© Commonalities © Variabilities
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Domain Specificity

Domain

Domain Specific - Tools
Independent S e

The task
at hand
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Domain Specific Modeling

© &5 Platform Independent
Model Design * § in the Solution Space

PIM Design Modeling

Solution Space Modeling

Single Resource Component with 2 Ports and 2 Properti
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GDSL lllustrations
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Processing the Declarative Specification
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Domain Specific Editors - Constraints Enforcement
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B compositional, directional,
R etc constraints.
Preconditions,
=) , postconditions and invariants
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Generative Programming
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Less Flexible | MDD/GP  m__ | Frameworks More Productive
- Component gy Semeenent : é
Development ‘
Middleware§
Libraries
Higher Order Languages§ Operating
5 Assembly 5
Systems
o Opcodes ; ;
More Flexible - Custom Hardware - Less Productive
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Domain Specific Generators

Translate from Code Coverage
declarative to imperative
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C++ Test Cases
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Application of Design
Patterns Automatically
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* Replicated production of Design Pattern(s)
implementations C++ Test Cases

« Can be more effective than dealing with the replication

using 3GL language features, particularly in DRE System
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What Does MDD Do For You?

Model Driven Development
Tools should be designed specifically to support the SW Radio domain
Not just simple computer aided S/W engineering tools

Transform the Model directly into what you need
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MDD Component PIM to PSM

Kl C++
LéCompone
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Evolution and Transformation
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MDD Summary
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Software Radio Specification
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Note: the Information being presented represents the Revision Task Force (RTF) changes.
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Software Radio Normative XMl Files
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Software Radio DSL - UML Profile
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Component Framework Profile
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Component Overview
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Resource Interface
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Software Radio Component Properties using

GDSL Tool llustration
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Low Profile Component Definitions
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Low Profile Component llustrations

PortSupplier
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Resource Component
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Resource Component lllustration
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Resource Factory Component
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Resource Factory Interface
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Resource Factory Component Hlustration
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Application Assembly Component Definition
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Application Assembly From GDSL Tool Nllustration
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CF Infrastructure Components —

Domain and Device Management

© & % ? "
& " % ? "
0

—_— k4 PRISMTECH

Productivity Tools & Middleware



CF Domain Management
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Domain Manager Component llustration
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CF Device Management
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CF Device Management Component lllustratio
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CF Application Deployment — Artifacts
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CF Application Deployment — Artifacts lllustration @
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CF Application Deployment — Descriptor Artifacts @
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CF Application Deployment —

Applications Deployment Components
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CF Application Deployment — Application Factory
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CF Application Deployment — |
Application Factory Component lHlustration
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CF Application Deployment —
CF Application Manager
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CF Infrastructure Service Components
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Service Component
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Managed Service Component Optional Status Properties
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Managed Service Component Optional Status Properties
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Managed Service Component Optional Status Propeftréé
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Device Components
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Device Component Interfaces

CapacityManager {:} DeviceComposition {:}
+allocateCapactyl capacities © Propedies 1 : boolean +addDevicel azzocistedDevice © devicecomponent
+deallocateCapacity capacties ;| Properties +removelevicel associatedDevice © devicecomponent )

Cumpunentldentiﬁer{:}

I

Device g

==readanly==+Habel | String
==readonly==+zoftwareProfile ;: String

T

LoadableDevice D

+load( Tz filesyvstemcomponent, fileMame : String, loadkind ; LoadType 1
+unloadr fileMame © String

T

+executel name | String, options ;. Properties, parameters © Properties 1 ProcessiD_Type
+erminatel proceszld | ProcessID Type )
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Low Profile Device Component Definitions
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Low Profile Device Component lllustrations

O Device Regource
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LoadableDevice Component
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LoadableDevice Component
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ExecutableDevice Component
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Device Component Kind lllustrations

—_— k4 PRISMTECH

Productivity Tools & Middleware



-$81
8 & "
8
| 8 & "
|
EE FF EE * * FF
( # - L] L]

& PRISMTECH

Productivity Tools & Middleware



EE FF
5 & "
( & " )
B 0
= 0
| EE  FF
EE . FF g8 % 8 EE FF
5 & " 5
| |
8 -8 -8l 8
8 % | I 8 &
EE FF EE FF
/ % / /

—_— & PRISMTECH

Productivity Tools & Middleware



| EE ! FF
EE ! . FF N EE 1 FF

1! & *

8 sl ) .88

EE FF EE FF EE FF

—_— & PRISMTECH

Productivity Tools & Middleware



—
—

CF Infrastructure Services - File Services
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CF Infrastructure Services — File Services lllustration
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UML Profile for Communication Channel
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Communication Equipment - Ports
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Communication Equipment — Ports
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==stereotypes=
commequipment

[Device]
==characteristicproperty==+equipmentyeight : Waight ==gterectypes=
==gueryproperty==+maintenancePeriod : TimeType [0.1] powersupply
==characteristicproperty==+meanTimeBetweenFailures : TimeType [0..1] [Device]

sl ==tjuerypropetty==+temperatureStatus © Temperature [0.1] === =
<=characteristicproperty==+maxOperatingTemperature - Tempersturs = |==characteristicproperty==+efficiency : UShort
==characteristicproperty==+radistionCapability : Radistion [0..1] ==characteristicproperty=>+type | PowerSupply Type
==characteristicproperty==+minOperating Temperature | Tempersture
==characteristicproperty==+eguipmentize : Size
==gueryproperty==+aguipmentinformation | DeviceMaodelntormation
==characteristicproperty==+powerConsumption © Power
==configurepropertty==+asthaintenanceCheck : Date [0.1]

==stereatype==
==sterectype== processor
iodevice [Device]
Device
_ ! ! ==querypropety==+volatiedemory Capacity : ULong

==characteristicproperty==+maxzTunedFreguency : Hertz [0.1] ==characteristiceelectionproperty==+processarArchitecture | ArchitectureType
=z=characteristicproperty==+maxFrequencyResponse © FrequencyResponzseType [0,.1] ==characteristicproperty==+maxOperatinaFregency . Hertz
==characteristicproperty==+minTunedFrequency : Hertz [0..1] ==guerypropetty==+hontolatileMemoryCapacity © ULong

==characteristicproperty==+minPowerHandling : Poveer [0.1]
==characteristicproperty==+ampltudePhazeResponze | AmplitudePhaseResponze [0.1]

==configurepropedy==+freqResponse | FrequencyResponseType [0.1] <<stereot\,fp_e:=>
==configureproperty==+unedFrequency : Hertz [0..1] cryptodevice
==characteristicproperty==+noiseFigure : Decibel [0.1] [Device]

==characteristicproperty==+maxPowerHandling : Povwer [0..1] 7
==characteristicproperty==+minFrequencyRespanse . FrequencyResponseType [0..1] <<queryproper‘ty>>+keyL¢ng‘fh ; U.Sh':'r: gl
==characteristicproperty==+maxOparating SR | WSWR [0.1] ==gueryproperty=>+algorithn : String [*]
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Communication Equipment —

I/O Device Properties
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Communication Equipment —

|ODevice Specializations and Their Properties
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|ODevice Specializations and Their Properties
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Communication Equipment — =

|IODevice Specializations and Their Properties
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—_— k4 PRISMTECH

Productivity Tools & Middleware



Communication Equipment —

Power Supply
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Communication Equipment —
Processor Specializations and Their Properties
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Communication Channel Profile —
Communication Channel
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Communication Channel —
Channel Stereotype Specializations
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Communication Channel —

Channel Stereotype Specializations
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Communication Channel — Logical Communication Channel

lHlustration
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Logical Communication Channel lllustration
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Communication Channel Profile - Radio Management
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Communication Channel Profile -
Communication Channel Facilities
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Communication Channel Facilities-

Modem Facilities
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Communication Channel Facilities —
Modem Facilities
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Communication Channel Facilities —

RF Facilities
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Communication Channel Facilities —

RF Facilities
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RF Facilities
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TraceOutPort |:

Resource O

Device O

R

1

7
/

==devicecampaonet==
==resaurcecampanent=»=

Seriall0DeviceComponent

=

==jcontrale= D
Seriall0OControl

o [

+enableRTE_CTS( enahkle ; Boolean )
+2etCTS( cts : Boolean )

<<charal:teristicpmperty::-devicewpe : Etring = SerialDevice
==capacityproperty==-portsCapacty | UShort = 1{ID = 100}
==characteristicproperty==-location : Location{rangs = 0.1}

l

I CortralinPort

a

DiataOutPort DiatalnPort BufterSignalCutPort
— I0SighaloutPort — i
_D LT L >
\ 4 i
\ / |
y ¢ o
==idatas= ==icartral==
ConcreteDataPdu Seriall0Signals

N

==icontrol== O
SeriallQDevice

==configureproperty==+charactericth . UShort{range = min=2, max=3, ID =13}
==queryproperty==+ctsStatus ;. Boolean{readOnly |0 =1}
==configureproperty==+flovvContralXonoff : BoolearlD = 2}
==configureproperty==+hardwareFlowCortrol ; Boolean{lD =11}
==queryproperty==+maxPayloadSize ;| UShort{readlnly I0 =4}
==gueryproperty==+minPayloadSize | UShort{readOnky D= 3}
==configureproperty==+numberstarbits . UShort{range = min=0, max=1, D = 15}
==configureproperty==+numberstopBits | UShort{range = min=1, max=2, ID = 16}
==configureproperty==+onThreshald . ULong{D = 14, unitzs = Mumber of not received characters
==configureproperty==+parityChecking : Parity{range = min=0max=1, D = 12}
==configureptoperty==+protocol : UShart{range = min=0, max=1,I10'= 7}
==configureproperty==+receiveBaudRate ;. ULongilD = 8}
==configureproperty==+receiveBufferSize ;. ULong{lD =17}
==configureproperty==+receiveClockSource © ClockSource{range = min-0, max=1, 1D =10}
==configureproperty==+receiveEncoding : Encoding{range = min=0, max=4, I = 9}
=zaqueryproperty==+rts_ctz_mode : Boolean{readOnly 1D = 5}
==configureproperty==+ransmitBaudRate : UlongflD = 19}
==configureproperty==+ransmitClockSource ; ClockSource{range = min=0, max =1, 1D = 20}
==configureptoperty==+ransmitEncoding : Encoding{range = min=0, max=4 1D =158}
==configureproperty==+xactive : Boolean{lD = 21}

=<idatacortrol==
FlowControlSignaling
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1O Facilities — Audio Component

=zicontrol== O
10Signals

==onewway=r+sighalRTS( s bodlean )

[

==icontrol== (: b
PTTSignals

Resource C}

I]euit:eo

;,ﬂ

i /

==devicecomponeht==
==spes0UrCecomponent=:=

Audiol0DeviceComponent

=l

TracewutPort
d.. PTTSignalCutputPort

==characterizticproperty==-deviceType ;| String = AudioDevice
==capacityproperty==-portsCapacity ; Ushot =1 L
==characteristicproperty==-location : Location{range = 0.1}

DiatacitPart DiatalnPart ButferSingalOutputPort
[] [
% L LI_I

\ I
~ |
~ |

==idata==
ConcreteDataPdu

|

By

==icontrol== O
AudiolODevice

"

==idatacortrol==
FlowControlSignaling

C

==configureproperty==+bandidth . ULong{D = 30}
==configureproperty==+deftaGroupbelay ; Long{lD = 31}
==configureproperty==+gainControllerDynamic : LongiflD = 323
==configurepropetty==+gainCaontrollerstep . LongilD = 33}
==configureproperty==+highBoundFrequency : Ushort{lD = 34}
==configureproperty==+highBoundPE : L=hort{lD = 35}
==configureproperty==+highBoundRejectionain . Long{lD = 36}
==configureproperty==+highBoundRejectionZlope : Long{lD = 44}
==configureproperty==+highBoundTranzsitionBand : ULongilD = 37}
==configureproperty==+evelAdustmentDynatmic . Long{lD = 33}
==configurepropetty==+evelddiuztment=tep : LongilD = 39}
==canfigureproperty==+owBoundFrequency . Ushort{lD = 40}
==configureproperty==+owBoundPE ;. UShort{lD = 41}
==configureproperty==+lowBoundRejectionGain . Long{lD = 42}
==configureproperty==+owBoundRejectionSlope : Long{lD = 43}
==configureproperty==+lowBoundTranzsitionBand : ULongilD = 45}
==configureproperty==+maxLatency . Long{lD = 46}
==configureproperty==+maxMominallevel : Long{lD = 47}
==configureproperty==+minMominallevel : Long{lD = 45}
==configureproperty==+nominalLevel : Long{lD = 50}
==configureproperty==+noizeFloor : LongilD = 43}
==configureproperty==+quantificationMoizeFloor : Long{lD = 51}
==configureproperty==+ripple : LongilD = 52}
==configureproperty==+samplingFrequency . UShort{lD = 53}
==configureproperty==+aaturationderge | Long{lD = 54}
==configureproperty==+zsighalDynatmic : LongilD = 55}
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Software Radio Facilities

© " i 3% 4 it 7B
© & 5 -5 7/ %
©" %% 9 9 3 I # 7 $%
© / 70
© iy B S5 i
790

—_— k4 PRISMTECH

Productivity Tools & Middleware



o ——

Common and Data Link Layer Facilities PIM
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Common and Data Link Layer Facilities PIM
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Common and Data Link Layer Facilities PIM —
Common Layer Facilities
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Common and Data Link Layer Facilities}P—lM, cont’d
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Connectionless Link Component

==idatacontral==
FlowControlSignaling

=<iztreams==
LocalLinkManagenment

ﬁt,a(;::f;)mrnlbb

IndicatorPdu

=<icontral==
QualtyOrserviceConnectionless

=<jdatacontrol==
Reque=stPdu

==linklayercontrolresources= E]
ConnectionlessLinkComponent
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Acknowledged Connectionless Link Component

QualityOfServiceConnectionless

==icattrol=
Error_Control

==idatacontral==
AckRephyPdu

AckComnectionlessLink

O

+ackReception] zequenceMumber ; Octet )
+hackReception zequencelumber ; Octet )

==linklayercontrolresources:=
AckConnectionlessLinkComponent

=]

==idatacontral==
AckRequestPdu

==idatacontral==
FlowControlSignaling

==istreams=:=
LocalLinkManagement

=

==idatacontral==
AckindicatorPdu
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[MediumAccessParameterType mediumaccessparameterwpej

==jcontrol== D
MediumAccessControl

==configurepropery==+accesshethod ; String
==configurepropery==+macHeader : MediumiccessCortralHeader Type
==configurepropery==+linkServiceType ; LinkServiceType
==configureproperty==+destinationType : DestinationTvpe
==configureproperty==+mediumiccessFarameters | MediumicceszParameterType
==configurepropery==+rfPowerLevel | Flost
==configurepropery==+raffic’/olumeheazurement : Boolean
==configureproperty==+duplicateDetection : Boolean
==configurepropery==+duplicateRecovery . Boolean
==configurepropery==+dataFragment : Boolean
==configurepropery==+dataReazsembly : Boolean

+determiner-nediumAccessParameters(j : Boalean
+activateChannell prezethum . UShort 1. BEoolean

T
|

==hihd== |
-:Medium.ﬂu:cessF‘ar?meterType-demaF‘arameterTypEb

acontrol==
IMacPdu

=<icontrol=

QualityOfService

==icontral==
FlowControlManagement

=<icontrol==
Error_Control

-=C~=cmediaaccesscnrﬁmlresnurcemg]
==dataType== MediumAccessController
CdmaParameter Type
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Platform Specific Technologies
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Software Radio PSM — CORBA Modules
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Software Radio PSM — DfSWRadio IDL Files
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Software Radio PSM — DfSWRadio IDL Files
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SW Radio PSM — XML Files
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Specification Maturity
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Specification Maturity
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