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Abstract

Bluetoothisadefactostandardfor low-cost,shortrangeradio
links betweenmobilephones,mobile PCs and other mobile
devices.

Thispaperidentifiesseveral patternsusedbyBluetooth.

1 Overview of the Bluetooth Standard

TheBluetooth[1] specificationis a defactowirelesscommu-
nicationsstandardformedby a consortiumof telecommuni-
cationsand datanetworking companiesfor short-range,ra-
dio communicationbetweenportabledevicessuchasmobile
phonesandhandhelddevices. The goal of the standardis to
eliminatetheneedfor any cableconnectivity andpromotefull-
scaleadhocnetworking. Thekey featuresincluderobustness,
low complexity, low power, andlow cost.

Bluetoothoperatesin theunlicensedISM bandat 2.4GHz.
The protocol usesa combinationof circuit switching and
packet switchingtherebysupportingboth synchronousvoice
channelsandasynchronousdatachannels.

Theprimarycomponentsof Bluetoothincludea radiounit,
a link controlunit, andasupportunit for link managementand
host-terminalinterface.

2 Patterns in Bluetooth

This sectionillustratesseveralpatternsimplementedby Blue-
tooth.For eachpatternwedescribethepattern’s intent,how it
is usedin Bluetooth,andits known uses.

2.1 Broker pattern

Intent: TheBroker [2] patternisusedtostructuredistributed
systemswith decoupledcomponentsthat interactby remote
methodinvocations.

Bluetooth Usage: Bluetoothdefinesaninteroperabilitypro-
tocol calledIrOBEX. TheIrOBEX protocolprovidesa model
for representingobjectsanda sessionprotocol.This protocol
structuresa dialog betweentwo remotedevicesthat follow a
client/server request-responseparadigm.

Known Uses: The Object ManagementGroup’s Common
Object Request Broker Architecture (CORBA) [3], Mi-
crosoft’s DistributedCOM (DCOM) [4], andSunMicrosys-
tem’sJavaRemoteMethodInvocation(RMI) [5] arethedom-
inant technologiesfor distributedcomputingthat implement
theBrokerpattern.

2.2 Layers pattern

Intent: The Layers patternhelps to structureapplications
thatcanbedecomposedinto groupsof subtasksin whicheach
groupof subtasksis ataparticularlevel of abstraction.

Bluetooth Usage: TheBluetoothspecificationdefinesapro-
tocolstack.At thebottommostlayeris thephysicallink (Base-
bandLayer)comprisingthe radio frequency channel.Above
this is the Link ManagerProtocol(LMP) layer usedfor link
setupandcontrol. The datalink layer above LMP is called
the Logical Link Control andAdaptationProtocol(L2CAP)
whoseobjective is to supporthigherlevel protocolmultiplex-
ing, packet segmentationandreassembly, andrelayingqual-
ity of serviceparameters.Above theL2CAP layerarehigher
layer protocolsthat get multiplexed into L2CAP. Thesein-
cludethe ServiceDiscovery Protocol(SDP)which doesser-
vicelookup,theRFCOMMprotocolthatprovidesaserialport
emulation,andtheTelephony ControlProtocol(TCS) for es-
tablishingspeechanddatacallsbetweenBluetoothdevices.

Known Uses: TheOSI[6] protocolstackis themostfamous
layeredarchitecturethatusestheLayerpattern.
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2.3 Lookup pattern

Intent: The Lookup [7] patterndescribeshow to find and
retrieve initial referencesto distributedobjectsandservices.

Bluetooth Usage: Bluetooth’s ServiceDiscovery Protocol
(SDP)usestheLookuppatternfor locatingservicesprovided
by or availablethrougha Bluetoothdevice. In addition,SDP
alsoallowsapplicationsto determinethecharacteristicsof the
services.

Known Uses: OMG CORBA’sNamingServiceandTrading
Service,and SunMicrosystem’s Jini Lookup serviceimple-
menttheLookuppattern.

2.4 Bridge

Intent: The Bridge [8] pattern decouplesan abstraction
from its implementationso that the two can vary indepen-
dently.

Bluetooth Usage: BluetoothusesPPPasa communications
bearerto providecommunicationbetweenWAP (WirelessAc-
cessProtocol)clientsandservers. In this way Bluetoothim-
plementerscanprovide accessto value-addedservicesusing
theWAP environment.

Known Uses: [8] mentionstheBridgepatternbeingusedin
ET++, libg++, andNeXT’sAppKit.

2.5 Facade

Intent: The Facade[8] patternprovidesa unified interface
to a setof interfacesin a subsystem.Facadedefinesa higher
layerinterfaceto make it easierto usethesubsystems.

Bluetooth Usage: Bluetooth’s IrOBEX protocolprovidesa
unified interfaceto the Bluetooth’s protocolstackaswell as
the IrDA (Infrared Data Association)protocol stack. Blue-
tooth’sRFCOMMusestheFacadepatternto provideaunified
interfaceto different typesof serial ports. Bluetooth’s host
controller interface(HCI) providesa uniform mechanismto
accessBluetooth’sunderlyingbasebandcapabilites.

Known Uses: The ADAPTIVE CommunicationsEnviron-
ment(ACE) [9] usesthe Facadepatternto provide a unified
interfaceto severaloperatingsystems.

2.6 Service Browser pattern

Intent: Theservicebrowserpatternallowsbrowsingall ser-
vicesofferedby a lookupservice.

Bluetooth Usage: Bluetooth’s ServiceDiscovery Protocol
(SDP)allows applicationsto browseall the servicesoffered
by aSDPlookupservice.

Known Uses: The Jini lookup serviceoffers a mechanism
wherebyapplicationscan browse all the servicesregistered
with it.

2.7 Miscellaneous Patterns used in Bluetooth

Bluetooth’s host controller interface implementsthe Com-
mandandInterpreterpatternsby providing a commandinter-
faceto theunderlyingbasebandandlink controller.

TheL2CAPprotocollayerimplementsaDispatcherpattern
thatdemultiplexesanddispatchespacketsto higherlayerpro-
tocols.

The Master-Slaveand On-demandActivationpatternsare
usedin Bluetoothin the Bluetoothdevice testmode. In this
mode,a testcontrolleractsasthe masterandthe device un-
der test (DUT) actsas a slave. The controlleractivatesthe
DUT whenever it is to be tested.TheMaster-Slave patternis
alsoimplementedin Bluetooth’sbasebandspecificationwhen
a point to multipoint connectionis providedby theBluetooth
system. In sucha scenario,the channelis sharedby several
Bluetoothdevices. Oneof the devicesis the masterandthe
othersareslaves.

3 Concluding Remarks

Bluetoothis a defactostandardfor shortrangewirelesscom-
municationbetweenmobiledevices.AlthoughBluetoothdif-
fers from traditionalad hoc networks, its designis basedon
well-known patterns. This paperdescribespatternsusedby
theBluetoothadhocnetworking technology.
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