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Abstract

Bluetoothis a defactostandad for low-cost shortrangeradio
links betweenmobile phones,mobile PCs and other mobile
devices.

Thispaperidentifiesseveral patternsusedby Bluetooth.

1 Overview of the Bluetooth Standard

The Bluetooth[1] specificatioris a defactowirelesscommu-
nicationsstandardormed by a consortiumof telecommuni-
cationsand data networking companiesor short-rangeyra-
dio communicatiorbetweenportabledevicessuchas mobile
phonesand handhelddevices. The goal of the standards to
eliminatetheneedfor any cableconnectvity andpromotefull-
scalead hocnetworking. Thekey featuredncluderobustness,
low compleity, low power, andlow cost.

Bluetoothoperatesn the unlicensedSM bandat 2.4 GHz.
The protocol usesa combinationof circuit switching and
paclet switchingtherebysupportingboth synchronousoice
channelsindasynchronoudatachannels.

The primary component®f Bluetoothincludea radiounit,
alink controlunit, andasupportunit for link managemergnd
host-terminalnterface.

2 Patternsin Bluetooth

This sectionillustratesseveral patternamplementecdy Blue-
tooth. For eachpatternwe describehe patternsintent, how it
is usedin Bluetooth,andits known uses.

2.1 Broker pattern

Intent: TheBroker[2] patternis usedo structuredistributed
systemswith decoupledcomponentghat interactby remote
methodinvocations.

Bluetooth Usage:  Bluetoothdefinesaninteroperabilitypro-
tocol calledlrOBEX. ThelrOBEX protocolprovidesa model
for representingbjectsanda sessiorprotocol. This protocol
structuresa dialog betweentwo remotedevicesthatfollow a
client/senerrequest-esponsgaradigm.

Known Uses. The Object ManagementGroup's Common
Object RequestBroker Architecture (CORBA) [3], Mi-

crosofts Distributed COM (DCOM) [4], and Sun Microsys-
tem’s Java RemoteMethodInvocation(RMI) [5] arethedom-
inant technologiedor distributed computingthat implement
the Broker pattern.

2.2 Layerspattern

Intent: The Layels patternhelpsto structureapplications
thatcanbedecomposedhto groupsof subtasksn which each
groupof subtaskss at a particularlevel of abstraction.

Bluetooth Usage:  TheBluetoothspecificatiordefinesapro-
tocolstack.At thebottommostayeris thephysicalink (Base-
bandLayer) comprisingthe radio frequeng channel. Above
this is the Link ManagerProtocol(LMP) layer usedfor link

setupand control. The datalink layer abose LMP is called
the Logical Link Control and AdaptationProtocol (L2CAP)
whoseobjectve is to supporthigherlevel protocolmultiplex-

ing, paclet segmentationand reassemblyand relaying qual-
ity of serviceparametersAbove the L2CAP layerarehigher
layer protocolsthat get multiplexed into L2CAP. Thesein-

cludethe ServiceDiscovery Protocol(SDP)which doesser

vice lookup,theRFCOMM protocolthatprovidesaserialport
emulation,andthe Telephoty Control Protocol(TCS)for es-
tablishingspeechanddatacalls betweerBluetoothdevices.

Known Uses. TheOSI[6] protocolstackis themostfamous
layeredarchitecturgéhatusesthe Layerpattern.



2.3 Lookup pattern

Intent: The Lookup[7] patterndescribeshow to find and
retrieveinitial referenceso distributedobjectsandservices.

Bluetooth Usage: Bluetooths ServiceDiscovery Protocol
(SDP)usesthe Lookup patternfor locatingservicesprovided
by or availablethrougha Bluetoothdevice. In addition, SDP
alsoallows applicationgo determinethe characteristicsf the
services.

Known Uses:. OMG CORBA's NamingServiceandTrading
Service,and Sun Microsystems Jini Lookup serviceimple-
mentthe Lookuppattern.

2.4 Bridge

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

Bluetooth Usage:  BluetoothusesPPPasa communications
bearetto provide communicatiobetweeWAP (WirelessAc-
cessProtocol)clientsandseners. In this way Bluetoothim-
plementerscan provide accesdo value-addedservicesusing
the WAP ervironment.

Known Uses: [8] mentiongheBridge patternbeingusedin
ET++,libg++, andNeXT’s AppKit.

2.5 Facade

Intent: The Facade[8] patternprovidesa unified interface
to a setof interfacesin a subsystemFacadedefinesa higher
layerinterfaceto makeit easierto usethe subsystems.

Bluetooth Usage:  Bluetooths IrOBEX protocolprovidesa
unified interfaceto the Bluetooths protocol stackaswell as
the IrDA (Infrared Data Association)protocol stack. Blue-
tooth's RFCOMM usegheFacadepatternto provide a unified
interfaceto differenttypesof serial ports. Bluetooths host
controllerinterface (HCI) providesa uniform mechanisnto
accessluetooths underlyingbasebandapabilites.

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

2.6 Service Browser pattern

Intent: Theservicebrowserpatternallows browsingall ser
vicesofferedby alookupservice.

Bluetooth Usage: Bluetooths ServiceDiscovery Protocol
(SDP) allows applicationsto browse all the servicesoffered
by a SDPlookupservice.

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

2.7 Miscelaneous Patterns used in Bluetooth

Bluetooths host controller interface implementsthe Com-
mandand Interpreter patterndy providing a commandnter-
faceto theunderlyingbasebandndlink controller

TheL2CAP protocollayerimplementsaDispatderpattern
thatdemultiplexesanddispatchepacletsto higherlayerpro-
tocols.

The MasterSlaveand On-demandActivation patternsare
usedin Bluetoothin the Bluetoothdevice testmode. In this
mode,a testcontrolleractsasthe masterandthe device un-
dertest(DUT) actsasa slave. The controller activatesthe
DUT wheneerit is to be tested. The MasterSlave patternis
alsoimplementedn Bluetooths basebandpecificationwhen
a pointto multipoint connections provided by the Bluetooth
system. In sucha scenariothe channelis sharedby several
Bluetoothdevices. One of the devicesis the masterandthe
othersareslaves.

3 Concluding Remarks

Bluetoothis a de factostandardor shortrangewirelesscom-
municationbetweermobile devices. Although Bluetoothdif-
fers from traditionalad hoc networks, its designis basedon
well-known patterns. This paperdescribesatternsusedby
the Bluetoothad hocnetworking technology
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