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1 Intr oduction

JSR80is theJavaSpecificationRequestconcernedwith communicationwith UniversalSerialBus(USB)
devices.ThisdocumentdescribestheAPI associatedwith this JSR.

2 USBBus Topology

Thestructureof theUSB bus is topological.Theroot of theUSB physicalbus is a physicalHostCon-
troller, which is containedin acomputersystem.HostControllersareusuallyon-boardor maybeadd-in
PCI cards.They appearlogically ashubs,sothey aretheroothubin their own topologytree.Connected
to themareoneor moreUSB devices,andsinceUSB hubsarea typeof USB device, this topologymay
continuedown until thereareno moreconnecteddevices. The non-hubdevicesform the leavesof the
topologytree,while thehub-typedevicesform thebranchesof thetopologytree.This formsthephysical
device topology.

Represents
Physical
Hardware

Common
and/or
Platform
Implementation

UsbHub (internal)

UsbHostManager

UsbServices

UsbHub (virtual)

UsbHub (internal)

UsbHub (external)UsbDevice UsbDevice

UsbDevice

Figure1: LogicalBusTopology

Thejavax.usbAPI closelymatchesthis physicaldevice topology, asshown in figure1. However the
rootof thetopologyis slightly different.First, theentrypointof javax.usbis theUsbHostManager class,
shown at the top of the tree. This classinstantiatesthe platform-specificinstanceof the UsbServices
interface. From the UsbServicesinstance,the virtual root UsbHubis available. This hub is createdby
theimplementationanddoesnothingexceptmanagetheactualphysicaldevices.Eachhubconnectedto
thevirtual roothubrepresentsaphysicalHostControllerhubthatis presentin thesystem.Connectedto
thosehubsaretherealexternally-connectedphysicaldevicesconnectedto thesystem,includingexternal
hubs.
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3 USBDevice Hierar chy

The structureof a USB device is hierarchal,insteadof topological. The generalstructureof a device
is definedby theUSB specificationin Chapter5. This structureis madeup of differentcomponentsas
definedin thespecification,andany specificdevicecanorganizethosecomponentsasthedevicerequires,
within certainlimitationswhich arealsodefinedin theUSB specification.All devicesmusthave oneor
moreconfigurations.As thenamesuggests,eachconfigurationrepresentsadifferentconfigurationof the
device. Only oneof theconfigurationsmaybeactiveatatime. Eachof thoseconfigurationsmustcontain
oneor moreinterfaces.An interfacerepresentsa certainfunctionof thedevice (or configuration).Any
interfacehasat leastonesetting,andit mayhave alternatesettings.Only onesettingmaybeactive at a
time. Eachsettingmaycontainzeroor moreendpoints,andeachof thoseendpointscontainsapipe.The
device’spipes,which areusedto communicatewith thedevice,arethelowestlevel of thehierarchy.

UsbDevice

UsbConfiguration #1 UsbConfiguration #2

UsbInterface #0
(setting #0)

UsbInterface #1
(setting #0)

UsbEndpoint #81

UsbEndpoint #02

UsbEndpoint #83

UsbPipe

UsbPipe

UsbPipe

UsbInterface #1
setting #0

setting #1
UsbEndpoint #81

UsbEndpoint #81

UsbPipe

UsbPipe

Figure2: LogicalDeviceHierarchy

The javax.usbAPI againcloselymatchesthis logical hierarchy. Figure2 shows the logical arrange-
mentof an exampledevice in javax.usbterms. A physicaldevice is representedby an instanceof the
UsbDevice interface. In this example,thereare two UsbConfigurations, which representthe device’s
configurations,inside the UsbDevice. ThoseUsbConfigurations containUsbInterfaces; the UsbInter-
faces containUsbEndpoints; and eachUsbEndpointcontainsa UsbPipe. Eachof thoserepresentsa
logical componentof the exampledevice, i.e. the device’s configurations,interfaces,endpoints,and
pipes.To show how alternatesettingsarehandled,insideUsbConfigurationnumber2, theUsbInterface
number1 containstwo settings,setting0 andsetting1.
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4 UsbDevice

The UsbDevice interfaceis the connectionbetweenthe USB bus’s topology and the device’s logical
hierarchy. In additionto navigationalmethods,theUsbDevice interfacealsohasmethodsusedfor iden-
tificationandcommunication.Figure3 showsmostof themethodsprovidedby theUsbDeviceinterface.

getManufacturerString()
getSerialNumberString()

getProductString()
getUsbStringDescriptor(byte)

getString(byte)

getUsbDeviceDescriptor()

addUsbDeviceListener()
removeUsbDeviceListener()

createUsbControlIrp()
asyncSubmit(UsbControlIrp)
syncSubmit(UsbControlIrp)

aysncSubmit(List)
syncSubmit(List)

containsUsbConfiguration(byte)
getUsbConfiguration(byte)

getUsbConfigurations()

bString()
getString()

bcdUSB()
bDeviceClass()
bDeviceSubClass()
bDeviceProtocol()
bMaxPacketSize()
idVendor()
idProduct()
bcdDevice()
iManufacturer()
iProduct()
iSerialNumber()
bNumConfigurations()

usbDeviceDetached()
errorEventOccurred()
dataEventOccurred()

UsbDevice UsbStringDescriptor

getParentUsbPort()

UsbDeviceDescriptor

UsbDeviceListener

Figure3: UsbDevice

Thenavigationalmethodsconnectto theUsbPort abovethisdevice in thebustopology, aswell asall
theUsbConfigurationsbelow thisdevice in its devicehierarchy. TheUsbConfigurationsareavailableby
specificconfigurationnumberor in a list of all configurations.

The identificationmethodsprovide thethreestringsdefinedin theUSB specification,theManufac-
turer, Product,andSerialNumber. Also thereis a methodto getany of thedevice’s stringdescriptors,
by number. Finally thereis a methodto get thedevice’sdescriptor. Thedescriptor, which is represented
by an instanceof UsbDeviceDescriptor, containsmethodsto getall thevaluesof a device descriptoras
definedin theUSB specification.

Thecommunicationmethodsprovideaccessto thedevice’sdefault controlpipe. Thedefault control
pipe requiresUsbControlIrps, which containmeta-informationbesidesthe actualdatabuffer. The Us-
bControlIrps may be submittedsynchronouslyor asyncronously. The submissionmethodsbehave the
same,exceptthe synchronoussubmissionmethodblocksuntil the submissionis complete,essentially
meaningall datahasbeentransferred.Theasynchronoussubmissionmethoddoesnot block,but returns
assoonaspossible,andthesubmissionis completedin a seperateThread. Therearealsomethodsthat
allow submissionof a List of UsbControlIrps.

Finally, therearemethodsthat allow addingand removing a listenerfor UsbDeviceEvents. After
addingaUsbDeviceListener, thatlistenerwill getnotifiedwheneveradeviceeventoccurs.Deviceevents
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will get fired whenever anddatais transferred,or if any error occurswhile transferringdata,or if the
device is physicallydisconnected.

5 UsbConfiguration

A UsbConfiguration is the next interfacein the device hierarchy. As shown in figure 4, the UsbCon-
figuration is much lesscomplicatedthan the UsbDevice. It providessomeidentificationmethodsand
navigationalmethods,aswell asa methodfor checkingif this configurationis activeor not.

bString()
getString()

bConfigurationValue()

wTotalLength()
bNumInterfaces()

iConfiguration()
bmAttributes()
bMaxPower()

containsUsbInterface(byte)
getUsbInterface(byte)

getUsbInterfaces()

UsbConfiguration UsbStringDescriptor

UsbConfigurationDescriptor

getConfigurationString()

getUsbConfigurationDescriptor()

getUsbDevice()

isActive()

Figure4: UsbConfiguration

Thenavigationalmethodsaresimilar to theUsbDevice’s navigationalmethods,they allow accessto
the interfacesabove andbelow in the device hierarchy. Thereis a methodthat leadsto the UsbDevice
instanceabove this in thedevice hierarchy. Also therearemethodsthat leadto theUsbInterfacesbelow
this configurationin the device hierarchy. The interfacesare available by numberor in a list of all
availableinterfaces.If any interfacehasmorethanonealternatesetting,andthe configurationitself is
active,thentheactivealternatesettingof theinterfaceis provided.If theconfigurationitself is notactive,
animplementation-dependentalternatesettingis provided.

Theidentificationmethodsincludea methodto getthestringdescriptorfor this configuration,if one
exists,anda methodto gettheconfigurationdescriptorassociatedwith this configuration.TheUsbCon-
figurationDescriptorprovidesmethodscorrespondingto thefieldslistedin theUSBspecification.
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6 UsbInterface

Next in the device hierarchyis theUsbInterface. TheUsbInterfaceis similar to thoseinterfacesabove
it, asshown in figure5; it hasidentification,navigation,andstatusmethods.Thenavigationalmethods
aremorecomplicatedhowever, becausetheinterfacemayhavealternatesettings.Additionally, thestatus
methodsaremorecomplicated.

containsUsbEndpoint(byte)
getUsbEndpoint(byte)

getUsbEndpoints()

isClaimed()
isActive()

claim()
release()

getNumSettings()
getActiveSettingNumber()
getActiveSetting()
containsSetting(byte)
getSetting(byte)
getSettings()

bInterfaceNumber()
bAlternateSetting()
bNumEndpoints()
bInterfaceClass()
bInterfaceSubClass()
bInterfaceProtocol()
iInterface()

bString()
getString()

UsbStringDescriptor

UsbInterfaceDescriptor

getInterfaceString()

getUsbInterfaceDescriptor()

getUsbConfiguration()

UsbInterface

Figure5: UsbInterface

The navigationalmethodsallow accessto the UsbConfiguration above this interfacein the device
hierarchy, aswell asaccessingall the endpointsbelow this interfacein thedevice hierarchy. As usual,
the UsbEndpoints areavailableby number, morespecificallyendpointaddress,aswell asa list of all
availableendpoints.In additionto thosenavigationalmethods,therearemethodsthatallow accessto any
alternatesettingstheinterfacemayhave.

The identificationmethodsprovide the string descriptorfor this interface,if oneexists, aswell as
the interfacedescriptorassociatedwith this interface. The UsbInterfaceDescriptorcontainsmethods
correspondingto all thefieldslistedin theUSBspecification.

The statusmethodsareslightly morecomplicatedthanotherstatusmethods.Thereis a methodto
checkif thisinterfacesettingis active. Thismethodis only trueif theparentUsbConfiguration is activeas
well asthisUsbInterfacesetting.Also, therearemethodsto allow claimingandreleasingof theinterface,
andamethodto checkif theinterfacehasbeenclaimed.Theclaimingis usedto aquireanexclusivelock
ontheinterfaceandall theendpointsandtheirpipesundertheinterface.Beforesendingor receiving data
to or from any of thepipesunderthis interface,theinterfacemustbeclaimed.
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7 UsbEndpoint

TheUsbEndpointis quitesimplein comparisonto otherdevicehierarchyinterfaces.As shown in figure
6, the only methodsarenavigationalmethodsto accessthe UsbInterfaceabove this, andthe UsbPipe
below. Also, thereis a methodto accessthe UsbEndpointDescriptor, andmethodsto get the direction
andtypeof endpointandits associatedpipe.

getDirection()
getType()

bEndpointAddress()
bmAttributes()
wMaxPacketSize()
bInterval()

UsbEndpointDescriptor

getUsbInterfaceDescriptor()

UsbEndpoint

getUsbInterface()

getUsbPipe()

Figure6: UsbEndpoint
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8 UsbPipe

The UsbPipeis the lowest interfacein the device hierarchy. As shown in figure 7, it hasnavigational
andstatusmethods,but mostof its methodsarecommunicationmethods.Thenavigationmethodallows
accessto theUsbEndpointthatthispipeis associatedwith, andthereis amethodto determineif thispipe
is activeor not. A pipeis active if its parentinterfacesettingis active.

In additionto themethodto determineif thepipeis active, therearemethodsthatallow openingand
closingof thepipe,andamethodto determineif thepipeis open.Thepipemustbeopenedbeforeit can
beusedfor communication.Also, theparentinterfacemustbeclaimedbeforethepipecanbeopened.

The communicationmethodsaresimilar to the communicationmethodsfrom the UsbDevice inter-
face,which allow communicationon the default control pipe. However, this pipe is not neccesarilya
control-typepipe, and so other objectsmay be usedfor the communication. Thereare synchronous
andasyncronousmethods,whichbehavethesameasthemethodsfrom theUsbDeviceinterface;thesyn-
chronousmethodsblockuntil complete,while theasynchronousmethodsreturnimmediatelyandperform
processingin a backgroundthread.If thepipeis a control-typepipe,theobjectusedfor communication
mustbe a UsbControlIrp, just as is usedwith the default control pipe. However for non-control-type
pipes,a UsbIrp canbe usedaswell asa simplebyte[]. The byte[] is the simplestmethodof commu-
nication. It simply transfersall the containeddatato the device, if the pipedirectionis host-to-device,
or fills up partor all of thebuffer with datafrom thedevice, if thepipedirectionis device-to-host.The
UsbIrp is similar, it containsa byte[] databuffer also,but thereareothermethodsto limit the amount
of transferreddata,or startthe transferat a certainoffset into the buffer, or causean error if any short
packetsaredetected.

TheUsbPipealsohasmethodsthatallow a UsbPipeListenerto beaddedor removedfrom thepipe.
After a UsbPipeListenerhasbeenadded,it will receive a UsbPipeEventwhenany datais transferredto
or from the device on this pipe, or whenany error occurswhile transferringdata. After removing the
listener, it will not receiveany moreevents.

errorEventOccurred()
dataEventOccurred()

UsbPipe

UsbPipeListener
isActive()

addUsbPipeListener()
removeUsbPipeListener()

createUsbIrp()
createUsbControlIrp()
syncSubmit(byte[])
asyncSubmit(byte[])
syncSubmit(UsbIrp)
asyncSubmit(UsbIrp)
syncSubmit(List)
asyncSubmit(List)
abortAllSubmissions()

isOpen()
open()
close()

getUsbEndpoint()

Figure7: UsbPipe
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9 UsbControlIr p and UsbIrp

The interfacesusedto actuallycommunicatewith thedevice areshown in figure8. TheUsbControlIrp
interfaceis actuallyanextensionof theUsbIrp interface,addingmethodsthatrepresentfieldsin thespe-
cial control-typeheaderrequiredfor control communication.Otherwise,theUsbControlIrp is identical
to a normalUsbIrp. A UsbIrp hasmethodsthat canbe divided into four differentcategories;the data
buffer, status,shortpackets,andtheUsbException.

bmRequestType()
bRequest()
wValue()
wIndex()

getData()
getOffset()
getLength()
getActualLength()

setData()
setOffset()
setLength()

isComplete()
setComplete()
waitUntilComplete()
complete()

isUsbException()
setUsbException()
getUsbException()

getAcceptShortPackets()
setAcceptShortPackets()

UsbControlIrp

UsbIrp
status

UsbExceptionshort packets

data buffer

Figure8: UsbControlIrpandUsbIrp

First, thedatabuffer is simply a byte[] but thereareadditionalmethodsthatareusedto modify the
transferof data. Therearemethodsto setandget the offset,which indicateswhat offset into the data
buffer theimeplementationshouldusewhentransferringdata.If theoffsetis zero,datawill betransferred
startingat thebeginningof thebyte[], if theoffsetis abovezero,datastartingat theoffsetinto thebyte[]
will beusedwhencommunicatingwith thedevice. Therearealsomethodsto setandget the lengthof
datato transferwith thedevice. Lastly, thereis amethodto gettheactualamountof datatransferredwith
thedevice. For aninput-directionpipe,this valuemaybelessthanthelengthof datathatwasrequested
from thedevice; for anoutput-directionpipe,this shouldbethefull amountof datato transfer.

The statusmethodsdealwith the completestatusof the UsbIrp. Thereis a methodto checkif the
UsbIrp is completeor not. Thereare also methodsto wait until the UsbIrp is complete;thesewill
block until the UsbIrp changesstatusto complete.Thereis a methodusedto setthe UsbIrp complete
or not complete,andfinally thereis a methodthat is usedby the implementationto set the UsbIrp as
completeafterfinishingprocessing.Thismethodwill alsocall themethodto setthestatusof theUsbIrp
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ascomplete,andcauseany Threadswaiting for theUsbIrp to completeto returnfrom themethodsthey
areblockingin.

The methodsrelatedto shortpacketsareusedto setandget the policy that shouldbe usedwhen
handlingshortpackets.Thepolicy canbesetto eitheracceptor rejectshortpackets.Shortpacketswill
happenif thedevice transferrslessdatathanthehostwasexpecting.Normally this will happenonly if
the pipe directionis device-to-host,andthe databuffer provided is larger thanthe amountof datathat
thedevice hasto sendto thehostduringa specificcommunication.If shortpacketsareaccepted,anda
shortpacket occurs,thecommunicationwill completesuccessfullyandthe actuallengthof transferred
datawill be lessthanthesizeof theprovideddatabuffer. If shortpacketsarenot accepted,anda short
packetoccurs,theUsbIrpwill completewith anerror.

Finally, therearemethodsusedto manageany UsbExceptionthatmayoccurduringcommunication
on thepipe. Thereis a methodto checkif anUsbExceptionhasoccurredduringcommunicationon the
pipe,aswell asmethodsto getandsetany UsbExceptionthatoccurs.

It is importantto notethatsubmissionsaretheonly way to communicatewith adevice,andalthough
listenerswill receiveeventsfor all datatransferredonapipe,thatdatamustbeprovidedvia submissions.
Eachpipe is unidirectional,anddatamay flow only onedirectionon it. If the pipe is an outputpipe,
the datalocatedin the byte[] is sentto the device during submission;however if the pipe is an input
pipe, the byte[] is filled up with datareceived from the device. Thus,if input is expectedon an input
pipe, oneor moredatabuffers mustbe submitted,andonly thenwill databe received from the pipe.
Onceall submissionsfor a pipe aredone,no moredatawill be received on that pipe until moredata
buffers aresubmitted. If a constantflow of datais desired,multiple buffers shouldbe submitted,and
aseachsubmissionfinishes,morebuffersshouldbesubmitted.Usingonly a singlebuffer mayresultin
undesirabledelays,sincethe device may be ableto producedataat a fasterratethaneachsubmission
takes,especiallyif therearesuddenburstsof data.
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10 Default Control Pipe

TheDefaultControlPipeis usedfor muchof thecommunicationwith adevice. It is aspecialpipethatis
requiredto bepresenton all devices,andit is alwaysavailablefor communication.It is usedfor all the
configuration-typecommunication,aswell ascommunicationto get identificationinformationfrom the
device.

In figure9, anexampleof communicationusingtheDefaultControlPipeis shown. First, theuserhas
to obtainaninstanceof a UsbControlIrp. Theusercanusetheir own implementationof UsbControlIrp,
or they canusethe implemenationprovidedby the UsbDevice implementation,asshown in the figure.
In theexample,theUsbControlIrp is createdby theUsbDevice, andtheextra control-typemethodsare
setup during creation. Next, it shouldbe given a databuffer, containingdatato transferto the device
or a buffer to fill with datafrom the device, dependingon the directionof communication.This is the
minimumamountof configurationof theUsbControlIrp required.

To actuallyperformthecommunicationon theDefaultControlPipe,theUsbControlIrp is submitted
using,in this example,thesyncSubmitmethod.The implementationof this methodwill passthebuffer
down to theplatform’s low-level USB subsystem,which will performtheactualtransferof data.After
the datatransferis complete,the UsbDevice implementationwill seteither the actuallengthof trans-
ferreddataor theUsbExceptionon theUsbControlIrp, andthencompletetheUsbControlIrp. This is the
simplestcommunicationexample,which doesnot show theuseof dataoffsetor length,andassumesno
listenersarebeingused.

Default Control Pipe submission

Platform USB
subsystem
(physical device)

UsbControlIrp UsbDeviceUser

setActualLength()
or

setUsbException()

createUsbControlIrp()

UsbControlIrp

setData()

syncSubmit(UsbControlIrp)
send to platform USB

subsystem process

complete()

Figure9: DefaultControlPipe
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11 UsbPipesubmission,synchronous

For mostcommunicationonadevice,theDefaultControlPipeis notused.Instead,normalunidirectional
pipesareusedto transferdata.Figure10 shows anexampleof communicationusingoneof thenormal
UsbPipes.Therearemorestepsto takebeforeactuallysubmittingtheUsbIrp thanwhenusingtheDefault
ControlPipe.

First, beforeusingany of the UsbPipes containedin a UsbInterfacesetting,the UsbInterfacemust
be claimed. Then, the UsbPipemustbe opened.If eitherof thesestepsfails, no communicationwill
be possibleon that pipe; the problemthat preventedthe claim or the openmustbe correctedfirst. If
theclaim andtheopensucceed,thepipe is readyfor communication.The interfacesettingmaybeleft
claimedandthepipemaybeleft openaslong astheinterfaceandits pipesarebeingused.

To actuallycommunicateon the pipe, databuffers mustbe provided to the pipe. In this example,
a UsbIrp is used. The UsbIrp implementationmay be provided by the caller, but the exampleshows
usingtheUsbPipeto createa UsbIrp instance.After creatingtheUsbIrp, at leastthe datamustbeset.
Additionally, the otherfields of the UsbIrp may be set, including the offset, length,andshort packet
policy of theUsbIrp. Thosefieldsareoptional,andtheirdefaultsshouldbeacceptablefor themajorityof
communication.Oncethedatabuffer andany optionalfieldsareset,theUsbIrpmustbeprovidedto the
UsbPipe; in theexample,thesyncSubmitmethodis used.Similar to theDefault ControlPipeexample,
the implementationpassesthe databuffer to the platform USB subsystem,which performsthe actual
communicationwith thedevice. After thecommunicationis complete,theimplementationeithersetsthe
actuallengthof thedatatransferred,or it setstheappropriateUsbExceptionon theUsbIrp. It thencalls
theUsbIrp’scompletemethodto indicatetheUsbIrp is completed.While it is not shown in theexample,
if any UsbPipeListenershadbeenaddedto theUsbPipe, they would receiveeithera UsbPipeDataEvent
or aUsbPipeErrorEvent, dependingon whetherthecommunicationsucceededor not.

Platform USB
subsystem
(physical device)

setActualLength()
or

setUsbException()

process

complete()

UsbPipe synchronous UsbIrp submission

UsbIrp UsbPipeUser

syncSubmit(UsbIrp)
send to platform USB

subsystem

setAcceptShortPacket()

setLength()

setOffset()

setData()

optional

UsbInterface

claim()

UsbIrp

createUsbIrp()

open()

Figure10: UsbPipesynchronoussubmission
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12 UsbPipesubmission,asynchronous

Asynchronoussubmissionon a pipe is very similar to synchronoussubmission.As shown in figure11,
theinitial setupis thesame;theUsbInterfacesettingmustbeclaimed,andtheUsbPipemustbeopened.
TheUsbIrpshouldbecreatedin thesameway, andthedatabuffer setaswell asany of theoptionalfields
suchasoffsetor length.This examplealsoshows how to usea UsbPipeListener. Beforesubmittingthe
UsbIrp, thelistenershouldbeaddedto theUsbPipe. Thelisteneronly needsto beaddedonceto thepipe.
Next, theUsbIrp is submittedto thepipeusingtheasyncSubmitmethod.ThesubmittingThreadshould
returnimmediately, while theUsbIrp is processedin thebackgroundby the implementation.While the
implementationis processingthe UsbIrp, the calling Threadcanperformotheractions. Eventually, it
will want to know if the UsbIrp is complete.The calling Threadcanthencall the waitUntilComplete
whichwill block until theUsbIrp is complete.

OncetheplatformUSBsubsystemhasfinishedtransferringthedata,it will returnit to theimplemen-
tation. Theimplementationhandlesit normally, by settingeithertheactuallengthof datatransferred,or
the UsbExceptionthat occurred,andfinally completingthe UsbIrp. Next the UsbPipeListenerwill re-
ceiveaUsbPipeDataEventor UsbPipeErrorEvent, dependingonwhetherthesubmissionwassuccessful
or not.

Platform USB
subsystem
(physical device)

User

UsbPipe asynchronous UsbIrp submission

UsbPipe

setActualLength()
or

setUsbException()

UsbIrp

claim(), open(), createUsbIrp(), setData(), etc

addUsbPipeListener()

asyncSubmit(UsbIrp) send to platform USB

subsystem process

complete()

waitUntilComplete()

setActualLength()

setUsbException()

UsbPipeListener

or

Figure11: UsbPipeasynchronoussubmission
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13 UsbPipesubmission,byte[]

SubmissionsusingUsbIrpsarethemostflexible typeof communication.Submissionsusingbytearrays
aremuchmoresimple,however. In figure12, bothsynchronousandasynchronoussubmissionusinga
byte[] areshown. The setupsteps,suchasclaiming the interfaceandopeningthe pipe, arethe same.
After theseinitial steps,in the first exampleusingasynchronoussubmission,the byte[] is submittedto
theUsbPipeusingtheasyncSubmitmethod.The implementationthencreatesa UsbIrp to representthe
provideddatabuffer, andthis UsbIrp is returnedto the caller. Thenprocessingcontinuesthe sameas
asynchronoussubmissionof a UsbIrp. In the synchronousexample, the databuffer is passedto the
UsbPipeusingthesyncSubmitmethod,which blockswhile the implementationhandlestransferringthe
data.After thedatahasfinishedtransferring,theimplementationeitherreturnstheactuallengthof data
transferred,or it throwsa UsbExceptionrepresentingtheerrorthatoccurredduringdatatransfer. In both
cases,afterthedatatransferis completeor anerroroccurs,any listenersthathavebeenaddedto thepipe
will receiveaUsbPipeDataEventor UsbPipeErrorEvent.

Platform USB
subsystem
(physical device)

User UsbPipeUsbIrp

errorEventOccurred()

UsbPipeListener

claim(), open(), addUsbPipeListener(), etc

asyncSubmit(byte[])

process
send to platform USB

subsystem

process, etcsubsystem
send to platform USB

create UsbIrp

UsbIrp

dataEventOccurred()
or

or

throw UsbException

return actual length

UsbPipe byte array submission

syncSubmit(byte[])

Figure12: UsbPipebytearraysubmissions
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14 Hotplugging

An importantfeatureof the USB bus is the ability for USB devicesto be connectedanddisconnected
while the systemis running. This is calledhotplugging,andsystemsoftwaremustbe able to handle
hotplugginga device. Hotpluggingis fully supportedby thejavax.usbsubsystem.Figure13 showshow
theusercangetnotifiedof hotpluggingevents.First, theusercanadda UsbServicesListenerto theUsb-
Servicesinstance.Whena physicaldevice is connectedto thesystem,theUsbServicesListenerreceives
a UsbServicesEventindicatingthata device hasbeenconnectedto the system.If the useris interested
in this newly connecteddevice, they canadda UsbDeviceListenerto the UsbDevice. Then,whenthe
device is disconnected,both theUsbServicesListenerandtheUsbDeviceListenerwill benotifiedwith a
UsbServicesEventanda UsbDeviceEvent, respectively.

Platform USB
subsystem
(physical device)

UsbDeviceUser

Hotplugging

addUsbServicesListener()

UsbServices

UsbServicesListener UsbDeviceListener

usbDeviceAttached()

addUsbDeviceListener()

device

connection

usbDeviceDisconected()

usbDeviceDisconnected()

device

disconnection

Figure13: Hotplugging
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15 Exceptions

Thejavax.usbsubsystemusesmany Exceptionsto representsomeof theerrorsthatcanoccurontheUSB
bus. Figure14 shows theExceptions used.ThebaseExceptionis UsbException, which is extendedby
many morespecificExceptionssuchasUsbBabbleException, UsbCRCException, andothers.Also, there
aresomeRuntimeExceptionssuchasUsbNotActiveExceptionandUsbNotClaimedException.

Exceptions

UsbNativeClaimException

Exception UsbBabbleException

UsbBitStuffException

UsbCRCException

UsbPIDException

UsbPlatformException

UsbShortPacketException

UsbStallException

UsbClaimException

UsbNotOpenException

UsbNotClaimedException

UsbNotActiveException

RuntimeException

UsbException

Figure14: Exceptions

16 Security

Securityis not yet fully addressed.

17 Utilities

TheAPI containsseveralutility classes,all locatedin thejavax.usb.util package,whichmakethe
API itself easierto use.
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17.1 DefaultUsbIrp and DefaultUsbControlIr p

Thereis a default implementationof the UsbIrp interface,aswell asa default implementationof the
UsbControlIrp interface.Thesemaybeusedto createirps (andcontrol-typeirps) to usein submissions.
Additionally, theUsbPipeitself containsamethodto createUsbIrpandUsbControlIrp objectswhich the
implementationmayprefer, andmayrequirelessoverheadto processthaneitherthedefault implementa-
tionsor any otherimplementation.TheUsbDevicealsoallowscreationof UsbControlIrps. However, any
implementationmustbeacceptedby the implementation;it maynot restricttheUsbIrp implementation
nor theUsbControlIrp implementation.

17.2 StandardRequest

TheStandardRequestclassprovidesa way to easilyperformstandarddevice requests.It containsmeth-
odswhich correspondto all standarddevice requestsdefinedin theUSB specification;however not all
thoserequestsmaybe possible,sincesomeareintendedfor useonly by the low-level USB subsystem
driver(s).

17.3 Version

To determinewhat versionof the API is in use,a Version classis provided in the basejavax.usb
package.It containsmethodsto determinethe versionof the API itself, aswell as the versionof the
USB specificationthat theAPI supports.It alsocontainsa mainmethodsoit canbecalleddirectly; this
methodsimplyprintsout theversionnumbers.


