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1 Intr oduction

JSR80s theJava SpecificatiorRequestoncernedvith communicatiorwith UniversalSerialBus(USB)
devices.Thisdocumentescribeshe API associateavith this JSR.

2 USBBusTopology

The structureof the USB busis topological. The root of the USB physicalbusis a physicalHost Con-

troller, whichis containedn acomputersystem HostControllersareusuallyon-boardor maybeadd-in

PCl cards.They appeatogically ashubs,sothey aretheroothubin their own topologytree.Connected
to themareoneor moreUSB devices,andsinceUSB hubsareatype of USB device, this topologymay

continuedown until thereare no more connectedlevices. The non-hubdevicesform the leavesof the

topologytree,while thehub-typedevicesform the branche®f thetopologytree. This formsthe physical

device topology

[ UsbHostManager ]
e o
| g:r?(;r;cr)?on [ UsbServices J |

Platform i

Implementation .
[ UsbHub (virtual) J

R LI

 UsbHub (internal)  UsbHub (internal)

- : b -
[ UsbDevice J [Ustub (external} [ UsbDevice }

Represents
Physical [
Hardware

UsbDevice ]

Figurel: Logical Bus Topology

Thejavax.usbAPI closelymatcheghis physicaldevice topology asshown in figure 1. Howeverthe
root of thetopologyis slightly different.First, the entry point of javax.ushis the UsbHostManger class,
shavn at the top of the tree. This classinstantiateghe platform-specificinstanceof the UsbServices
interface. From the UsbServicesnstance the virtual root UsbHubis available. This hubis createdby
theimplementatioranddoesnothingexceptmanagehe actualphysicaldevices. Eachhub connectedo
thevirtual root hubrepresents physicalHostControllerhubthatis presenin the system.Connectedo
thosehubsaretherealexternally-connecteghysicaldevicesconnectedo the systemjncludingexternal
hubs.
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3 USB Device Hierarchy

The structureof a USB device is hierarchal,insteadof topological. The generalstructureof a device

is definedby the USB specificationin Chapters. This structureis madeup of differentcomponentsas
definedn thespecificationandary specificdevice canorganizethosecomponentasthedevice requires,
within certainlimitations which arealsodefinedin the USB specification All devicesmusthave oneor

moreconfigurationsAs the namesuggestsgachconfiguratiorrepresenta differentconfigurationof the
device. Only oneof theconfigurationsnaybeactive atatime. Eachof thoseconfigurationsmustcontain
oneor moreinterfaces.An interfacerepresents certainfunction of the device (or configuration).Any

interfacehasat leastonesetting,andit may have alternatesettings.Only onesettingmay be active ata

time. Eachsettingmay containzeroor moreendpointsandeachof thoseendpointcontainsa pipe. The
device’s pipes,which areusedto communicatevith thedevice, arethelowestlevel of the hierarchy

UsbDevice
UsbConfiguration #1 UsbConfiguration #2
Usbinterface #0 Usblinterface #1
(setting #0) setting #0
UsbEndpoint #02 UsbEndpoint #81
[ UsbPipe _
UsbPipe
UsbEndpoint #81
UsbPipe
Usbinterface #1 setting #1
sbinterface :
(setting #0) UsbEndpoint #81
UsbEndpoint #83 UsbPipe
UsbPipe

Figure2: Logical Device Hierarchy

The javax.usbAPI againcloselymatcheghis 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,therearetwo UsbConfiguations which representhe device’s
configurations,nside the UsbDevice  ThoseUsbConfiguations containUsblinterfacs; the Usbinter
faces containUsbEndpoins; and eachUsbEndpointcontainsa UsbPipe Eachof thoserepresenta
logical componentof the exampledevice, i.e. the device's configurations,interfaces,endpoints,and
pipes.To shov how alternatesettingsarehandled jnside UsbConfiguation number2, the Usbinterface
numberl containstwo settings setting0 andsettingl.
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4 UsbDevice

The UsbDevice interfaceis the connectionbetweenthe USB bus’s topology and the device’s logical
hierarchy In additionto navigationalmethodsthe UsbDevice interfacealsohasmethodsausedfor iden-
tificationandcommunicationFigure3 shavs mostof the methodsprovidedby the UsbDeviceinterface.

UsbDevice UsbStringDescriptor
getManufacturerString() gig?r?%o
getSerialNumberString()

getProductString() UsbDeviceDescriptor
getUsbStringDescriptor(byte) bcdUSB()
getString(byte) bDeviceClass()
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, bDeviceSubClass()
. . bDeviceProtocol()
getUsbDeviceDescriptor() > bMaxPacketSize()
[T 7Tt oo idvVendor()
addUsbDeviceListener() idProduct()
removeUsbDevicelListener() bedDevice()
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, iManufacturer()
iProduct()
create_UstontroIIrp() iSerialNumber()
asyncSubmit(UsbControllrp) bNumConfigurations()
syncSubmit(UsbControllrp)
aysncSubmit(List) UsbDevicelListener
syncSubmit(List) usbDeviceDetached()
7777777777777777777777777777777777777777 errorEventOccurred()
getParentUsbPort() dataEventOccurred()
containsUsbConfiguration(byte)
getUsbConfiguration(byte)
getUsbConfigurations()

Figure3: UsbDevice

Thenavigationalmethodsconnecto the UsbPort above this device in the bustopology, aswell asall
the UsbConfiguations below this device in its device hierarchy The UsbConfiguations areavailableby
specificconfigurationnumberor in alist of all configurations.

The identificationmethodsprovide the threestringsdefinedin the USB specificationthe Manufac-
turer, Product,and SerialNumber Also thereis a methodto getary of the device’s string descriptors,
by number Finally thereis a methodto getthe device’s descriptor The descriptoywhichis represented
by aninstanceof UsbDeviceDescriptor containsmethodsto getall the valuesof a device descriptoras
definedin the USB specification.

The communicatiormethodsprovide accesdo the device’s default control pipe. The default control
pipe requiresUsbContolirps, which containmeta-informatiorbesideshe actualdatabuffer. The Us-
bContollrps may be submittedsynchronouslyor asyncronously The submissiormethodsbehae the
same,exceptthe synchronousubmissiomrmethodblocks until the submissions complete,essentially
meaningall datahasbeentransferred Theasynchronousubmissiormethoddoesnot block, but returns
assoonaspossible andthe submissioris completedn a seperaté’hread Therearealsomethodghat
allow submissiorof a List of UsbContollrps.

Finally, thereare methodsthat allow addingand removing a listenerfor UsbDeviceEvens. After
addinga UsbDericeListenerthatlistenerwill getnotifiedwhenereradevice eventoccurs.Device events
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will getfired whenerer and datais transferredor if any error occurswhile transferringdata, or if the
deviceis physicallydisconnected.

5 UsbConfiguration

A UsbConfiguation is the next interfacein the device hierarchy As shown in figure 4, the UsbCon-
figuration is muchlesscomplicatedthanthe UsbDevice It providessomeidentificationmethodsand
navigationalmethodsaswell asa methodfor checkingif this configurationis active or not.

UsbConfiguration UsbStringDescriptor
bString()
getConfigurationString() getString()

UsbConfigurationDescript

wTotalLength()
bNumlInterfaces()
isActive() bConfigurationvalue()
iConfiguration()
bmaAttributes()
bMaxPower()

getUsbDevice()

containsUsblnterface(byte
getUsblnterface(byte
getUsbinterfaces(

~

Figure4: UsbConfiguration

The navigationalmethodsaresimilar to the UsbDervic€ s navigationalmethodsthey allow accesgo
theinterfacesabove andbelow in the device hierarchy Thereis a methodthatleadsto the UsbDevice
instanceabove this in the device hierarchy Also thereare methodshatleadto the Usbinterfacs below
this configurationin the device hierarchy The interfacesare available by numberor in a list of all
availableinterfaces.If ary interfacehasmorethanonealternatesetting,andthe configurationitself is
active, thentheactive alternatesettingof theinterfaceis provided. If theconfigurationitselfis notactie,
animplementation-dependealternatesettingis provided.

Theidentificationmethodsncludea methodto getthe string descriptorfor this configurationjf one
exists,anda methodto getthe configurationdescriptorassociatedvith this configuration.The UsbCon-
figurationDescriptorprovidesmethodscorrespondingdo thefieldslistedin the USB specification.
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6 Usblinterface

Next in the device hierarchyis the Usblinterface The Usblinterfaceis similar to thoseinterfacesabove

it, asshowvn in figure 5; it hasidentification,navigation, andstatusmethods.The navigationalmethods
aremorecomplicatechowever, becaus¢heinterfacemayhave alternatesettings Additionally, the status
methodsaremorecomplicated.

Usblnterface UsbStringDescriptor

bString()
getString()

\ 4

getinterfaceString()

UsblinterfaceDescriptor

getUsblnterfaceDescriptor()
binterfaceNumber()
T \ bAlternateSetting()
isActive() bNumEndpoints()

isClaimed() binterfaceClass()
claim() binterfaceSubClass()
release() _blnterfaceProtocoI()
7777777777777777777777777777777777777777 ilnterface()
getNumSettings()
getActiveSettingNumber()
getActiveSetting()
containsSetting(byte)
getSetting(byte)
getSettings()

getUsbConfiguration()
containsUsbEndpoint(byte
getUsbEndpoint(byte
getUsbEndpoints(

A

A

~

Figure5: Usbinterfce

The navigational methodsallow accesgo the UsbConfiguation above this interfacein the device
hierarchy aswell asaccessin@ll the endpointshelow this interfacein the device hierarchy As usual,
the UsbEndpoing are available by number more specificallyendpointaddressaswell asa list of all
availableendpointsn additionto thosenavigationalmethodstherearemethodghatallow accesso ary
alternatesettingstheinterfacemay have.

The identificationmethodsprovide the string descriptorfor this interface,if oneexists, aswell as
the interfacedescriptorassociatedvith this interface. The UsblinterfaceDescriptocontainsmethods
correspondingo all thefieldslistedin the USB specification.

The statusmethodsare slightly more complicatedthan other statusmethods. Thereis a methodto
checkif thisinterfacesettingis active. Thismethods only trueif theparentUsbConfiguationis activeas
well asthis Usbinterfacesetting.Also, therearemethodgo allow claimingandreleasingf theinterface,
andamethodto checkif theinterfacehasbeenclaimed.Theclaimingis usedto aquireanexclusivelock
ontheinterfaceandall theendpointsandtheir pipesundertheinterface.Beforesendingor receving data
to or from ary of the pipesunderthis interface theinterfacemustbe claimed.
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7 UsbEndpoint

The UsbEndpoinis quite simplein comparisorto otherdevice hierarchyinterfaces.As shavn in figure
6, the only methodsare navigational methodsto accesghe Usbinterfaceabove this, andthe UsbPipe

belown. Also, thereis a methodto accesghe UsbEndpointDescriptgrandmethodsto getthe direction
andtype of endpointandits associategipe.

UsbEndpoint
getDirection()
getType() UsbEndpointDescripto
7777777777777777777777777777777 bEndpointAddress()
getUsblinterfaceDescriptor()}————»  bmAttributes()
wMaxPacketSize()
7777777777777777777777777777777777777777 binterval()
getUsblnterface()
getUsbPipe()

Figure6: UsbEndpoint
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8 UsbPipe

The UsbPipeis the lowestinterfacein the device hierarchy As shawn in figure 7, it hasnavigational
andstatusmethodshut mostof its methodsarecommunicatiormethods The navigationmethodallows
accesso theUsbEndpointhatthis pipeis associateavith, andthereis a methodto determinef this pipe
is active or not. A pipeis activeif its parentinterfacesettingis active.

In additionto the methodto determinef the pipeis active, therearemethodghatallow openingand
closingof the pipe,andamethodto determindf the pipeis open.Thepipemustbe openedeforeit can
be usedfor communicationAlso, the parentinterfacemustbe claimedbeforethe pipe canbe opened.

The communicatiormethodsare similar to the communicatiormethodsfrom 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
andasyncronousethodswhich behare the sameasthe methodgrom the UsbDeviceinterface;thesyn-
chronousnethoddlockuntil completewhile theasynchronoumethodseturnimmediatelyandperform
processingn a backgroundhread.If the pipeis acontrol-typepipe, the objectusedfor communication
mustbe a UsbContollrp, just asis usedwith the default control pipe. However for non-control-type
pipes,a Usblrp canbe usedaswell asa simplebyte[]. The byte[] is the simplestmethodof commu-
nication. It simply transfersall the containeddatato the device, if the pipe directionis host-to-deice,
or fills up partor all of the buffer with datafrom the device, if the pipe directionis device-to-host.The
Usblrp is similar, it containsa byte[] databuffer also, but thereare other methodsto limit the amount
of transferreddata,or startthe transferat a certainoffsetinto the buffer, or causean errorif ary short
pacletsaredetected.

The UsbPipealsohasmethodghatallow a UsbPipeListeneto be addedor removedfrom the pipe.
After aUsbPipeListenehasbeenaddedit will receive a UsbPipeEventwhenary datais transferredo
or from the device on this pipe, or whenary error occurswhile transferringdata. After removing the
listener it will notreceive ary moreevents.

UsbPipe
isActive()

o UsbPipeListener
addUSbPWeLStener(;, errorEventOccurred()

removeUsbPipeListener( dataEventOccurred()
createUsblrp() isOpen()
createUsbhControllrp() open()
syncSubmit(byte[]) close()
asyncSubmit(byte[])

syncSubmit(Usblrp)
asyncSubmit(Usblrp)
syncSubmit(List)
asyncSubmit(List)
abortAllSubmissions()

getUsbEndpoint()

Figure7: UsbPipe
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9 UsbControllr p and Usblrp

The interfacesusedto actuallycommunicatewith the device areshown in figure 8. The UsbContollrp
interfaceis actuallyanextensionof the Usblrpinterface,addingmethodghatrepresenfieldsin the spe-
cial control-typeheaderequiredfor control communication.Otherwise the UsbContolirp is identical
to a normalUsblrp. A Usblrp hasmethodsthat canbe dividedinto four differentcateyories;the data
buffer, status shortpaclets,andthe UsbException

4 UsbControllrp I

bmRequestType()

bRequest()

wValue()

windex()
/ Usblrp
. databuffer - - status |
| . getData() setData() : @ isComplete() !
3 . getOffset() setOffset() : : setComplete() 1
1+ getLength() setLength(): : waitUntilComplete() |
'\ getActualLength() . complete() l
.~ shortpackets - - UsbException |
' getAcceptShortPackets() - isUsbException() l
' setAcceptShortPackets|() - setUsbException() |
v . ¢ getUsbException() !

Figure8: UsbControllrpandUsblrp

First, the databuffer is simply a byte[] but thereareadditionalmethodshat are usedto modify the
transferof data. Thereare methodsto setandget the offset, which indicateswhat offset into the data
buffer theimeplementatioishouldusewhentransferringdata.If theoffsetis zero,datawill betransferred
startingatthe beginning of the byte[], if the offsetis above zero,datastartingat the offsetinto the byte[]
will be usedwhencommunicatingwvith the device. Therearealsomethodsto setandgetthe lengthof
datato transfemwith thedevice. Lastly, thereis amethodto gettheactualamountof datatransferredvith
thedevice. For aninput-directionpipe, this valuemaybelessthanthe lengthof datathatwasrequested
from the device; for anoutput-directiorpipe, this shouldbethe full amountof datato transfer

The statusmethodsdeal with the completestatusof the Usblrp. Thereis a methodto checkif the
Usblrp is completeor not. Thereare also methodsto wait until the Usblrp is complete;thesewill
block until the Usbirp changesstatusto complete. Thereis a methodusedto setthe Usblrp complete
or not complete,andfinally thereis a methodthatis usedby the implementatiorto setthe Usblrp as
completeafterfinishing processingThis methodwill alsocall themethodto setthe statusof the Usblrp
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ascomplete andcauseary Threads waiting for the Usblrp to completeto returnfrom the methodshey
areblockingin.

The methodsrelatedto shortpacletsare usedto setandget the policy that shouldbe usedwhen
handlingshortpaclets. The policy canbe setto eitheracceptor rejectshortpaclets. Shortpaclketswill
happenf the device transferrdessdatathanthe hostwasexpecting. Normally this will happeronly if
the pipe directionis device-to-host,andthe databuffer providedis larger thanthe amountof datathat
the device hasto sendto the hostduring a specificcommunicationIf shortpacketsareacceptedanda
shortpaclet occurs,the communicatiorwill completesuccessfullyandthe actuallengthof transferred
datawill belessthanthe sizeof the provided databuffer. If shortpacletsarenot acceptedanda short
pacletoccursthe Usblrpwill completewith anerror.

Finally, therearemethodsusedto managearny UsbExceptiorthat may occurduringcommunication
onthe pipe. Thereis a methodto checkif an UsbExceptiorhasoccurredduringcommunicatioron the
pipe,aswell asmethodgo getandsetarny UsbExceptiorthatoccurs.

It is importantto notethatsubmissiongretheonly way to communicatevith a device, andalthough
listenerswill receive eventsfor all datatransferredbn apipe,thatdatamustbe providedvia submissions.
Eachpipe is unidirectional,and datamay flow only onedirectionon it. If the pipeis an outputpipe,
the datalocatedin the byte[] is sentto the device during submission;however if the pipe is aninput
pipe, the byte[] is filled up with datareceved from the device. Thus,if input is expectedon aninput
pipe, one or more databuffers mustbe submitted,and only thenwill databe receved from the pipe.
Onceall submissiondor a pipe are done,no more datawill be received on that pipe until more data
buffers are submitted. If a constantflow of datais desired,multiple buffers shouldbe submitted,and
aseachsubmissiorfinishes,morebuffers shouldbe submitted.Using only a singlebuffer mayresultin
undesirablalelays,sincethe device may be ableto producedataat a fasterrate thaneachsubmission
takes,especiallyif therearesudderburstsof data.
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10 Default Control Pipe

TheDefault Control Pipeis usedfor muchof thecommunicatiorwith adevice. It is aspecialpipethatis
requiredto be presenbon all devices,andit is alwaysavailablefor communicationlt is usedfor all the
configuration-typeeommunicationaswell ascommunicatiorto getidentificationinformationfrom the
device.

In figure 9, anexampleof communicatiorusingthe Default ControlPipeis shawn. First, theuserhas
to obtainaninstanceof a UsbContollrp. The usercanusetheir own implementatiorof UsbContollrp,
or they canusethe implemenatiorprovided by the UsbDervice implementationasshown in the figure.
In the example,the UsbContollrp is createdby the UsbDevice, andthe extra 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 the UsbContblirp required.

To actuallyperformthe communicatioron the Default Control Pipe,the UsbContbplirp is submitted
using,in this example,the syncSubmitmethod. The implementatiorof this methodwill passthe buffer
down to the platform’s low-level USB subsystemwhich will performthe actualtransferof data. After
the datatransferis complete,the UsbDevice implementatiorwill seteitherthe actuallength of trans-
ferreddataor the UsbExceptioronthe UsbContbplirp, andthencompleteghe UsbContolirp. Thisis the
simplestcommunicatiorexample,which doesnot shawv the useof dataoffsetor length,andassumeso
listenersarebeingused.

( Default Control Pipe submission )

< User ) @stontrollr) m Platform USB
subsystem

(physical device)

createUstontrollrp()

>
-

Usbcdntrollrp

A

setData()

! I
syncSubmit(UsbControllrp) ! i
send to platform USB -
subsystem »—— process

setActualLength()
or
setUsbException()

A

complete()

Figure9: Default Control Pipe
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11 UsbPipesubmission,synchronous

For mostcommunicatioron adevice,the Default Control Pipeis notused.Instead hormalunidirectional
pipesareusedto transferdata. Figure 10 shovs an exampleof communicatiorusingoneof the normal
UsbPipes. Therearemorestepgo take beforeactuallysubmittingthe Usblrp thanwhenusingthe Default
ControlPipe.

First, beforeusingary of the UsbPipes containedn a Usblinterfacesetting,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
the claim andthe opensucceedthe pipeis readyfor communication.The interfacesettingmay be left
claimedandthe pipe may beleft openaslong astheinterfaceandits pipesarebeingused.

To actually communicateon the pipe, databuffers mustbe provided to the pipe. In this example,
a Usblrp is used. The Usblrp implementationrmay be provided by the caller, but the exampleshaws
usingthe UsbPipeto createa Usblrp instance.After creatingthe Usblrp, at leastthe datamustbe set.
Additionally, the otherfields of the Usblrp may be set, including the offset, length, and short paclet
policy of theUsblrp. Thosefieldsareoptional,andtheir defaultsshouldbeacceptabldéor the majority of
communicationOncethedatabuffer andary optionalfieldsareset,the Usblrp mustbe providedto the
UsbPipe in the example,the syncSubmimethodis used. Similar to the Default Control Pipe example,
the implementatiornpasseshe databuffer to the platform USB subsystemwhich performsthe actual
communicatiorwith thedevice. After thecommunications completetheimplementatioreithersetsthe
actuallengthof the datatransferredor it setsthe appropriatdJsbExceptioron the Usblrp. It thencalls
theUsblrp's completemethodto indicatethe Usblirp is completed While it is not shavn in the example,
if any UsbPipeListeneshadbeenaddedto the UsbPipe they would receve eithera UsbPipeDataEvent
or aUsbPipeErorEvent dependingon whetherthe communicatiorsucceededr not.

< UsbPipe synchronous Usblrp submissio@

< User> @sblnterfa@(Usblrp) UsbPipe Platform USB
1 0 | | |

) subsystem
claimi . .
coT— "o open) (physical device)
L | | L
1 create{Jshlirp() o
‘ L Usblrp V‘ ‘
- setPata() > 1
T set(i)ffset() - R P .
setliength() *: -+ optional !
setAccepl:ShonPacket()/' : ”””””” '
syncSubmit(Usbirp) » : send to platform USB ‘f process

setActualLength() ! subsystem
or I
setUsbException()

A

complete()

Figure10: UsbPipesynchronousubmission
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12 UsbPipesubmission,asynchronous

Asynchronousubmissioron a pipe is very similar to synchronousubmission.As shown in figure 11,
theinitial setupis the same the Usblinterfacesettingmustbe claimed,andthe UsbPipemustbe opened.
TheUsblrpshouldbecreatedn thesameway, andthe databuffer setaswell asary of theoptionalfields
suchasoffsetor length. This examplealsoshavs how to usea UsbPipeListenerBefore submittingthe
Usbilrp, thelistenershouldbeaddedo the UsbPipe Thelisteneronly needgo beaddedonceto thepipe.
Next, the Usblrp is submittedto the pipe usingthe asyncSubmitnethod.The submittingThread should
returnimmediately while the Usblrp is processedh the backgroundby the implementation While the
implementations processinghe Usblrp, the calling Thread can perform otheractions. Eventually it
will wantto know if the Usblrp is complete. The calling Thread canthencall the waitUntiiComplete
whichwill block until theUsblrpis complete.

Oncethe platformUSB subsystenmasfinishedtransferringhedata,it will returnit to theimplemen-
tation. Theimplementatiorhandlest normally, by settingeitherthe actuallengthof datatransferredpr
the UsbExceptiorthat occurred,andfinally completingthe Usblirp. Next the UsbPipeListenewill re-
ceive aUsbPipeDataEverntr UsbPipeErorEvent dependingn whetherthe submissiorwassuccessful
or not.

< UsbPipe asynchronous Usblrp submissio}

<User> <UsbPipeListen§<Usblrp> <UsbPip9 Platform USB

subsystem

(physical device)

( rclaim(), open(), createUsblrp(), setData(), etc )

| |
| addUsbPipeListener()
| |
\asyncSubmit(Usblrp), ' !

! p . send to platform USB_ 1
T l >

process

subsystem |
| | | |
| | | |
| | |
|

\+[
o

waitUntjiComplete() - ! !
T -

A

A

| | |
1 1 | |setActualLength() i
or

setUsbException() |
\ \ | - | \

I I 1| complete() | I
| g |

setActualLength()
or
setUshException()

Figure11: UsbPipeasynchronousubmission
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13 UsbPipesubmission,byte]]

SubmissionsisingUsblrps arethe mostflexible type of communicationSubmissionsisingbyte arrays
aremuchmoresimple,however. In figure 12, both synchronousndasynchronousubmissiorusinga

byte[] areshavn. The setupsteps,suchas claiming the interfaceand openingthe pipe, arethe same.
After theseinitial steps,in the first exampleusingasynchronousubmissionthe byte[] is submittedto

the UsbPipeusingthe asyncSubmimethod. The implementatiorthencreatesa Usblrp to representhe
provided databuffer, andthis Usblrp is returnedto the caller Thenprocessingcontinuesthe sameas
asynchronousubmissionof a Usblrp. In the synchronoussxample, the databuffer is passedo the
UsbPipeusingthe syncSubmitmethod,which blockswhile the implementatiorhandlegransferringthe
data. After the datahasfinishedtransferring the implementatioreitherreturnsthe actuallengthof data
transferredor it throws a UsbExceptionmepresentinghe errorthatoccurredduring datatransfer In both
casesafterthedatatransferis completeor anerroroccurs,ary listenershathave beenaddedo the pipe
will receive aUsbPipeDataEventr UsbPipeErprEvent

< UsbPipe byte array submission >

<User> @sbPipeListen@(Usblrp) <UsbPip§ Platform USB

subsystem

( claim(), opén(), addUsbPipieListener(), etqiz )

' : asyncSubmit(byte[]) : '

(physical device)

y

— create Usblrp i

i i i i i
| e | ] |
I send to platform USB_

| | |
| | | | subsystem  »| 1 | Procesg, etc
| | | | | >

i

*************************************************************************

A

i i syncSubmit(byte[]) ,
T

send to platform USB !
»—— process
I

| | |

I I I I subsystem
i return actual length I
I I I
I

or

i i
| i throw UsbException | ! !

A

A

dataEventDccurred() i
or! I I
|
errorEventOccurred() !
|

|
| |
|
L -

Coe

Figure12: UsbPipebytearraysubmissions
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14 Hotplugging

An importantfeatureof the USB busis the ability for USB devicesto be connectedcand disconnected
while the systemis running. This is called hotplugging,and systemsoftware mustbe ableto handle
hotplugginga device. Hotpluggingis fully supportedy thejavax.ushsubsystemFigure13 shavs how
theusercangetnotified of hotpluggingevents.First, theusercanadda UsbServicesListendo the Usb-
Servicesnstance.Whena physicaldevice is connectedo the system the UsbServicesListeneeceves
a UsbServicesEverindicatingthat a device hasbeenconnectedo the system.If the useris interested
in this newly connectedevice, they canadda UsbDeviceListenerto the UsbDevice Then,whenthe
device is disconnectedhoththe UsbServicesListenemdthe UsbDeviceListenemwill be notified with a
UsbServicesEveminda UsbDersiceEventrespectiely.

( Hotplugging >
‘ ‘ ‘ subsystem

(physical device)

|
addUsbServicesListener()

<UsbServicesListeneD (UszeviceListen@f

| | Do usbDeviceAttached() ; device
| | C1- ! i | connection
! ) addUszeviceListeher() o ! 3
L] ! 1 " ! !
| ! _
! device

‘
| usbDeviceDisconected()

HMp !

| disconnectior
|

! ! I ! usbDeviceDisconnected|) |

I I I

Figure13: Hotplugging
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15 Exceptions

Thejavax.usbsubsystenusesnary Exceptiorsto represensomeof theerrorsthatcanoccuronthe USB
bus. Figure 14 shavs the Exceptiors used. The baseExceptionis UsbExceptionwhich is extendedby
mary morespecificExceptiors suchasUsbBabbleExceptigtdsbCRCExceptiarandothers.Also, there
aresomeRuntimeExceptisgsuchasUsbNotActiveExceptioandUsbNotClaimedException

( Exceptions >
< Exception >

I I

UsbBabbleException

UsbBitStuffException

NN

UsbCRCException

UsbPIDEXxception

< UsbException ><
( RuntimeException>

UsbPlatformException

UsbShortPacketExceptio

N NEAZANANANL

A - UsbStallException
UstIaimException>
e n < UsbNotActiveExceptiorD
- {UsbNotCIaimedExcepti@ :
<UsbNativeCIaimExcepti§
< UsbNotOpenExceptioD
Figurel14: Exceptions
16 Security

Securityis notyetfully addressed.

17 Utilities

The API containsseveralutility classesall locatedin thej avax. usb. uti | packagewhich makethe
API itself easielto use.



JSR80API Specification 16

17.1 DefaultUsblrp and DefaultUsbControllr p

Thereis a default implementationof the Usblrp interface,aswell asa default implementationof the
UsbContollrp interface. Thesemay be usedto createirps (andcontrol-typeirps) to usein submissions.
Additionally, the UsbPipeitself containsa methodto createUsblrpandUsbContolirp objectswhichthe
implementatiormay prefer andmayrequirelessoverheado procesghaneitherthedefaultimplementa-
tionsor ary otherimplementationThe UsbDevicealsoallows creationof UsbContollrps. However, ary
implementatiormustbe acceptedy theimplementationjt may not restrictthe Usblrp implementation
northe UsbContollrp implementation.

17.2 StandardRequest

The StandadRequestlassprovidesa way to easilyperformstandardievice requestsit containsmeth-
odswhich correspondo all standarddevice requestgdefinedin the USB specificationhowever not all
thoserequestanay be 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 providedin the basej avax. usb
package.It containsmethodsto determinethe versionof the API itself, aswell asthe versionof the
USB specificatiorthatthe API supports.t alsocontainsa mainmethodsoit canbe calleddirectly; this
methodsimply prints out the versionnumbers.



