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1 Preface

1.1 Introduction

JSR80 is the Java Specification Request concerned with caiation with Universal Serial Bus (USB)
devices. This document describes the API associated Wl 8R.

2 USB Bus Topology

The structure of the USB bus is topological. The root of thé8UBysical bus is a physical Host Con-
troller, which is contained in a computer system. Host Gallgrs are usually on-board or may be add-in
PCI cards. They appear logically as hubs, so they are thétdoin their own topology tree. Connected
to them are one or more USB devices, and since USB hubs are atypSB device, this topology may
continue down until there are no more connected devices.ndhehub devices form the leaves of the
topology tree, while the hub-type devices form the branciiéise topology tree. This forms the physical
device topology.

[ UsbHostManager ]
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ [ —
gr?é%?on [ UsbServices ]
Platform i

Implementation -
| UsbHub (virtual) |

R L

[Ustub (internal)} [ UsbHub (internal)}

: v

[ UsbDevice J [Ustub (external} [ UsbDevice

Represents i
Physical .
Hardware [ UsbDevice J

Figure 1: Logical Bus Topology

The javax.usb API closely matches this physical deviceltapg as shown in figure 1. However the
root of the topology is slightly different. First, the enprgint of javax.usb is theJsbHostManageclass,
shown at the top of the tree. This class instantiates théophatspecific instance of thElsbServices
interface. From thé&JsbServicednstance, the virtual rodtsbHubis available. This hub is created by
the implementation and does nothing except manage thel pttysical devices. Each hub connected to
the virtual root hub represents a physical Host Controlldr that is present in the system. Connected to
those hubs are the real externally-connected physicateeeionnected to the system, including external
hubs.
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3 USB Device Hierarchy

The structure of a USB device is hierarchal, instead of togichl. The general structure of a device
is defined by the USB specification in Chapter 5. This stricisimade up of different components as
defined in the specification, and any specific device can @gdmose components as the device requires,
within certain limitations which are also defined in the USiaification. All devices must have one or
more configurations. As the name suggests, each configuragioesents a different configuration of the
device. Only one of the configurations may be active at a tlEaeh of those configurations must contain
one or more interfaces. An interface represents a certaictiin of the device (or configuration). Any
interface has at least one setting, and it may have altese#tiags. Only one setting may be active at a
time. Each setting may contain zero or more endpoints, actl &ahose endpoints contains a pipe. The
device’s pipes, which are used to communicate with the @ewaie the lowest level of the hierarchy.

UsbDevice
UsbConfiguration #1 UsbConfiguration #2

Usblnterface #0 Usbinterface #1

(setting #0) setting #0
UsbEndpoint #02 UsbEndpoint #81
UsbPipe _

UsbPipe
UsbEndpoint #81
[ UsbPipe ]

Usbinterf 1 setting #1
sbinterface :
(setting #0) UsbEndpoint #81

UsbEndpoint #83 UsbPipe
‘ UsbPipe ‘

Figure 2: Logical Device Hierarchy

The javax.usb API again closely matches this logical h@rar Figure 2 shows the logical arrange-
ment of an example device in javax.usb terms. A physicalaeid represented by an instance of the
UsbDeviceinterface. In this example, there are twsbConfigurationswhich represent the device’s
configurations, inside th&lsbDevice ThoseUsbConfiguratios containUsblinterfacs; theUsbinter-
faces containUsbEndpoing; and eachJsbEndpointcontains aUsbPipe Each of those represents a
logical component of the example device, i.e. the deviceisfigurations, interfaces, endpoints, and
pipes. To show how alternate settings are handled, inggfeConfiguratiomumber 2, théJsbinterface
number 1 contains two settings, setting 0 and setting 1.
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4 UsbDevice

The UsbDeviceinterface is the connection between the USB bus'’s topologl/the device’s logical
hierarchy. In addition to navigational methods, th&bDevicdnterface also has methods used for iden-
tification and communication. Figure 3 shows most of the mesiprovided by th&/sbDeviceanterface.

UsbDevice UsbStringDescriptor
getManufacturerString() gs:g;ﬁ%()
getSerialNumberString()

getProductString() UsbDeviceDescriptor
getUsbStringDescriptor(byte) bcdUSB()
getString(byte) bDeviceClass()
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, bDeviceSubClass()
. . | bDeviceProtocol()
getUsbDeviceDescriptor() ™ bMaxPacketSize()
[T T idvendor()
addUsbDeviceListener() idProduct()
removeUsbDeviceListener() bcdDevice()
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, iManufacturer()
iProduct()
ér%atguljbt():gntrolllrlp() iSerialNumber()
asyncsu mlt( shbContro rp) bNumConfigurations()
syncSubmit(UsbControllirp)
aysncSubmit(List) UsbDevicelListener
syncSubmit(List) usbDeviceDetached()
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, errorEventOccurred()
getParentUsbPort() dataEventOccurred()

containsUsbConfiguration(byte)
getUsbConfiguration(byte)
getUsbConfigurations()

Figure 3: UsbDevice

The navigational methods connect to thebPortabove this device in the bus topology, as well as all
theUsbConfiguratios below this device in its device hierarchy. TbsbConfiguratios are available by
specific configuration number or in a list of all configuragon

The identification methods provide the three strings defingdde USB specification, the Manufac-
turer, Product, and Serial Number. Also there is a methodetagy of the device’s string descriptors,
by number. Finally there is a method to get the device’s dgser The descriptor, which is represented
by an instance oftJshDeviceDescriptgrcontains methods to get all the values of a device descrsto
defined in the USB specification.

The communication methods provide access to the devic&silieontrol pipe. The default control
pipe requiredJsbControllrps, which contain meta-information besides the actual daffeb TheUs-
bControlirps may be submitted synchronously or asyncronously. The ssion methods behave the
same, except the synchronous submission method blockshmubmission is complete, essentially
meaning all data has been transferred. The asynchronomgssibn method does not block, but returns
as soon as possible, and the submission is completed in easepleread There are also methods that
allow submission of &ist of UsbControllrps.

Finally, there are methods that allow adding and removinigtarier forUsbDeviceEvest After
adding aJsbDeviceListenethat listener will get notified whenever a device event escDevice events
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will get fired whenever and data is transferred, or if any eagcurs while transferring data, or if the
device is physically disconnected.

5 UsbConfiguration

A UsbConfiguratioris the next interface in the device hierarchy. As shown inréigd, theUsbCon-
figurationis much less complicated than thisbDevice It provides some identification methods and
navigational methods, as well as a method for checking$f¢bnfiguration is active or not.

UsbConfiguration UsbStringDescriptor
bString()
getConfigurationString() getStiing()

UsbConfigurationDescript

wTotalLength()
bNuminterfaces()
isActive() bConfigurationValue()
iConfiguration()
bmAttributes()
bMaxPower()

getUsbDevice()
containsUsblnterface(byte)
getUsbinterface(byte
getUsbinterfaces(

Figure 4: UsbConfiguration

The navigational methods are similar to tisbDevicés navigational methods, they allow access to
the interfaces above and below in the device hierarchy. el'lsea method that leads to thisbDevice
instance above this in the device hierarchy. Also there athods that lead to thdsbinterfaces below
this configuration in the device hierarchy. The interfaces available by number or in a list of all
available interfaces. If any interface has more than orerradte setting, and the configuration itself is
active, then the active alternate setting of the interfaggdvided. If the configuration itself is not active,
an implementation-dependent alternate setting is provide

The identification methods include a method to get the suligggriptor for this configuration, if one
exists, and a method to get the configuration descriptorcadsal with this configuration. ThdsbCon-
figurationDescriptoprovides methods corresponding to the fields listed in thB Bj&=cification.
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6 Usblinterface

Next in the device hierarchy is tHdsbinterface The Usbinterfaces similar to those interfaces above
it, as shown in figure 5; it has identification, navigationd atatus methods. The navigational methods
are more complicated however, because the interface maydit@rnate settings. Additionally, the status
methods are more complicated.

Usblnterface UsbStringDescriptor
> bString()
getlinterfaceString() getString(
getUsblnterfaceDescriptor() UsblnterfaceDescriptor
7777777777777777777777777777777777777777 binterfaceNumber()
. . bAlternateSetting()
isActive() \ bNumEndpoints()
isClaimed() binterfaceClass()
Claim() binterfaceSubClass()
release() plnterfaceProtocoI()
7777777777777777777777777777777777777777 ilnterface()

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

containsUsbEndpoint(byte)

getUsbEndpoint(byte
getUsbEndpoints(

Figure 5: Usbinterface

The navigational methods allow access to thebConfiguratiorabove this interface in the device
hierarchy, as well as accessing all the endpoints belowiritésface in the device hierarchy. As usual,
the UsbEndpoins are available by number, more specifically endpoint addiEs well as a list of all
available endpoints. In addition to those navigationalhuods, there are methods that allow access to any
alternate settings the interface may have.

The identification methods provide the string descriptortfis interface, if one exists, as well as
the interface descriptor associated with this interfacée WsbinterfaceDescriptocontains methods
corresponding to all the fields listed in the USB specifiaatio

The status methods are slightly more complicated than atia¢dus methods. There is a method to
checkif this interface setting is active. This method isydrie if the parentUsbConfigurations active as
well as thisUsblinterfacesetting. Also, there are methods to allow claiming and atepof the interface,
and a method to check if the interface has been claimed. Himiclg is used to aquire an exclusive lock
on the interface and all the endpoints and their pipes ut@dnterface. Before sending or receiving data
to or from any of the pipes under this interface, the intexfanust be claimed.
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7 UsbEndpoint

TheUsbEndpoinis quite simple in comparison to other device hierarchyrfates. As shown in figure
6, the only methods are navigational methods to accesbshinterfaceabove this, and th&lsbPipe
below. Also, there is a method to access thebEndpointDescriptgrand methods to get the direction
and type of endpoint and its associated pipe.

UsbEndpoint
getDirection()
getType() UsbEndpointDescripto
”””””””””””””””””””””””” bEndpointAddress()
getUsblnterfaceDescriptor(}——— bmAttributes()
wMaxPacketSize()
7777777777777777777777777777777777777777 binterval()
getUsblnterface()
getUsbPipe()

Figure 6: UsbEndpoint
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8 UsbPipe

The UsbPipeis the lowest interface in the device hierarchy. As showndargé 7, it has navigational
and status methods, but most of its methods are commumaatithods. The navigation method allows
access to thelsbEndpointhat this pipe is associated with, and there is a method trhte if this pipe

is active or not. A pipe is active if its parent interface isgjts active.

In addition to the method to determine if the pipe is actibieré are methods that allow opening and
closing of the pipe, and a method to determine if the pipe &nof he pipe must be opened before it can
be used for communication. Also, the parent interface meisi&dimed before the pipe can be opened.

The communication methods are similar to the communicatiethods from théJsbDeviceinter-
face, which allow communication on the default control pip&owever, this pipe is not neccesarily a
control-type pipe, and so other objects may be used for thenmamication. There are synchronous
and asyncronous methods, which behave the same as the m&throdheUsbDevicanterface; the syn-
chronous methods block until complete, while the asynobusmethods return immediately and perform
processing in a background thread. If the pipe is a conyqmd-pipe, the object used for communication
must be aJsbControlirp just as is used with the default control pipe. However fon4gontrol-type
pipes, aUsblrp can be used as well as a simple byte[]. The byte[] is the sisnpleethod of commu-
nication. It simply transfers all the contained data to teeick, if the pipe direction is host-to-device,
or fills up part or all of the buffer with data from the devicktlie pipe direction is device-to-host. The
Usblrpis similar, it contains a byte[] data buffer also, but there ather methods to limit the amount
of transferred data, or start the transfer at a certain wiifiée the buffer, or cause an error if any short
packets are detected.

The UsbPipealso has methods that allowsbPipeListeneto be added or removed from the pipe.
After aUsbPipeListenehas been added, it will receiveldsbPipeEventvhen any data is transferred to
or from the device on this pipe, or when any error occurs windesferring data. After removing the
listener, it will not receive any more events.

UsbPipe
isActive()
] UsbPipeListener
addUprlpeUStener( » errorEventOccurred()
removeUsbPipeListener( dataEventOccurred()
createUsblrp() isOpen()
createUsbControllrp() open()
syncSubmit(byte[]) close()
asyncSubmit(byte[])

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

getUsbEndpoint()

Figure 7: UsbPipe
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9 UsbControllrp and Usblrp

The interfaces used to actually communicate with the desieeshown in figure 8. ThesbControlirp
interface is actually an extension of thisblirpinterface, adding methods that represent fields in the spe-
cial control-type header required for control communimatiOtherwise, th&sbControllrpis identical

to a normalUsblrp. A Usblrp has methods that can be divided into four different categoithe data
buffer, status, short packets, and thebException

a UsbControllrp N

bmRequestType()

bRequest()

wValue()

windex()
/ Usblrp )
- ~ data buffer ’ Cstatus
| | getData() setData() isComplete() }
3 © getOffset() setOffset() setComplete() |
' - getLength() setLength() : waitUntilComplete() |
| | getActualLength() : complete() |
' shortpackets " UsbException . |
' getAcceptShortPackets() isUsbException() 1
' setAcceptShortPackets() setUsbException() |
= getUsbException() !

Figure 8: UsbControllrp and Usblrp

First, the data buffer is simply a byte[] but there are add@l methods that are used to modify the
transfer of data. There are methods to set and get the ofibéth indicates what offset into the data
buffer the implementation should use when transferring. déthe offset is zero, data will be transferred
starting at the beginning of the byte[], if the offset is ab@ero, data starting at the offset into the byte[]
will be used when communicating with the device. There ase alethods to set and get the length of
data to transfer with the device. Lastly, there is a methagktdhe actual amount of data transferred with
the device. For an input-direction pipe, this value may Iss than the length of data that was requested
from the device; for an output-direction pipe, this shoutdhe full amount of data to transfer.

The status methods deal with the complete status obidrp. There is a method to check if the
Usblrp is complete or not. There are also methods to wait untilllsblrp is complete; these will
block until theUsblrp changes status to complete. There is a method used to sgskiig complete
or not complete, and finally there is a method that is used byirtiplementation to set thdsblirp as
complete after finishing processing. This method will alalh the method to set the status of tsblrp
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as complete, and cause ahlgreads waiting for theUsblrpto complete to return from the methods they
are blocking in.

The methods related to short packets are used to set andegpoliby that should be used when
handling short packets. The policy can be set to either aaregject short packets. Short packets will
happen if the device transfers less data than the host wasixg. Normally this will happen only if
the pipe direction is device-to-host, and the data buffewided is larger than the amount of data that
the device has to send to the host during a specific commionicadf short packets are accepted, and a
short packet occurs, the communication will complete ssgftdly and the actual length of transferred
data will be less than the size of the provided data buffeshtfrt packets are not accepted, and a short
packet occurs, thesblrp will complete with an error.

Finally, there are methods used to manage any UsbExceptiomiay occur during communication
on the pipe. There is a method to check ifldsbExceptiorhas occurred during communication on the
pipe, as well as methods to get and set @spExceptiorthat occurs.

It is important to note that submissions are the only way tammminicate with a device, and although
listeners will receive events for all data transferred oiipa that data must be provided via submissions.
Each pipe is unidirectional, and data may flow only one dioecon it. If the pipe is an output pipe,
the data located in the byte[] is sent to the device duringrésion; however if the pipe is an input
pipe, the byte[] is filled up with data received from the devicThus, if input is expected on an input
pipe, one or more data buffers must be submitted, and only Wik data be received from the pipe.
Once all submissions for a pipe are done, no more data wilebeived on that pipe until more data
buffers are submitted. If a constant flow of data is desiredltipie buffers should be submitted, and
as each submission finishes, more buffers should be submit&ing only a single buffer may result in
undesirable delays, since the device may be able to procteeatl a faster rate than each submission
takes, especially if there are sudden bursts of data.
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10 Default Control Pipe

The Default Control Pipe is used for much of the communicatidh a device. It is a special pipe that is
required to be present on all devices, and it is always avaifor communication. It is used for all the
configuration-type communication, as well as communicetioget identification information from the
device.

In figure 9, an example of communication using the Defaultt@dRipe is shown. First, the user has
to obtain an instance ofldsbControllrp The user can use their own implementatiotsbControllrp
or they can use the implemenation provided by tl#bDeviceimplementation, as shown in the figure.
In the example, th&JsbControlirpis created by thé&JsbDevice and the extra control-type methods are
set up during creation. Next, it should be given a data buffentaining data to transfer to the device
or a buffer to fill with data from the device, depending on tlir@ction of communication. This is the
minimum amount of configuration of tHésbControllrprequired.

To actually perform the communication on the Default Coripe, theUsbControlirpis submitted
using, in this example, theyncSubmitmethod. The implementation of this method will pass thedyuff
down to the platform’s low-level USB subsystem, which wiirform the actual transfer of data. After
the data transfer is complete, thisbDeviceimplementation will set either the actual length of trans-
ferred data or th&sbExceptioron theUsbControllrg and thercompletehe UsbControlirp This is the
simplest communication example, which does not show thetdata offset or length, and assumes no
listeners are being used.

( Default Control Pipe submission )

( User ) @stontrolIr) W Platform USB

subsystem

(physical device)

createUstontroIIrp()

-

UstdntroIIrp

A

setData()

-
-

syncSubmit(UsbControllrp) i |
send to platorm USB |
subsystem P _process

setActualLength()
or
setUsbException()

A

complete()

A

Figure 9: Default Control Pipe
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11 UsbPipe submission, synchronous

For most communication on a device, the Default Control Rip@t used. Instead, normal unidirectional
pipes are used to transfer data. Figure 10 shows an exampterwhunication using one of the normal
UsbPipes. There are more steps to take before actually submittalgsblirpthan when using the Default
Control Pipe.

First, before using any of thesbPipes contained in &sbinterfacesetting, theUsblInterfacemust
be claimed. Then, thelsbPipemust be opened. If either of these steps fails, no commuaicatill
be possible on that pipe; the problem that prevented thenatalithe open must be corrected first. If
the claim and the open succeed, the pipe is ready for commutionic The interface setting may be left
claimed and the pipe may be left open as long as the interfat@spipes are being used.

To actually communicate on the pipe, data buffers must beiged to the pipe. In this example,
a Usblrp is used. ThdJsblrp implementation may be provided by the caller, but the exanspbows
using theUsbPipeto create dJsblirpinstance. After creating thesblrp, at least the data must be set.
Additionally, the other fields of th&sblrp may be set, including the offset, length, and short packet
policy of theUsblrp. Those fields are optional, and their defaults should befaab& for the majority of
communication. Once the data buffer and any optional fieldsat, thdJsblrp must be provided to the
UsbPipe in the example, theyncSubmiimethod is used. Similar to the Default Control Pipe example,
the implementation passes the data buffer to the platforB Blgsystem, which performs the actual
communication with the device. After the communicationdeplete, the implementation either sets the
actual length of the data transferred, or it sets the ap@tgidsbExceptioron theUsblrp. It then calls
theUsblrp's completemethod to indicate thesbirpis completed. While it is not shown in the example,
if any UsbPipeListenes had been added to thisbPipe they would receive eitherldsbPipeDataEvent
or aUsbPipeErrorEventdepending on whether the communication succeeded or not.

< UsbPipe synchronous Usblrp submissio@

< User> @Sblnterfa@CUsblrp> Platform USB
1 5 1 1 ‘ subsystem

claim
open()

(physical device)

I
create[Jsblirp()
Usblirp
A

>
L

< i
setOffset() \ 0 [
setLength()

setAcceptShortPacket().’

,,,,,,,,,,,,,,,,

YvVYy

syncSubmit(Usblr | ‘
el ( P) > send to platform USB i process
A >
setActualLength() ! subsystem !
I I

or
setUsbException() | | <&
|

complete()

Figure 10: UsbPipe synchronous submission
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12 UsbPipe submission, asynchronous

Asynchronous submission on a pipe is very similar to synobus submission. As shown in figure 11,
the initial setup is the same; tidsbinterfacesetting must be claimed, and thisbPipemust be opened.
TheUsblrpshould be created in the same way, and the data buffer setlassveay of the optional fields
such as offset or length. This example also shows how to WsbRipeListenerBefore submitting the
Usbilrp, the listener should be added to tisbPipe The listener only needs to be added once to the pipe.
Next, theUsblrp is submitted to the pipe using tleesyncSubmitethod. The submittinghreadshould
return immediately, while th&sblrpis processed in the background by the implementation. Whée
implementation is processing tésblrp, the callingThreadcan perform other actions. Eventually, it
will want to know if the Usblirp is complete. The callinghreadcan then call thevaitUntilComplete
which will block until theUsblrpis complete.

Once the platform USB subsystem has finished transferrindaia, it will return it to the implemen-
tation. The implementation handles it normally, by settither the actual length of data transferred, or
the UsbExceptiorthat occurred, and finally completing thusblrp. Next theUsbPipeListenewill re-
ceive aUsbPipeDataEvenir UsbPipeErrorEventdepending on whether the submission was successful
or not.

< UsbPipe asynchronous Usblrp submissioﬁ

< User> @sbPipeListen§< Usblrp> <UsbPip§

Platform USB
subsystem

(physical device)

( rclaim(), openi(), createUsbIrpk), setData(), eitc )

|
| addUsbPipeListener()

|
|
L] ! ! g w
T | . | T |
m : asyncSubmlt(Usblrp): ;M send to platform USB> !
} ! subsystem | | Process
| | | | |
| | | |
! waitUntjiComplete() ! e |
I [ [ [ ] 4
| | L |
! | | |setActualLength() |
or i

| lsetUsbException() |
- |

_, complete() 3 I

setActualLength()
or
setUsbException()

Figure 11: UsbPipe asynchronous submission
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13 UsbPipe submission, byte[]

Submissions usingsblrps are the most flexible type of communication. Submissiomgyusyte arrays
are much more simple, however. In figure 12, both synchroaadsasynchronous submission using a
byte[] are shown. The setup steps, such as claiming thefasteand opening the pipe, are the same.
After these initial steps, in the first example using asyanbus submission, the byte[] is submitted to
the UsbPipeusing theasyncSubmitnethod. The implementation then creatddsblrp to represent the
provided data buffer, and thldsblirp is returned to the caller. Then processing continues thes sem
asynchronous submission ofUsblrp. In the synchronous example, the data buffer is passed to the
UsbPipeusing thesyncSubmiimethod, which blocks while the implementation handlesdfaming the
data. After the data has finished transferring, the implaatem either returns the actual length of data
transferred, or it throws BlsbExceptiomepresenting the error that occurred during data tranisféoth
cases, after the data transfer is complete or an error ganydisteners that have been added to the pipe
will receive aUsbPipeDataEverir UsbPipeErrorEvent

< UsbPipe byte array submission >

<User> @sbPipeListen@(Usblrp) <UsbPip9 Platform USB
; ; ; ; subsystem

(physical device)

claim(), open(), addUsbPipgListener(), etc )

| |

' 1 asyncSubmit(byte[]) ! '

X X Y (by D)‘ »—— create Usbirp i

I I I I I

| L | Usblrp | | 3
il | send to platform USB_

subsystem '\_'Metc
T

|
|
|
e
|
|
I
|

N
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
I
|
|
|
|
|
|
R e
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
[ ) .

syncSubmit(byte[]) |
T

send to platform USB
>

i i process

I I subsystem |

return actual length |
I I

or

I I
! 1 throw UsbException | ! !

A

A

i i
dataEventDccurred() i i
or' i i
J
errorEventOccurred() !
\

C<

Figure 12: UsbPipe byte array submissions
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14 Hotplugging

An important feature of the USB bus is the ability for USB dmsd to be connected and disconnected
while the system is running. This is called hotplugging, agdtem software must be able to handle
hotplugging a device. Hotplugging is fully supported by finax.usb subsystem. Figure 13 shows how
the user can get notified of hotplugging events. First, tkee can add &sbServicesListendo theUsb-
Servicesnstance. When a physical device is connected to the syshertlsbServicesListeneeceives

a UsbServicesEverimdicating that a device has been connected to the systethe liser is interested
in this newly connected device, they can addsbDeviceListeneto the UsbDevice Then, when the
device is disconnected, both thisbServicesListenemd theUsbDeviceListenewill be notified with a
UsbServicesEvemind aUsbDeviceEventespectively.
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Figure 13: Hotplugging
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15 Exceptions

The javax.usb subsystem uses mamgeptiors to represent some of the errors that can occur on the USB
bus. Figure 14 shows tHexceptios used. The badexceptionis UsbExceptionwhich is extended by
many more specifiExceptios such atJsbBabbleExceptigtusbCRCExceptigrand others. Also, there
are somdRuntimeExceptiagnsuch asJsbNotActiveExceptiocandUsbNotClaimedException

<: Exceptions :>
( Exception >

I I

UsbBabbleException

UsbBitStuffException

UsbCRCException

UsbPIDException

< UsbException )4
< RuntimeException>

AN Y Y Y Y

UsbPlatformException

UsbShortPacketExceptio

\NEAZANANANL

A - UsbStallException
- UstIaimException>
- < UsbNotActiveExceptiorD
}——{UsbNotCIaimedExcepti@ 1
<UsbNativeCIaimExcepti§
{ UsbNotOpenExceptioD
Figure 14: Exceptions
16 Security

Security is not yet fully addressed.

17 Utilities

The API contains several utility classes, all located injtagax. usb. ut i | package, which make the
APl itself easier to use.
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17.1 DefaultUsblrp and DefaultUsbControllrp

There is a default implementation of thsblrp interface, as well as a default implementation of the
UsbControllrpinterface. These may be used to create irps (and contrelitgp) to use in submissions.
Additionally, theUsbPipeitself contains a method to creatisblrpandUsbControlirpobjects which the
implementation may prefer, and may require less overhepubtess than either the defaultimplementa-
tions or any other implementation. ThisbDevicealso allows creation dfisbControllrps. However, any
implementation must be accepted by the implementationait ot restrict théJsblrp implementation
nor theUsbControllrpimplementation.

17.2 StandardRequest

The StandardRequestass provides a way to easily perform standard device stgult contains meth-
ods which correspond to all standard device requests defintb@é USB specification; however not all
those requests may be possible, since some are intendedefanly by the low-level USB subsystem
driver(s).

17.3 \ersion

To determine what version of the API is in useVarsionclass is provided in the bageavax. usb
package. It contains methods to determine the version oARietself, as well as the version of the
USB specification that the API supports. It also containsa@nmethod so it can be called directly; this
method simply prints out the version numbers.



