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1 Introduction

1.1 Purpose

This document specifies the design parameters for a device driver using the Open Universal
Serial Bus Driver Interface (OpenUSBDI) Specification.

1.2 Scope

This document is intended to provide enough information to allow a software developer to create
device drivers capable of supporting compliant USB devices on operating systems implementing
support for the Open USB Driver Interface.

1.3 Related Documents
Compaq, Intel, Microsoft, NEC, Universal Serial Bus Specification, Version 1.1, September 23, 1998
Project UDI, UDI Core Specification, Rev 0.90, March 30, 1999

SystemSoft Corporation, Intel Corporation, Universal Serial Bus Common Class Specification,
Version 1.0, December 16, 1997

Compagq, Microsoft, National Semiconductor, OHCI Open Host Controller Interface Specification for
USB, Release 1.0a, January 20, 1997

Intel, Universal Host Controller Interface (UHCI) Design Guide, Revision 1.1, March 1996

1.4 Terms and Abbreviations

Term Description

ABI Architected Binary Interface. This is a set of binary bindings for a
programming interface specification such as the OpenUSBDI
Specification. (When applied to applications rather than system
programming interfaces, ABI is usually interpreted as Application
Binary Interface.)

API Architected Programming Interface. This is a programming interface
defined in a OpenUSBDI specification; e.g., a function call interface or
structure definition with associated status or function codes, as well as
associated semantics and rules on the use of the interfaces. (When
applied to applications rather than system programming interfaces, API
is usually interpreted as Application Programming Interface.)

June 21, 1999 9
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Term
Bulk Transfer

Channel

Class Driver

Control Transfer

Control Block (CB)

Device

GIO

HC
HCD
Hub

Interrupt Transfer

Isochronous Transfer

Description

Non-periodic, large bursty communication typically used for data that
can use any available bandwidth and that can be delayed until
bandwidth is available.

A bidirectional communication channel between two drivers, or
between a driver and the environment. Channels allow code running in
one region to invoke channel operations in another region. Example of
channels include the bind channel between a logical-device driver
instance and the USBD instance, and the management channel between
a driver instance and the Management Agent.

An adaptive driver based on a class definition.

Non-periodic, bursty, host-software-initiated request/response
communication typically used for command/status operations.

A data structure that gives details about OpenUSBDI requests. There
are different control blocks types for different request types. Typically
control blocks contain flag fields, references to data buffers, etc.

A logical or physical entity that performs one or more functions. The
actual entity described depends on the context of the reference. At the
lowest level, a device may be a single hardware component, such as a
memory device. At a higher level, a device may be a collection of
hardware components that perform a particular function, such as a USB
interface device. At an even higher level, the term “device” may refer to
the function performed by an entity attached to the USB, such as a
data/FAX modem device. Devices may be physical, electrical,
addressable, or logical. When used as a non-specific reference, a USB
device is either a hub or a function.

Generic I/0 Metalanguage. See the UDI Core Specification for more
information.

A USB Host Controller.
A USB Host Controller Driver.
A USB device that provides attachment points to the USB.

Non-periodic, low frequency, and bounded-latency small data transfers
that are typically used to handle service needs.

Periodic, continuous communication between host and device typically
used for time relevant information. This transfer type also preserves the
concept of time encapsulated in the data.

10
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Term
Logical-Device

Logical-Device Driver (LDD)

LDD Instance

Management Agent (MA)

Metalanguage

OHCI
OpenHCI
Pipe Channel
UDI

Uniform Driver Interface
(UDI)

Description
One or more USB interfaces that function together as a single entity.

A driver that resides above the Universal Serial Bus Driver that controls
devices with certain functional characteristics in common. This may be
a single interface of a USB device or it may be a group of interfaces. In
the case of a group of interfaces, the “Common Class Logical-Device
Feature Specification” shall be implemented by the device.

A set of one or more regions, all belonging to the same LDD, that are
associated with a particular instance of the driver’s device. There may
be multiple instances of a given LDD, one for each physical device
controlled.

The MA is an abstract entity within the UDI environment; it represents
the environment’s control and configuration mechanisms.

The communication protocol used by two or more cooperating
modules. A metalanguage includes definitions for associated channel
operations, control block structures, and service calls, as well as
bindings to the use of UDI trace events and the definition of various
types of UDI instance attributes. E.g., the OpenUSBDI Metalanguage is
used for communication between USB logical-device drivers and the
USB driver layer. When referring to a metalanguage used by a
particular type of driver the adjectives “top-side” and “bottom-side” are
sometimes applied: e.g., the OpenUSBDI Metalanguage is the bottom-
side metalanguage for USB logical-device drivers.

Open Host Controller Interface

Open Host Controller Interface

Channel between the LDD and a USB device’s endpoint.
See Uniform Driver Interface.

Allows device drivers to be portable across both hardware platforms
and operating systems without any changes to the driver source. With
the participation of multiple operating systems, as well as platform and
device hardware vendors, UDI is the first interface that is likely to
achieve such portability on a wide scale. UDI provides an encapsulating
environment for drivers with well-defined interfaces that isolate drivers
from OS policies and from platform and 1/0 bus dependencies. This
allows driver development to be totally independent of OS
development. In addition, the UDI architecture insulates drivers from
platform specifics such as byte ordering, DMA implications, multi-
processing, interrupt implementations and 1/0 bus topologies.

June 21, 1999
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Term Description

UHCI Universal Host Controller Interface

USB device See “device”.

USBD Universal Serial Bus Driver; operating system specific driver that

provides an interface between OpenUSBDI and the host controller(s).

OpenUSBDI Open Universal Serial Bus Driver Interface or Open USB Driver
Interface. The interface that this document describes.

12 June 21, 1999
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2 Management Overview

This specification defines all functions needed by USB logical-device drivers (LDDs) to
communicate with the operating system’s USB driver stack. The Open USB Driver Interface
(OpenUSBDI) is designed to work in conjunction with the Uniform Driver Interface (UDI) Core
Specification. This approach allows compliant drivers, developed for USB peripherals, to be
easily transported from one operating system to another. An operating system that uses these
portable drivers shall provide the following components: a UDI environment that is compliant
with the UDI Core Specification; an OpenUSBDI environment that provides the support spelled
out in this specification, and a USB driver stack (USBD).

Device drivers written using UDI offer source-level portability across operating systems, and
binary level portability across platforms that support the same ABI.

This specification does not define UDI but does depend on it. This specification only defines the
interface that is specific to USB device drivers. See Section 6, “UDI Overview”, for more
information on UDI.

For more information on “Project UDI” see the UDI web page, http://www.sco.com/udi.

Figure 1 shows where within an operating system the UDI environment resides.

Application Programs /O Requests

Operating System

UDI Environment
Management

gent

: Interfaces

Device System 1/0

Drivers Configuration
Diagnostics

Error Handling
System Services
Interrupts

Hardware I/O Interface

Ny
Computer CPU and I/O Hardware Interrupts

Figure 1: UDI Driver Environment
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The OpenUSBDI specification defines the communication interface between a USB Logical-
Device Driver (LDD) and the operating system’s USB driver (USBD) stack.

All OS services not related to USB required by an LDD shall be performed using operations
based on the UDI Core Specification.

USB LDDs shall use the appropriate UDI metalanguage when exchanging device information
with the OS and when communicating with applications. Where no specific metalanguage is
defined the “Generic 1/0 Metalanguage! may be used.

uDlI
metalanguages
from OS and/or .}

application UDI E nv I Fonmen t

interface

Mouse Interface
GIO Interface

(Printer Interface
( Audio Interface

UDI core
<”| functions

USBDI Portable
Driver Space "udi_"
services

,,,,,, - USBD

=9
()
oS
22
28
3
O ¢

Figure 2: OpenUSBDI Portable Environment

! Defined in the UDI Core Specification
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Figure 2 depicts the environment of a portable LDD, and the services available to it. In order to remain
completely portable, the LDD shall limit itself to the following:

UDI Metalanguages and/or Application Interface: A “pass-through” interface is defined
within the UDI Core Specification, “Generic 1/0 Interface”, that allows vendor-unique
drivers the ability to communicate with vendor-unique applications. For each USB Device
Class?, a specific operating system interface is defined. These interfaces are published as
separate documents from the UDI Core Specification. These interfaces are not specific to USB
devices, but are general for the type of device. For example, both a USB printer class driver
and a non-USB printer driver would use the UDI printer interface.

udi_ services: Non-USB specific, operating system services (such as buffer allocation and
timers) are defined by the UDI Core Specification. A USB LDD shall use only UDI core
functions for these tasks to be 100% source code portable. All core UDI functions are
prefixed with “udi _".

OpenUSBDI Metalanguage: The USBD is the driver layer separating the LDD from the host
controller driver. All communications between LDDs and host controllers pass through the
USBD layer. The OpenUSBDI metalanguage is the visible functional interface for LDDs
communicating with the USBD. This specification defines all functions needed by LDDs to
communicate with the operating system’s USBD. All functions that are part of the
OpenUSBDI metalanguage are prefixed with “usbdi _”.

USBD: Operating system specific USB driver that communicates on its top side with LDDs
via the OpenUSBDI metalanguage and communicates with USB host controllers on its
bottom side.

A device driver that adheres to this specification and uses only core UDI functions will be 100%
source code compatible on all operating systems that implement OpenUSBDI and UDI Core
Specification.

Some environments may implement the OpenUSBDI interfaces defined in this specification
without implementing a complete UDI environment. Portable USB LDDs will have to be
modified to use environment specific service calls in order to run in such environments.

2 See http://www.usb.org for USB device class specifications.
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3 Functional Overview

Figure 3 shows an example USB system. The system is composed of several layers, ranging from the
hardware layer to USB logical-device drivers.

Following is a description of each critical layer in aUSB system. Refer to figure 3 as needed.

L ayer

Logical-Device Drivers

USB Driver

Host Controller Driver

Hardware

Description

This layer performs the task of controlling specific USB devices
(vendor-unique) and specific USB device classes (printer, mass
storage, etc.).

This layer provides an organized method of transferring data between
the HCD and the USB Logical-Device drivers. The interface between
the LDD and USBD is the set of procedures and data types defined by
this specification. The USBD implementation is not addressed by this
specification.

This layer has an intimate knowledge of the host controller hardware.
It provides a means for higher layers to convey information to devices,
and vice versa. Because of the differences among host controllers, the
HCDs are not interchangeabl e.

This layer consists of physical wires, the host, and the USB devices.
The host requires a host controller and each device requires a device
controller. There are currently two common implementations of the
host controller: Open Host Controller Interface (OHCI) and Universal
Host Controller Interface (UHCI).
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Native OS or application
metalanguages (audio, comm,
imaging, printer, file systems,

keyboard, pointers, etc.)

;<<I
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'OpenUSBDI D Cla
Logical Device Mass-Storage Class Vendor-Unique
Drivers HID Driver
Library ding i UDI core
Communications Loadable — /| functions
. . Vendor-
Audio Class Supplied Filter

Monito ontro
Pointina Device

Kevboard
Loadable HID

Common Class
Driver

Mappers

HUB Driver

-USB Driver Interface -———————-—
USB Driver
(USBD) [ USB Driver ]

“Host Controller Driver Interface -——iE —————————————————————————
Host Controller
Driver (HCD)

Hardware

ushd

Keyboard

Joystick

Figure 3 USB Environment
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4 Functional Characteristics

4.1 Required Include Files

Before including any UDI header files, the LDD must define the preprocessor symbol,
OPEN_USBDI_VERSION, to indicate the version of the OpenUSBDI Driver specification to which
it conforms. For this version of the specification, OPEN_USBDI_VERSION must be set to 0x08:

#defi ne OPEN_USBDI _VERSI ON 0x08

Each device driver source file shall include the file open_usbdi.h after it includes udi.h, as
follows:

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

The open_usbdi.h file includes defines and function declarations for the OpenUSBDI
metalanguage and for the Universal Serial Bus Specification

4.2 Channels

UDI Channels are used to communicate between OpenUSBDI Logical-Device drivers (LDD) and
the device endpoints via the operating system’s USB driver (USBD).

An LDD shall maintain a channel for each USB interface for which it is responsible3. The LDD
shall also maintain a channel for each endpoint controlled by each interface; these pipe channels
correspond to pipes between the LDD and each endpoint.

4.3 Completion Status Values

All but two of the completion status values for OpenUSBDI control blocks (CBs) are described in
the UDI Core Specification. The two OpenUSBDI unique status values are:

#defi ne USBDI _STAT_NOT_ENOUGH BANDW DTH  (UDI _STAT_META_SPECI FI C| 1)
#defi ne USBDI _STAT_STALL (UDI _STAT_META_SPECI FI | 2)

4.4 Device Driver Flow

In order to transfer data to and from its associated device, an LDD shall first initialize itself, bind
to the LDD’s parent driver, select an appropriate interface that may involve reading descriptors
from the logical-device, and open the selected interface. At this point the logical-device is ready
for use. When the logical-device is no longer in use, the LDD shall go through the reverse
process of closing interfaces and unbinding from the LDD’s parent driver. These steps are
described in detail and illustrated in the paragraphs and figures that follow.

3 Any device that uses multiple USB interfaces shall comply with the Common Class Logical-
Device Feature Specification.
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In these figures, the following conventions are used. The three columns labeled "UDI", "LDD",
and "USBD" represent the UDI environment, the OpenUSBDI Logical-Device Driver, and the
USBD respectively. The arrows show the control flow from module to module, with the stop
sign showing where the flow ends. For example, Figure 5 shall be read as follows:

1. The UDI Management Agent calls the LDD supplied function Idd_bind_to_parent_req(), so the
control flows from UDI to LDD.

2. Inside the Idd_bind_to_parent_req() routine, the LDD calls usbdi_bind_req(), which invokes the
corresponding function in the USBD, so control flows from the LDD to the USBD. The
ushdi_bind_req() routine returns immediately to the LDD after initiating the request, which
will be completed asynchronously at a later time. This is illustrated by the arrow going back
from ushdi_bind_req() to Idd_bind_to_parent_req(). This control flow then terminates in the
LDD, as illustrated by the stop sign.

3. At some point later, the results of the bind are returned to the LDD via the Idd_bind_ack()
channel operation, invoked by the USBD. This results in a call to the LDD's Idd_bind_ack_op_t
entry point routine.

For specific LDD examples refer to the sample driver provided in “Appendix B: Sample Driver
(usbdi_printer.c)” of this specification.
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4.4.1 Logical-Device Driver Initialization

1
@)
The LDD supplied init_module()
is called by the UDI environment )
| The LDD registers its interface
and pipe operation functions

4
The LDD calls

|
|
|
| ushdi _l dd_i ntfc_ops_init() ‘
|

udi_primary_region_init(), which |
|
|
|
|
|

registers the LDD-supplied
udi_mgmt_ops_t data structure.
This data structure contains the

location of the LDD function

udi_bind_to_parent_op_t()

i ni t_modul e() ushdi _| dd_pi pe_ops_init() ‘

3)
LDD calls CB initialization
functions for each type of CB it will
use.

.-

|
udi _primary_region_init() ‘ |
I

ushdi _msc_cb_init()

L and/or
TN ushdi _state_cb_init()
4 Stop o and/or o
ushdi _intr_bul k_xfer_cb_init()
,,,,,,,,,,, and/or

ushdi _control _xfer_cb_init()

T

Figure 4: LDD Initialization

All LDDs shall provide an init_module() function. This function is called only once before any
LDD instance is created and is responsible for:

1. setting up the LDD’s scratch* space requirement for each type of OpenUSBDI control block
(CB);

2. registering the LDD interface related operation functions and the pipe related operation
functions with the USBD by calling ushdi_ldd_intfc_ops_init() and usbdi_ldd_pipe_ops_init();

3. and initializing the LDD’s primary regions by calling udi_primary_region_init().

Figure 4 shows the functional flow of the LDD’s init_module() function.

4 Refer to the UDI Core Specification for the definition of this term.
5 Refer to the UDI Core Specification for the definition of this term.
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4.4.2 Interface Binding

@
The UDI Mangement Agent
calls LDD supplied function (@)
The LDD attempts to bind a
UDI channel to a USB interface

| dd_bi nd_t o_parent _req() m ushdi _bi nd_req()

©)
The results of the channel binding are
returned to the bind_ack operation specified in
the usbdi_Idd_intfc_ops_t data structure

@
LDD calls udi_bind_to_parent_ack()
to indicate that it is finished binding.

i y

udi _bi nd_t o_par ent _ack() ;:::‘ | dd_bi nd_ack()

|
l 1
| !
| \j
| ®)
| The first interface is now bound.
| The LDD shall spawn a channel
[ for the default endpoint and,
if responsible for additional
interfaces, the LDD shall spawn
channels to them.

|
|
|
|
h |
|
|
|
|
|

Figure 5: Interface Binding

After the LDD is initialized, the UDI Management Agent may bind one or more instances of the
LDD to the USBD. For each instance, the LDD’s udi_bind_to_parent_req_op_t function shall be
called. This function is responsible for binding USB interface channels for all instances managed
by this LDD instance, by using ushdi_bind_req().

The LDD completes the bind sequence when it receives a Idd_bind_ack() call. At this point, the
LDD shall spawn its end of any additional interface channels needed (for LDDs that managed
multiple interfaces) and its end of the default endpoint’s pipe channel.

The final result will be a udi_channel_t for each USB interface managed by the LDD and a
udi_channel_t for the default endpoint’s pipe channel. The LDD may then use each interface
channel to open the interface or may use the pipe channel to read descriptors from the devices.

6 For a detailed example of the USB interface binding mechanics refer to the sample driver in
“Appendix B: usbdi_printer.c” of this specification.
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4.4.3 Setting the Configuration

LDDs are not required to, and in most cases need not, perform a ushdi_config_set_req() to set the
device’s configuration. The USBD will set the device’s configuration before the LDDs are bound.
There may be some LDDs that do need to perform a ushdi_config_set_req() (such as some vendor
unique LDDs) but in most cases it is not necessary.
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4.4.4 Reading Descriptors

(3
Upon completion, the UDI
environment calls the callback
specified in the allocation request
above with the newly allocated CB
as an argument

| |
uDI | LDD | USBD
| |
| |
| (1) |
| The CB from the operation that initiated |
| this sequence is converted to a generic |
(2 | control block using UDI_GCB() |
The LDD allocates a CB of type | |
usbdi_desc_cb_t. : :
| |
udi _cb_al | oc( 4_1—[ |
| dd_desc_al l oc_cal I, |
gch, |
cb_i dx) * I
4)
| Stop | The LDD calls

usbdi_desc_req() with the

newly allocated CB

Y i v
I dd_desc_al I oc_cal | () usbdi _desc_req() ‘

,,,,,,,,,,,, (5)
The USBD layer calls the
LDD function of type
bdi d K r\i usbdi_desc_ack_op_t
tshal _ e‘sc_ac O I with the CB and status value.
(6)

the status indicates success, the
descriptor may be extracted from the

|

|

|

|

|

|

|

|

|

|

|

|

| |
| |
| |
: . Stop :
| ) ’ |
| |
| |
|

|

|

|

|

|

|

|

|

| CB.

|

1

|
|
|
|
The LDD takes control of the CB. If |
|
|
|
|
1

Figure 6: Reading Descriptors

LDDs may retrieve any descriptor provided by the device, including those returned as part of the
device’s configuration descriptor, by using the usbdi_desc_req() function and control block. The
LDD does not need to open the interface before calling usbdi_desc_req(). Figure 6 shows the
functional flow of a descriptor being retrieved.
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4.4.5 Opening an Interface

|
| 1)
| The CB from the operation that initiated
@ | this sequence is cor_1verted to a generic
The LDD requests the | control block using UDI_GCB()
allocation of a CB of type :
ushdi_intfc_open_cb_t. |
|
|

udi _cb_al I oc(
I dd_i ntfc_open_cbh_alloc_call,
gch,
ch_i dx)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

@®)
Upon completion of the allocation, R | )
the UDI environment calls the The LDD requests that the

request above with the newly

allocated control block as an A I

argument Idd_i ntfc_open_cb_alloc_call () usbdi _intfc_open_req()

|
|
|
|
|
|
|
|
callback specified in the allocation : : interface be opened
|
|
|
|
|
|

® !
The LDD shall call udi_channel_&pawn()
to assign a pipe channel to each Indpoint

v |

udi _channel _spawn() I dd_i nt f c_open_ack()

®)
The USBD layer calls the LDD-
supplied function of type

l¢-——— usbdi_intfc_open_ack_op_t
| with the results. This callback

| | function was specified in the

| | | usbdi_ldd_intfc_ops_t data

: @ : structure

| |

1 1

|
|
|
|
|
|
|
|
|

The LDD may now communicate
with the device over the pipe channel(s)

vi

Figure 7: Opening an Interface

An LDD opens an interface by calling usbdi_intfc_open_req(), thus allocating the needed USB
bandwidth for all endpoints controlled by the interface.

Before the LDD may communicate with endpoints controlled by the interface, the LDD shall
create a pipe channel for each endpoint by calling udi_channel_spawn() for each one. The channel
between the LDD and an endpoint is the communication pipe for that endpoint. Note that the
pipe channel for the default endpoint was already created by the LDD during the interface
binding sequence. Figure 7 shows the functional flow of an interface being opened.
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4.4.6 Closing an Interface

@
The CB from the operation that initiated
this sequence is converted to a generic

(2) control block using UDI_GCB()

If needed, the LDD allocates a CB of
type usbdi_intfc_close_cb_t.

udi _cb_al | oc( 4—[

ldd_intfc_cl ose_call,
gcb,
ch_i dx)

4)

S The LDD makes an interface
close request l

3
Upon completion, the UDI layer
calls the callback specified in the
alloc request above with the newly
allocated CB

‘ ushdi _intfc_cl ose_req()

i
i 7]

[

®)
The LDD calls N
udi_channel_close() for
each pipe channel

(5)
The USBD layer calls the
LDD-supplied function of type
ushdi_intfc_close_ack_op_t

I dd_intfc_cl ose_ack() <———— with a status and a CB.
- - - This function was specified in

\

udi _channel _cl ose()

|

| the usbdi_ldd_intfc_ops_t
| data structure
|
|

Y

Figure 8: Closing an Interface

The LDD closes endpoint pipes (channels) by calling udi_channel_close() and closes interface
channels by calling ushdi_intfc_close_req(). Figure 8 shows the flow of an interface being closed.
Once the interface has been closed, USB bandwidth that had been used by the pipes will be made
available to other interfaces.

After the LDD calls ushdi_intfc_close_req() the LDD may receive one or more UDI channel event
indications (UDI_CHANNEL_CLOSE type).
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4.4.7 Transferring Data

Once a pipe channel has been established between the LDD and an endpoint the LDD may issue
requests to the endpoint based on the endpoint type. An endpoint may be of the following types:
control, interrupt, bulk, or isochronous.

The following functions are used by the LDD based on the endpoint type: interrupt and bulk
endpoints use ushdi_intr_bulk_xfer_req(); control endpoints use usbdi_control_xfer_req(); and
isochronous endpoints use usbdi_isoc_xfer_req().

Although the functions used to transfer data differ depending on the endpoint type, the
procedure is the same.

1. The LDD sets up a control block describing the data to be transferred. The type of control
block is specific to the endpoint type. Only CBs for control endpoints contain a data transfer
direction. The transfer direction is implied by the endpoint direction for all other endpoint
types. Control blocks may be reused by LDDs.

2. The LDD calls the appropriate transfer function to initiate the transfer, thus relinquishing its
control of the CB and the associated data.

3. The LDD is informed of the request’s completion status via a completion routine supplied by
the LDD and specific to the control block type. There are two operation routines for each
“xfer_req()” function, one for completion with error and one for completion without error.
Upon receipt of the control block the LDD regains control of the CB.

Figure 9 shows the code flow for a data transfer between the LDD and the USB device’s endpoint.
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@
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Figure 9: Transferring Data
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4.4.8 Completing Requests

When a transfer operation completes the completion function provided by the LDD for the
specific control block type will be called. There are two completion operations, “ack” and “nak”.
Completion operation entry points are registered with the USBD as part of the
ushdi_ldd_pipe_ops_t. (See 4.4.1, “Logical-Device Driver Initialization”).

Once the completion function is called, the LDD has control of the CB and may examine the fields
of the structure.

The LDD may reuse the CB or may release it by calling udi_cb_free().

Transfer requests completing with an error shall have one of the following status values:

USBDI_STAT _STALL The device responded with a USB stall packet.

UDI_STAT _INVALID_STATE The pipe or interface is in the USBDI_STATE_IDLE state.

UDI_STAT_MISTAKEN_IDENTITY | The request is understood and implemented, but is
inappropriate for the channel or contains invalid values
in the CB.

UDI_STAT_ABORTED The request was successfully aborted as a result of
ushdi_xfer_abort_req(), usbdi_pipe_abort_req(), or
ushdi_intfc_abort_req().

UDI_STAT_TIMEOUT The timeout period for the request expired.

UDI_STAT _HW_PROBLEM A problem has been detected with the associated
hardware.

UDI_STAT_NOT_RESPONDING The device is not responding or is inaccessible. This may

be the case if three successive requests to the device were
not acknowledged.

UDI_STAT DATA _UNDERRUN The device transferred less data than requested.

UDI_STAT _DATA _OVERRUN The device attempted to transfer more data than
requested.

UDI_STAT DATA ERROR An error occurred during the data transfer. The error

may have been due to a bit stuffing error, data toggle
mismatch, unexpected packet ID, etc.
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4.4.9 Pipe State Control

Pipe channels between the LDD and the device’s endpoints are created by the LDD as described
in Section 4.4.5, “Opening an Interface.” When a pipe is first created, its state is initialized to
active. In this state the pipe is ready to accept requests to be queued and sent to the endpoint. If
a request completes with a status other than UDI_OK, the state of the pipe will be set by the
USBD to USBDI_STATE_STALLED. Pipes support the following states:

USBDI_STATE_ACTIVE The pipe will accept requests to be queued and will send requests
to the endpoint.

USBDI_STATE_STALLED | The pipe will accept requests to be queued but will not send
requests to the endpoint.

USBDI_STATE_IDLE The pipe will not accept requests to be queued and will not send
requests to the endpoint.

An LDD may set the state of a pipe with usbdi_pipe_state_set req() and may retrieve the state with
ushdi_pipe_state_get_req().

Note: The state of the default pipe can’t be changed and a usbdi_pipe_state_set _req() operation
performed on the default pipe channel is considered a no-op.

Note: Setting the pipe state does not affect the state of the endpoint.
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4.4.10 Interface State Control

Pipe’s state may also be manipulated as an interface group with the ushdi_intfc_state_set_req() and
ushdi_intfc_state_get_req(). When an LDD opens an interface, the interface state is initialized to
USBDI_STATE_ACTIVE. An interface may be in one of the following states:

USBDI_STATE_ACTIVE When used by ushdi_intfc_state_set_req() the interface and all
associated pipes will be moved to the active state regardless of the
prior state of any of the pipes’. When the USBDI_STATE_ACTIVE
state is returned by the ushdi_intfc_state_get req() function, the
interface is active although pipes controlled by the interface may
not be. The state of individual pipes (except for the default
endpoint pipe) may be changed by ushdi_pipe_state_set_req().

USBDI_STATE_STALLED | All associated pipes are in the USBDI_STATE_STALLED state. A
pipe’s state may not be modified by ushdi_pipe_state_set_req() while
the interface is in the USBDI_STATE_STALLED state. All pipes
controlled by the interface shall be manipulated as an interface
group while the interface state is USBDI_STATE_STALLED.

USBDI_STATE_IDLE All associated pipes are in the USBDI_STATE_IDLE state. A pipe’s
state may not be modified by usbdi_pipe_state _set req() while the
state of the interface is USBDI_STATE_IDLE. All pipes contained
by the interface shall be manipulated as an interface group while
the interface state is USBDI_STATE_IDLE.

Note: The state of the default endpoint pipe cannot be changed and is unaffected by
usbdi_intfc_state set req().

7 Note that it is the responsibility of the LDD to handle any endpoint stall conditions and clear
them as needed by calling usbdi_edpt_state_set_req().
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4.4.11 Endpoint State Control

When a device receives a request that either is not defined for the device, is inappropriate for the
current setting of the device, or has values that are not compatible with the request, the device
returns a STALL packet identifiers. The LDD shall perform a usbdi_edpt_state_set_req() with a
status of USBDI_STATE_ACTIVE to clear the device’s “endpoint halted” condition and to reset
the host controller’s data toggle after resolving the condition that caused the endpoint stall. See
the Universal Serial Bus Specification for more information on STALL, “endpoint halted”, and
data toggle.

4.4.12 Aborting Transfer Requests

During error recovery an LDD may choose to abort requests that have been queued to a pipe.
This may be accomplished with the following functions:

usbhdi_xfer_abort_req() | The transfer control block identified by the orig_tr_context field of the
ushdi_xfer_abort_cb_t will be aborted and returned to the LDD’s
completion function for that control block type with a status of
UDI_STAT_ABORTED. The pipe may be in any state when this function
is called and will be in the USBDI_STATE_STALLED state when this
function completes.

usbdi_pipe_abort_req() | All transfer control blocks queued to the pipe will be returned to the
LDD’s completion function for the transfer control block with a status of
UDI_STAT_ABORTED. The pipe may be in any state when this function
is called, and will be in the USBDI_STATE_STALLED state when the
pipe abort process completes.

ushdi_intfc_abort_req() | All transfer control blocks queued to all pipes of the interface are
returned to the LDD’s completion function for the transfer control block
with a status of UDI_STAT_ABORTED. The interface may be in any
state when this function is called, and will be in the
USBDI_STATE_STALLED state when the abort process completes.

The LDD shall clear stall conditions (see the Universal Serial Bus Core Specification) on USB
endpoints by calling ushdi_edpt_state_set _req(). It can obtain the state of the endpoint by calling
ushdi_edpt_state_get_req().

8 Refer to the Universal Serial Bus Specification for the meaning of this term.
June 21, 1999 31

For Review and Discussion Only. Draft Document Subject to Revision or Rejection.
Not For Publication or General Distribution.




Open Universal Serial Bus Driver Interface (OpenUSBDI) Specification
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Figure 10: Aborting Transfers

Figure 10 shows the functional flow involved in aborting a transfer request during error recovery.
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5 OpenUSBDI Metalanguage

The control block functions and function typedef’s described in this section define how the LDD

and the USBD communicate. Some of the OpenUSBDI operation functions use the same control
blocks such as the ushdi_misc_cb_t and the ushdi_state_cb_t. Other control blocks are specific for

particular operations. The following naming scheme is used for OpenUSBDI control blocks and
operation functions:

usbdi_XX_cb_init() Called by the LDD, when the LDD is initialized (from init_module()). It
sets up LDD specific values for the type of CB, such as the required
scratch size.

ushdi_XX_req() Called by the LDD to send the CB to the USBD.

ushdi_XX_req_op_t Function type for the USBD supplied function that will be called in
response to the LDD performing the usbdi_XX_req() call.

ushdi_XX_ack() Called by the USBD on completion of the operation.

ushdi_XX_ack _op_t Function type for the LDD supplied function that will be called on

completion of the operation.

ushdi_XX_nak() Called by the USBD when an operation completes with an error. Only
used for “xfer” operations.

ushdi_XX_nak_op_t Function type for the LDD supplied function that will be called when
an operation completes with an error. Only used for “xfer”
operations.

To perform a request, the LDD allocates a control block by calling udi_cb_alloc() with a CB specific
index argument. This is the same index value that was given to usbdi_XX_cb_init() at driver
initialization time.

The LDD sets up this CB and sends it to the USBD by calling usbdi_XX_req(). The LDD shall
provide a ushdi_XX_ack_op_t function that will be called when the operation completes.

ushdi_XX_req_op_t, ushdi_XX_ack(), and ushdi_XX_nak(), are provided for completeness. They
are used only by the USBD (not by the LDD) and are provided in open_usbdi.h (Appendix A:
Include File (open_usbdi.h)), but not described in the following sections. Their interface may be
derived by removing the first parameter of the callee-side entry point interface.
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5.1 Driver Registration
All LDDs shall register their interface and pipe operation functions with the UDI Management
Agent. These entry points are described by usbdi_ldd_intfc_ops_t and usbdi_ldd_pipe_ops_t. The
LDD registers these entry points with the UDI Management Agent by calling
ushdi_ldd_intfc_ops_init() and ushdi_Idd_pipe_ops_init()°.
This section contains descriptions for the following functions and typedefs:
ushdi_ldd_intfc_ops_t
ushdi_ldd_intfc_ops_init()

ushdi_ldd_pipe_ops_t

ushdi_ldd_pipe_ops_init()

5.1.1 usbdi_ldd_intfc_ops_t

/*

* Channel operation entry points for LDD side of bind channels
* and other USB interface channels.

*/

typedef struct {
udi _channel _event _ind_op_t
usbdi _bi nd_ack_op_t
usbdi _unbi nd_ack_op_t
usbdi _intfc_open_ack_op_t
usbdi _intfc_cl ose_ack_op_t
usbdi _frame_nunber _ack_op_t
usbdi _reset _devi ce_ack_op_t
usbdi _intfc_abort_ack_op_t

*udi _channel _event _i nd_op;
*usbdi _bi nd_ack_op;
*usbdi _unbi nd_ack_op;
*usbdi _i ntfc_open_ack_op;
*usbdi _i ntfc_cl ose_ack_op;
*usbdi _frame_nunber _ack_op
*usbdi _reset _devi ce_ack_op;
*usbdi _i ntfc_abort _ack_op;

usbdi _intfc_state_set_ack_op_t
usbdi _intfc_state_get_ack_op_t
usbdi _desc_ack_op_t

usbdi _devi ce_state_get _ack_op_t
usbdi _config_set_ack_op_t

usbdi _async_event _ind_op_t

} usbdi _ldd_intfc_ops_t;

*usbdi _intfc_state_set_ack_op;
*usbdi _intfc_state_get _ack_op;
*usbdi _desc_ack_op;

*usbdi _devi ce_state_get _ack_op;
*usbdi _confi g_set _ack_op;
*usbdi _async_event _i nd_op;

9 The equivalent USBD functions are not listed here but can be found in Appendix A.
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5.1.2 usbdi_ldd_intfc_ops_init()

usbdi_ldd_intfc_ops_init() — Called at least once by the LDD from init_module() to
register the LDD interface operation entry points with the UDI
Management Agent.

5.1.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef void
usbdi _Idd_intfc_ops_init(
udi _i ndex_t ops_i dx,
usbdi _ldd_intfc_ops_t *ops);

5.1.2.2 Arguments

udi_index_t ops_idx Index value that is to be associated with the interface related LDD
function operations.

usbdi_ldd_intfc_ops_t *ops | Pointer to structure containing LDD interface operation functions.

5.1.2.3 Description

ushdi_ldd_intfc_ops_init() is called by the LDD’s init_module() to register the LDD specific interface
operation entry points. These entry points are described in the following sections:
ushdi_bind_ack_op_t (Section 5.3.2), ushdi_unbind_ack _op_t (Section 5.4.2), ushdi_intfc_open_ack_op_t
(Section 5.5.2), ushdi_intfc_close_ack_op_t (Section 5.6.2), ushdi_frame_number_ack _op_t (Section
5.10.2), ushdi_reset_device_ack _op_t (Section 5.11.2), usbdi_intfc_abort_ack op_t (Section 5.14.2),
ushdi_intfc_state set_ack_op_t (Section 5.18.2), ushdi_intfc_state_get_ack op_t (Section 5.18.5),
ushdi_desc_ack_op_t (Section 5.20.4), ushdi_device_state get_ack op_t (Section 5.19.2),
ushdi_config_set_ack_op_t (Section 5.21.2), and ushdi_async_event_ind_op_t (Section 5.22.1).

Operations that the LDD will never perform may be set to the corresponding “unused” function.
For example, an LDD that will never perform a ushdi_reset_device_req() operation may set the
ushdi_reset_device_ack_op_t field of usbdi_ldd_intfc_ops_t to usbdi_reset_device_ack_unused(). See the
operation specific sections of this specification for details on “unused” functions.
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5.1.3 usbdi_ldd_pipe_ops_t

/*

* Channel

*/

typedef struct {

udi _channel _event _ind_op_t
usbdi _intr_bul k_xfer_ack_op_t
usbdi _intr_bul k_xfer_nak_op_t
usbdi _control xfer_ack_op_t
usbdi _i soc_xfer_ack_op_t
usbdi _i soc_xfer_nak_op_t
usbdi _xfer_abort_ack_op_t
usbdi _pi pe_abort _ack_op_t
usbdi _pi pe_state_set_ack_op_t
usbdi _pi pe_state_get _ack_op_t
usbdi _edpt _state_set _ack_op_t
usbdi _edpt _state_get _ack_op_t

} usbdi _| dd_pi pe_ops_t;

operation entry points

for LDD side of pipe channels.

*udi _channel _event _i nd_op;
*usbdi _i ntr_bul k_xfer_ack_op;
*usbdi _i ntr_bul k_xfer_nak_op;
*usbdi _control _xfer_ack_op;
*usbdi _i soc_xfer_ack_op;
*usbdi _i soc_xfer_nak_op
*usbdi _xfer_abort _ack_op;
*usbdi _pi pe_abort _ack_op;
*usbdi _pi pe_state_set _ack_op;
*usbdi _pi pe_state_get _ack_op;
*usbdi _edpt _state_set _ack_op;
*usbdi _edpt _state_get _ack_op;
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5.1.4 usbdi_ldd_pipe_ops_init()

usbdi_ldd_pipe_ops_init() — Called at least once by the LDD from init_module() to
register the LDD pipe operation functions with the UDI Management
Agent.

5.1.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef void
usbdi _| dd_pi pe_ops_init(
udi _i ndex_t ops_i dx,
usbdi _| dd_pi pe_ops_t *ops);

5.1.4.2 Arguments

udi_index_t ops_idx Index value that is to be associated with the pipe related LDD
function operations.

usbdi_Ildd_pipe_ops_t *ops | Pointer to structure containing LDD pipe operation functions.

5.1.4.3 Description

ushdi_ldd_pipe_ops_init() is called by the LDD’s init_module() to register the LDD specific pipe
operation functions. The individual pipe function operation typedefs are described in the
following sections: ushdi_intr_bulk_xfer_ack op_t (Section 5.7.4), ushdi_bulk_xfer_nak_op_t (Section
5.7.5), ushdi_control_xfer_ack_op_t (Section 5.8.4), ushdi_isoc_xfer_ack_op_t (Section 5.9.6),
ushdi_isoc_xfer_nak_op_t (Section 5.9.7), ushdi_xfer_abort_ack _op_t (Section 5.12.4),
ushdi_pipe_abort_ack_op_t (Section 5.13.2), ushdi_pipe_state_set ack op_t (Section 5.16.2),
ushdi_pipe_state_get_ack _op_t (Section 5.16.4), ushdi_edpt_state_set ack op_t (Section 5.17.2), and
ushdi_edpt_state_get _ack_op_t (Section 5.17.4).

Operations that the LDD will never perform may be set to the corresponding operation specific
“unused” function. For example, an LDD that will never perform a ushdi_isoc_xfer_req()
operation may set the ushdi_isoc_xfer_ack_op_t field of usbdi_ldd_pipe_ops_t to
ushdi_isoc_xfer_ack_unsued(). See the operation specific sections of this specification for details on
“unused” functions.
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5.2 Miscellaneous Control Block
The miscellaneous control block is used by many of the OpenUSBDI operations.
This section contains descriptions for the following function and typedef:

- ushdi_misc_cb_t

- ushdi_misc_cb_init()

5.2.1 usbdi_misc_cb _t
typedef struct {
udi _cb_t gcb;

} usbdi _msc_cb_t;
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5.2.2 usbdi_misc_cb_init()

usbdi_misc_cb_init() — Called at least once by the LDD from init_module() to set the
requirements for the usbdi_misc_cb_t.

5.2.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

voi d usbdi _m sc_cb_init(

udi i ndex_t cb_i dx,
udi _size_t scratch_requirenent );

5.2.2.2 Arguments

udi_index_tcb_idx Index value to be associated with the usbhdi_misc_cb_t.

udi_size_t scratch_requirement | Scratch space size (in bytes) for the usbdi_misc_cb_t that the
LDD associates with cb_idx.

5.2.2.3 Description

The function ushdi_misc_cb_init() is called at least once by the LDD from init_module(). There is no
callback or return value. The result is:

The association by the Management Agent of the given cb_idx with the usbdi_misc_cb_t. This
allows the LDD to allocate the ushdi_misc_cb_t by calling udi_cb_alloc() with an index value of
cb_idx.

The scratch space size of the ushdi_misc_cb_t associated with cb_idx will be set to
scratch_requirement.
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5.3 Driver Binding
This group of functions allow an LDD to be bound to a USB logical-device.
This section contains descriptions for the following function and typedef:

ushdi_bind_req()

ushdi_bind_ack_op_t
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_bind_req_op_t

ushdi_bind_ack()
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5.3.1 ushdi_bind_req()

usbdi_bind_req() — Called by the LDD to bind a UDI channel to a USB logical-device.

5.3.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _bi nd_req(
udi _channel _t bi nd_channel,
usbdi _m sc_cb_t *cb);

5.3.1.2 Arguments

udi_channel_t bind_channel | Channel of interface being bound.

usbdi_misc_cb_t *cb Pointer to control block that was allocated with udi_cb_alloc().

5.3.1.3 Description

ushdi_bind_req() is called by the LDD to bind UDI channel(s) to a USB logical-device. This
function shall be called before any requests may be issued to the logical-device. The bind process
is complete when the LDD’s ushdi_bind_ack _op_t function is called.
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5.3.2 usbdi_bind_ack_op_t

usbdi_bind_ack_op_t - typedef for LDD supplied function called by the USBD in
response to a usbdi_bind_req() call.

5.3.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef

voi d usbdi _bi nd_ack_op_t(
usbdi _msc _ch_t *cb,
udi _index_t n_intfc,
udi _status_t status);

5.3.2.2 Arguments

usbdi_misc_cb_t *cb | Pointer to control block containing data that was passed to
ushdi_bind_req().

udi_index_t n_intfc Number of interfaces that the LDD is in control of. Each interface shall be
bound before it may be used.

udi_status_t status See table below.

RETURNED STATUS DESCRIPTION
UDI_OK Bind request completed properly.

UDI_STAT_INVALID_STATE A channel for the logical-device has already been
bound.

5.3.2.3 Description

The LDD shall supply a ushdi_bind_ack_op_t function in its usbdi_ldd_intfc_ops_t. This function is
called in response to the LDD calling usbdi_bind_req(). Once the LDD’s bind_ack() function is
called, the LDD shall spawn its end of the default endpoint channel. The LDD may then use the
USB interface channel that was just bound. If there are more than one interface (n_intfc is greater
than one), the LDD shall also spawn its end of all additional interface channels. Spawn index
zero (““0”) shall be used for the default endpoint’s channel; spawn index one (“1”) shall be used
for the first additional interface channel; spawn index two (“2”) for the next one; and so on.
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5.4 Driver Unbinding
This group of functions allow an LDD to be unbound from a USB logical-device.
This section contains descriptions for the following function and typedef:

ushdi_unbind_req()

ushdi_unbind_ack_op_t
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_unbind_req_op_t

ushdi_unbind_ack()
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5.4.1 usbdi_unbind_req()

usbdi_unbind_req() — Called by the LDD to unbind a UDI channel from a USB logical-
device.

5.4.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _unbi nd_req(
udi _channel _t bi nd_channel,
usbdi _m sc_cb_t *cb);

5.4.1.2 Arguments

udi_channel_t bind_channel | Channel of logical-device being unbound.

usbdi_misc_cb_t *cb Pointer to control block that was allocated with udi_cb_alloc().

5.4.1.3 Description

ushdi_unbind_req() is called by the LDD to unbind a UDI channel from a USB logical-device. All
pending requests must be completed and no new requests may be issued to the logical-device
once this function is called. The unbind process is complete when the LDD’s
ushdi_unbind_ack_op_t function is called.

The LDD is responsible for closing its end of the default pipe channel and all interface channels
other than the first one (the bind channel).
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5.4.2 usbdi_unbind_ack_op_t

usbdi_unbind_ack_op_t — typedef for LDD supplied function called by the USBD in
response to a usbdi_unbind_req() call.

5.4.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef

voi d usbdi _unbi nd_ack_op_t(
usbdi _m sc _ch_t *cb,
udi _status_t status);

5.4.2.2 Arguments

usbdi_misc_cb_t *cb | Pointer to control block containing data that was passed to
ushdi_unbind_req().

udi_status_t status See table below.

RETURNED STATUS DESCRIPTION
UDI_OK Unbind request completed properly.

UDI_STAT_INVALID_STATE  An interface channel has not been closed.

5.4.2.3 Description

The LDD shall supply a ushdi_unbind_ack_op_t function in its ushdi_ldd_intfc_ops_t. This function
is called in response to the LDD calling ushdi_unbind_req().

All interface channels controlled by the LDD shall be closed before a usbdi_unbind_req() is
performed (See Section 5.6, “Closing an Interface”).

The LDD is responsible for closing its end of the default pipe channel and all interface channels
other than the first one (the bind channel).
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5.5 Opening an Interface

Opening an interface results in the allocation of bandwidth for all pipes in the interface by the
USBD. The LDD may open the default interface or a valid alternate interface using
ushdi_intfc_open_req(). If the interface being opened is the default interface, alternate_intfc shall be
set to zero. If an alternate interface is being opened, alternate_intfc shall be set to the alternate
interface number, as found in the usb_interface_descriptor_t, for the interface that has been bound
to the LDD.

This section contains descriptions for the following function and typedef:

ushdi_intfc_open_req()

ushdi_intfc_open_ack_op_t
The following function and typedef are used only by the USBD (not by the LDD). Callee-side
interfaces may be derived from the caller-side interfaces by removing the first parameter, and
vice versa. They are not described in this specification, but are included in “Appendix A: Include
File (open_ushdi.h)” for completeness:

ushdi_intfc_open_req_op_t

ushdi_intfc_open_ack()
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5.5.1 ushdi_intfc_open_req()

ushdi_intfc_open_req() — Called by the LDD to open a USB interface.

5.5.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _i ntfc_open_req(
udi _channel _t intfc_channel,
usbdi _msc _ch_t *cb,
udi _ubit8 t alternate_ intfc,
udi _ubit8_t open_flag );

5.5.1.2 Arguments

udi_channel intfc_channel UDI channel for USB interface that is being opened.

usbdi_misc_cb_t *cb Pointer to control block that was allocate by udi_cb_alloc() with
the cb_idx value that was given to ushdi_misc_cb_init().

udi_ubit8_t alternate_intfc Alternate interface number to open, zero if default interface.

udi_ubit8_t open_flag Flags providing additional details for the interface open request.
See table below.

OPEN_FLAG VALUES DESCRIPTION

USBDI_INTFC_OPEN_ASYNC _EVENT TheLDD is prepared to accept asynchronous
notifications as described in Section 5.21.3
“Asynchronous Events’.

5.5.1.3 Description

ushdi_intfc_open_req() is called by the LDD to allocate USB bandwidth for the interface and to
open the USBD end of the pipe channels. This function shall be called before the LDD may bind
its end of the pipe channels for the USB endpoints controlled by the interface.
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5.5.2 usbdi_intfc_open_ack _op_t

ushdi_intfc_open_ack_op_t - typedef for LDD supplied function called by the USBD
on completion of an open interface operation.

5.5.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef

voi d usbhdi _intfc_open_ack_op_t(
usbdi _msc _ch_t *cb,
udi _i ndex_t n_edpt,
udi _status_t status );

5.5.2.2 Arguments

usbdi_misc_cb_t *cb | Pointer to control block containing data that was passed to
ushdi_intfc_open_req().

udi_index_t n_edpt Number of endpoints (not including the default endpoint) that are
associated with this interface.

udi_status_t status See table below.

RETURNED STATUS DESCRIPTION
UDI_OK Interface open request completed properly.

USBDI_STAT_NOT_ENOUGH_BANDWIDTH  There was not enough available bandwidth
on the USB to open thisinterface.

UDI_STAT_NOT_RESPONDING The device is not responding or is
inaccessible.
UDI_STAT_MISTAKEN_IDENTITY The aternate_intfc value given to
usbdi_intfc_open_req() was invalid.
UDI_STAT INVALID_STATE The interface was aready opened.
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5.5.2.3 Description

The LDD shall supply a ushdi_intfc_open_ack_op_t function in its usbdi_ldd_intfc_ops_t. This
function is called in response to the LDD’s calling ushdi_intfc_open_req(). Once the LDD’s
intfc_open_ack _op_t operation is called with a status of UDI_OK, the LDD may proceed with
spawning its end of channels (creating pipes) for each endpoint controlled by the interface by
calling udi_channel_spawn()!°. Note that the LDD already spawned a channel for the default
interface when the driver was bound (See section 5.3.2, usbdi_bind_ack_op_t). The spawn index
for the first endpoint is one (“1”); the spawn index for the second endpoint is two (“2”); and so
on.

The LDD shall either free the usbdi_misc_ch_t by calling udi_cb_free() or reuse the CB.

10 See sample driver in Appendix B for an example.
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5.6 Closing an Interface

Closing a USB interface results in all bandwidth for the interface being released and made
available to other USB interfaces.

This section contains descriptions for the following function and typedef:

ushdi_intfc_close_req

ushdi_intfc_close_ack op_t
The following function and typedef are used only by the USBD (not by the LDD). Callee-side
interfaces may be derived from the caller-side interfaces by removing the first parameter, and
vice versa. They are not described in this specification but are included in “Appendix A: Include
File (open_ushdi.h)” for completeness:

ushdi_intfc_close_req_op_t

ushdi_intfc_close_ack()
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5.6.1 ushdi_intfc_close_req()

ushdi_intfc_close_req() — Called by the LDD to close a USB interface.

5.6.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _intfc_cl ose_req(
udi _channel _t intfc_channel,
usbdi _m sc_cb_t *cb );

5.6.1.2 Arguments

udi_channel_t intfc_channel Channel of interface being closed.

usbdi_misc_cb_t *cb Pointer to control block that was allocated by udi_cb_alloc() with
the cb_idx value that was given to usbdi_misc_cb_init().

5.6.1.3 Description

ushdi_intfc_close_req() is called by the LDD to request that the USBD release all USB bandwidth
reserved for the interface and to close the USBD end of the pipe channels. Once the LDD calls
ushdi_intfc_close_req() it may receive UDI channel event indications (UDI_CHANNEL_CLOSE)
for the pipe channels. The LDD is responsible for closing its end of the pipe channels after its
ushdi_intfc_close_ack_op_t is called.

The LDD shall not have outstanding requests to any pipe channels and shall not perform pipe
channel operations once ushdi_intfc_close_req() has been called.
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5.6.2 ushdi_intfc_close_ack_op_t

usbdi_intfc_close_ack_op_t — typedef for LDD supplied function called by the USBD
on the completion of the close of a USB interface operation.

5.6.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef

voi d usbdi _intfc_close_ack_op_t(
usbdi _msc _ch_t *cb,
udi _status_t status );

5.6.2.2 Arguments

usbdi_misc_cb_t *cb Pointer to control block containing data that was passed to
ushdi_intfc_close_req().

udi_status_t status See table below.
RETURNED STATUS DESCRIPTION
UDI_OK Interface close request completed properly.

UDI_STAT_INVALID_STATE Interface has already been closed.

5.6.2.3 Description

The LDD shall supply a ushdi_intfc_close_ack_op_t function in its usbdi_ldd_intfc_ops_t. This
function is called in response to the LDD’s calling usbdi_intfc_close_req(). The interface is closed if
status is UDI_OK.

The LDD is responsible for closing its end of the pipe channels after usbdi_intfc_close_ack _op_t is
called by calling udi_channel_close() for each channel.

The LDD shall either free the usbdi_misc_cb_t by calling udi_cb_free() or reuse the CB.
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5.7 USB Interrupt and Bulk Transfer Requests
This section contains descriptions for the following control block, functions, and typedefs:

ushdi_intr_bulk_xfer cb t

ushdi_intr_bulk_xfer_cb_init()

ushdi_intr_bulk_xfer_req()

ushdi_intr_bulk_xfer_ack op_t

ushdi_intr_bulk_xfer_nak_op_t

ushdi_intr_bulk_xfer_ack_unused()

ushdi_intr_bulk_xfer_nak_unused()
The following functions and typedef are used only by the USBD (not by the LDD). Callee-side
interfaces may be derived from the caller-side interfaces by removing the first parameter, and
vice versa. They are not described in this specification but are included in “Appendix A: Include
File (open_ushdi.h)” for completeness:

ushdi_intr_bulk_xfer_req_op_t

ushdi_intr_bulk_xfer_ack()

ushdi_intr_bulk_xfer_nak()

Bulk endpoints are only used by full speed USB devices. See the Universal Serial Bus
Specification for more information.

5.7.1 ushdi_intr_bulk xfer cb t
typedef struct {
udi _cb_t gcb; /* UDI generic control block */

/*
* Context pointer for this transfer request. Used by
* usbdi _xfer_abort_cb_ t to uniquely identify the control bl ock.
*/

void *tr_context;

/*
* data _buf and data | en
*

* data buf is set to refer to the buffer where the data
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*wWill be transferred to/from The LDD sets the data len field
* to the maxi mum nunber of bytes that may be transferred. To

* specify a zero length data transfer the data_l en shall be set
* by the LDD to zero and data buf will be set to NULL_BUF.

* |f the data _|len is non-zero, the

* data _buf shall be set to a valid buffer handle.

*
*

On completion, the USBD sets the data len field with the
* actual nunber of bytes transferred.
*/
udi _buf t data_buf;
udi _size t data_len;

/
Request tineout value in mlliseconds. Request tineout
peri ods begin when the USBD receives the transfer control
bl ock and NOT when the host controller issues the

request to/fromthe device. A tineout value of zero
specifies an infinite tineout period. |If a request tines
out, it will be conpleted by the USBD with a status of

UDI _STAT_TI MEQUT. The associated pipe will be left in the
USBDI _STATE_STALLED st at e.

E R T .

*

*/
udi _ubit32_t tineout;

/
Fl ags specific to this request. The only valid flag for
interrupt and bul k requests is USBD _XFER SHORT_ (X t hat
specifies a final transfer count that is |less than data_len
wi I | NOT generate an error and will NOT stall the
pipe. Note that the direction of the data is inplied in the
* direction of the endpoint.
*/
udi _ubit8_t xfer_fl ags;
#def i ne USBDl _XFER SHORT_CK (1<<0)

E I T T

} usbdi _intr_bul k_xfer_cb_t;
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5.7.2 usbdi_intr_bulk_xfer_cb_init()

usbdi_intr_bulk_xfer_cb_init() — Called at least once by the LDD from init_module() to
set the requirements for usbdi_intr_bulk_xfer_cb_t if the LDD is going
to use the usbdi_intr_bulk xfer cb_t.

5.7.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _intr_bul k_xfer_cb_init(

udi i ndex_t cb_i dx,
udi _size_t scratch_requirenment );

5.7.2.2 Arguments

udi_index_tcb_idx Index value to be associated with the usbdi_intr_bulk_xfer_cb_t.

udi_size_t scratch_requirement | Scratch space size (in bytes) needed by the LDD for the
ushdi_intr_bulk_xfer cb_t.

5.7.2.3 Description

The function ushdi_intr_bulk_xfer_cb_init() is called at least once by the LDD from init_module() if
the LDD is going to use the ushdi_intr_bulk_xfer_cb_t. There is no callback or return value. The
result is:

The association by the Management Agent of the given cb_idx with the
ushdi_intr_bulk_xfer_cb_t. This allows the LDD to allocate the usbdi_intr_bulk_xfer_cb_t by
calling udi_cb_alloc() with an index value of cb_idx.

The scratch space size for the ushdi_intr_bulk_xfer_cb_t will be set to scratch_requirement.
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5.7.3 usbdi_intr_bulk_xfer_req()

ushdi_intr_bulk_xfer_req() — Called by the LDD to initiate a transfer with an interrupt
or bulk endpoint.

5.7.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _i ntr_bul k_xfer_req(
udi _channel _t pi pe_channel ,
usbdi _intr_bul k_xfer_cb_t *cb );

5.7.3.2 Arguments

udi_channel_t pipe_channel Channel for the pipe connecting the LDD with the interrupt or
bulk endpoint.

usbdi_intr_bulk xfer cb_t*cb | Pointer to control block that was allocated by udi_cb_alloc() with
the cb_idx value that was given to ushdi_intr_bulk_xfer_cb_init().

5.7.3.3 Description

ushdi_intr_bulk_xfer_req() is called by the LDD to transfer data with an interrupt or bulk endpoint.
The pipe described by pipe_channel shall have been spawned by the LDD with a call to
udi_channel_spawn(). The direction of the transfer is inherent in the type of endpoint.

The data_len field of the CB specifies the number of bytes to transfer. It shall be set to zero if no
data is to be transferred. It shall be set to a positive, non-zero value if data is to be transferred.

The data_buf field is set to a handle for the buffer that contains or will contain the data. If data_len
is zero, data_buf shall be set to NULL_BUF. For output, data_buf shall contain data_len bytes of
valid data. For input, data_buf shall contain zero (“0”) bytes of valid data.

The timeout field specifies the number of milliseconds that may pass from the time the CB is
received by the USBD until the time the CB is passed to ushdi_intr_bulk_xfer_ack op_t. This value
may be zero (“07) if an infinite timeout period is needed. In this case, the USBD will never time
out the request, although the CB may still be aborted by the LDD. (See Section 5.11.3, “Aborting
a Transfer”.)

The xfer_flags field may be set to zero (*0”) or USBDI_XFER_SHORT_OK. If
USBDI_XFER_SHORT_OK is set and the device transfers less than data_len bytes, the request will
complete without an error and the LDD’s ushdi_intr_bulk_xfer_ack_op_t function will be called.
See Section 5.7.4, ushdi_intr_bulk_xfer_ack op_t, for more information.
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The tr_context field of the CB shall be set by the LDD to a value that is unique and not duplicated
by CBs currently outstanding or queued to pipe_channel. This unique value may be a pointer to
a structure private to the LDD that is specific to the request. The tr_context value is used by
ushdi_xfer_abort_req() to identify the transfer control block being aborted.

The USBD may queue the request on the pipe if the pipe’s state is USBDI_STATE_ACTIVE or
USBDI_STATE_STALLED. The request will be sent to the endpoint if the pipe’s state is
USBDI_STATE_ACTIVE. See Section 5.16.3, usbdi_pipe_state_get _req(), for more information.
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5.7.4 usbdi_intr_bulk_xfer_ack_op_t
usbdi_intr_bulk_xfer_ack_op_t — typedef for LDD supplied function called by the

USBD on the completion of an interrupt or bulk transfer operation
without an error.

5.7.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

typedef void usbdi _intr_bul k_xfer_ack_op_t(
usbdi _intr_bul k_xfer_cb_t *cb );

5.7.4.2 Arguments

usbdi_intr_bulk_xfer_cb_t *cb | Pointer to control block containing data that was passed to
ushdi_intr_bulk_xfer_req().

5.7.4.3 Description

The LDD shall supply a ushdi_intr_bulk_xfer_ack_op_t function in its usbdi_ldd_pipe_ops_t. This
function is called by the USBD in response to the LDD’s calling usbdi_intr_bulk_xfer_req() on
completion of the operation without an error.

If USBDI_XFER_SHORT_OK was set in the xfer_flags of the CB, then data_len shall be examined
by the LDD to determine the actual number of bytes transferred.

If the direction of the data flow of the pipe channel is from the LDD to the device, the data_buf of
CB shall be set to NULL_BUF by the USBD and the buffer shall be freed or reused by the USBD.
The LDD shall no longer use the buffer that had been used to set up the data_buf field of
ushdi_intr_bulk_xfer cb_t.

The LDD shall either free the usbdi_intr_bulk_xfer_cb_t by calling udi_cb_free() or reuse the CB for
another call to ushdi_intr_bulk_xfer_req().
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5.7.5 usbdi_intr_bulk_xfer_nak_op_t

usbdi_intr_bulk_xfer_nak_op_t — typedef for LDD supplied function called by the
USBD on the completion of an interrupt or bulk transfer operation
with an error.

5.7.5.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

typedef void usbdi _intr_bul k_xfer_nak_op_t(

usbdi _intr_bul k xfer _cb_t *cb,
udi _status_t status );

5.7.5.2 Arguments

usbdi_intr_bulk_xfer_cb_t*cb | Pointer to control block containing data that was passed to
ushdi_intr_bulk_xfer_req().

udi_status_t status See table below.
RETURNED STATUS DESCRIPTION
USBDI_STAT STALL The device responded with a USB stall.
UDI_STAT_ABORTED The request was successfully aborted as a result of

usbdi_xfer_abort_req(), usbdi_pipe abort_req(), or
usbdi_intfc_abort_req().

UDI_STAT INVALID_STATE The pipeisin the USBDI_STATE_IDLE state.
UDI_STAT_DATA_OVERRUN The device attempted to transfer more data than
requested.

UDI_STAT DATA_UNDERRUN The device transferred less data than requested and
USBDI_XFER_SHORT_OK was not set.

UDI_STAT_TIMEOUT The timeout period for the request expired.
UDI_STAT_NOT_RESPONDING The device is not responding or isinaccessible.

UDI_STAT_DATA_ERROR An error occurred during the data transfer. The error
may have been due to a bit stuffing error, data toggle
mismatch, unexpected packet 1D, etc.

June 21, 1999 59

For Review and Discussion Only. Draft Document Subject to Revision or Rejection.
Not For Publication or General Distribution.




Open Universal Serial Bus Driver Interface (OpenUSBDI) Specification

UDI_STAT_MISTAKEN_IDENTITY A fieldin the CB isinvalid.

5.7.5.3 Description

The LDD shall supply a ushdi_intr_bulk_xfer_nak_op_t function in its ushdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling ushdi_intr_bulk_xfer_req() when the operation
completes with an error.

The state of the pipe will be set to USBDI_STATE_STALLED before this function is called. See
Section 5.16, “Getting and Setting Pipe States”, for more information.

The data_buf value of CB shall be unchanged by the USBD. The data_buf is now owned by the
LDD.

The LDD shall either free the usbdi_intr_bulk_xfer_cb_t by calling udi_cb_free() or reuse the CB for
another call to ushdi_intr_bulk_xfer_req().
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5.7.6 ushdi_intr_bulk xfer_ack unused()

usbdi_intr_bulk_xfer_ack_unused() - Used by the LDD to specify to the USBD that it
will never perform a usbdi_intr_bulk_xfer_req().

5.7.6.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _intr_bul k_xfer_ack_op_t usbdi _intr_bul k_xfer_ack_unused;
5.7.6.2 Description

ushdi_intr_bulk_xfer_ack_unused() maybe used in the usbdi_ldd_pipe_ops_t as the
ushdi_intr_bulk_xfer_ack_op if the LDD will never call usbdi_intr_bulk_xfer_req().

5.7.7 ushdi_intr_bulk xfer _nak unused()

usbdi_intr_bulk_xfer_nak_unused() - Used by the LDD to specify to the USBD that it
will never perform a usbdi_intr_bulk_xfer_req().

5.7.7.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

usbdi _intr_bul k_xfer_nak_op_t usbdi _intr_bul k_xfer_nak_unused;
5.7.7.2 Description

ushdi_intr_bulk_xfer_nak_unused() maybe used in the ushdi_ldd_pipe_ops_t as the
ushdi_intr_bulk_xfer_nak_op if the LDD will never call ushdi_intr_bulk_xfer_req().
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5.8 USB Control Transfer Requests
This section contains descriptions for the following control block, functions, and typedefs:
ushdi_control_xfer cb t
ushdi_control_xfer_cb_init()
ushdi_control_xfer_req()
ushdi_control_xfer_ack op_t
ushdi_control_xfer_ack_unused()
The following function and typedef are used only by the USBD (not by the LDD). Callee-side
interfaces may be derived from the caller-side interfaces by removing the first parameter, and
vice versa. They are not described in this specification but are included in “Appendix A: Include
File (open_ushdi.h)” for completeness:

ushdi_control_xfer_req_op_t

ushdi_control_xfer_ack()

5.8.1 usbdi_control_xfer_cb_t
typedef struct {
udi _cb_t gcb; /* UDI generic control block */

/*
* Context pointer for this transfer request. Used by
* usbdi _xfer_abort_cb t to uniquely identify the control bl ock.
*/

void *tr_context;

/*
* The “request” union is provided to support control endpoints
* other than the default that may not use the usb_device_request _t
* request format. This is the data that will be sent to the
* device during the set up phase of the control request.
*/
uni on {
/* Used by the default endpoint */
usb_devi ce_request _t devi ce_request;
/* Used by control endpoints other than the default */
udi _ubit8_t request[8];
} request;
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/*
* data_buf and data_len
*
* data_buf points to the associated buffer to be used during the
* data phase transfer (if any). The LDD sets the data_len field
* to the maxi mum nunber of bytes that may be transferred during the
* data phase. To specify a zero length data transfer the data_l en
* shall be set by the LDD to zero and data_buf shall be set to
* NULL_BUF. |If the data_len is non-zero, data buf shall contain a
* valid handl e.
*
* On completion the USBD sets the data_len field with the actua
* nunber of bytes transferred.
*/

udi _buf t data_buf;
udi _size t data_len;

/
Request tineout value in mlliseconds. Request tinmeout periods
begi n when the USBD receives the control bl ock
and NOT when the host controller issues the request to the
device. A timeout value of zero specifies an infinite tinmeout
period. |If a request times out, it will be conpleted by the
USBD with a status of UDH _STAT _TI MEQUT. Non-default pipes will be
left in the USBDl _STATE STALLED state. Default pipe’'s state will
not be changed, remaining in the USBD _STATE ACTI VE st ate.

/

udi _ubit32_t tineout;

EE T T I T N

/
Fl ags specific to this control request. The LDD shall set
the direction of the transfer during the data phase (if any).
USBDI _XFER _SHORT_(OK (see usbdi _intr_bul k_xfer_cb t) is also

* avalid flag.

*/

udi _ubit8_t xfer_fl ags;
#define USBDI _XFER IN (1<<2) /* transfer data fromthe device */
#defi ne USBDI _XFER QUT (1<<3) /* transfer data to the device */

E I

} usbdi _control _xfer_cb_t;
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5.8.2 ushdi_control_xfer_cb_init()

usbdi_control_xfer_cb_init() — Called at least once by the LDD from init_module() to set
the requirements for the usbdi_control_xfer_cb_t if the LDD is going to
use a usbdi_control_xfer _cb _t.

5.8.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _control _xfer_cb_init(

udi i ndex_t cb_i dx,
udi _size_t scratch_requirenment );

5.8.2.2 Arguments

udi_index_tcb_idx Index value to be associated with the usbdi_control_xfer_cb_t.

udi_size_t scratch_requirement | Scratch space size (in bytes) needed by the LDD for the
ushdi_control_xfer cb_t.

5.8.2.3 Description

The function ushdi_control_xfer_cb_init() is called at least once by the LDD from init_module() if the
LDD uses a ushdi_control_xfer _cb_t. There is no callback or return value. The result is:

The Management Agent associates the given cb_idx with the usbdi_control_xfer_cb_t. This
allows the LDD to allocate the usbdi_control_xfer_cb_t by calling udi_cb_alloc() with an index
value of cb_idx.

The scratch space size for the ushdi_control_xfer_cb_t will be set to scratch_requirement. Once
a usbdi_control_xfer_cb_t is allocated, a buffer of size scratch_requirement number of bytes is
available for use by the LDD. This buffer is located in gcb.scratch of usbdi_control_xfer_cb_t.
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5.8.3 ushdi_control_xfer_req()

ushdi_control_xfer_req() — Called by the LDD to initiate a transfer with a control
endpoint.

5.8.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _control _xfer_req(

udi _channel _t pi pe_channel ,
usbdi _control _xfer_cb_t *cb );

5.8.3.2 Arguments

udi_channel_t pipe_channel | Channel for the pipe connecting the LDD with the control
endpoint.

usbdi_control_xfer _cb_t *cb Pointer to control block that was allocated by udi_cb_alloc() with
the cb_idx value that was given to ushdi_control_xfer_cb_init().

5.8.3.3 Description

ushdi_control_xfer_req() is called by the LDD to communicate with a control endpoint. This may
be the default endpoint or any other control endpoint.

If the CB is being sent to the default endpoint, the request shall be set up using the
usb_device_request_t. If the CB is being sent to a control endpoint other than the default, the LDD
may use either the usb_device_request_t or the request array. Regardless, the number of bytes in
the request shall total eight. (See the Universal Serial Bus Specification for more information on
control device requests.)

The data_len field specifies the number of bytes to transfer. It may be set to zero (“0”) if no data is
to be transferred. It shall be set to a positive, non-zero value if data is to be transferred.

The data_buf field of the CB points to the buffer that contains or will contain the data. If data_len
is zero (““07), data_buf shall be set by the LDD to NULL_BUF. If data_len is greater than zero,
data_buf shall point to a buffer that is large enough to accommodate data_len bytes.

The timeout field of the CB specifies the number of milliseconds that may pass from the time the
CB is received by the USBD until the time the CB is passed to ushdi_control_xfer_ack op_t. This
value may be zero (“07) if an infinite timeout period is needed. In this case, the USBD will never
time out the request.
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The xfer_flags field of the CB shall be set to zero (“0”), USBDI_XFER_SHORT_OK,
USBDI_XFER_IN, and/or USBDI_XFER_OUT. USBDI_XFER_IN specifies that, during the data
phase of the control transfer, data will be transferred from the device to data_buf.
USBDI_XFER_OUT specifies that, during the data phase, data will be transferred from data_buf to
the device. If data_len is greater than zero, USBDI_XFER_IN or USBDI_XFER_OUT shall be set
(only one may be set). If USBDI_XFER_SHORT_OK is set, and the device transfers less than
data_len bytes, the control block will complete with a status of UDI_OK. See Section 5.8.4,
ushdi_control_xfer_ack_op_t, for more information.

The tr_context field of the CB shall be set by the LDD to a value that is unique and not duplicated
by other CBs that the LDD queues to pipe_channel. This unique value may be a pointer to a
structure private to the LDD that is specific to the request. The tr_context value is used by
ushdi_xfer_abort_req() to identify the transfer control block being aborted.

The USBD may queue the request on the pipe if the pipe’s state is USBDI_STATE_ACTIVE or
USBDI_STATE_STALLED. The request will be sent to the endpoint if the pipe’s state is
USBDI_STATE_ACTIVE. See Section 5.16.3, ushdi_pipe_state_get_req(), for more information.
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5.8.4 ushdi_control_xfer_ack_op_t

usbdi_control_xfer_ack_op_t — typedef for LDD supplied function called by the USBD

when a transfer to a control endpoint completes with or without an

error.

5.8.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef
voi d usbdi _control _xfer_ack_op_t(

usbdi _control xfer _cb_ t *cb,

udi _status_t status );

5.8.4.2 Arguments

usbdi_control_xfer_cb_t *cb | Pointer to the control block containing data that was passed to

ushdi_control_xfer_req().

udi_status_t status See table below.

RETURNED STATUS
UDI_OK
USBDI_STAT_STALL

UDI_STAT_ABORTED

UDI_STAT_INVALID_STATE

UDI_STAT_DATA_OVERRUN

UDI_STAT_DATA_UNDERRUN

UDI_STAT_TIMEOUT

UDI_STAT_NOT_RESPONDING

DESCRIPTION
The request completed without an error.
The device responded with a USB stall.

The request was successfully aborted as a result of
usbdi_xfer_abort_req(), usbdi_pipe_abort_req(), or
usbdi_intfc_abort_req().

The pipeisinthe USBDI_STATE_IDLE state.

The device attempted to transfer more data than
requested.

The device transferred |ess data than requested and
USBDI_XFER_SHORT_OK was not set.

The timeout period for the request expired.

The device is not responding or is inaccessible.
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UDI_STAT DATA_ERROR An error occurred during the data transfer. The error
may have been due to a bit stuffing error, data toggle
mismatch, unexpected packet ID, etc.

UDI_STAT_MISTAKEN_IDENTITY The CB contains afield with invalid data

5.8.4.3 Description

The LDD shall supply a ushdi_control_xfer_ack_op_t function in its usbdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling usbdi_control_xfer_req() when the operation
completes with or without an error.

If USBDI_XFER_SHORT_OK was set in the xfer_flags of the ushdi_control_xfer_ch_t, then data_len
shall be examined to determine the actual number of bytes transferred. In all cases, data_len will
contain the actual number of bytes transferred during the data phase.

It an error occurred the state of the pipe shall be set by the USBD to USBDI_STATE_STALLED
before this function is called. See Section 5.16, “Getting and Setting Pipe States”, for more
information.

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB for another call to
ushdi_control_xfer_req().
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5.8.5 ushdi_control_xfer_ack_unused()
usbdi_control_xfer_ack_unused() - Used by the LDD to specify to the USBD that it will
never perform a usbdi_control_xfer_req().
5.8.5.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _control xfer_ack _op_t usbdi _control _xfer_ack_unused;
5.8.5.2 Description

ushdi_control_xfer_ack_unused() maybe used in the usbdi_ldd_pipe_ops_t as the
ushdi_control_xfer_ack_op if the LDD will never call usbdi_control_xfer_req().
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5.9 USB Isochronous Transfer Requests
This section contains descriptions for the following functions and typedefs:

usbdi_isoc_frame_request_t
usbdi_isoc xfer cb t
usbdi_isoc_xfer_cb _init()
usbdi_isoc_xfer_req()

usbdi_isoc xfer_ack op t
usbdi_isoc_xfer_nak op t
usbdi_isoc_xfer_ack unused()
usbdi_isoc_xfer_nak_unused()

The following functions and typedef are used only by the USBD (not by the LDD). Callee-side
interfaces may be derived from the caller-side interfaces by removing the first parameter, and
vice versa. They are not described in this specification but are included in “Appendix A: Include
File (open_ushdi.h)” for completeness:

ushdi_isoc_xfer_req_op_t

ushdi_isoc_xfer_ack()

ushdi_isoc_xfer_nak()
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5.9.1 usbdi_isoc_frame_request_t

An array of structures of type ushdi_isoc_frame_request_t will be allocated automatically when the
ushdi_isoc_xfer_ch_tis allocated. The number of ushdi_isoc_frame_request_t structures contained by
this array is specified by the LDD at driver initialization time when it calls
ushdi_isoc_xfer_cb_init().

The ushdi_isoc_frame_request_t contains two fields, one describing the length of the data to be

transferred, and one that will receive the status of the transfer. Figure 11 shows this
arrangement.

usbdi_isoc_frame_request_t

frame_len

Entry 1

Entry 2
Entry 3

Entry n

Figure 11

5.9.2 ushdi_isoc_frame_request_t

typedef struct {
udi _size_ t frame_|en; /* Set by the LDD to the nunmber of bytes to
* transfer in the frane. Set by the USBD
* on conpletion with the actual nunber of
* pytes transferred in the frane.
*/
udi _status_t frame_status; /* Per frame status set by the USBD */
} usbdi _isoc_frane_request _t;
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5.9.3 ushdi_isoc_xfer_cb _t

typedef struct {

udi

/*
*
*
*/

Vol

/

E I T

*
*/
udi

/

* % o X F F

/

_cb_t gcb; /* UDI generic control block */

Context pointer for this transfer request. Used by
usbdi _xfer_abort_cb t to uniquely identify the control bl ock.

d *tr_context;

dat a_buf shall be set by the LDD to a valid buffer where data
will be transferred to/from This buffer shall be |arge enough
to store all data that will be transferred as described by the
frane_array.

_buf t data_buf;

The frame_array will be allocated automatically when the
usbdi _isoc xfer cb t is allocated. The frame len fields for
each valid elenent in the array shall be set by the LDD. It
is legal to specify a zero frame_| en val ue.

usbdi _i soc_franme_request _t *frane_array;

/

* % o

*
*/
udi

/

E o

*
*/
udi

franme_count is the nunber of valid entries in the frane_array.
This field is set by the LDD and may not exceed the maxi num numnber
of entries in the array (see usbdi _isoc_xfer_cb_init()).

_ubit8 t frame_count;

Fl ags specific to this request. The USBDI _XFER ASAP flag is

used to specify that the request may be started with the next
available frame. |If this flag is set, the frame_nunber field wll
be ignored by the USBD. The direction of the data is not specified
since the direction is inplied by the direction of the endpoint.
USBDI _XFER _SHORT_(OK (see usbhdi _intr_bul k xfer_cb t) is also a
valid flag.

_ubit8_t xfer_flags;

#defi ne USBDI _XFER ASAP (1<<4)

/

EE T T R

franme_nunber is set by the LDD to the frame nunber that this
request may begin with (see usbdi _frame_nunber_get _req()). It is
set by the USBD at request conpletion with the frane nunber at
conpletion time. This frame nunber is provided to allow LDDs to
synchroni ze requests queued to different isochronous pipes.
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*/
udi _ubit32_t frame_nunber;
} usbdi _isoc_xfer_cb_t;
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5.9.4 ushdi_isoc_xfer_cb_init()

usbdi_isoc_xfer_cb_init() — Called at least once by the LDD from init_module() to set up
the requirements for usbdi_isoc_xfer_cb_t if the LDD uses a
usbdi_isoc_xfer cb t.

5.9.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _isoc_xfer_cb_init(
udi i ndex_t cb_i dx,
udi _size_t scratch_requirenent,
udi _ubit8_ t n_frame_elem);

5.9.4.2 Arguments

udi_index_tcb_idx Index value to be associated with the ushdi_isoc_xfer_cb_t.

udi_size_t scratch_requirement | Scratch space size (in bytes) needed by the LDD for the
ushdi_isoc_xfer cb t.

udi_ubit8 t n_frame_elem Number of frames that will be available in the frame_array field
of the usbdi_isoc_xfer cb_t.

5.9.4.3 Description

The function ushdi_isoc_xfer_cb_init() is called at least once by the LDD from init_module() if the
LDD uses a ushdi_isoc_xfer_cb_t. There is no callback or return value. The result is:

The Management Agent associates the given cb_idx with the usbdi_isoc_xfer_cb_t. This allows
the LDD to allocate the ushdi_isoc_xfer_cb_t by calling udi_cb_alloc() with an index value of
cb_idx.

The scratch space size for the ushdi_isoc_xfer_cb_t will be set to scratch_requirement.

The number of elements in the frame_array of maximum number of usbdi_isoc_xfer_cb_t is set
to n_frame_elem.
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5.9.5 ushdi_isoc_xfer_req()

usbdi_isoc_xfer_req() — Called by the LDD to initiate a transfer with an isochronous
endpoint.

5.9.5.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d ushdi _i soc_xfer_req(
udi _channel _t pi pe_channel ,
usbdi _i soc_xfer_cb_t *cb );

5.9.5.2 Arguments

udi_channel_t pipe_channel | Channel for the pipe connecting the LDD with the isochronous
endpoint.

ushdi_isoc_xfer_cb_t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_isoc_xfer_cb_init().

5.9.5.3 Description

ushdi_isoc_xfer_req() is called by the LDD to transfer data with an isochronous endpoint. The pipe
described by pipe_channel shall have been spawned by the LDD with a call to
udi_channel_spawn(). The direction of the transfer is inherent in the type of endpoint.

The frame_array of the CB points to an array of usbdi_isoc_frame_request_t elements. The number
of elements in the array will be n_frame_elem (see Section 5.9.4, ushdi_isoc_xfer_cb_init()). The
LDD may set up zero to n_frame_elem of these elements. The frame_len field of each valid
element shall be set (a frame_len of zero (*07) is valid). The frame_status will be set by the USBD
(see Section 5.9.6, ushdi_isoc_xfer_ack op_t, for more information).

The data_buf of the CB shall point to a buffer that can accommodate the sum of the frame_len fields
from the frame_array. The data_buf shall be set to NULL_BUF by the LDD if the sum of the
frame_len fields is zero (“07).

The frame_count shall be set with the number of valid frames set up by the LDD in frame_array.

The USBD allows LDDs to synchronize requests based on a reference frame number (see Section
5.9.7, “USB Isochronous Frame Number Determination”, for more information). The LDD may
specify the frame number when a given request may be issued to the isochronous endpoint by
setting frame_number to a value using the value returned by usbdi_frame_number_get_req() as a
base. The LDD may specify that the request shall be issued right away by setting
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USBDI_XFER_ASARP in the xfer_flags field. In this case, frame_number will not be examined by the
USBD.

The tr_context field of the CB shall be set by the LDD to a value that is unique and not duplicated
by other CBs that the LDD queues to pipe_channel. This unique value may be a pointer to a
structure private to the LDD that is specific to the request. The tr_context value is used by
ushdi_xfer_abort_req() to identify the transfer control block being aborted.

The USBD may queue the control block on the pipe if the pipe’s state is USBDI_STATE_ACTIVE
or USBDI_STATE_STALLED. The USBD may issue the request to the endpoint if the state of the
pipe is USBDI_STATE_ACTIVE. See Section 5.16.3, ushdi_pipe_state_get_req(), for more
information.
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5.9.6 usbdi_isoc_xfer_ack_op_t

usbdi_isoc_xfer_ack_op_t — typedef for LDD supplied function called by the USBD
when an isochronous transfer operation completes without an error.

5.9.6.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef
voi d usbdi _i soc_xfer_ack_op_t(
usbdi _i soc_xfer_cb_t *cb );

5.9.6.2 Arguments

usbdi_isoc_xfer_cb_t *cb | Pointer to control block containing data that was passed to
ushdi_isoc_xfer_req().

5.9.6.3 Description

The LDD shall supply a ushdi_isoc_xfer_ack_op_t function in its usbhdi_ldd_pipe_ops_t. This function
is called in response to the LDD’s calling usbdi_isoc_xfer_req() when the operation completes
without an error.

The frame_number of CB will be set by the USBD with the reference frame number at the time
ushdi_isoc_xfer_ack_op_t is called.

Each entry in frame_array of CB may be examined by the LDD to determine the number of bytes
transferred during that frame and the status of the transfer.

If the data flow is from the device to data_buf and USBDI_XFER_SHORT_OK was set by the LDD
in the CB’s xfer_flags field the LDD shall examine frame_len of each element in the frame_array to
determine if, due to a short transfer, there are holes (missing or invalid data) in data_buf. If the
direction of the data flow of the pipe channel is from the LDD to the device, the data_buf of CB
shall be set to NULL_BUF by the USBD and the buffer shall be freed or reused by the USBD. The
LDD shall no longer use the buffer that had been used to set up the data_buf field of
ushdi_isoc_xfer _cbh t.

The LDD shall either free the CB by calling udi_cb_free() or reuse it for another call to
ushdi_isoc_xfer_req().
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5.9.7 usbdi_isoc_xfer_nak_op_t

usbdi_isoc_xfer_nak_op_t — typedef for LDD supplied function called by the USBD
when an isochronous transfer operation completes with an error.

5.9.7.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef

voi d usbdi _i soc_xfer_nak_op_t(
usbdi isoc _xfer _cb t *cb,
udi _status_t status );

5.9.7.2 Arguments

usbdi_isoc_xfer_cb_t *cb | Pointer to control block containing data that was passed to
ushdi_isoc_xfer_req().

udi_status_t status See table below.
RETURNED STATUS DESCRIPTION
UDI_STAT_ABORTED The request was successfully aborted as a result of
usbdi_xfer_abort_req(), usbdi_pipe_abort_req(), or
usbdi_intfc_abort_req().
UDI_STAT_HW_PROBLEM One or more entries in frame_array have an error.
UDI_STAT_INVALID_STATE The pipeisinthe USBDI_STATE_IDLE state.

UDI_STAT_MISTAKEN_IDENTITY A fieldinthe CB containsinvalid data.

5.9.7.3 Description

The LDD shall supply a usbdi_isoc_xfer_nak_op_t function in its ushdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling usbdi_isoc_xfer_req() when the operation
completes with an error.

The state of the pipe will be set to USBDI_STATE_STALLED by the USBD before this function is
called. See Section 5.16, “Getting and Setting Pipe States”, for more information.
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The frame_number will be set by the USBD with the reference frame number at the time
ushdi_isoc_xfer_ack_op_t is called.

Each entry in frame_array may be examined by the LDD to determine the number of bytes
transferred during that frame and the status of the transfer.

If the data flow is from the device to data_buf, the LDD shall examine frame_len of each element in
the frame_array to determine if, due to a short transfer, there are holes (missing or invalid data) in
data_buf. The frame_status shall also be examined to determine if the data received in each frame
is valid.

The frame_status of each usbdi_isoc_frame_request_t may contain the following:

FRAME STATUS DESCRIPTION
UDI_OK The frame transfer completed properly.
USBDI_STAT_STALL The device responded with a USB stall.

UDI_STAT DATA_OVERRUN The device attempted to transfer more data than requested.

UDI_STAT_DATA_UNDERRUN  The device transferred |ess data than requested and
USBDI_XFER_SHORT_OK was not set in the xfer_flags
field of the CB.

UDI_STAT_NOT_RESPONDING Thedeviceis not responding or isinaccessible.

UDI_STAT DATA_ERROR An error occurred during the data transfer. The error may
have been due to a bit stuffing error, data toggle mismatch,
unexpected packet ID, etc.

The LDD shall either free the CB by calling udi_cb_free() or reuse it for another call to
ushdi_isoc_xfer_req().
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5.9.8 ushdi_isoc_xfer_ack unused()

usbdi_isoc_xfer_ack_unused() - Used by the LDD to specify to the USBD that it will
never perform a usbdi_isoc_xfer_req().

5.9.8.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _i soc_xfer_ack _op_t usbdi _i soc_xfer_ack_unused;
5.9.8.2 Description

ushdi_isoc_xfer_ack_unused() maybe used in the ushdi_Idd_pipe_ops_t as the ushdi_isoc_xfer_ack_op if
the LDD will never call usbdi_isoc_xfer_req().

5.9.9 ushdi_isoc_xfer_nak_unused()

usbdi_isoc_xfer_nak_unused() - Used by the LDD to specify to the USBD that it will
never perform a usbdi_isoc_xfer_req().

5.9.9.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

usbdi _i soc_xfer_nak _op_t usbdi _i soc_xfer_nak_unused;
5.9.9.2 Description

ushdi_isoc_xfer_nak_unused() maybe used in the ushdi_ldd_pipe_ops_t as the usbdi_isoc_xfer_nak_op
if the LDD will never call ushdi_isoc_xfer_req().
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5.10 USB Isochronous Frame Number Determination
The following section describes typedefs and functions that provide the isochronous LDD the
ability to synchronize control blocks based on a time-based reference frame number. This frame
number may not be the actual frame number from the USB host controller. It is a pseudo-frame
number provided by the USBD that will allow isochronous LDDs to synchronize pipes that may
be on the same USB or on different USBs.
This section contains descriptions for the following functions and typedef:
ushdi_frame_number_req()
ushdi_frame_number_ack_op_t
ushdi_frame_number_ack_unused()
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_frame_number_req_op_t

ushdi_frame_number_ack()
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5.10.1 ushdi_frame_number_req()

usbdi_frame_number_req() — Called by the LDD to initiate a request to the USBD to
determine the current reference frame number.

5.10.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

voi d usbdi _frame_nunber _req(
udi _channel _t intfc_channel,
usbdi _m sc_cb_t *cb );

5.10.1.2 Arguments

udi_channel_t intfc_channel Channel for the interface.

usbdi_misc_cb_t *cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_misc_cb_init().

5.10.1.3 Description

ushdi_frame_number_req() is called by the LDD to determine the current reference frame number.
This frame humber might not be based on the actual USB host controller frame number. It
provides isochronous LDDs with the ability to synchronize control blocks that are sent to
different pipes.

This request does not generate any activity on the USB.
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5.10.2 usbhdi_frame_number_ack_op_t

usbdi_frame_number_ack_op_t — typedef for LDD supplied function called by the
USBD on completion of a request for the current reference frame
number.

5.10.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef
voi d usbdi _frame_nunber_ack_op_t(
usbdi _msc _ch_t *cb,
udi _ubit32_t frame_nunber );

5.10.2.2 Arguments

usbdi_misc_cb_t *cb Pointer to a control block containing data that was passed to
ushdi_frame_number_req().

udi_ubit32_t frame_number Reference frame number returned by the USBD.

5.10.2.3 Description

The LDD shall supply a usbdi_frame_number_ack_op_t function in its usbhdi_ldd_intfc_ops_t. This
function is called in response to the LDD’s calling usbdi_frame_number_req(). The result is
frame_number being set by the USBD with the current reference frame number.

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.10.3 ushdi_frame_number_ack_unused()

usbdi_frame_number_ack_unused() - Used by the LDD to specify to the USBD that it
will never perform a usbdi_frame_number_req().

5.10.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _frame_nunber _ack_op_t usbdi _frame_nunber_ack_unused;

5.10.3.2 Description

ushdi_frame_number_ack_unused() maybe used in the ushdi_ldd_intfc_ops_t as the
ushdi_frame_number_ack_op if the LDD will never call ushdi_frame_number_req().
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5.11 Resetting a Device
For specific information on LDD (or any driver) initialization within UDI refer to the
“Management Metalanguage” section of the UDI Core Specification. Note that performing a
reset of a USB device will cause the device to be re-enumerated, resetting the device to its default
configuration. This could cause the current LDDs for the device to be unbound.
This section contains descriptions for the following functions and typedef:
ushdi_reset_device_req()
ushdi_reset_device_ack op_t
ushdi_reset_device_ack_unused()
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_reset_device_req_op_t

ushdi_reset_device_ack()
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5.11.1 ushdi_reset_device req()

usbdi_reset_device_req() — Called by the LDD to initiate a reset of a USB device.

5.11.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _reset _devi ce_req(
udi _channel _t intfc_channel,
usbdi _m sc_cb_t *cb );

5.11.1.2 Arguments

udi_channel_t intfc_channel | Interface channel to which the device is bound to.

usbdi_misc_cb_t *cb Pointer to control block that was allocated with udi_cb_alloc() with
the cb_idx value that was given to ushdi_misc_cb_init().

5.11.1.3 Description

ushdi_reset_device_req() is called by the LDD to reset the USB port to which the device controlling
the interface associated with intfc_channel is attached. This function may only be used in the
most extreme error recovery paths. The result of the device being reset is that the device will be
set to its default configuration and the LDD(s) will be unbound (resulting in all channels being
closed) and rebound. Refer to the Universal Serial Bus Specification for more information on USB
device reset.
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5.11.2 usbhdi_reset_device_ack_op_t

usbdi_reset_device_ack _op_t — typedef for LDD supplied function called by the USBD
when a USB device reset operation completes.

5.11.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef
voi d usbdi _reset _devi ce_ack_op_t(
usbdi _m sc_cb_t *cb );

5.11.2.2 Arguments

usbdi_misc_cb_t *cb | Pointer to a control block containing data that was passed to
ushdi_reset_device_req().

5.11.2.3 Description

The LDD shall supply a ushdi_reset_device_ack_op_t function in its ushdi_ldd_intfc_ops_t. This
function is called in response to the LDD’s calling usbdi_reset_device_req().

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.11.3 ushdi_reset_device_ack_unused()

usbdi_reset_device_ack_unused() - Used by the LDD to specify to the USBD that it will
never perform a usbdi_reset_device_req().

5.11.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _reset _devi ce_ack _op_t usbdi _reset_devi ce_ack_unused;

5.11.3.2 Description

ushdi_reset_device_ack_unused() maybe used in the ushdi_ldd_intfc_ops_t as the
ushdi_reset_device_ack op if the LDD will never call ushdi_reset_device_req().
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5.12 Aborting a Transfer
This section contains descriptions for the following control block, functions, and typedefs:
ushdi_xfer_abort cb t
ushdi_xfer_abort_cb_init()
ushdi_xfer_abort_req()
ushdi_xfer_abort_ack_op_t
ushdi_xfer_abort_ack_unused()
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_xfer_abort_req_op_t

ushdi_xfer_abort_ack()

5.12.1 ushdi_xfer_abort_cb _t

typedef struct {

udi _cb_t gcb; /* UDI generic control block */
void *orig_tr_context; /* Context fromthe CB to be aborted */
void *tr_context; /* Context for the abort CB itself */

} usbdi _xfer_abort_cb_t;
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5.12.2 ushdi_xfer_abort_cb_init()

usbdi_xfer_abort_cb_init() — Called at least once by the LDD from init_module() to set
up the requirements of usbdi_xfer_abort_cb_t if the LDD uses the
usbdi_xfer_abort _cb t.

5.12.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

voi d usbdi _xfer_abort_cb_init(

udi i ndex_t cb_i dx,
udi _size_t scratch_requirenent );

5.12.2.2 Arguments

udi_index_tcb_idx Index value to be associated with the ushdi_xfer_abort_cb_t.

udi_size_t scratch_requirement | Scratch space size (in bytes) needed by the LDD for the
ushdi_xfer_abort _cb t.

5.12.2.3 Description

The function ushdi_xfer_abort_cb_init() is called at least once by the LDD from init_module() if the
LDD uses a ushdi_xfer_abort_cb_t. There is no callback or return value. The result is:

The Management Agent associates the given cb_idx with the ushdi_xfer_abort_cb_t. This
allows the LDD to allocate the ushdi_xfer_abort_cb_t by calling udi_cb_alloc() with an index
value of cb_idx.

The scratch space size for the ushdi_xfer_abort_cb_t will be set to scratch_requirement.
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5.12.3 usbdi_xfer_abort_req()

usbdi_xfer_abort_req() — Called by the LDD to abort a transfer control block.

5.12.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _xfer_abort_req(
udi _channel _t pi pe_channel,
usbdi _xfer_abort_cb_t *cb );

5.12.3.2 Arguments

udi_channel_t pipe_channel | Channel for the pipe to which the transfer control block that is
being aborted was queued.

usbhdi_xfer_abort _cb _t *cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to usbhdi_xfer_abort_cb_init().

5.12.3.3 Description

ushdi_xfer_abort_req() is called by the LDD to abort a control block that was issued to
pipe_channel with a call to ushdi_intr_bulk_xfer_req(), ushdi_control_xfer_req(), or
ushdi_isoc_xfer_req().

The orig_tr_context of the CB shall be set to the value that had been stored in tr_context of the
transfer control block that is to be aborted.
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5.12.4 usbdi_xfer_abort_ack _op_t

usbdi_xfer_abort_ack_op_t — typedef for LDD supplied function called by the USBD on
the completion of an abort transfer operation.

5.12.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef

voi d usbhdi _xfer_abort_ack_op_t(
usbdi _xfer _abort _cb_t *cb,
udi _status_t status );

5.12.4.2 Arguments

usbhdi_xfer_abort _cb _t *cb Pointer to a control block containing data that was passed to
ushdi_xfer_abort_req().

5.12.4.3 Description

The LDD shall supply a ushdi_xfer_abort_ack_op_t function in its ushdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling usbdi_xfer_abort_req(). If the abort was
successful, the aborted transfer control block will be returned to the appropriate xfer_ack_op_t (for
control endpoints) or xfer_nak_op_t LDD function with a status of UDI_STAT_ABORTED. The
ushdi_xfer_abort_cb_t is then returned to the LDD’s ushdi_xfer_abort_ack_op_t function.

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB for another call to
ushdi_xfer_abort_req().
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5.12.5 ushdi_xfer_abort_ack unused()
usbdi_xfer_abort_ack_unused() - Used by the LDD to specify to the USBD that it will
never perform a usbdi_xfer_abort_req().
5.12.5.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _xfer_abort_ack_op_t usbdi _xfer_abort_ack_unused;

5.12.5.2 Description

ushdi_xfer_abort_ack_unused() maybe used in the ushdi_Idd_pipe_ops_t as the
ushdi_xfer_abort_ack_op if the LDD will never call ushdi_xfer_abort_req().
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5.13 Aborting a Pipe
During some error recovery situations an LDD may need to abort all transfer control blocks
(usbdi_intr_bulk_xfer_cb_t, usbdi_control_xfer_cb_t, or usbdi_isoc_xfer_cb_t) that have been queued
to a pipe.
The LDD initiates the pipe abort by calling ushdi_pipe_abort_req(). All of the requests outstanding
on the pipe are returned. Then, the LDD’s usbhdi_pipe_abort_ack _op_t operation is called. On the
completion of the pipe abort the pipe’s state will be USBDI_STATE_STALLED. See Section 5.16,
“Getting and Setting Pipe States”, for more information.
This section contains descriptions for the following functions and typedef:

ushdi_pipe_abort_req()

ushdi_pipe_abort_ack_op_t

ushdi_pipe_abort_ack_unused()
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_pipe_abort_req_op_t

ushdi_pipe_abort_ack()
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5.13.1 ushdi_pipe_abort_req()

ushdi_pipe_abort_req() — Called by the LDD to initiate an abort of a pipe.

5.13.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _pi pe_abort _req(
udi _channel _t pi pe_channel,
usbdi _m sc_cb_t *cb );

5.13.1.2 Arguments

udi_channel_t pipe_channel | Channel for pipe that is to be aborted.

usbdi_misc_cb_t *cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to usbdi_misc_cb_init().

5.13.1.3 Description

ushdi_pipe_abort_req() is called by the LDD to abort all transfer control blocks that have been
gueued to the pipe associated with pipe_channel. All transfer control blocks that are successfully
aborted will be returned to the appropriate LDD xfer_ack_op_t (for control endpoints) or
xfer_nak_op_t function with a status of UDI_STAT_ABORTED. The pipe may be in any state
when ushdi_pipe_abort_req() is called.
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5.13.2 usbdi_pipe_abort_ack_op_t

usbdi_pipe_abort_ack_op_t — typedef for LDD supplied function called by the USBD
when an abort pipe operation completes.

5.13.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef
voi d ushdi _pi pe_abort _ack_op_t(
usbdi _m sc_cb_t *cb );

5.13.2.2 Arguments

usbdi_misc_cb_t *cb Pointer to a control block containing data that was passed to
ushdi_pipe_abort_req().

5.13.2.3 Description

The LDD shall supply a ushdi_pipe_abort_ack_op_t function in its usbdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling usbdi_pipe_abort_req(). All transfer control
blocks queued to the pipe will be returned to their appropriate LDD xfer_ack_op_t (for control
endpoints) or xfer_nak_op_t function with a status of UDI_STAT_ABORTED before the LDD’s
ushdi_pipe_abort_ack_op_t operation is called. The usbhdi_misc_cb_t is then returned to the LDD’s
ushdi_pipe_abort_ack_op_t function. On completion of the pipe abort, the state of the pipe will be
USBDI_STATE_STALLED if the state of the pipe before the abort was either
USBDI_STATE_ACTIVE or USBDI_STATE_STALLED. The state of the pipe after the abort will
be USBDI_STATE_IDLE if the pipe was in the USBDI_STATE_IDLE state before the abort.

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.13.3 ushdi_pipe_abort_ack unused()
usbdi_pipe_abort_ack_unused() - Used by the LDD to specify to the USBD that it will
never perform a usbdi_pipe_abort_req().
5.13.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _pi pe_abort _ack_op_t usbdi _pi pe_abort _ack_unused;

5.13.3.2 Description

ushdi_pipe_abort_ack_unused() maybe used in the ushdi_Ildd_pipe_ops_t as the
ushdi_pipe_abort_ack_op if the LDD will never call ushdi_pipe_abort_req().
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5.14 Aborting an Interface

During some error recovery situations an LDD may need to abort all transfer control blocks
(usbdi_intr_bulk_xfer_cb_t, usbdi_control_xfer_cb_t, or usbdi_isoc_xfer_cb_t) that have been queued
to all pipes in an interface.

The LDD initiates the interface abort by calling ushdi_intfc_abort_req(). All control blocks will be
aborted before the LDD’s ushdi_intfc_abort_ack_op_t is called.

This section contains descriptions for the following functions and typedef:
ushdi_intfc_abort_req()
ushdi_intfc_abort_ack op_t
ushdi_intfc_abort_ack_unused()
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_intfc_abort_req_op_t

ushdi_intfc_abort_ack()
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5.14.1 ushdi_intfc_abort_req()

ushdi_intfc_abort_req() — Called by the LDD to abort a USB interface.

5.14.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _intfc_abort_req(
udi _channel _t intfc_channel,
usbdi _m sc_cb_t *cb );

5.14.1.2 Arguments

udi_channel_t intfc_channel | Channel to the USB interface that is to be aborted.

usbdi_misc_cb_t *cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to usbdi_misc_cb_init().

5.14.1.3 Description

ushdi_intfc_abort_req() is called by the LDD to abort all transfer control blocks
(usbdi_intr_bulk_xfer_cb_t, usbhdi_control_xfer_cb_t, and/or ushdi_isoc_xfer_cb_t) that have been
gueued to all pipes controlled by the interface specified by intfc_channel. The interface may be in
any state when usbdi_intfc_abort_req() is called.
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5.14.2 ushdi_intfc_abort_ack _op_t

ushdi_intfc_abort_ack_op_t — typedef for LDD supplied function called by the USBD
on completion of an interface abort operation.

5.14.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef
voi d usbdi _intfc_abort_ack_op_t(
usbdi _m sc_cb_t *cb );

5.14.2.2 Arguments

usbdi_misc_cb_t *cb Pointer to a control block containing data that was passed to
ushdi_intfc_abort_req().

5.14.2.3 Description

The LDD shall supply a ushdi_intfc_abort_ack_op_t function in its usbdi_ldd_intfc_ops_t. This
function is called in response to the LDD’s calling usbdi_intfc_abort_req(). All transfer control
blocks queued to all pipes controlled by the interface will be returned to the appropriate LDD
xfer_ack_op_t function with a status of UDI_STAT_ABORTED. Only after all transfer control
blocks have been returned will the ushdi_misc_cb_t be returned to the LDD’s
ushdi_intfc_abort_ack_op_t function. Once the interface abort has been completed
(ushdi_intfc_abort_ack_op_t has been called) the interface will be in the USBDI_STATE_STALLED
state if the interface state before the abort was USBDI_STATE_ACTIVE or
USBDI_STATE_STALLED. The interface state after the abort will be USBDI_STATE_IDLE if it
was USBDI_STATE_IDLE before the abort. See Section 5.17.5, “Getting and Setting Interface
States”, for more information.

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.14.3 ushdi_intfc_abort_ack unused()
usbdi_intfc_abort_ack_unused() - Used by the LDD to specify to the USBD that it will
never perform a usbdi_intfc_abort_req().
5.14.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _intfc_abort_ack_op_t usbdi _intfc_abort_ack_unused;

5.14.3.2 Description

ushdi_intfc_abort_ack_unused() maybe used in the ushdi_ldd_intfc_ops_t as the
ushdi_intfc_abort_ack_op if the LDD will never call usbdi_intfc_abort_req().
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5.15 Getting and Setting States

Devices, interfaces, pipes, and endpoints all have a state associated with them. The following
control block is used for setting and getting these states.

5.15.1 ushdi_state cb _t
typedef struct {

udi _cb_t gcb; /* UDI generic control block */
udi _ubit8 t state; /* Current state or state being
* set
*/

usbdi _pi pe_state_set_req(), usbdi_pipe_state_get_req(),
usbdi _intfc_state_set_req(), and usbdi _intfc_state_get_req() use
USBDI _STATE_ACTI VE, USBDI _STATE_STALLED, and USBDI _STATE_ | DLE.

usbdi _edpt _state_set_req() and usbdi _edpt_state_get_req() use
USBDI _STATE_ACTI VE and USBDI _STATE_HALTED.

* % ok X X kX

*/
#defi ne USBDI _STATE_ACTI VE
#defi ne USBDI _STATE STALLED
#defi ne USBDI _STATE | DLE
#defi ne USBDI _STATE HALTED

A WNPF

/*

* usbdi _device_state_get_req() uses USBDI _STATE CONFlI GURED and

* USBDI _STATE _SUSPENDED. Note that a device may be configured and
*suspended at the sane tine.

*/
#defi ne USBDI _STATE_CONFI GURED (1 << 1)
#defi ne USBDI _STATE_SUSPENDED (1 << 2)

} usbdi _state _cb_t;
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5.15.2 ushdi_state_cb_init()

ushdi_state_cb_init() — Called at least once by the LDD from init_module() to set up the
requirements for usbdi_state cb _t.

5.15.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _state_cb_init(

udi i ndex_t cb_i dx,
udi _size_t scratch_requirenent );

5.15.2.2 Arguments

udi_index_tcb_idx Index value to be associated with the ushdi_state cb_t.

udi_size_t scratch_requirement | Scratch space size (in bytes) needed by the LDD for the
ushdi_state cb _t.

5.15.2.3 Description

The function ushdi_state _cb_init() is called at least once by the LDD from init_module(). There is no
callback or return value. The result is:

The Management Agent associates the given cb_idx with the ushdi_state cb_t. This allows the
LDD to allocate the ushdi_state cb_t by calling udi_cb_alloc() with an index value of cb_idx.

The scratch space size for the ushdi_state_cb_t will be set to scratch_requirement.
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5.16 Getting and Setting Pipe States
Pipes support three states:

USBDI_STATE_ACTIVE The pipe will accept transfer requests and send requests to the
endpoint.

USBDI_STATE_STALLED  The pipe will accept transfer requests but not send requests to the
endpoint.

USBDI_STATE_IDLE The pipe will neither accept transfer requests nor send requests to
the endpoint.

This section contains descriptions for the following functions and typedefs:

ushdi_pipe_state_set_req()

ushdi_pipe_state_set_ack op_t

ushdi_pipe_state_get_req()

ushdi_pipe_state_get_ack op_t

ushdi_pipe_state_get_ack_unused()
The following functions and typedefs are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_pipe_state_get req_op_t

ushdi_pipe_state get ack()

ushdi_pipe_state_set_req_op_t

ushdi_pipe_state_set_ack()
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5.16.1 ushdi_pipe_state set req()

usbdi_pipe_state_set _req() — Called by the LDD to set the state of a pipe.

5.16.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _pi pe_state_set_req(
udi _channel _t pi pe_channel,
usbdi _state_cb_ t *cb );

5.16.1.2 Arguments

udi_channel_t pipe_channel | Channel for the pipe.

ushdi_state _cb _t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_state_cb_init().

5.16.1.3 Description

ushdi_pipe_state_set_req() is called by the LDD to change the state of the pipe described by
pipe_channel. The new pipe state is set by the LDD in the state field of the CB. Valid values are
USBDI_STATE_ACTIVE, USBDI_STATE_STALLED, and USBDI_STATE_IDLE.

The LDD shall not change the state of the default endpoint pipe. A usbdi_pipe_state set req()
operation performed on the default pipe_channel is considered a no-op.

ushdi_pipe_state_set_req() shall be used only if the state of the interface is USBDI_STATE_ACTIVE.
See Section 5.17.5, “Getting and Setting Interface States”, for more information.
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5.16.2 usbdi_pipe_state_set_ack _op_t

usbdi_pipe_state _set _ack_op_t — typedef for LDD supplied function called by the
USBD on the completion of a pipe state set operation.

5.16.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef

voi d usbdi _pi pe_state_set_ack_op_t(
usbdi _state cb t *cb,
udi _status_t status );

5.16.2.2 Arguments

usbdi_state cb_t *cb | Pointer to a control block containing data that was passed to
ushdi_pipe_state_set_req().

udi_status_t status See table below.

RETURNED STATUS DESCRIPTION
UDI_OK The pipe state was successfully set.
UDI_STAT_MISTAKEN_IDENTITY The state field of CB contained invalid data.

UDI_STAT INVALID_STATE The pipe state was not set, due to the interface state not
being USBDI_STATE_ACTIVE.
5.16.2.3 Description

The LDD shall supply a ushdi_pipe_state_set_ack_op_t function in its usbdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling usbdi_pipe_state_set req(). The state of the pipe
has been changed if status is UDI_OK.

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.16.3 ushdi_pipe_state _get req()

ushdi_pipe_state get_req() — Called by the LDD to retrieve the state of a pipe.

5.16.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _pi pe_state_get _req(
udi _channel _t pi pe_channel
usbdi _state_cb_t *cb);

5.16.3.2 Arguments

udi_channel_t pipe_channel | Channel for the pipe.

ushdi_state _cb _t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_state_cb_init().

5.16.3.3 Description

ushdi_pipe_state_get_req() is called by the LDD to get the state of the pipe described by
pipe_channel.

ushdi_pipe_state_get_req() may be used at any time, regardless of the state of the interface.
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5.16.4 usbdi_pipe_state _get_ack_op_t

ushdi_pipe_state get_ack_op_t — typedef for LDD supplied function called by the
USBD on completion of a get pipe state operation.

5.16.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef
voi d usbdi _pi pe_state_get_ack_op_t(
usbdi _state_cb_ t *cb );

5.16.4.2 Arguments

ushdi_state cb t*cb Pointer to a control block containing data that was passed to
ushdi_pipe_state_get_req().

5.16.4.3 Description

The LDD shall supply a ushdi_pipe_state_get_ack_op_t function in its ushdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling usbdi_pipe_state_get _req(). The state returned in
CB is one of the following values: USBDI_STATE_ACTIVE, USBDI_STATE_STALLED, or
USBDI_STATE_IDLE.

The LDD shall either free the CB by calling udi_cb_free() or may reuse it.
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5.16.5 ushdi_pipe_state get ack unused()
usbdi_pipe_state get_ack unused() - Used by the LDD to specify to the USBD that it
will never perform a usbdi_pipe_state get_req().
5.16.5.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

usbdi _pi pe_state_get_ack _op_t usbdi _pi pe_state_get_ack_unused;

5.16.5.2 Description

ushdi_pipe_state_get_ack unused() maybe used in the ushdi_ldd_pipe_ops_t as the
ushdi_pipe_state_get_ack op if the LDD will never call ushdi_pipe_state_get_req().
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5.17 Getting and Setting Endpoint States
Endpoints support two states:

USBDI_STATE_ACTIVE The endpoint will accept transfer requests and send requests to the
device.

USBDI_STATE_HALTED  The endpoint has been halted. See the Universal Serial Bus
Specification for a description of endpoint halts and possible causes.
This state is read-only.
This section contains descriptions for the following functions and typedefs:
ushdi_edpt_state_set _req()
ushdi_edpt_state set_ack op_t
ushdi_edpt_state get_req()
ushdi_edpt_state _get_ack op_t
ushdi_edpt_state_get_ack_unused()
The following functions and typedefs are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:
ushdi_edpt_state set req_op_t
ushdi_edpt_state set_ack()

ushdi_edpt_state_get req_op_t

ushdi_edpt_state_get_ack()
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5.17.1 ushdi_edpt_state_set_req()

usbdi_edpt_state_set_req() — Called by the LDD to set the state of an endpoint.

5.17.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _edpt _state_set _req(
udi _channel _t pi pe_channel
usbdi _state_cb t *cb );

5.17.1.2 Arguments

udi_channel_t pipe_channel | Channel for the pipe connecting the LDD to the endpoint.

ushdi_state _cb _t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_state_cb_init().

5.17.1.3 Description

ushdi_edpt_state_set _req() is called by the LDD to change the state of the USB endpoint described
by pipe_channel. The new endpoint state is set by the LDD in the state field of the CB. The only
valid value is USBDI_STATE_ACTIVE.

In response to a ushdi_edpt_state_set_req(), the USBD issues a USB
ClearFeature(ENDPOINT_HALT)!! for the endpoint associated with pipe_channel and resets the
data-toggle for the endpoint.

The LDD shall not clear an endpoint halt condition by sending a
ClearFeature(ENDPOINT_HALT) device request to the default endpoint directly.

ushdi_edpt_state_set req() may be used at any time, regardless of the state of the pipe or interface.
Data loss may occur if the endpoint is active (not halted) when an ushdi_edpt_state_set_req() is
performed.

11 See the Universal Serial Bus Specification for the meaning of this term.
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5.17.2 usbdi_edpt_state_set_ack_op_t

ushdi_edpt_state_set_ack_op_t — typedef for LDD supplied function called by the
USBD on completion of a set endpoint state operation.

5.17.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef

voi d usbdi _edpt _state_set _ack_op_t(
usbdi _state cb t *cb,
udi _status_t status );

5.17.2.2 Arguments

ushdi_state cb t*cb Pointer to a control block containing data that was passed to
ushdi_edpt_state_set_req().

udi_status_t status See table below.
RETURNED STATUS DESCRIPTION
UDI_OK The endpoint state was successfully set.

UDI_STAT_NOT_RESPONDING The device is not responding or is inaccessible.

UDI_STAT_MISTAKEN_IDENTITY The endpoint state was not set due to an invalid valuein

the CB.

5.17.2.3 Description

The LDD shall supply a ushdi_edpt_state_set _ack op_t function in its usbhdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling usbdi_edpt_state set_req().

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.17.3 ushdi_edpt_state get_req()

ushdi_edpt_state_get req() — Called by the LDD to retrieve the state of an endpoint.

5.17.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _edpt _state_get _req(
udi _channel _t pi pe_channel
usbdi _state_cb_t *cb);

5.17.3.2 Arguments

udi_channel_t pipe_channel | Channel for the pipe connecting the LDD to the endpoint.

ushdi_state _cb _t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_state_cb_init().

5.17.3.3 Description

ushdi_edpt_state_get_req() is called by the LDD to get the state of the endpoint described by
pipe_channel. In response to this call, the USBD issues a USB GetStatus()!2 request for the
endpoint associated with pipe_channel.

ushdi_edpt_state_get_req() may be used at any time, regardless of the state of the pipe or interface.

12 See the Universal Serial Bus Specification for more information on the meaning of this term.
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5.17.4 ushdi_edpt_state get_ack op_t

ushdi_edpt_state_get_ack _op_t — typedef for LDD supplied function called by the
USBD on completion of a get endpoint state operation.

5.17.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef

voi d usbdi _edpt _state_get _ack_op_t(
usbdi _state cb t *cb,
udi _status_t status );

5.17.4.2 Arguments

ushdi_state cb t*cb Pointer to a control block containing data that was passed to
ushdi_pipe_state_get_req().

udi_status_t status See table below.
RETURNED STATUS DESCRIPTION
UDI_OK The endpoint state was successfully retrieved.

UDI_STAT_NOT_RESPONDING The device is not responding or is inaccessible.

5.17.4.3 Description

The LDD shall supply a ushdi_edpt_state_get_ack_op_t function in its usbdi_ldd_pipe_ops_t. This
function is called in response to the LDD’s calling usbdi_edpt_state_get_req(). The state of CB will
be either: USBDI_STATE_ACTIVE or USBDI_STATE_HALTED. (See the Universal Serial Bus
Specification for the meaning of the halted state).

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.17.5ushdi_edpt_state get_ack unused()
ushdi_edpt_state_get_ack_unused() - Used by the LDD to specify to the USBD that it
will never perform a usbdi_edpt_state_get_req().
5.17.5.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

usbdi _edpt _state_get_ack _op_t usbdi _edpt _state_get_ack_unused;

5.17.5.2 Description

ushdi_edpt_state_get _ack_unused() maybe used in the ushdi_Idd_pipe_ops_t as the
ushdi_edpt_state_get_ack_op if the LDD will never call usbdi_edpt_state_get_req().
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5.18 Getting and Setting Interface States

Setting the interface state causes all pipes associated with the interface (except for the default
endpoint pipe) to move to that state. Once an interface is in the stalled or idle state,
ushdi_pipe_state_set_req() cannot be used to change the state of the individual pipes. Only when
the interface is in the active state may the pipe’s state be changed with ushdi_pipe_state_set_req().

The interface may be in one of the following states:

USBDI_STATE_ACTIVE The pipes will accept transfer requests and send requests to the
endpoint.

USBDI_STATE_STALLED  The pipes will accept transfer requests but not send requests to the
endpoint.

USBDI_STATE_IDLE The pipes will neither accept transfer requests nor send requests to
the endpoint.

This section contains descriptions for the following functions and typedefs:
ushdi_intfc_state_set_req()
ushdi_intfc_state set_ack op_t
ushdi_intfc_state set_ack_unused()
ushdi_intfc_state_get_req()
ushdi_intfc_state get ack op_t
ushdi_intfc_state_get ack unused()
The following functions and typedefs are only used by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:
ushdi_intfc_state_set_req_op_t
ushdi_intfc_state_set_ack()

ushdi_intfc_state get req_op_t

ushdi_intfc_state get_ack()
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5.18.1 ushdi_intfc_state _set _req()

ushdi_intfc_state_set_req() — Called by the LDD to set the state of an interface.

5.18.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

void ushdi _intfc_state_set_req(
udi _channel _t intfc_channel,
usbdi _state_cb_ t *cb );

5.18.1.2 Arguments

udi_channel_t intfc_channel | Channel for the interface.

ushdi_state _cb _t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_state_cb_init().

5.18.1.3 Description

ushdi_intfc_state_set_req() is called by the LDD to change the state of the interface described by
intfc_channel. The new interface state is set by the LDD in the intfc_state field of the CB. Valid
values are USBDI_STATE_ACTIVE, USBDI_STATE_STALLED, and USBDI_STATE_IDLE. The
result of setting the state of the interface is that all pipes controlled by the interface are moved to
that state.

ushdi_intfc_state_set_req() may be used at anytime, regardless of the state of the pipes controlled
by the interface.
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5.18.2 ushdi_intfc_state_set_ack op_t

ushdi_intfc_state_set_ack_op_t — typedef for LDD supplied function called by the
USBD on completion of a set interface state operation.

5.18.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef

void usbdi _intfc_state_set_ack_op_t(
usbdi _state cb t *cb,
udi _status_t status );

5.18.2.2 Arguments

usbdi_state cb_t*cb | Pointer to a control block containing data that was passed to
ushdi_intfc_state_set_req().

udi_status_t status See table below.

RETURNED STATUS DESCRIPTION

UDI_OK The interface state was successfully set.

UDI_STAT_MISTAKEN_IDENTITY The interface state was not set due to aninvalid value in

the CB.

5.18.2.3 Description

The LDD shall supply a ushdi_intfc_state set_ack_op_t function in its usbdi_ldd_intfc_ops_t. This
function is called in response to the LDD’s calling usbdi_intfc_state set _req(). Once the interface
state has been set to anything other than USBDI_STATE_ACTIVE, pipes controlled by the
interface may no longer be manipulated individually with usbdi_pipe_state_set_req().

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.18.3 ushdi_intfc_state_set_ack unused()
usbdi_intfc_state_set_ack_unused() - Used by the LDD to specify to the USBD that it
will never perform a usbdi_intfc_state_set_req().
5.18.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _intfc_state_set_ack op_t usbdi _intfc_state_set_ack_unused;

5.18.3.2 Description

ushdi_intfc_state_set_ack_unused() maybe used in the ushdi_ldd_intfc_ops_t as the
ushdi_intfc_state_set_ack_op if the LDD will never call usbdi_intfc_state_set_req().
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5.18.4 ushdi_intfc_state_get_req()

ushdi_intfc_state _get _req() — Called by the LDD to retrieve the state of an interface.

5.18.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

void ushdi _intfc_state_get_req(
udi _channel _t intfc_channel,
usbdi _state_cb_t *cb);

5.18.4.2 Arguments

udi_channel_t intfc_channel Channel for the interface.

ushdi_state _cb _t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_state_cb_init().

5.18.4.3 Description

ushdi_intfc_state_get_req() is called by the LDD to get the state of the interface described by
intfc_channel. The state of the interface will be returned to the LDD in state of CB. Valid values
are USBDI_STATE_ACTIVE, USBDI_STATE_STALLED, and USBDI_STATE_IDLE.

ushdi_intfc_state_get_req() may be used at any time, regardless of the state of the pipes controlled
by the interface.
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5.18.5 ushdi_intfc_state_get_ack _op_t

usbdi_intfc_state get _ack op_t — typedef for LDD supplied function called by the
USBD on completion of a get interface state operation.

5.18.5.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef
void usbdi _intfc_state_get_ack_op_t(
usbdi _state_cb_ t *cb );

5.18.5.2 Arguments

usbdi_state cb_t*cb | Pointer to a control block containing data that was passed to
ushdi_intfc_state_get_req().

5.18.5.3 Description

The LDD shall supply a ushdi_intfc_state_get_ack_op_t function in its ushdi_ldd_intfc_ops_t. This
function is called in response to the LDD’s calling usbdi_intfc_state get req(). The state field of the
CB wiill be one of the following values: USBDI_STATE_ACTIVE, USBDI_STATE_STALLED, or
USBDI_STATE_IDLE.

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.18.6 ushdi_intfc_state_get ack unused()

ushdi_intfc_state_get_ack_unused() - Used by the LDD to specify to the USBD that it
will never perform a usbdi_intfc_state_get_req().

5.18.6.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _intfc_state_get_ack op_t usbdi _intfc_state_get_ack_unused;

5.18.6.2 Description

ushdi_intfc_state_get_ack unused() maybe used in the usbdi_ldd_intfc_ops_t as the
ushdi_intfc_state_get_ack op if the LDD will never call ushdi_intfc_state_get_req().
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5.19 Getting Device States
At times an LDD may need to determine what state its associated USB device is in. USB devices
support the following LDD visible states. (These states are described in detail in the Universal
Serial Bus Specification.)
USBDI_STATE_CONFIGURED The device has been configured.
USBDI_STATE_SUSPENDED The device is in the suspended state.
This section contains descriptions for the following functions and typedef:
ushdi_device_state_get_req()
ushdi_device_state get_ack op_t
ushdi_device_state_get_ack unused()
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_device_state_get req_op_t

ushdi_device_state_get_ack()
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5.19.1 ushdi_device_state get req()

usbdi_device_state_get _req() — Called by the LDD to retrieve the state of a device.

5.19.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _devi ce_state_get_req(
udi _channel _t bi nd_channel,
usbdi _state_cb_t *cb);

5.19.1.2 Arguments

udi_channel_t bind_channel | Bind channel for an interface controlled by the device whose state
is being requested.

ushdi_state cb t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to ushdi_state_cb_init().

5.19.1.3 Description

ushdi_device_state get_req() is called by the LDD to get the state of the device described by
bind_channel. The state of the device shall be returned to the LDD in state of the CB. Valid
values are combinations of the following: USBDI_STATE_CONFIGURED and
USBDI_STATE_SUSPENDED. Refer to the Universal Serial Bus Specification for a discussion of
these states.
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5.19.2 usbdi_device_state get_ack_op_t

usbdi_device_state_get _ack _op_t — typedef for LDD supplied function called by the
USBD on completion of a get device state operation.

5.19.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

t ypedef
voi d usbdi _devi ce_state_get _ack_op_t(
usbdi _state_cb_ t *cb );

5.19.2.2 Arguments

ushdi_state cb t*cb Pointer to a control block containing data that was passed to
ushdi_device_state_get_req().

5.19.2.3 Description

The LDD shall supply a ushdi_device_state_get_ack_op_t function in its ushdi_ldd_intfc_ops_t if the
LDD may call ushdi_device_state_get _req(). This function is called in response to the LDD’s calling
ushdi_device_state get req()

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.19.3 ushdi_device state get ack unused()

ushdi_device_state_get _ack _unused() - Used by the LDD to specify to the USBD that it
will never perform a usbdi_device_state_get req().

5.19.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

usbdi _device_state_get_ack_op_t usbdi _device_state_get_ack_unused,;

5.19.3.2 Description

ushdi_device_state_get_ack _unused() maybe used in the ushdi_ldd_intfc_ops_t as the
ushdi_device_state_get _ack_op if the LDD will never call ushdi_device_state_get_req().
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5.20 Retrieving Descriptors
This section describes how LDDs may retrieve USB descriptors. The following functions allow
the USBD to manage the retrieval of descriptors in an implementation-specific way. Some USBD
implementations may choose to cache the configuration descriptors while others may choose to
read the descriptor from the device as needed.
This mechanism allows for the retrieval of descriptors returned by the device as individual
descriptors or descriptors from within the configuration descriptor, such as the interface
descriptor.
The USBD allocates the needed memory to create a copy of the requested descriptor (as a
movable memory block). It is the responsibility of the LDD to release this memory by calling
udi_mem_free().
This section contains descriptions for the following functions and typedefs:

ushdi_desc cb t

ushdi_desc_cb_init()

ushdi_desc_req()

ushdi_desc_ack_op_t

ushdi_desc_ack_unused()
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_desc_req_op_t

ushdi_desc_ack()
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5.20.1 usbdi_desc_cb_t
typedef struct {
udi _cb_t gcb; /* UDI generic control block */

/* Type of descriptor to retrieve. May be one of the follow ng
* or any other valid descriptor type.

*/
udi _ubit8_t desc_type;
#defi ne USB_DESC TYPE_DEVI CE 0x01
#defi ne USB_DESC TYPE_CONFI G 0x02
#defi ne USB_DESC TYPE_STRI NG 0x03
#defi ne USB_DESC TYPE_| NTFC 0x04
#defi ne USB_DESC TYPE_EDPT 0x05

udi _ubit8_t desc_index; /* Index of descriptor to retrieve */
udi _ubit16_t desc_ID; /* Language I D for string descriptors,
* Logical-Device ID for all other
* descriptors. See the Common O ass
* Logi cal - Devi ces Feature Specification
* for nore info on Logical -Device Ids.

*/
udi _ubit16_t desc_I ength; /* # of bytes to retrieve */
udi _buf t desc_buf; /* Buffer containing returned
descriptor */
} usbdi _desc_cb_t;
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5.20.2 usbhdi_desc_cb_init()

usbdi_desc_cb_init() — Called at least once by the LDD from init_module() to set the
requirements for usbdi_desc_cb_t if the LDD uses a usbdi_desc_cb_t.

5.20.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

voi d usbdi _desc_cb_init(

udi i ndex_t cb_idx,
udi _size_t scratch_requirenent );

5.20.2.2 Arguments

udi_index_tcb_idx Index value to be associated with the ushdi_desc_cb_t.

udi_size_t scratch_requirement | Scratch space size (in bytes) needed by the LDD for the
ushdi_desc _cb _t.

5.20.2.3 Description

The function ushdi_desc_cb_init() is called at least once by the LDD from init_module() if the LDD
uses a ushdi_desc_cbh_t. There is no callback or return value. The result is:

The Management Agent associates the given cb_idx with the usbdi_desc_cb_t. This allows the
LDD to allocate the usbdi_desc_cb_t by calling udi_cb_alloc() with an index value of cb_idx.

The scratch space size for the ushdi_desc_cb_t will be set to scratch_requirement.
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5.20.3 ushdi_desc_req()

usbdi_desc_req() — Called by the LDD to retrieve a copy of a USB descriptor.

5.20.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _desc_req(
udi _channel _t intfc_channel,
usbdi _desc_cb_t *cb );

5.20.3.2 Arguments

udi_channel_t intfc_channel | Channel for the interface.

ushdi_desc_cb _t*cb Pointer to a control block that was allocated with udi_cb_alloc()
with the cb_idx value that was given to usbdi_desc_cb_init().

5.20.3.3 Description

ushdi_desc_req() is called by the LDD to retrieve any descriptor from the device. Alternatively,
LDDs may retrieve device descriptors by setting up a GetDescriptor()13 request and sending it to
the default pipe of the interface with ushdi_control_xfer_req().

The desc_type of CB may be device, configuration, string, interface, endpoint, USB class-specific,
or vendor specific.

The desc_index of CB is zero based. When retrieving descriptors contained in the configuration
descriptor, desc_index refers to the instance of the descriptor for the interface related to
intfc_channel. For example, to retrieve the first endpoint descriptor of an interface, the desc_index
shall be zero (““0”) even if the interface is not the first of the configuration.

The desc_length of CB shall be set to the length, in bytes, of the descriptor. The desc_buf of CB
shall be set to NULL_BUF.

The USB configuration descriptors may be retrieved in part or in their entirety (all descriptors
contained in the configuration) by setting the desc_length appropriately.

13 See the Universal Serial Bus Specification for more information on GetDescriptor().
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5.20.4 usbdi_desc_ack_op_t

usbdi_desc_ack_op_t — typedef for LDD supplied function called by the USBD on
completion of a get descriptor operation.

5.20.4.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef

voi d usbdi _desc_ack_op_t(
usbdi desc _ch_t *cb,
udi _status_t status );

5.20.4.2 Arguments

ushdi_desc_cb_t*cb Pointer to a control block containing data that was passed to
ushdi_desc_req().

udi_status_t status See table below.
RETURNED STATUS DESCRIPTION
UDI_OK The descriptor was successfully retrieved. desc_buf
pointsto avalid buffer.
UDI_STAT_NOT_RESPONDING The device is not responding or is inaccessible.

UDI_STAT MISTAKEN _IDENTITY  The CB was set up with aninvalid argument. Thisis
the case if desc_type or desc_index are invalid for the
device.

5.20.4.3 Description

The LDD shall supply a ushdi_desc_ack_op_t function in its ushdi_ldd_intfc_ops_t. This function is
called in response to the LDD’s calling ushdi_desc_req(). If the descriptor was successfully
retrieved, status will be UDI_OK and desc_buf of CB shall point to a buffer containing the
descriptor. The desc_length of CB will contain the number of bytes that are valid in desc_buf. The
LDD owns the buffer referred to by desc_buf and is responsible for freeing it by calling
udi_buf_free().

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB for another call to
ushdi_desc_req().
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5.20.5 ushdi_desc_ack unused()

usbdi_desc_ack_unused() - Used by the LDD to specify to the USBD that it will never
perform a usbdi_desc_req().

5.20.5.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _desc_ack_op_t usbdi _desc_ack_unused;

5.20.5.2 Description

ushdi_desc_ack_unused() maybe used in the ushdi_Idd_intfc_ops_t as the ushdi_desc_ack_op if the
LDD will never call usbdi_desc_req().
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5.21 Changing a Device’s Configuration

This section contains descriptions for the following functions and typedef:
ushdi_config_set_req()
ushdi_config_set_ack op_t

ushdi_config_set_ack_unused()

The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side

interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_config_set_req_op_t

ushdi_config_set_ack()
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5.21.1 ushdi_config_set_req()

usbdi_config_set_req() — Called by the LDD to set the configuration of a USB device.

5.21.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _config_set_req(
udi _channel _t intfc_channel,
usbdi _msc _ch_t *cb,
udi _ubit16_t config_val ue);

5.21.1.2 Arguments

udi_channel_t intfc_channel Channel of the interface.

usbdi_misc_cb_t *cb Pointer to a control block allocated with udi_cb_alloc() with the
cb_idx value that was given to ushdi_misc_cb_init().

udi_ubit16_t config_value New configuration value.

5.21.1.3 Description

ushdi_config_set_req() allows LDDs to set the configuration of the device. This is the only way that
the configuration may be changed. The LDD shall not set the configuration by issuing a
SetConfiguration()14 device request to the default pipe, the USBD shall fail this request.

LDDs are not required to, and in most cases shall not, perform a ushdi_config_set_req(). The USBD
shall set the device’s configuration before the LDDs are bound. There may be some LDDs that do
need to perform a ushdi_config_set_req() (such as some vendor unique LDDs), but in most cases it
iS not necessary.

All interfaces contained by the current configuration shall be closed before usbhdi_config_set_req()
may be performed. The new configuration value is set by the LDD in config_value and shall be a
valid configuration for the device.

An LDD may determine the current configuration value by issuing a GetConfiguration() device
request to the default pipe channel.

14 See the Universal Serial Bus Specification for more information on SetConfiguration().
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5.21.2 usbdi_config_set_ack_op_t

usbdi_config_set_ack_op_t — typedef for LDD supplied function called by the USBD on
completion of a set configuration operation.

5.21.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef

voi d ushdi _config_set_ack_op_t(
usbdi _m sc _ch_t *cb,
udi _status_t status );

5.21.2.2 Arguments

usbdi_desc_cb_t *cb | Pointer to a control block containing data that was passed to
ushdi_desc_req().

udi_status_t status See table below.

RETURNED STATUS DESCRIPTION

UDI_OK The configuration of the device was successfully
changed.

UDI_STAT_INVALID_STATE One or more interfaces associated with the device are
opened.

UDI_STAT_NOT_RESPONDING The device is not responding or isinaccessible.

UDI_STAT_MISTAKEN_IDENTITY  The config_vaue given to ushdi_config_set_req() is
invalid.

5.21.2.3 Description

The LDD shall supply a ushdi_config_set_ack_op_t function in its usbdi_ldd_intfc_ops_t. This
function is called in response to the LDD’s calling usbdi_config_set_req(). If the configuration was
successfully changed, status will be UDI_OK.

Once the configuration has been changed, all LDDs bound to the previous configuration will be
unbound (via the UDI Management Agent) and the new configuration will be bound.

The LDD shall either free the CB by calling udi_cb_free() or reuse the CB.
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5.21.3 ushdi_config_set_ack unused()

usbdi_config_set_ack_unused() - Used by the LDD to specify to the USBD that it will
never perform a usbdi_config_set_req().

5.21.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushbdi . h>

usbdi _config_set _ack_op_t usbdi _config_set_ack_unused;

5.21.3.2 Description

ushdi_config_set_ack_unused() maybe used in the usbhdi_ldd_intfc_ops_t as the
ushdi_config_set_ack_op if the LDD will never call ushdi_config_set _req().
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5.22 Asynchronous Events

Asynchronous event notification is provided to notify LDDs of events they may not have
initiated. These events include:

Device suspended The USB device associated with the interface
(USBDI_ASYNC_SUSPEND) managed by the LDD has been suspended. The
state of the interface has been moved to
USBDI_STATE_STALLED (see Section 5.17.5,
“Getting and Setting Interface States”) by the

USBD.
Device wakeup The USB device associated with the interface
(USBDI_ASYNC_WAKEUP) managed by the LDD is no longer suspended.

Once the LDD calls ushdi_async_notify_ack(), the
state of the interface will be moved to
USBDI_STATE_ACTIVE by the USBD.

USB bandwidth needed A USB device can’t be configured because there
(USBDI_ASYNC_BANDWIDTH_NEEDED) is not enough available bandwidth. The LDD
may attempt to change to an alternate interface,
that requires less USB bandwidth.

All LDDs that have opened interfaces with the USBDI_INTFC_OPEN_ASYNC_EVENT flag set
will be notified when the device has been suspended or awoken. All LDDs with alternate
interfaces will be notified when USB bandwidth is needed. A well-behaved LDD that can reduce
its USB bandwidth consumption by switching to an alternate interface may do so when this
asynchronous event is received and before it calls ushdi_async_event_res().
This section contains descriptions for the following functions and typedef:

ushdi_async_event_ind_op_t

ushdi_async_event_ind_unused()

ushdi_async_event_res()
The following function and typedef are used only by the USBD (not by the LDD) and are not
described in this specification. Callee-side interfaces may be derived from the caller-side
interfaces by removing the first parameter, and vice versa. They are included in “Appendix A:
Include File (open_usbdi.h)” for completeness:

ushdi_async_event_ind()

ushdi_async_event_res_op_t
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5.22.1 ushdi_async_event_ind_op_t

usbdi_async_event_ind_op_t — typedef for LDD supplied function called by the USBD
to notify the LDD of an asynchronous event.

5.22.1.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

t ypedef
voi d usbdi _async_event _ind_op_t(
usbdi _msc _ch_t *cb,
udi _ubit16_t async_event);

5.22.1.2 Arguments

usbdi_misc_cb_t *cb Pointer to a control block allocated and set up by the USBD.

udi_ubitl6_t async_event Asynchronous event that has occurred. May be one of the
following: USBDI_ASYNC_SUSPEND,
USBDI_ASYNC_WAKEUP,
USBDI_ASYNC_BANDWIDTH_NEEDED.

5.22.1.3 Description

The LDD shall supply a ushdi_async_event_ind_op_t function in its usbdi_ldd_intfc_ops_t. This
function is called in response to an asynchronous event detected by the USBD. All interfaces that
were opened with the USBDI_INTFC_OPEN_ASYNC_EVENT flag set will be notified of
asynchronous events. LDDs that control more than one interface will receive notifications for
each interface opened with the USBDI_INTFC_OPEN_ASYNC_EVENT flag set.

The CB was allocated by the USBD and is returned to the USBD via ushdi_async_event_res().
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5.22.2 ushdi_async_event_ind_unused()

usbdi_async_event_ind_unused() - Used by the LDD to specify to the USBD that it shall
never receive a usbdi_async_event_req.

5.22.2.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

usbdi _async_event _ind_op_t usbdi _async_event _i nd_unused,;
5.22.2.2 Description

ushdi_async_event_ind_unused() maybe used in the usbdi_ldd_intfc_ops_t as the
ushdi_async_event_ind_op if the LDD did not set the USBDI_INTFC_OPEN_ASYNC_EVENT flag
in ushdi_intfc_op_req() and thus expects never to receive a usbdi_async_event_ind.
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5.22.3 ushdi_async_event_res()

usbdi_async_event_res() — Called by the LDD in response to the USBD calling the
LDD’s usbdi_async_event_ind_op_t function.

5.22.3.1 Synopsis

#i ncl ude <udi . h>
#i ncl ude <open_ushdi . h>

voi d usbdi _async_event _res(
udi _channel _t intfc_channel,
usbdi _msc_cb_t *cb );

5.22.3.2 Arguments

udi_channel_t intfc_channel Channel of the interface

usbdi_misc_cb_t *cb Pointer to a control block containing data passed to the LDD’s
ushdi_async_event_ind_op_t function.

5.22.3.3 Description

ushdi_async_event_res() is called by the LDD in response to the USBD’s calling the LDD’s
ushdi_async_event_ind_op_t function.
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6 UDI Overview

This section briefly describes some of the UDI abstractions, functions, and control blocks that
OpenUSBDI depends on. This section is for reference only; the UDI Core Specification is the final
authority in the event of a conflict. The following UDI topics are covered in this overview:

Management Agent
udi_cb_alloc()
udi_cb_free()
udi_channel_spawn()
udi_channel_close()

udi_cb_t

6.1 Management Agent

The Management Agent (MA) is an abstract entity within the UDI environment; it represents the
environment’s control and configuration mechanisms. All device configuration, driver
instantiation, and initial channel creation are driven and controlled by the MA. The MA is an
integral part of the environment and is always present in any UDI environment implementation.

The Management Metalanguage defines the communication between a driver instance and the
MA and is used for the management channel, which is a channel that is always present between the
MA and the driver’s primary region!s. When the MA wishes to instruct a driver instance to
perform a management-related operation it will generate a Management Metalanguage request
to that driver instance over its management channel. The driver will respond via a Management
Metalanguage acknowledgement.

Additionally, the driver may indicate system-level events by generating responses to
corresponding Management Metalanguage inquiries, but the driver shall never initiate an
operation to the MA.

15 Refer to the UDI Core Specification for the definition of this term.
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6.2 udi_cb_alloc()

Allocate a new control block.

6.2.1 Synopsis
#i ncl ude <udi . h>

voi d udi _cb_all oc(
udi _cb_alloc_call t *call back,
udi _cb_t *gcb,
udi _index_t cb_idx );

typedef void udi_cb_alloc_call _t(

udi _cb_t *gcb,
udi _cb_t *new cb );

6.2.2 Arguments

udi_cb_alloc_call_t *callback | LDD function called once the CB has been allocated.

udi_cb_t *gcb Control block that the LDD received that initiated the need for a
new CB.
udi_index_t cb_idx Control block index that indicates required properties of the

control block.

udi_cb_t*new cb Pointer to the newly allocated control block.

6.2.3 Description

Allocate a new control block for use by the driver. The new control block may be used to allocate
other resources using any UDI service request or to invoke channel operations appropriate to the
specified control block type.
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6.3 udi_cb_free()

Deallocates a previously obtained control block.

6.3.1 Synopsis
#i ncl ude <udi . h>
void udi _cb_free(

udi _cb_t *cb )

6.3.2 Arguments

udi_cb_t*cb Pointer to control block to be deallocated. If NULL, this function
is a no-op.

6.3.3 Description

Releases the specified control block, including any metalanguage-specific parts, along with any
associated resources back to the environment; CB shall be NULL or shall have been previously
obtained by a call to udi_cb_alloc(), or passed to the driver via a channel operation.
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6.4 udi_channel_spawn()

Spawn a new channel with loose ends.

6.4.1 Synopsis
#i ncl ude <udi . h>

voi d udi _channel _spawn(
udi _channel _spawn_cal | _t *cal | back,
udi _cb_t *gcb,
udi _channel _t channel
udi _i ndex_t spawn_i dx,
udi _i ndex_t ops_i dx,
voi d *channel _context);

typedef void udi _channel _spawn_call _t (

udi _cb_t *gcb,
udi _channel _t new _channel );

6.4.2 Arguments

udi_cb_alloc_call_t *callback | LDD function called once the CB has been allocated.

udi_cb_t *gcb Control block that the LDD received that initiated the need for a
new channel.
udi_channel_t channel Channel handle for an existing anchored channel. The channel

will be spawned relative to this channel.

udi_index_t spawn_idx Small integer which allows the environment to match two
spawn requests (one from each end of the channel) together.

udi_index_t ops_idx Ops index for the ops vector that the driver wants to associate
with the specified channel, passed to the appropriate “ops_init()”
at init_module() time, or zero.

void *channel_context Channel context pointer to be associated with the new anchored
channel endpoint.

udi_channel_t *new_channel Channel handle for the new channel’s local endpoint, which will
be a loose end. This handle shall subsequently be passed to
udi_channel_anchor(), either in this region, or after passing it to
another region via a channel operation.
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6.4.3 Description

Used to create a new channel (initially) between the same two regions as an existing channel.
Both ends shall be created separately by their own calls to udi_channel_spawn().

The pair of the original channel handle and the spawn index uniquely identifies an in-progress
spawn operation. Once both regions have rendezvoused inside a spawn request, the new
channel is created and each driver is passed its handle for the new channel via the callback.

If ops_idx is zero, the channel endpoint is created as a loose end, which shall be anchored before
it may be used. Loose ends may be passed between regions, and even between drivers, before
being anchored.

It is the LDD’s responsibility to ensure that both ends are anchored and ready to go before
invoking any operations on the channel. This is typically done via metalanguage-specific
handshaking on the original channel.
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6.5 udi_channel _close()

Close a channel.

6.5.1 Synopsis
#i ncl ude <udi . h>

voi d udi _channel _cl ose(
udi _channel _t channel );

6.5.2 Arguments

udi_channel_t *channel Channel handle for the channel being closed.

6.5.3 Description

Deallocates and returns any channel related resources to the UDI environment. Normally a
driver calls this routine only as a result of receiving a udi_channel_event_ind() operation of type
UDI_CHANNEL_CLOSED, to close its end of the channel.

The result of this routine is immediate: the channel endpoint will be closed and freed when this
call returns. It is the responsibility of the driver to clean up all channel related state and
resources first, so as to maintain architectural integrity before destroying a channel. This shall
include the processing of all outstanding operations related to the channel. The driver may
ensure, via proper channel operation handling, that all operations directed to this channel have
been completed and that no more will be generated. Any operations previously sent to this
channel but not yet delivered at the time this routine is called will be treated as having been
initiated after the channel was closed.
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6.6 udi_cb_t

Generic, least-common-denominator control block.

6.6.1 Synopsis
#i ncl ude <udi . h>
typedef struct {
voi d *cont ext;

voi d *scratch;
} udi_cb_t;

6.6.2 Members

void *context Pointer to state information within the driver region. On entry to a channel
operation, the environment sets context to the channel’s current context.
Drivers may change it if needed.

void *scratch Pointer to the control block’s scratch area. Drivers shall not change this
pointer, but may change any of the bytes in the space pointed to by scratch, up
to the scratch size specified by each driver specified by the specific “cb_init()”
function..

6.6.3 Description

The udi_cb_t structure is used for generically handling control blocks and accessing their scratch
area and context pointer. All metalanguage-specific control blocks have a udi_cb_t structure as
their first member.

Both cont ext and scr at ch, as well as the scratch area contents, are preserved across
asynchronous service calls, but not across interface operations.
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7 Helpful Hints

This section contains various suggestions that may aid in the development of OpenUSBDI LDDs.
Refer to the sample driver in Appendix B to help clarify the usage of the OpenUSBDI functions
and structures.

1. LDDs shall provide function pointers for all ushdi_ldd_intfc_ops_t and ushdi_ldd_pipe_ops_t.
Most LDDs will not use all of the functions that shall be provided. For example, a
ushdi_isoc_xfer_ack_op_t is not needed by a LDD that doesn’t control an isochronous endpoint.
In this case, the LDD may use the “unused” function (described by this document) specific to
the operation in place of an LDD unique function.

2. LDDs may achieve better performance by having more than one transfer CB outstanding to a
pipe channel at a time. This allows the LDD to process a completing CB while another CB is
being processed by the host controller.
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8 Outstanding Issues
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9 Appendix A: Include File (open_usbdi.h)

#i fndef _OPEN_USBDI _H_
#define _OPEN_USBDI _H_

#i f OPEN_USBDI _VERSI ON = 0x080

/*

* Unl ess otherw se specified, the follow ng abbreviations will be used:
*

* | dd - logical -device driver

* cb - Control Bl ock

* _call - Cal I back Function

* n_ - Nunber of

* ot - Type

* ops - UDI channel operation vectors
* xfer - transfer

* edpt - endpoi nt

* intfc - interface

* desc - descriptor

* config - configuration

*/

/*

* The follow ng structs and defines are based on the USB
* core spec, rev 1.1
*/

USB Devi ce Requests - These requests are made using control transfers.
The request and the request's paraneters are sent to the
device in the set up packet. The host is responsible for establishing
the val ues passed in the followng fields. Every set up packet has eight
byt es.
/
typedef struct {
udi _ubi t8_t bnmRequest Type; /* Characteristics of request */
#def i ne USB_DEVI CE_REQUEST_TYPE_DEVI CE_RECI PI ENT 0x00
#def i ne USB_DEVI CE_REQUEST_TYPE_| NTERFACE_REC!I PI ENT 0x01
#def i ne USB_DEVI CE_REQUEST_TYPE_ENDPO NT_RECI Pl ENT  0x02

ok ok kX % F

#def i ne USB_DEVI CE_REQUEST_TYPE_OTHER_RECI Pl ENT 0x03

#def i ne USB_DEVI CE_REQUEST_TYPE_STANDARD_TYPE 0x00

#def i ne USB_DEVI CE_REQUEST_TYPE_CLASS_TYPE 0x20

#def i ne USB_DEVI CE_REQUEST_TYPE_VENDOR TYPE 0x40

#def i ne USB_DEVI CE_REQUEST_TYPE_HOST_TO DEVI CE 0x00

#def i ne USB_DEVI CE_REQUEST_TYPE_DEVI CE_TO_HOST 0x80
udi _ubit8_t bRequest; /* Specific request */

#def i ne USB_DEVI CE_REQUEST_GCET_STATUS 0

#def i ne USB_DEVI CE_REQUEST_CLEAR FEATURE 1

#defi ne USB_DEVI CE_REQUEST_GET_STATE 2 /* Reserved for future use?*/

#def i ne USB_DEVI CE_REQUEST_SET_FEATURE 3

#def i ne USB_DEVI CE_REQUEST_SET_ADDRESS 5

#def i ne USB_DEVI CE_REQUEST _GET_DESCRI PTOR 6

#def i ne USB_DEVI CE_REQUEST_SET_DESCRI PTOR 7

#def i ne USB_DEVI CE_REQUEST_GET_CONFI GURATI ON 8

#def i ne USB_DEVI CE_REQUEST_SET_CONFI GURATI ON 9

#def i ne USB_DEVI CE_REQUEST_GET_| NTERFACE 10

#def i ne USB_DEVI CE_REQUEST_SET_| NTERFACE 11

#def i ne USB_DEVI CE_REQUEST_SYNCH_FRAME 12

udi _ubi t8_t wWVal ueO;

udi _ubi t8_t wwval uel; /* Word-sized field that varies
* according to request
*/
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#def i ne USB_DEVI CE_REQUEST_DEVI CE_REMOTE_WAKEUP 1
#def i ne USB_DEVI CE_REQUEST_ENDPOI NT_HALT 0

udi _ubi t8_t w ndexO;

udi _ubi t8_t w ndexl;

/* Word sized field that varies according to
* request; typically used to pass an index
* or offset
*/

udi _ubi t8_t wiLengt hO;

udi _ubi t8_t wiengthl;

/* Number of bytes to transfer if there is a

* data phase

*/
} usb_device_request _t;
/*
* Descriptor Types
*/
#def i ne USB_DESCRI PTOR_TYPE_DEVI CE 0x01
#def i ne USB_DESCRI PTOR_TYPE_CONFI GURATI ON 0x02
#def i ne USB_DESCRI PTOR_TYPE_STRI NG 0x03
#def i ne USB_DESCRI PTOR_TYPE_I| NTERFACE 0x04
#def i ne USB_DESCRI PTOR_TYPE_ENDPO NT 0x05
/*
* Device Descriptor - A device descriptor describes general information
* about a USB device. It includes information that applies globally to
* the device and all of the device's configurations. A USB device has
* only one device descriptor.
*
* Al USB devices have an endpoint zero used by the default pipe. The
* maxi mum packet size of a device's endpoint zero is described in the device
* descriptor. Endpoints specific to a configuration and its interface(s)
* are described in the configuration descriptor. A configuration and its
* interface(s) do not include an endpoint descriptor for endpoint zero.
* Other than the maxi num packet size, the characteristics of endpoint zero
* are defined by the USB specification and are the sane for all USB devi ces.
*/

struct usb_devi ce_descriptor {

udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t
udi _ubit8_t

bLengt h; /* Numeric expression specifying the size of

* this descriptor

*/

bDescri ptor Type;/* Device descriptor type (assigned by USB) */

bcdUSBO;
bcdUSB1;
bDevi ced ass;

/* binary-coded deci mal specification # */

/* Class code (assigned by USB). Note that

* the HHD class is defined in the Interface

* descri ptor

*/

bDevi ceSubd ass;/* Subcl ass code (assigned by USB). These
* codes are qualified by the value of the
* DeviceC ass field.
*/

bDevi ceProtocol ;/* Protocol code. These codes are qualified
* by the value of the DeviceSubC ass field.
*/

bMaxPacket Si ze; / * Maxi mum packet size for endpoint zero (only

* 8, 16, 32, or 4 are valid).
*/
i dVendor 0;
i dVendor 1; /* Vendor |D (assigned by USB) */
i dPr oduct O;
i dProduct 1; /* Product |D (assigned by manufacturer) */
bcdDevi ceO;
bcdDevi cel; /* Device rel ease nunber */
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udi _ubi t8_t i Manufacturer; /* Index of String desc describing manufacture
*/
udi _ubit8_t i Product; /* Index of string desc describing product */
udi _ubi t8_t i Serial Number ; /* Index of String desc describing serial # */
udi _ubi t8_t bNumConfigurations; /* Nunber of possible configurations */
H

Configuration Descriptor - The configuration descriptor describes
informati on about a specific device configuration. The descriptor
contains a ConfigurationValue field with a value that, when used as
a paranmeter to the Set Configuration request, causes the device to
assunme the described configuration.

The descriptor describes the nunber of interfaces provided by the
configuration. Each interface may operate independently. For exanple,
an | SDN devi ce nmight be configured with two interfaces, each providing
64kBs bi-directional channels that have separate data sources or sinks
on the host. Another configuration nmght present the | SDN device as

a single interface, bonding the two channels into one 128 kBs

bi -di rectional channel.

When the host requests the configuration descriptor, all related
interface and endpoi nt descriptors are returned.

A USB devi ce has one or nmore configuration descriptors. Each
configuration has one or nore interfaces and each interface has one or
nmore endpoints. An endpoint is not shared anpng interfaces within a
single configuration unless the endpoint is used by alternate settings

of the sane interface. Endpoints may be shared anpng interfaces that are
part of different configurations without this restriction.

Once configured, devices may support limted adjustnents to the
configuration. |If a particular interface has alternate settings, an
alternate may be selected after configuration. Wthin an interface,
an i sochronous endpoi nt's maxi num packet size may al so be adjusted.

k% ok kR ok ok R ok R 3k ok R ok R 3k ok ok Ok % 3k % ok ok X ¥ % ok

*

*/
struct usb_configuration_descriptor {
udi _ubi t8_t bLength; /* Size of this descriptor in bytes */
udi _ubit8_t bDescriptorType;/* Configuration (assigned by USB) */

udi _ubi t8_t wTot al Lengt hO;

udi _ubi t8_t wTotal Lengt h1; /* Total length of data returned for this
* configuration. |Includes the conbined
* length of all returned descriptors
* (configuration, interface, endpoint, and
* HD) returned for this configuration. This
* val ue includes the H D descriptor but none
* of the other HI D class descriptors (report
*

or designator).
*/
udi _ubit8_t bNum nterfaces;/* Nunber of interfaces supported by this
* configuration.
*/
udi _ubit8_t bConfigurationValue; /* Value to use as an argunment to Set
* Configuration to select this configuration
*/
udi _ubit8_t iConfiguration;/* Index of string descriptor describing this
* configuration.
*/
udi _ubit8_t bmAttributes; /* Configuration characteristics */
#def i ne USB_CONFI G BUS_POWERED  0x80
#def i ne USB_CONFI G_SELF_POWERED 0x40
#def i ne USB_CONFI G_REMOTE_WAKEUP 0x20

udi _ubi t8_t MaxPower ; /* Maxi mum power consunption of USB device
* frombus in this specific configuration
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* when the device is fully operational

* Expressed in 2mA units -- for exanple,
* 50 = 100mA.
*/

-

Interface Descriptor - This descriptor describes a specific interface
provided by the associated configuration. A configuration provides one

or nore interfaces, each with its own endpoint descriptors describing

a uni que set of endpoints within the configuration. Wen a configuration
supports nore than one interface, the endpoints for a particular interface
imrediately follow the interface descriptor in the data returned by the
Get Configuration request. An interface descriptor is always returned

as part of a configuration descriptor. It cannot be directly accessed
with a Get or Set Descriptor request.

An interface nay include alternate settings that allow the endpoints and/or
their characteristics to be varied after the device has been configured
The default setting for an interface is always alternate setting zero

The Set Interface request is used to select an alternate setting or to
return to the default setting . The Get Interface request returns the
selected alternate setting.

Alternate settings allow a portion of the device configuration to be
varied while other interfaces renmain in operation. |f a configuration
has alternate settings for one or nore of its interfaces, a separate
interface descriptor and its associ ated endpoints are included for each
setting

If a device configuration supported a single interface with two alternate
settings, the configuration descriptor would be followed by an interface
descriptor with the blntefaceNunber and bAlternaSetting fields set to zero
and then the endpoint descriptors for that setting, followed by another
interface descriptor and its associ ated endpoi nt descriptors. The second
interface descriptor's InterfaceNunber field would al so be set to zero

but the AlternateSetting field of the second interface descriptor would

be set to one

If an interface only uses endpoint zero, no endpoint descriptors follow
the interface descriptor and the interface identifies a request interface
that uses the default pipe attached to endpoint zero. |In this case the
NunEndpoi nts field shall be set to zero

T T T T R R e T I T R TR R

An interface descriptor never includes endpoint zero in the nunber of

* endpoi nts.
*/
struct usb_interface_descriptor {
udi _ubi t8_t blLength; /* Size of this descriptor in bytes */

udi _ubit8_t bDescriptorType;/* Interface descriptor type */
udi _ubit8_t blnterfaceNunber;/* Nunmber of interface. Zero-based val ue
* identifying the index in the array of
* concurrent interfaces supported by this
* configuration
*/
udi _ubit8_t bAlternateSetting;/* Value used to select alternate setting
* for the interface identified in the prior

* field.
*/
udi _ubi t8_t bNumEndpoi nts; /* Number of endpoints used by this interface
* (excluding endpoint zero). |If this value
* is zero, this interface only uses endpoint
* zero
*/
udi _ubit8_t blnterfaced ass; /* Class code */

udi _ubit8_t blnterfaceSubC ass; /* Subclass code */
#def i ne USB_| NTERFACE_SUBCLASS_NO_SUBCLASS 0x00
#def i ne USB_| NTERFACE_SUBCLASS_BOOT_| NTERFACE 0x01
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udi _ubit8_t blnterfaceProtocol; /* Protocol code */
#def i ne USB_| NTERFACE_PROTOCOL_NONE 0x00

udi _ubit8_t ilnterface; /* Index of string descriptor describing this
* interface
*/
H
/*
* Endpoi nt Descriptor - Each endpoint used for an interface has its own
* descriptor. This descriptor contains the information required by the
* host to deternine the bandwi dth requirenents of each endpoint. An endpoint
* descriptor is always returned as part of a configuration descriptor. It
*

cannot be directly accessed with a Get or Set Descriptor request. There
* is never an endpoint descriptor for endpoint zero
*/
struct usb_endpoi nt _descriptor {
udi _ubi t8_t blLength; /* Size of this descriptor in bytes */
udi _ubit8_t bDescriptorType;/* Endpoint descriptor type (assigned by USB)*/
udi _ubi t8_t bEndpoi nt Address;/* The address of the endpoint on the USB
* device described by this descriptor. The
* address is encoded as follows:
* Bit 0..3 The endpoint nunber
* Bit 4..6 Reserved, reset to zero
* Bit 7 Direction, ignored for Contro
* endpoints: 0 - OUT endpoi nt,
* 1 - IN endpoint
*/
udi _ubit8_t bmAttributes; /* This field describes the endpoint's
* attributes when it is configured using the
* Configuration Value
* Bit 0..1 Transfer type
* 00 Contro
* 01 I sochr onous
* 10 Bul k
* 11 I nterrupt
* Al'l other bits are reserved
*

#def i ne USB_ENDPO NT_CONTROL 0
#def i ne USB_ENDPOI NT_I SOCHRONOUS 1
#def i ne USB_ENDPO NT_BULK 2
#def i ne USB_ENDPOI NT_| NTERRUPT 3
#def i ne USB_ENDPO NT_ATTRI BUTE_MASK 3

udi _ubi t8_t bMaxPacket Size_lo

udi _ubi t8_t bMaxPacket Si ze_hi ; /* Maxi mum packet size this endpoint is
capabl e of sending or receiving when this
configuration is selected. For interrupt
endpoints, this value is used to reserve
the bus tinme in the schedule, required for
the per frame data payl oads. Smaller data
payl oads may be sent, but will term nate
the transfer and thus require intervention
to restart.

k% ok k k3 ok ok

*
-~

udi _ubit8_t blnterval; /* Interval for polling endpoint for data
* transfers. Expressed in mlliseconds
*/

String Descriptor - String descriptors are optional. |If a device does
not support string descriptors, all references to string descriptors
within device, configuration, and interface descriptors shall be reset
to zero

E I
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* String descriptors use UNI CODE encodi ngs as defined by The Uni code
* Standard, Worldw de Character Encoding, Version 1.0, Volumes 1 and 2.
* The strings in a USB device may support nultiple |anguages. Wen
* requesting a string descriptor, the requester specifies the desired
* | anguage using a sixteen-bit |language ID. String index O for all
* | anguages returns an array of two-byte codes supported by the device.
* A USB device nay omit all string descriptors.
*
* The UNI CODE string descriptor is not NULL ternminated. The string
* length is conputed by subtracting two fromthe value of the first byte
* of the descriptor.
*/
struct usb_string_descriptor {
udi _ubit8_t Length; /* Length of descriptor in bytes */
udi _ubi t8_t Descri ptorType; /* Descriptor Type */
udi _ubit8_t String[1];
H
/*
* USBDI Status Return Val ues
*/
#def i ne USBDI _STAT_NOT_ENOUGH_BANDW DTH (UDI _STAT_META_SPECI FI C| 1)
#def i ne USBDI _STAT_STALL (UDI _STAT_META_SPECI FI C] 2)

/
Start OpenUSBDI Met al anguage

For each CB (Control Block) there is an associated set of functional
interface declarations. These functions define how the LDD (I ogi cal
device driver) and the USBD (USB protocol driver) comunicate. The
following five functions are provided for each CB:

usbdi _XX_cb_init
Called by the LDD only once, when the LDDis initialized. It
sets up LDD specific values for the CB such as the required
scratch size.

ushdi _XX req
Called by the LDD to send the CB to the USBD.

ushdi _XX req_op_t
Function type for the USBD supplied function which will
be called in response to the LDD perforning the
"usbdi _XX_req" call. This function is NOT called by the LDD.

ushdi _XX_ ack
Call ed by the USBD on conpletion of the CB. This function
is NOT called by the LDD.

ushdi _XX_ ack_op_t
Function type for the LDD supplied function which will be
called on conpletion of the CB.

Summary:

To performa request the LDD allocates a CB by calling

udi _cb_alloc() with a CB specific index argunent. This

is the same i ndex value which was given to usbhdi _XX cb_init()
at driver init tinme.

The LDD sets up this CB and sends it to the USBD by calling
ushdi _XX_req().

The LDD shall provide a usbdi _XX ack_op_t function which
will be called when the CB conpl etes.

ushdi _XX_ req_op_t and usbdi _XX_ack() are provided for
conpl et eness and are used by the USBD (not the LDD).
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*/

/*

* USBDI M scel | aneous Control Bl ock

*

* The usbdi _m sc_cb_t control block is used for the majority
* of the OpenUSBDI operations.

*

/

typedef struct {
udi _cb_t gcb;

} usbdi _misc_cb_t;

voi d usbdi _mi sc_cb_init(udi_index_t cb_idx,
udi _size_t scratch_requirenent);

EE

Functional Device Driver binding

* This CB allows a LDD to be bound to a USB interface channel. This
* binding shall be performed for each interface that a LDD controls.
*/

voi d ushdi _bi nd_req( udi _channel _t bi nd_channel,
ushdi _misc_cb_t *cb);

typedef void usbdi _bind_req_op_t( usbdi_misc_cb_t *cb);

voi d ushdi _bi nd_ack( udi _channel _t channel,
usbdi _misc_cb_t *cb,
udi _index_t n_intfc,
udi _status_t status);

typedef void usbdi _bind_ack_op_t( usbdi _misc_cb_t *cb,
udi _index_t n_intfc,
udi _status_t status);

/*
* Functional Device Driver unbinding
*
* This CB allows a LDD to be unbound froma USB interface channel. This
* unbinding shall be perfornmed for each interface that a LDD controls.
*/

voi d usbdi _unbi nd_req( udi _channel _t bi nd_channel,

ushdi _misc_cb_t *cb);
typedef void usbdi _unbi nd_req_op_t ( usbdi _m sc_cb_t *cb);
voi d usbdi _unbi nd_ack( udi _channel _t channel,

usbdi _misc_cb_t *cb,

udi _status_t status);

typedef void usbdi _unbi nd_ack_op_t ( usbdi _m sc_cb_t *cb,
udi _status_t status);

/*

* Opening USB Interfaces

*

* Opening an interface results in the allocation of bandw dth

* for all pipes in the interface.

*

* The "alternate_intfc" field shall be set appropriately. |If the

* interface being opened is the default interface, alternate_intfc

* shall be 0. |If an alternate interface is being opened, alternate_intfc
* shall be set to the alternate interface nunber as found in the

* struct usb_interface_descriptor for the interface being sel ected.

*/
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voi d ushdi _i ntfc_open_req(udi _channel _t intfc_channel,
usbhdi _misc_cb_t *cb,
udi _ubit8_t alternate_intfc);

typedef void usbdi _intfc_open_req_op_t(usbdi _misc_cb_t *cb);

voi d usbdi _i ntfc_open_ack(udi _channel _t intfc_channel,
usbdi _misc_cb_t *cb,
udi _i ndex_t n_edpt,
udi _status_t status);

typedef void usbdi _intfc_open_ack_op_t(usbdi _m sc_cb_t *cb,
udi _i ndex_t n_edpt,
udi _status_t status);

-~

L I

Closing USB Interfaces

Closing a USB interface results in all bandwidth for the interface
bei ng rel eased and nade available to other USB interfaces.

The same CB is used for both opening and closing interfaces.

See "Opening USB Interfaces" above.
/
voi d ushdi _intfc_cl ose_req(udi _channel _t intfc_channel,
ushdi _misc_cb_t *cb);

typedef void usbdi _intfc_close_req_op_t(ushdi _msc_cb_t *cb);
voi d ushdi _i ntfc_cl ose_ack(udi _channel _t intfc_channel,
usbdi _misc_cb_t *cb,

udi _status_t status);

typedef void usbdi _intfc_close_ack_op_t(usbhdi _misc_cb_t *cb,
udi _status_t status);

/*
* USB interrupt and bul k transfer requests
*/
typedef struct {
udi _cb_t gcb; /* UDI general control block */
void *tr_context; /* Transaction specific context info */
/*
* data_buf and data_l en
*
* data_buf points to the associated buffer where the data
* will be transferred to/from The LDD sets the data_len field
* to the maxi mum nunber of bytes which may be transferred. To
* specify a zero length data transfer the data_l en shall be set
* by the LDD to zero. |If the data_len is non-zero, the data_buf
* shall contain a valid address.
*
* On conpletion the USBD sets the data_len field with the actual
* nunber of bytes transferred.
*/
udi _buf _t data_buf;
udi _size_t data_len;
/*
* Request tinmeout value in milliseconds. Request timeout periods
* begi n when the USBD queues the request to the host controller
* and NOT when the host controller issues the request to/fromthe
* device. A tineout value of zero specifies an infinite tinmeout
* period.
*/
udi _ubit32_t tinmeout;
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Fl ags specific to this request. The only valid flag for interrupt
and bul k requests is USBDlI _XFER SHORT_OK whi ch specifies a final
transfer count which is less than the maxi mum nunber set in data_len
* by the LDD will NOT generate an error and will NOT stall the pipe.
*/
udi _ubit8_t xfer_flags;
#def i ne USBDI _XFER SHORT_OK (1<<0)

k¥

} usbdi _intr_bul k_xfer_cb_t;

voi d usbdi _intr_bul k_xfer_cb_init( udi_index_t cb_idx,
udi _size_t scratch_requirenent);

voi d usbdi _i ntr_bul k_xfer_req( udi _channel _t pi pe_channel,
usbdi _intr_bul k_xfer_cb_t *cb);

typedef void ushdi _i ntr_bul k_xfer_req_op_t( usbdi _intr_bul k_xfer_cb_t *cb);

voi d usbdi _i ntr_bul k_xfer_ack( udi _channel _t pi pe_channel,
usbdi _intr_bul k_xfer_cb_t *cb);

typedef void ushdi _i ntr_bul k_xfer_ack_op_t( usbdi _intr_bul k_xfer_cb_t *cb);
usbdi _i ntr_bul k_xfer_ack_op_t ushdi _i ntr_bul k_xfer_ack_unused;
voi d usbdi _i ntr_bul k_xf er_nak( udi _channel _t pi pe_channel,

usbdi _i ntr_bul k_xfer_cb_t *cb,
udi _status_t status);

typedef void usbdi _i ntr_bul k_xfer_nak_op_t( usbdi _i ntr_bul k_xfer_cb_t *cb,
udi _status_t status);
usbdi _i ntr_bul k_xfer_nak_op_t usbdi _i ntr_bul k_xfer_nak_unused;
/*
* USB control transfer requests
*
* The device's default pipe is accessed by sending
* usbdi _control _xfer_cb's to the interface channel.
*

/

typedef struct {

udi _cb_t gcb; /* UDI general control block */

void *tr_context; /* Transaction specific context info */

/*
* The "request" union is provided to support control endpoints
* other than the default which may not use the usb_device_request_t
* request format. This is the data which will be sent to the device
* during the set up phase of the control request.
*/
uni on {
usb_devi ce_request _t device_request; /* Used by the default endpoint */
udi _ubit8_t request[8]; /* Used by control endpoints other
* than the default
*/
} request;
/*

data_buf and data_l en

*

*

* data_buf points to the associated buffer to be used during the

* data phase transfer (if any). The LDD sets the data_len field

* to the maxi mum nunber of bytes which may be transferred during the
* data phase. To specify a zero length data transfer the data_l en

* shall be set by the LDD to zero. |If the data_len is non-zero, the
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* data_buf shall contain a valid address.

*

* On conpletion the USBD sets the data_len field with the actual
* nunber of bytes transferred.

*/

udi _buf _t data_buf;

udi _size_t data_len;

/
Request timeout value in milliseconds. Request timeout periods
begi n when the USBD queues the request to the host controller
and NOT when the host controller issues the request to/fromthe
device. A timeout value of zero specifies an infinite tinmeout
* period.

*/

udi _ubit32_t tinmeout;

ok ¥ kK

/
Fl ags specific to this control request. The LDD shall set
the direction of the transfer during the data phase (if any).
USBDI _XFER_SHORT_OK (see usbdi _intr_bul k_xfer_cb_t) is also

* avalid flag.

*/

udi _ubit8_t xfer_flags;

E

#define USBDI _XFER IN (1<<2) /* transfer data fromthe device */
#define USBDI _XFER _OUT (1<<3) /* transfer data to the device */

} usbdi _control _xfer_cb_t;

voi d usbdi _control _xfer_cb_init( udi _i ndex_t cb_i dx,

udi _size_t scratch_requirenent);
voi d ushdi _control _xfer_req( udi _channel _t pi pe_channel,

usbdi _control _xfer_cb_t *cb);
typedef void usbdi _control _xfer_req_op_t( wusbdi_control _xfer_cb_t *cb);

voi d usbdi _control _xfer_ack( udi _channel _t pi pe_channel,

usbdi _control _xfer_cb_t *cb);

typedef void ushdi _control _xfer_ack_op_t( usbdi_control _xfer_cb_t *cb,

us

udi _status_t status);

bdi _control _xfer_ack_op_t usbdi _control _xfer_ack_unused;

voi d usbdi _control _xfer_nak( udi _channel _t pi pe_channel,

usbdi _control _xfer_ch_t *cb,
udi _status_t status);

typedef void ushdi _control _xfer_nak_op_t( usbdi_control _xfer_cb_t *cb,

-~
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udi _status_t status);

USB i soc transfer requests

ushdi _i soc_franme_request is a per-frane request struct. An array
of usbdi _isoc_frame_request_t structs will be allocated autonmatically
when the usbdi _isoc_xfer_cb_t is allocated. The nunber of
ushdi _i soc_request _t structs contained by this array is specified by
the LDD at driver initialization time when usbdi _isoc_xfer_cb_init()
is called.

/

typedef struct {

udi _size_t frame_len; /* Set by the LDD to the nunber of bytes to
* transfer in the frane. Set by the USBD on
* conpletion with the actual nunber of bytes
* transferred in the franme.
*/
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udi _status_t frame_status; /* Per frane status set by the USBD */
} usbdi _i soc_frane_request _t;

typedef struct {
udi _cb_t gcb; /* UDI general control block */
void *tr_context; /* Transaction specific context info */

/*

* data_buf shall be set by the LDD to a valid buffer where data

* will be transferred to/from This buffer shall be |arge enough
* to store all data which will be transferred as described by the
* frame_array.

*/

udi _buf _t data_buf;

/*

* The frane_array will be allocated automatically when the

* usbdi _i soc_xfer_chb_t is allocated. The frame_len fields for

* each valid elenent in the array shall be set by the LDD. It

*

*

is legal to specify a zero frane_l en val ue.
/
ushdi _i soc_franme_request _t *frane_array;

/*

* frame_count is the nunber of valid entries in the frane_array.

* This field is set by the LDD and may not exceed the nmaxi mum nunber
* of entries in the array (see ushdi _isoc_xfer_cb_init()).

*/

udi _ubit8_t frame_count;

/
Fl ags specific to this request. The USBDI _XFER ASAP flag is
used to specify that the request may be started with the next
available frame. |If the flag is set, the frame_nunber field wll
be ignored by the USBD. In addition to the USBDI _XFER ASAP fl ag
* the USBDI _XFER SHORT_OK is also valid (see usbdi _intr_bulk_xfer_cb_t).
*/
udi _ubit8_t xfer_flags;
#def i ne USBDI _XFER ASAP (1<<4)

ok ¥ %

/*
* Request tinmeout value in milliseconds. Request timeout periods
* begi n when the USBD queues the request to the host controller
* and NOT when the host controller issues the request on the USB.
* A timeout value of zero specifies an infinite tinmeout period.
*/

udi _ubit32_t tinmeout;

/
frame_nunber is set by the LDD to the frame nunber which this
request may begin with (see usbdi _frane_nunber_cb_t). It is

set by the USBD at request conpletion with the frame nunber at
conpletion time. This frame nunber is provided to allow LDDs to
* synchroni ze requests queued to different isoc pipes.

*/

udi _ubi t32_t frane_nunber;

k% ok ok F

} usbdi _isoc_xfer_ch_t;

voi d ushdi _i soc_xfer_cb_init( udi _i ndex_t cb_i dx,
udi _si ze_t scratch_requirenent,
udi _ubit8_t frame_array_size);

voi d usbdi _i soc_xfer_req( udi _channel _t pi pe_channel,
usbhdi _i soc_xfer_cb_t *cb);

typedef void ushdi _i soc_xfer_req_op_t( usbhdi _i soc_xfer_cb_t *cb);
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voi d ushdi _i soc_xfer_ack( udi _channel _t pi pe_channel,
ushdi _i soc_xfer_cb_t *cb);

typedef void ushdi _i soc_xfer_ack_op_t( usbdi _i soc_xfer_cb_t *cb);
ushdi _i soc_xfer_ack_op_t ushdi _i soc_xfer_ack_unused;
voi d usbdi _i soc_xf er _nak( udi _channel _t pi pe_channel,

ushdi _i soc_xfer_cb_t *cb,
udi _status_t status);

typedef void ushdi _i soc_xfer_nak_op_t( ushdi _i soc_xfer_cb_t *cb,
udi _status_t status);

ushdi _i soc_xfer_nak_op_t ushdi _i soc_xfer_nak_unused;

-~
ok ok ok Ok 3k k ok

-~

Determi ne the current franme nunber. This CBis provided to
allow i soc LDDs a neans to determine the current frame nunber.
The frame nunber returned may not be the actual franme nunber
fromthe host controller. It is a pseudo-frane number provided
by the USBD which will allow isoc LDDs to synchronize pipes which
may be on the same USB or may be on different USBs.

voi d usbhdi _frame_nunber _req( udi _channel _t intfc_channel,
ushdi _misc_cb_t *cb);

typedef void ushdi _frame_nunber _req_op_t( usbdi_misc_cb_t *cb);

voi d usbdi _frame_nunber _ack( udi _channel _t intfc_channel,
usbdi _misc_cb_t *cb,
udi _ubi t32_t frane_nunber,
udi _status_t status);

typedef void usbdi _frame_nunber _ack_op_t( wusbhdi _nmisc_cb_t *cb,
udi _ubi t32_t frane_nunber,
udi _status_t status);

ushdi _frame_nunber _ack_op_t ushdi _frame_nunber _ack_unused;
/*
* Reset the device associated with the interface_channel. This

* CBis provided to allow LDDs a means to recover from device hang
* conditions. THI'S CB SHOULD NOT BE USED LI GHTLY! The result wll

* be the device being re-enunerated.
*/

voi d ushdi _reset _devi ce_req( udi _channel _t intfc_channel,
ushdi _misc_cb_t *cb);

typedef void ushdi _reset _device_req_op_t( usbdi_misc_cb_t *cb);
voi d ushdi _reset _devi ce_ack( udi _channel _t intfc_channel,
usbhdi _misc_cb_t *cb,

udi _status_t status);

typedef void usbhdi _reset _devi ce_ack_op_t( wusbhdi _nmisc_cb_t *cb,
udi _status_t status);

ushdi _reset _devi ce_ack_op_t ushdi _reset _devi ce_ack_unused;

/*

* Abort a Transfer.

*

* The aborted transfer request will be returned via its call back

* function. Only after the transfer request has been aborted will
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* "usbdi _xfer_abort_ack_op" be called. The associated pipe channel's
* state will be USBDI _STATE_STALLED on conpl eti on of the abort process.
*/
typedef struct {
udi _cb_t gcb;
void *tr_context;
void *orig_tr_context;
} usbdi _xfer_abort_cb_t;

voi d usbdi _xfer_abort_cb_init( udi _i ndex_t cb_i dx,
udi _size_t scratch_requirenent);

voi d ushdi _xfer_abort_req( udi _channel _t pi pe_channel,
usbhdi _xfer_abort_cb_t *cb);

typedef void ushdi _xfer_abort_req_op_t( usbdi _xfer_abort_cb_t *cb);
voi d usbhdi _xf er_abort _ack( udi _channel _t pi pe_channel,
usbdi _xfer_abort_cb_t *cb,

udi _status_t status);

typedef void ushdi _xfer_abort_ack_op_t( usbhdi _xfer_abort_cb_t *cb,
udi _status_t status);

usbhdi _xfer_abort_ack_op_t usbdi _xfer_abort_ack_unused;

/*
* Abort a pipe
*
* AIl requests queued to the pipe will be returned to the LDD with
* a status of UDI _STAT_ABORTED. Only after all requests have been
* aborted will the LDD s ushbdi _pi pe_abort_ack_op_t be called.
* The pipe's state will be USBDlI _STATE | DLE on conpl etion of the
* abort process.
*/
voi d ushdi _pi pe_abort _req( udi _channel _t pi pe_channel,
ushdi _misc_cb_t *cb);
typedef void ushdi _pi pe_abort_req_op_t( ushdi _misc_cb_t *cb);
voi d ushdi _pi pe_abort _ack( udi _channel _t pi pe_channel,
ushdi _misc_cb_t *cb);
typedef void ushdi _pi pe_abort _ack_op_t( ushdi _misc_cb_t *cb);
ushdi _pi pe_abort _ack_op_t usbdi _pi pe_abort _ack_unused;
/*
* Abort an interface
*
* AIl requests queued to all pipes of the interface will be returned
* to the LDD with a status of UDI _STAT_ABORTED. Only after all requests
* have been aborted will the LDD s ushdi _intfc_abort_ack_op_t be call ed.
* The interface's state will be USBDI _STATE | DLE on conpl etion of the
* abort process.
*

/

voi d ushdi _i ntfc_abort_req( udi _channel _t intfc_channel,
ushdi _misc_cb_t *cb);

typedef void ushdi _intfc_abort_req_op_t( ushdi _misc_cb_t *cb);

voi d ushdi _i ntfc_abort_ack( udi _channel _t intfc_channel,
ushdi _misc_cb_t *cb);
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typedef void ushdi _i ntfc_abort _ack_op_t( ushdi _misc_cb_t *cb);
ushdi _i ntfc_abort_ack_op_t usbdi _i ntfc_abort _ack_unused;

/*
* CGetting and Setting States
*
* Devices, interfaces, pipes, and endpoints, all have a state associated
* with them The follow ng control block is used for setting and
* getting states.
*/
typedef struct {

udi _cb_t gcb;

udi _ubit8_t state;
#def i ne USBDI _STATE_ACTI VE
#def i ne USBDI _STATE_STALLED
#def i ne USBDI _STATE_I DLE
#def i ne USBDI _STATE_HALTED
#def i ne USBDI _STATE_CONFI GURED (1 << 1)
#def i ne USBDI _STATE_SUSPENDED (1 << 2)
} ushdi _state_cb_t;

A WN P

voi d usbdi _state_cb_init( udi_index_t cb_idx,
udi _size_t scratch_requirenent);

/*
* Pipe get and set state
*
* Pipes support three states:
*
* USBDI _STATE_ACTI VE - The pipe will accept transfer requests and will
* send requests to the device according to the type of
* t he endpoi nt.
* USBDI _STATE_STALLED - The pipe will accept transfer requests but
* will not send requests to the device.
* USBDI _STATE_| DLE - The pipe will not accept transfer requests and wll
* not send requests to the device.
*/
voi d usbhdi _pi pe_state_set_req( udi _channel _t pi pe_channel,
ushdi _state_cb_t *cb);
typedef void ushdi _pi pe_state_set_req_op_t( ushdi _state_cb_t *cb);
voi d ushdi _pi pe_state_set_ack( udi _channel _t pi pe_channel,
ushdi _state_cb_t *cb,
udi _status_t status);
typedef void ushdi _pi pe_state_set_ack_op_t( ushdi _state_cb_t *cb,
udi _status_t status);
voi d ushdi _pi pe_state_get_req( udi _channel _t pi pe_channel,
ushdi _state_cb_t *cb);
typedef void ushdi _pi pe_state_get_req_op_t( ushdi _state_cb_t *cb);
voi d ushdi _pi pe_state_get_ack( udi _channel _t pi pe_channel,
ushdi _state_cb_t *cb);
typedef void ushdi _pi pe_state_get_ack_op_t( ushdi _state_cb_t *cb);
ushdi _pi pe_state_get_ack_op_t ushdi _pi pe_state_get _ack_unused;
/*
* Endpoi nt set and get state
*
* Endpoints support two states
*
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* USBDI _STATE_ACTIVE - The endpoint is accepting requests. Setting
* the endpoint's state to active will reset the data toggle
* and will result in a clear feature "endpoint_halt" device
* request being issued to default pipe.
* USBDI _STATE_HALTED - The endpoint has been halted. See the USB
* core spec for a description of halted and possible causes.
* This state is read-only.
*/
voi d usbhdi _edpt _state_set _req( udi _channel _t pi pe_channel,
usbhdi _state_cb_t *cb);
typedef void ushdi _edpt _state_set_req_op_t( usbhdi _state_cb_t *cb);
voi d usbhdi _edpt _state_set _ack( udi _channel _t pi pe_channel,
ushdi _state_cb_t *cb,
udi _status_t status);
typedef void ushdi _edpt _state_set_ack_op_t( ushdi _state_cb_t *cb,
udi _status_t status);
voi d ushdi _edpt _state_get _req( udi _channel _t pi pe_channel,
usbhdi _state_cb_t *cb);
typedef void ushdi _edpt _state_get_req_op_t( usbhdi _state_cb_t *cb);
voi d usbhdi _edpt _state_get _ack( udi _channel _t pi pe_channel,
ushdi _state_cb_t *cb);
typedef void ushdi _edpt _state_get _ack_op_t( usbhdi _state_cb_t *cb);
usbdi _edpt _state_get_ack_op_t ushdi _edpt _state_get _ack_unused;
/*
* Interface Set/Get State
*
* Setting the interface state results in all pipes of the interface
* being noved to that state. Once an interface has been noved to the
* stalled or idle state, usbdi _pipe_state_set_req() may no | onger be
* used to change the state of the individual pipes. Only when the
* interface is in the active state may the pipe's state be changed with
* usbdi _pi pe_state_set _req().
*
* The state of the interface nay be active even if one of nore
* of its pipes are stalled or idle.
*

-~

voi d ushdi _intfc_state_set_req( udi _channel _t intfc_channel,
ushdi _state_cb_t *cb);

typedef void ushdi _intfc_state_set_req_op_t(usbhdi _state_cb_t *cb);
voi d ushdi _intfc_state_set_ack( udi _channel _t intfc_channel,
ushdi _state_cb_t *cb,

udi _status_t status);

typedef void ushdi _intfc_state_set_ack_op_t(ushdi _state_cb_t *cb,
udi _status_t status);

ushdi _intfc_state_set_ack_op_t ushdi _intfc_state_set_ack_unused;

voi d ushdi _intfc_state_get_req( udi _channel _t intfc_channel,
ushdi _state_cb_t *cb);

typedef void ushdi _intfc_state_get_req_op_t(usbhdi _state_cb_t *cb);

voi d ushdi _intfc_state_get_ack( udi _channel _t intfc_channel,
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ushdi _state_cb_t *cb,
udi _status_t status);

typedef void ushdi _intfc_state_get_ack_op_t(ushdi _state_cb_t *cb,
udi _status_t status);

ushdi _intfc_state_get_ack_op_t ushdi _intfc_state_get_ack_unused;
/*

* CGetting Device States

*

* At times an LDD may find it necessary to determ ne what state

* its associated USB device is in. Supported device states are

* USBDI _STATE_CONFI GURED and USBDI _STATE_SUSPENDED.

*

/

voi d usbhdi _devi ce_state_get _req( udi _channel _t bi nd_channel,
usbhdi _state_cb_t *cb);

typedef void ushdi _devi ce_state_get_req_op_t( usbhdi _state_cb_t *cb);

voi d ushdi _devi ce_state_get _ack( udi _channel _t bi nd_channel,
usbhdi _state_cb_t *cb);

typedef void ushdi _devi ce_state_get _ack_op_t( usbhdi _state_cb_t *cb);
usbdi _devi ce_state_get _ack_op_t ushdi _devi ce_state_get _ack_unused;

/
Retrieving Descriptors

Any descriptor may be retrieved with the ushdi _desc_req() mechani sns.

The USBD nanages the retrieval of these descriptors in an

i mpl enent ation-specific way. Sonme USBD inpl enentations may choose
to cache the configuration descriptors while others nay choose to
read the descriptor fromthe device as needed.

The USBD al | ocates the needed nenory to create a copy of the
requested descriptor (as a novable menory block). It is the
responsibility of the LDD to release this nmenory by calling
udi _nem free();

This mechanismallows for the retrieval of individual descriptors
whi ch are returned by the device as part of the configuration
descriptor, such as the interface descriptor.

The "desc_type" mmy be device, configuration, string, interface,
endpoi nt, USB cl ass specific, or vendor specific.

The "desc_i ndex" field of the ushdi _desc_cb_t is zero based.

When retrieving descriptors contained in the configuration that
are part of an interface the "desc_index" refers to the instance
of the descriptor for the interface related to the channel. For
exanple, to retrieve the first endpoint descriptor of an interface
the "desc_index" may be zero even if the interface is not the
first interface of the configuration.

The USB configuration descriptor alone may be retrieved or all
of the configuration descriptors may be retrieved by setting the
"desc_l ength" appropriately.

Refer to the USB core specification for nore details on desc_type,
desc_i ndex, and | anguagel D (desc_ID field).
/
typedef struct {

L T I I T RS T R R N S R R

udi _cb_t gcb;
udi _ubi t8_t desc_type;
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#def i ne USB_DESC TYPE_DEVI CE 0x01
#def i ne USB_DESC_TYPE_CONFI G 0x02
#def i ne USB_DESC_TYPE_STRI NG 0x03
#def i ne USB_DESC_TYPE_| NTFC 0x04
#def i ne USB_DESC_TYPE_EDPT 0x05

udi _ubi t8_t desc_i ndex;

udi _ubit16_t desc_ID;, /* Language ID for string descriptors,
* functional device ID for all other
* descriptors.
*/

udi _buf _t desc_buf; /* Returned descriptor */

udi _ubit16_t desc_Il ength;

} usbdi _desc_cb_t;

voi d ushdi _desc_cb_init( udi _i ndex_t cb_i dx,
udi _size_t scratch_requirenent);

voi d ushdi _desc_req( udi _channel _t intfc_channel,
ushdi _desc_cb_t *cb);

typedef void usbdi _desc_req_op_t( usbdi _desc_cb_t *cb);
voi d ushdi _desc_ack( udi _channel _t intfc_channel,
usbdi _desc_cb_t *cb,

udi _status_t status);

typedef void usbdi _desc_ack_op_t( usbdi _desc_cb_t *cb,
udi _status_t status);

ushdi _desc_ack_op_t usbdi _desc_ack_unused;

/*

* Change the device's configuration setting

*

* AIl USB interfaces contained by the current configuration shall
* be in the closed state before usbdi _config_set_req() nmay be

* performed.

*

* Once the configuration has been changed all LDD s bound to the
* previous configuration will be unbound and the new configuration will
* be rebound.

*

* A LDD nmay determine the current configuration value by issuing
* a USB_DEVI CE_REQUEST_GET_CONFI GURATI ON r equest .

*

-~

voi d ushdi _config_set_req( udi _channel _t intfc_channel,
usbhdi _misc_cb_t *cb,
udi _ubit16_t config_val ue);

typedef void ushdi _config_set_req_op_t( ushdi _misc_cb_t *cb);

voi d ushdi _config_set _ack( usbdi _misc_cb_t *cb,
udi _status_t status);

typedef void ushdi _config_set_ack_op_t( usbdi _misc_cb_t *cb,
udi _status_t status);

ushdi _config_set_ack_op_t usbdi _config_set_ack_unused;
/*

* Asynchronous Events

*

* Asynchronous event notification is provided to notify LDDs of

* events they may not have initiated. These events include device

* suspended, device wakeup, and USB bandwi dt h needed.

*
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* AIl LDDs that have opened interfaces with the USBDI _| NTFC_OPEN_ASYNC_EVENT
* flag set will be notified when the device has been suspended or woken-up.
* All LDDs with alternate interface's will be notified when USB bandw dth
* is needed. A well-behaved LDD that can reduce its USB bandw dth

* consunption by switching to an alternate interface nay do so when

* this asynchronous event is received and before calling

* usbdi _async_event _res().

*/

/*

* async_event may be one of the follow ng:

*/

#def i ne USBDI _ASYNC_SUSPEND 1

#def i ne USBDI _ASYNC_WAKEUP 2

#def i ne USBDI _ASYNC_BANDW DTH_NEEDED 3

voi d ushdi _async_event _i nd( udi _channel _t intfc_channel,
usbdi _misc_cb_t *cb,

udi _ubit16_t async_event);
typedef void usbdi _async_event _i nd_op_t ( usbdi _misc_cb_t *cb,

udi _ubit16_t async_event);

ushdi _async_event _ind_op_t usbdi _async_event _i nd_unused;

voi d ushdi _async_event _res( udi _channel _t intfc_channel,
ushdi _misc_cb_t *cb);
typedef void usbdi _async_event _res_op_t( ushdi _misc_cb_t *cb);
/*
* Channel operations for LDD side of bind channels and ot her USB
* interface channels.
*/
typedef struct {
udi _channel _event _ind_op_t
ushdi _bi nd_ack_op_t
usbdi _unbi nd_ack_op_t
ushdi _i ntfc_open_ack_op_t
ushdi _intfc_cl ose_ack_op_t
ushdi _frame_nunber _ack_op_t
ushdi _reset _devi ce_ack_op_t
ushdi _intfc_abort_ack_op_t

*udi _channel _event _i nd_op;
*usbdi _bi nd_ack_op;
*usbdi _unbi nd_ack_op;
*usbdi _i nt fc_open_ack_op;

*usbdi _intfc_cl ose_ack_op;
*usbdi _frane_nunber _ack_op;
*usbdi _reset _devi ce_ack_op;

*usbdi _i ntfc_abort_ack_op;

ushdi _intfc_state_set_ack_op_t
ushdi _intfc_state_get_ack_op_t
ushdi _desc_ack_op_t

usbdi _devi ce_state_get _ack_op_t

*usbdi _intfc_state_set_ack_op;
*usbdi _intfc_state_get_ack_op;
*usbdi _desc_ack_op;

*usbdi _devi ce_st ate_get _ack_op;

ushdi _config_set_ack_op_t
ushdi _async_event _ind_op_t
} usbdi _Idd_intfc_ops_t;

*usbdi _confi g_set _ack_op;
*usbdi _async_event _i nd_op;

voi d usbhdi _I dd_intfc_ops_init( udi _i ndex_t ops_i ndex,

usbhdi _l dd_intfc_ops_t *ops);

/*
* Interface operations for LDD side of pipe channels
*/
typedef struct {
udi _channel _event _ind_op_t
usbdi _i ntr_bul k_xfer_ack_op_t
usbdi _i ntr_bul k_xfer_nak_op_t
ushdi _control _xfer_ack_op_t
ushdi _i soc_xfer_ack_op_t
ushdi _i soc_xfer_nak_op_t
ushdi _xfer_abort_ack_op_t
ushdi _pi pe_abort _ack_op_t
usbhdi _pi pe_state_set_ack_op_t *usbdi _pi pe_state_set _ack_op
ushdi _pi pe_state_get_ack_op_t *usbdi _pi pe_state_get _ack_op
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usbdi _edpt _state_set_ack_op_t *usbdi _edpt _state_set _ack_op;
usbhdi _edpt _state_get_ack_op_t *usbdi _edpt _state_get _ack_op;
} ushdi _I dd_pi pe_ops_t;

voi d usbdi _| dd_pi pe_ops_init( udi _i ndex_t ops_i ndex,
usbdi _| dd_pi pe_ops_t *ops);

/*
* Interface operations for USBD side of bind channels and other USB
* interface channels.

*/

typedef struct {
udi _channel _event _ind_op_t *udi _channel _event _i nd_op;
ushdi _bind_req_op_t *usbdi _bi nd_r eq_op;
usbdi _unbi nd_req_op_t *usbdi _unbi nd_req_op;
ushdi _intfc_open_req_op_t *usbdi _i ntfc_open_req_op;
ushdi _intfc_close_req_op_t *usbdi _intfc_cl ose_req_op;
ushdi _frame_nunber _req_op_t *usbdi _frane_nunber_req_op;
ushdi _reset _device_req_op_t *usbdi _reset _devi ce_req_op;
ushdi _intfc_abort_req_op_t *usbdi _intfc_abort_req_op;
ushdi _intfc_state_set_req_op_t *usbdi _intfc_state_set_req_op;
ushdi _intfc_state_get_req_op_t *usbdi _intfc_state_get_req_op;
ushdi _desc_req_op_t *usbdi _desc_req_op;
usbdi _devi ce_state_get_req_op_t *usbdi _devi ce_state_get _req_op;
ushdi _config_set_req_op_t *usbdi _config_set_req_op;
ushdi _async_event _res_op_t *usbdi _async_event _res_op;

} usbdi _usbhd_intfc_ops_t;

voi d usbdi _ushd_intfc_ops_init( udi _i ndex_t ops_i ndex,
usbdi _ushd_intfc_ops_t *ops);

/*
* Interface operations for USBD side of pipe channels.
*/
typedef struct {
udi _channel _event _ind_op_t *udi _channel _event _i nd_op;
usbdi _i ntr_bul k_xfer_req_op_t *usbdi _i ntr_bul k_xfer_req_op;
ushdi _control _xfer_req_op_t *usbdi _control _xfer_req_op;
ushdi _i soc_xfer_req_op_t *usbdi _i soc_xfer_req_op;
ushdi _xfer_abort_req_op_t *usbdi _xfer_abort_req_op;
usbhdi _pi pe_abort_req_op_t *usbdi _pi pe_abort _req_op;
ushdi _pi pe_state_set_req_op_t *usbdi _pi pe_state_set_req_op;
usbhdi _pi pe_state_get_req_op_t *usbdi _pi pe_state_get_req_op;
usbdi _edpt _state_set_req_op_t *usbdi _edpt _state_set_req_op;
usbdi _edpt _state_get_req_op_t *usbdi _edpt _state_get_req_op;

} usbdi _usbhd_pi pe_ops_t;

voi d usbdi _usbhd_pi pe_ops_ini t( udi _i ndex_t ops_i ndex,

usbdi _usbd_pi pe_ops_t *ops);
#endi f /* OPEN_USBDI _VERSI ON */
#endi f /* _OPEN_USBDI _H_ */
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10 Appendix B: Sample Driver (usbdi_printer.c)

#def i ne OPEN_USBDI _VERSI ON 0x08
#i ncl ude <udi . h>

#i ncl ude <open_ushdi . h>

#i ncl ude "usbdi _printer.h"

This driver is prelimnary! It conpiles but
certainly doesn't work. It is being distributed
for review purposes only and may not be used as
as a basis for any driver devel opment.

This file contains a uni-directional printer driver for USB
devices that conformto the "Universal Serial Bus Device O ass
Definition for Printer Devices", ver 1.0.

Thi s Logical -Device Driver (LDD) conforms to OpenUSBDI (ver .8)
and UDI (ver .90) including the UDI Generic |I/O Metal anguage.

UDI does not (currently) provide a printer netal anguage, therefore
this driver is using the UD Generic |/O Metal anguage (G O .

It is expected that npst third party USB device vendors who
wite drivers for vendor unique devices will use the O interface.
/

L T T R T R N

static udi _mgmt _ops_t print_ngnt_ops = {
udi _regi on_attach_unused,
print_gio_prep_for_child_req,
print_ushdi _bind_to_parent_req,
print _usbdi _unbi nd_from parent _req,
print_enunerate_req,
print_trace_nod_req

3

static udi _gio_provider_ops_t print_gio_provider_ops = {
print_gi o_provi der_channel _event _i nd,
print_gio_bind_req,
print_gi o_unbi nd_req,
print_gio_xfer_req,
print_gi o_abort_req,
print_gio_event_res

¥

static usbdi _ldd_intfc_ops_t print_usbdi_lIdd_intfc_ops = {
print_ushdi _I dd_i ntfc_channel _event _i nd,
print _ushdi _bi nd_ack,
print _usbhdi _unbi nd_ack,
print_ushdi _i ntfc_open_ack,
print _ushdi _intfc_cl ose_ack,
usbhdi _frame_nunber _ack_unused,
ushdi _reset _devi ce_ack_unused,
print _ushdi _i ntfc_abort_ack,
ushdi _intfc_state_set_ack_unused,
ushdi _intfc_state_get_ack_unused,
print _ushdi _desc_ack,
ushdi _devi ce_state_get_ack_unused,
usbdi _config_set_ack_unused,
print _ushdi _async_event _ind

¥
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static usbdi _|I dd_pi pe_ops_t print_usbdi _| dd_pi pe_ops = {
print _ushdi _| dd_pi pe_channel _event _i nd,
print _ushdi _i ntr_bul k_xfer_ack,
print _ushdi _i ntr_bul k_xfer_nak,
print _ushdi _control _xfer_ack,
ushdi _i soc_xfer_ack_unused,
ushdi _i soc_xfer_nak_unused,
print _ushdi _xfer_abort_ack,
usbdi _pi pe_abort _ack_unused,
print_ushdi _pi pe_state_set_ack,
print_ushdi _pi pe_state_get_ack,
print_ushdi _edpt_state_set_ack,
print_ushdi _edpt_state_get_ack

s

/*
* AIl USBDI (and all UDI) driver nodules shall contain a main
* initialization driver entry point, init_nodule().

*/
voi d
init_nodul e(void)
{
/ *
* Set up the scratch sizes for the various USBDI control blocks
* that this driver will use.
*/
usbdi _m sc_cb_init( PRI NT_USBDI _M SC_CB_| DX,
PRI NT_USBDI _M SC_CB_SCRATCH_SI ZE) ;
usbdi _m sc_cb_init( PRI NT_USBDI _OPEN_CLOSE_CB_| DX,
PRI NT_USBDI _OPEN_CLOSE_CB_SCRATCH_SI ZE) ;
usbdi _intr_bul k_xfer_cb_init (PRI NT_USBDI _BULK_XFER CB_| DX,
PRI NT_USBDI _BULK_XFER_CB_SCRATCH_SI ZE) ;
usbdi _control _xfer_cb_init( PRI NT_USBDI _CONTROL_XFER_CB_| DX,
PRI NT_USBDI _CONTROL _. XFER CB_SCRATCH_SI ZE) ;
usbdi _xfer_abort_cb_init( PRI NT_USBDI _XFER _ABORT_CB_| DX,
PRI NT_USBDI _. XFER ABORT_CB_SCRATCH_SI ZE) ;
usbdi _state_ch_init( PRI NT_USBDI _STATE_CB_|I DX,
PRI NT_USBDI _STATE_CB_SCRATCH_SI ZE) ;
usbdi _desc_cb_i nit( PRI NT_USBDI _DESC_CB_| DX,
PRI NT_USBDI _DESC_CB_SCRATCH_SI ZE) ;
/ *
* Register the driver's OpenUSBDl interface related Ops.
*/
usbdi _l dd_i ntfc_ops_init (PRI NT_USBDI _| NTFC_OPS_| DX,
&print_usbdi _l dd_intfc_ops);
/ *
* Register the driver's OpenUSBDl pipe related Ops.
*/
usbdi _| dd_pi pe_ops_i ni t (PRI NT_USBDI _PI PE_OPS_| DX,
&print_usbdi _| dd_pi pe_ops);
/ *
* Set up the LDDs scratch sizes for the G O control bl ocks.
*/
udi _gi o_bind_cb_init( PRI NT_G O_BI ND_CB_| DX,
PRI NT_G O_BI ND_CB_SCRATCH_SI ZE) ;
udi _gi o_unbi nd_cb_ini t( PRI NT_G O_UNBI ND_CB_| DX,
PRI NT_G O_UNBI ND_CB_SCRATCH_SI ZE) ;
udi _gi o_xfer_cb_init( PRI NT_Ad O _XFER CB_|I DX,
PRI NT_G O_XFER_CB_SCRATCH_SI ZE,
PRI NT_G O_XFER_CB_PARANMS_SI ZE) ;
udi _gi o_abort _ch_init( PRI NT_GQ O_ABORT_CB_|I DX,
PRI NT_G O_ABORT_CB_SCRATCH_SI ZE) ;
udi _gi o_event _ch_init( PRI NT_GQ O _EVENT_CB_|I DX,
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PRI NT_Gl O EVENT_CB_SCRATCH_SI ZE) ;

/*
* This LDDis a GO provider. Register the G Orelated ops.
*/
udi _gi o_provider_interface_init (PRI NT_G O OPS_| DX,
&print_gi o_provider_ops);

/*
* Initialize this driver's primary region.
*/
udi _primary_region_init(&rint_ngnt_ops,
NULL,
PRI NT_G O_OPS_|I DX,
PRI NT_USBDI _| NTFC_OPS_|I DX,
0,
si zeof (struct printer_context),
NULL) ;
}
voi d

print_gio_prep_for_child_req(udi_bind_cb_t *cb,
voi d *enuneration_cont ext)

{
/*
* The printer_context struct was allocated by UD . The
* size had been given to udi _primary_region_init() in
* init_nodul e().
*/
struct printer_context *printer = cb->gcb.context;
/*
* Store away the bind_channel. This will be the channel
* used for all d O operations.
*/
printer->gi o_bi nd_channel = cb->bi nd_channel;
/*
* Associate the enuneration_context with this printer_context struct.
*/
printer->enuneration_context = enuneration_context;
/*
* Since child_bind_interface passed to udi _primary_region_init()
* above was not zero, the bind_channel has already been anchored.
*/
/*
* Acknow edge this request.
*/
udi _prep_for_child_ack(cb->bind_channel, cb, UD _OK);
}
/*
* Function: print_usbdi_bind_to_parent_req()
*
* This function is called by the UDI Managenent Agent when the
* usbdi _printer driver (the printer LDD) has been requested to
* bind to an interface group by the USBD. In this case the LDD
*

will only be bound to a single interface (interface group size
* is one interface).

*/

static void

print _ushdi _bind_to_parent_req(udi _bind_cb_t *ch)

{
/*
* The printer_context struct was allocated by UD . The
* size had been given to udi _primary_region_init() in
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* init_nodul e().
*/
struct printer_context *printer = cb->gcb.context;

/
Store away the bind_channel. This will be the channel
used for the interface that the LDD is being bound to.
This is also the channel used for all requests issued
* to the default endpoint of the printer.

*/

printer->usbdi _i ntfc_channel = cb->bind_channel;
printer->udi _bind_cb = cb;

EE

/*
* Allocate a usbdi _misc_cb_t for usbdi_bind_req. This struct wll
* be used to conplete the binding. Execution continues in
* print_usbdi _bind_cb_alloc_call().
*/

udi _cb_al l oc(print_ushdi _bind_cb_alloc_call, UDI _GCB(ch),

PRI NT_USBDI _M SC_CB_| DX) ;
}

/*
* Function: print_bind_cb_alloc_call ()
*
* Cal | back function given to udi_cb_alloc() in
* print_usbdi _bind_to_parent_req().
*/
static void
print_ushdi _bind_cb_alloc_call (udi_cb_t *gcb, udi_cb_t *new ch)

{
udi _bind_cb_t *udi _bind_cb = UDI _MCB(gcb, udi_bind_cb_t);
ushdi _mi sc_cb_t *usbdi _bind_cb = UDI _MCB(new_cb, usbdi_m sc_cb_t);
/*
* Request to conplete the binding for the first interface.
*/
usbdi _bi nd_req(udi _bi nd_cb->bi nd_channel , usbdi _bi nd_cb);
/*
* Execution continues in print_usbdi_bind_ack().
*/
}
/*
* OpenUSBDI Read Descriptor Exanple
*
* This driver reads the device and interface descriptor at driver
*

bind time. Based on the descriptors the driver may deternine that
* the driver is not suited for the device and fail the binding.
*/

Function: print_usbdi _read_descriptors()

* ok * F

Read the device and interface descriptor.

* This is done only once at driver bind tine.

*/

static void

print _usbhdi _read_descriptors(struct printer_context *printer)

{
/*
* Allocate a usbdi _desc_cb_t. This CB will be used to read
* both the device descriptor and the interface descriptor.
*/
udi _cb_al l oc(print_ushdi _desc_cb_alloc_call,
UDI _GCB( pri nter->udi _bind_cb),
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PRI NT_USBDI _DESC CB_| DX) ;

/*
* Execution continues in print_usbdi_desc_cb_alloc_call ().
*/
}
/*
* Function: print_usbdi_desc_cb_alloc_call ()
*
* Cal | back function given to udi_cb_alloc() by
* print_usbdi _read_descriptors().
*

* Set up the CB to read the device descriptor.
*/
static void
print _ushdi _desc_cb_alloc_call (udi _cb_t *gcb, udi_cb_t *new ch)

{
struct printer_context *printer = gcb->context;
struct printer_usbdi _desc_cb_scratch *scratch = new_cb->scratch;
usbdi _desc_cb_t *cb = UDI _MCB(new_cb, usbhdi _desc_cb_t);
/*
* Save the buffer pointer for the device descriptor in
* the CBs scratch space.
*/
scrat ch->desc_buf = (udi _buf _t *)&printer->usb_devi ce_descriptor;
/*
* Set up the CB to request the USB device descriptor.
*/
cb->desc_type = USB_DESC TYPE_DEVI CE;
cb->desc_i ndex = 0;
cb->desc_ID = 0;
cb->desc_l ength = sizeof (struct usb_devi ce_descriptor);
usbdi _desc_req(printer->usbdi _intfc_channel, cb);
/*
* Once the USBD has conpleted the operation it will
* call print_usbdi _desc_ack() which was registered
* in the usbhdi _Idd_intfc_ops_t.
*/
}
/*
* Function: print_usbdi_read_interface_descriptor()
*
*

G ven a usbdi _desc_cb_t, performa usbdi _desc_req()
* requesting the USB interface descriptor.
*/
static void
print _ushdi _read_interface_descri ptor(ushdi _desc_cb_t *cb)

{
struct printer_context *printer = UDl _GCB(cb)->context;
struct printer_usbdi _desc_cb_scratch *scratch = UDlI _GCB(cb)->scratch;
/*
* Have we already read the default interface descriptor?
*/
if (printer->usb_interface_descriptor ==
(struct usb_interface_descriptor *)NULL) {
/*
* Set up the CB to read the default interface descriptor.
*/
scrat ch->desc_buf = (udi _buf _t *)&printer->usb_interface_descriptor;
ch->desc_type = USB_DESCRI PTOR _TYPE_| NTERFACE;
cb->desc_i ndex = 0;
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cb->desc_ID = 0;

cb->desc_l ength = sizeof (struct usb_interface_descriptor);
usbdi _desc_req(printer->usbdi _intfc_channel, cb);

return;

/*
* Execution continues in print_usbdi_desc_ack() once the
* USBD conpl etes the read of the interface descriptor.

*/
}
/*
* W are here once we have read the interface descriptor.
*
* This driver only supports the uni-directional printer
* interface.
*

* Have we found the uni-directional interface?
*/
if (printer->usb_interface_descriptor->blnterfaceProtocol !=
| NTERFACE_PROTOCOL_PRI NTER_UNI DI RECTI ONAL) {

/
Still haven't found the unidirectional interface.
Try the next one.

E

* Free the interface descriptor that was just read.
*/
udi _nem free(printer->usb_interface_descriptor);
printer->usb_interface_descriptor =
(struct usb_interface_descriptor *)NULL;

/*
* Move on to the next one.
*/
cb->desc_i ndex++;
usbdi _desc_req(printer->usbdi _intfc_channel, cb);
return;

/*
* Execution continues in print_usbdi_desc_ack() once the
* USBD conpl etes the read of the interface descriptor.

*/
}
/*
* |f we nake it here, we have successfully read the interface
* descriptor for the uni-directional setting for the interface.
* This is required before the binding of the driver may be conpl et ed.
*

* Rel ease the usbdi _desc_ch.
*/
udi _cb_free(UDl _GCB(ch));

/*
* The binding is conplete.
*/
udi _bi nd_t o_parent _ack(printer->ushdi _i ntfc_channel,
printer->udi _bind_cb, NULL, UDI _OK);
printer->udi _bind_cb = (udi_bind_cb_t *)NULL;

/*
* At this point the interface has been bound. The next step is
* to open the pipes. This happens when the interface is opened
* via the GO op print_gio_bind_req().
*/
}
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/* JANET - Still need to do unbind */

voi d

print _usbdi _unbi nd_from parent _req(udi _unbind_cbh_t *cb,
voi d *bi nd_cont ext,
udi _ubit8_t flags)

{

}

/* JANET - Still need to do enunerate */
voi d
print_enumerate_req(udi _enunerate_ch_t *cb,
udi _ubit8_t enuneration_|level)
{

}

voi d

print_trace_nod_req(udi _trace_cb_t *cb)
{

}

static void
print_gi o_provi der_channel _event _i nd(udi _channel _event _ind_cb_t *ch)

}
!

*
* Function: print_gio_bind_req()
*
* Gven as the udi _gio_provider_ops_t bind_req function. This
* function is the equivalent to the printer driver's open function.
*/
static void
print_gi o_bind_req(udi _gio_bind_cb_t *gio_bind_ch)
{
struct printer_context *printer = UDI_GCB(gi o_bind_cb)->context;
printer->gio_bind_cb = gio_bind_cb;

/
Make sure we can perform the binding:

E

Make sure that the driver hasn't already been bound.
* Only allow one user at a tine.
*/
if (printer->flags & PRINT_FLAGS G O BOUND) ({
udi _gi o_bi nd_ack(printer->gi o_bind_channel, gio_bind_ch,
0, 0, UDI _STAT_BUSY);
return;

}

/*
* Execution continues in print_usbdi_intfc_open.
*/
printer->flags | = PRI NT_FLAGS_Gd O BOUND,
print_ushdi _intfc_open(UDI _GCB(gi o_bind_ch));
}

/*
* Function: print_gio_unbind_req()
*
* Gven as the udi _gio_provider_ops_t unbind_req_function. This
* function is the equivalent to the printer driver's close function.
*/
static void
print_gi o_unbi nd_req(udi _gi o_bind_cb_t *gi o_bind_cb)

{
struct printer_context *printer = UDI _GCB(gi o_bind_ch)->context;
printer->gio_bind_cb = gio_bind_cb;
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/*
* Make sure that a bind has al ready been done.
*/
if (!(printer->flags & PRINT_FLAGS G O BOUND)) {
udi _gi o_bi nd_ack(pri nter->gi o_bind_channel, gio_bind_ch,
0, 0, UDI _STAT_CANNCT_UNBI ND);
return;

}

/*

* Do we need to handle the case were a close is requested
* before the open conpl etes.

*/

/*
* Make sure that outstanding requests conplete before the
* interface is closed.

* JANET - todo

*/

/*

* W make it here if there are no outstanding requests
* and we are ready to close the interface.

*/

printer->flags | = PRI NT_FLAGS_Gd O_UNBOUND;

print_ushdi _intfc_cl ose(UD _GCB(gio_bind_ch));

}

/*

* Function Name: print_gio_xfer_req()

*

* Function Description:

* This function is the A O xfer req provider function that was

* registered for this LDD in the uid_gio_provider_ops_t. It is

* called in response to the GOclient witing data to the printer.
* Only wite operations are all owed.

*/

static void
print_gio_xfer_req(udi _gio_xfer_cb_t *gio_cb)

{
struct printer_context *printer = gio_ch->gch. context;
usbdi _i ntr_bul k_xfer_cb_t *bulk_cb = printer->bul k_xfer_cb;
struct printer_pipe_context *pipe = UD _GCB(bul k_cb)->cont ext;
/*
* Make sure this is a wite operation.
*/
if (gio_cb->data_dir != UD_G ODRWITE) {
udi _gi o_xfer_ack(printer->gi o_bind_channel, gio_cb,
UDI _STAT_NOT_SUPPORTED) ;
return;
}
/*
* Make sure that we aren't already perfornming a transfer.
*/
if (printer->flags & PRINT_FLAGS G O XFER) ({
udi _gi o_xfer_ack(printer->gi o_bind_channel, gio_cb, UDI _STAT_BUSY);
return;
}
/*
* Save away the gio_xfer_cb pointer.
*/
printer->flags | = PRI NT_FLAGS _Qd O _XFER
printer->gio_xfer_cb = gio_cb;
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/*

* Make the tr_context point to the gio_cb. The gio_cb will be the
* cookie that we will use to abort the request if needed.

*/

bul k_cb->tr_cont ext
bul k_cb- >dat a_buf
bul k_cb->data_l en

= (void *)gio_cb;
gi o_cb->dat a_buf;
gi o_ch->data_l en;

/*
* Send it on down.
*/
usbdi _i ntr_bul k_xf er (pi pe->channel, bul k_cb);
/*
* Execution continues in print_usbdi _intr_bul k_xfer_ack()
*/
}
static void print_gio_abort_req(udi _gio_abort_cb_t *cb)
{
}
void print_gio_event_res(udi_gio_event_cb_t *cb)
{
}

static void

print _ushdi _I dd_i ntfc_channel _event _i nd(udi _channel _event _ind_cb_t *cb)
{

}

/
Function: print_usbdi _bind_ack()

E

Interface op function for the usbdi _lIdd_intfc_ops_t bind operation.
* Called in response to a usbdi _bind_req() call.
*/

static void

print _usbhdi _bi nd_ack(usbdi _m sc_ch_t *cb,

udi _index_t n_intfc,

udi _status_t status)

{
struct printer_context *printer = UDl _GCB(cb)->context;
/*
* Save the CB. It will be used when the driver unbinds from USBD.
*/
printer->usbdi _bind_cb = cb;
/*
* n_intfc is the nunmber of interfaces associated with this LDD.
* In this case it had better be one.
*/
if (n_intfc !'= PRI NTER_I NTFC_COUNT) {
/*
* |f the nunmber of interfaces doesn't match we need to fail
* the binding.
*/
udi _bi nd_t o_parent _ack(printer->usbhdi _i ntfc_channel,
printer->udi _bind_cb, NULL,
UDI _STAT_CANNCT_BI ND) ;
printer->udi _bind_cb = (udi_bind_cb_t *)NULL;
print_free_printer(printer);
return;
}
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/*
* Read in the descriptors for this interface.
*/
print_ushdi _read_descriptors(printer);
}
/*
* Function: print_usbdi _unbind_ack()
*
*

Interface op function for the usbdi _ldd_intfc_ops_t unbind operation.
* Called in response to a usbdi _unbind_req() call.
*/

static void

print _usbdi _unbi nd_ack(usbdi _mi sc_cb_t *cb, udi_status_t status)

{
struct printer_context *printer = UDl _GCB(cb)->context;
/*
* Save the CB. It will be used when the driver unbinds from USBD.
*/
printer->usbdi _bind_cb = cb;
}
/*

* Function: print_ushbdi_intfc_close_ack()
*
* Called in response to the driver calling ushdi _intfc_close_req().
*/
static void
print_ushdi _intfc_cl ose_ack(usbdi _m sc_ch_t *cb,
udi _status_t status)

{

struct printer_context *printer = UDlI _GCB(cb)->context;
struct printer_usbdi _intfc_cb_scratch *scratch = UDI _GCB(ch)->scratch;
int i;
/*

* Update our usbdi _intfc_cb pointer. It is possible that

* this pointer nmay not be the same as the one we sent to

* usbdi _intfc_close_req().

*/
printer->usbdi _intfc_open_close_cb = cb;
/*

* Did the close interface succeed?

*/
if (status != UDI_OK) {

/*
* Handl e failure cases
*/
return;

}
/*

* The interface is now cl osed.

*/
printer->flags & ~PRI NT_FLAGS_Gd O _UNBOUND;
udi _gi o_unbi nd_ack(printer->gi o_bi nd_channel, printer->gio_bind_cb);
printer->gio_bind_cb = (udi_gio_bind_cb_t *)NULL;

}

static void

print_ushdi _intfc_abort_ack(usbdi _m sc_cb_t *ch)
{

}
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/*
* Function: print_usbdi_desc_ack()
*
* Called in response to a usbdi _desc_req() call.
*/
static void
print _usbhdi _desc_ack(usbdi _desc_ch_t *cb,
udi _status_t status)

{
struct printer_context *printer = UDlI _GCB(cb)->context;
struct printer_usbdi _desc_cb_scratch *scratch = UDlI _GCB(cb)->scratch;
/*
* |f we are unable to read the descriptor, fail the binding of the
* driver.
*/
if (status !'= UDI_OK) {
/*
* W' re here because we were unable to read the device descriptor or
* we were unable to find an uni-directional interface.
*
* Fail the binding since it does not provide the needed support
* for the device.
*
* Note - since this is just a sanple driver it doesn't do
* conplete error handling. In some cases it would nmake sense
* to retry the request if the status is
* UDI _STAT_NOT_RESPONDI NG.
*/
udi _cb_free(UDl _GCB(ch));
print _free_printer(printer);
udi _bi nd_t o_parent _ack(printer->usbhdi _i ntfc_channel,
printer->udi _bind_cb, NULL,
UDI _STAT_CANNCT_BI ND) ;
printer->udi _bind_cb = (udi _bind_cb_t *)NULL;
return;
}
/*
* Save away the returned descriptor. W now own the menory for
* this descriptor and we are responsible for releasing it when
* we no |longer need it.
*/
*scrat ch- >desc_buf = cb->desc;
/*
* print_usbdi _desc_ack() is called on conpletion of any
* usbdi _desc_req(). We may have just conpleted the read
* of the device descriptor or we may have just conpleted the
* read of an interface descriptor.
* print_usbdi _read_interface_descriptor() will check to see
* if the interface descriptor has already been retrieved.
*/
print_ushdi _read_interface_descriptor(ch);
}

static void
print _usbhdi _async_event _i nd(usbdi _m sc_ch_t *cb,

udi _ubit16_t async_event)
{

}

static void

print _ushdi _| dd_pi pe_channel _event _i nd(udi _channel _event _ind_cb_t *cb)
{

}
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/*
* Function: print_usbdi _intr_bul k_xfer_ack()
*
* Called in response to a ushbdi _intr_bulk_xfer() call.
*/
static void
print_usbhdi _i ntr_bul k_xfer_ack(usbdi _intr_bul k_xfer_cb_t *bul k_cb)
{
struct printer_pipe_context *pipe = UD _GCB(bul k_cb)->cont ext;
struct printer_context *printer = pipe->printer;
udi _gio_xfer_ch_t *gio_cb = bul k_ch->tr_context;

/*

* Update our usbdi _bul k_xfer_cb pointer since it nmay have
* changed while it was owned by the USBD.

*/

printer->bul k_xfer_cb = bul k_cb;

/*
* Update fields in our printer context struct.
*/
printer->gio_xfer_cb = (udi _gio_xfer_cb_t *)NULL;
printer->flags & ~PRI NT_FLAGS G O _XFER

/*
* Update the data_len of the udi_gio_xfer_cb.
*/
gi o_ch->data_l en = bul k_ch->data_l en;
udi _gi o_xfer_ack(printer->gi o_bind_channel, gio_cb, UD _CK);
return;

}

/*
* Function: print_usbdi _intr_bul k_xfer_nak()
*
* Called in on error in response to a ushbdi _intr_bulk_xfer() call.
*/
static void
print _ushdi _i ntr_bul k_xfer_nak(usbdi _intr_bul k_xfer_cb_t *bul k_cb,
udi _status_t status)

{
struct printer_pipe_context *pipe = UDl _GCB(bul k_cb)->cont ext;
struct printer_context *printer = pipe->printer;
udi _gio_xfer_ch_t *gio_cb = bul k_ch->tr_context;
/*
* Update our usbdi _bul k_xfer_cb pointer since it nmay have
* changed while it was owned by the USBD.
*/
printer->bul k_xfer_cb = bul k_cb;
/*
* Update fields in our printer context struct.
*/
printer->gio_xfer_cb = (udi _gio_xfer_cb_t *)NULL;
printer->flags & ~PRI NT_FLAGS G O _XFER
/*
* Handl e the error condition.
*/
switch (status) {
case USBDI _STAT_STALL:
/*
* W really shouldn't be getting a stall on the bul k out pipe.
* Set the state of the endpoint to active.
* Fall through to UDI_STAT_I NVALI D_STATE.
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*/
print_ushdi _edpt_state_set_req(pipe);
br eak;

case UDI _STAT_NOT_RESPONDI NG
/*
* W may want to retry the request once or tw ce.
*

* For this sanple driver we will pass the status on up.
* Fall through to UDI_STAT_I NVALI D_STATE.
*/

case UDl _STAT_ABORTED:

case UDI _STAT_DATA_ OVERRUN:

case UDI _STAT_DATA_ UNDERRUN:

case UDI _STAT_TI MEQUT:

case UDI _STAT_DATA ERROR

case UDI _STAT_M STAKEN | DENTI TY:

defaul t:

/ *

* Need to add support for these error conditions. For now,
* fall through to UDI_STAT_I NVALI D_STATE.
*/

case UDI _STAT_I NVALI D_STATE:
/*
* The pipe is in the USBDI _PIPE | DLE state. This will be the case
* if the device is being deconfigured. Don't try to change the
* state of the pipe and don't retry the request. Pass the error
* on up.
*/
gio_ch->data_len = 0;
udi _gi o_xfer_ack(printer->gi o_bind_channel,
printer->gi o_xfer_cb, status);

}

/*

* In all error cases the state of the pipe will be USBDI _Pl PE_STALLED.
* Move the pipe to the active state.

*/

print _ushdi _pi pe_active_req(pipe);

}

static void

print _usbhdi _control _xfer_ack(usbdi _control _xfer_cb_t *cb,
udi _status_t status)

{

}

static void
print _usbhdi _xfer_abort_ack(usbdi _xfer_abort_cb_t *cb,
udi _status_t status)

{

}

/*

* Exanpl e of Opening an Interface

*

* The follow ng functions open an interface. This involves the allocation
* of USB bandwi dth by the USBD and creating channels for the pipes

* associated with the interface.

*/

/*

* print_usbdi _intfc_open()

*

* This function will be called print_gio_bin_req() when the

* interface bound to this printer driver instance is requested to be
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opened. The final result will be that all pipes contained by the
interface will be opened and in the active state (ready to accept
transfer requests).

EE

* Assumes gch->context is set to our printer_context struct.
*/

static void

print _ushdi _intfc_open(udi _ch_t *gch)

{
struct printer_context *printer = gcb->context;
/*
* Do we need to allocate a usbdi_misc_cb_t? |If thisis the
* first open then we will need to allocate one, after that we
*wll reuse it.
*/
if (printer->usbhdi _intfc_open_close_cb ==
(usbdi _m sc_cb_t *)NULL) {
udi _cb_al l oc(print_ushdi _intfc_open_cb_alloc_call, gcb,
PRI NT_USBDI _OPEN_CLOSE_CB_| DX) ;
return;
/*
* Execution continues in print_usbdi_intfc_open_cb_alloc_call().
*/
}
/*
* W have the needed CB. Request the open of the interface
*/
ushdi _i ntfc_open_req(printer->ushdi _i ntfc_channel,
printer->usbdi _intfc_open_cl ose_cbh,
printer->usb_interface_descriptor->bAlternateSetting);
/*
* Execution continues in print_usbhdi_intfc_open_ack().
*/
}
/*
*

Function: print_usbdi _intfc_open_cb_alloc_call ()
*
* Cal l back function for alloc of usbdi_msc_cb_t
* made in print_ushdi _intfc_open().
*/
static void
print_ushdi _intfc_open_cb_alloc_call (udi _cb_t *gcb,
udi _cb_t *new_ch)

{
struct printer_context *printer = gcb->context;
printer->usbdi _intfc_open_close_cb = UD _MCB(new_cb, usbdi_msc_cb_t);
print _ushdi _i ntfc_open(gch);
}
/*
* Function: print_usbdi_intfc_open_ack()
*
* This function was given as the interface open op in
* usbdi _ldd_intfc_ops_t. It is called in response to a
* usbdi _intfc_open_req() call.
*/

static void

print _ushdi _intfc_open_ack(usbdi _m sc_cb_t *cb,
udi _index_t n_edpt, /* Interface endpoint count */
udi _status_t status)
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struct printer_context *printer = UDlI _GCB(cb)->context;
struct printer_usbdi _intfc_cb_scratch *scratch = UDI _GCB(ch)->scratch;

/
Updat e our usbdi _intfc_open_close_cb pointer. It is possible that
this pointer may not be the same as the one we sent to
ushdi _intfc_open_req().

/

printer->usbdi _intfc_open_close_cb = cb;

ok ok kK

/*

* Did the open interface succeed?
*/

if (status != UDI_OK) {

/*

* Handl e fail case
*/

return;

~ -

ok ok ok k3 ok ok

At this point the USBD has opened the interface and all ocated
the needed bandwi dth for all of the pipes and created the
USBD end of the channels for the endpoints.

The LDD shall now conplete the binding for channels to the endpoints.
print _usbhdi _pi pe_channel _spawn() will be called for each pipe.

EE

If this is the first open since the driver was bound then
intfc_edpt_count will be zero. |If this is not the first open
* verify that intfc_edpt_count is the same as n_edpt.

*/

if (printer->intfc_edpt_count == 0) {

printer->intfc_edpt_count = n_edpt;

/*
* Allocate the array to hold our endpoint context array.
*/
udi _nem al | oc(print_usbdi _all oc_edpt_context_call, UDI _GCB(ch),
si zeof (struct printer_pipe_context) * n_edpt, 0);
return;

/*
* Execution continues in print_usbdi_alloc_edpt_context_call ().
*/

else if (printer->intfc_edpt_count != n_edpt) {

/
The endpoint count doesn't natch.

Remenber that this is just a sanple driver so we

don't have to handle every little error :-). Lazy, | know.
/

return;

E

}

/*
* Initialize the pipe_spawn_count
*/

scrat ch->pi pe_spawn_count = n_edpt;

/*
* Start opening the channels for the pipes.
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*/
print _ushdi _pi pe_channel _spawn(UDI _GCB(chb), printer);
}
/*
* Function: print_usbdi_alloc_edpt_context_call ()
*
*

Cal | back function given to udi _nemalloc() in
* print_usbdi _intfc_open_ack().
*/
static void
print_usbdi _all oc_edpt_context_call (udi _cb_t *gcb, void *new _nem
{
struct printer_context *printer = gcb->context;
struct printer_usbdi _intfc_cb_scratch *scratch = gcb->scratch;

int i;
/*
* Set up the array of endpoints
*/
printer->pi pe_context_array = new_nem
for (i=0; i < printer->intfc_edpt_count; i++) {
printer->pipe_context_array[i].printer = printer;
}
/*
* Initialize the pipe_spawn_count. This is used by
* print_usbdi _pi pe_channel _spawn() to determni ne what pipe
* the channel may be spawned for.
*

/
scrat ch->pi pe_spawn_count = printer->intfc_edpt_count;

/*

* Start opening the channels for the pipes.
*/

print _ushdi _pi pe_channel _spawn(gch, printer);

}

static void
print _ushdi _pi pe_channel _spawn(udi _cb_t *gcb,
struct printer_context *printer)

{
struct printer_usbdi _intfc_cb_scratch *scratch = gcb->scratch;
udi _i ndex_t endpoi nt = scratch->pi pe_spawn_count;
udi _channel _spawn(pri nt _usbdi _pi pe_channel _spawn_cal |, gcb,
printer->usbdi _i ntfc_channel, endpoint,
PRI NT_USBDI _PI PE_OPS_|I DX,
&printer->pi pe_context_array[endpoint - 1]);
/*
* Execution continues in print_usbdi_pipe_channel _spawn_call ()
*/
}
/*
* Function: print_usbdi_pipe_channel _spawn_call ()
*
*

Cal | back function given to udi_channel _spawn in
* print_usbdi _pi pe_channel _spawn().
*/
static void
print _ushdi _pi pe_channel _spawn_cal | (udi _cb_t *gcb,
udi _channel _t new_channel)
{

struct printer_context *printer = gcb->context;
struct printer_usbdi _intfc_cb_scratch *scratch = gcb->scratch;
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udi _i ndex_t endpoint = --scratch->pi pe_spawn_count;
/*
* Store away the newy allocated channel.
*/
printer->pi pe_context_array[ endpoi nt].channel = new_channel;
/*
* Are there nore endpoints that need channel s?
*/

if (endpoint > 0) {
print _ushdi _pi pe_channel _spawn(gch, printer);

} else {
/*
* Al pipe channel s have been spawned.
* Call print_usbdi _intfc_open_conplete().
*/
print_ushdi _intfc_open_conpl ete(printer);

Function: print_usbdi _intfc_open_conplete()

E

Cal | ed once all pipe channels for the interface have
* been created.
*/
static void
print_ushdi _intfc_open_conpl ete(struct printer_context *printer)

{
/*
* Have we al ready all ocated our bul k_xfer_cb?
*/
if (printer->bulk_xfer_cb == (usbdi_intr_bul k_xfer_cb_t *)NULL) ({
/*
* Allocate our intr_bulk_xfer cb. This CBis only allocated
* on the first open of the driver and is then reused.
*/
udi _cb_al l oc(print_ushdi _intr_bul k_cb_alloc_call,
UDI _GCB( pri nter->udi _bind_cb),
PRI NT_USBDI _BULK_XFER_CB_| DX) ;
return;
/*
* Execution continues with print_usbdi_bulk_cb_alloc_call ().
*/
}
/*
* The open is conplete.
*
* Notify the caller of print_gio_bind_req() that the interface
* is now opened.
*/
udi _gi o_bi nd_ack(pri nter->gi o_bi nd_channel ,
printer->gio_bind_cb, 0, 0, UD _OK);
}
/*
* Function: print_usbdi_intfc_close()
*
* This function is called when the interface has been
* requested to be closed and all activity on all pipes
* has conpl et ed.
*/
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static void
print_ushdi _intfc_close(udi _cb_t *gcb)

{
struct printer_context *printer = gcb->context;
int i;
/*
* Close all channels that were spawned for the pipes of the interface.
*/
for (i =0; i < printer->intfc_edpt_count; i++) {
udi _channel _cl ose(printer->pi pe_context_array[i].channel);
}
/*
* Note - Don't free pipe_context_array. It will be reused
* if the interface is opened again.
*/
/*
* Note - ushdi_intfc_close() uses the same CB as ushdi _intfc_open()
* therefore we don't have to allocate another CB.
*/
/*
* Request the close of the interface.
*/
ushdi _intfc_cl ose_req(printer->ushdi _i ntfc_channel,
printer->usbdi _intfc_open_cl ose_cb);
/*
* Execution continues in print_usbdi _intfc_close_ack().
*/
}
/*
* Exanpl e of an OpenUSBDI Bul k pipe transfer.
*/
/*
* Function: print_usbdi _intr_bulk_cb_alloc_call()
*

* Cal | back function given to udi_cb_alloc to allocate a
* usbdi _intr_bul k_cb.
*/
static void
print_usbhdi _intr_bul k_cb_alloc_call(udi_cb_t *gcb,
udi _cb_t *bul k_cb)

{
struct printer_context *printer = gcb->context;
/*
* Save the usbdi _intr_bul k_xfer_cb_t away.
*/
printer->bul k_xfer_cb = UD _MCB(bul k_cb, usbdi _intr_bul k_xfer_cb_t);
/*
* Set the context pointer for the bulk_cb to the pipe_context
* for the bul k pipe.
*/
bul k_cb->context = &printer->pi pe_context_array[ printer->bul k_out_pi pe];
/*
* Set up some of the fields in the CB that wont be changi ng.
*
* Set the timeout value to infinite and set the flags to zero. These
* wWill remain the same for all transfers that this driver will perform
*/
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printer->bul k_xfer_cb->timeout = 0;
printer->bul k_xfer_cb->xfer_flags = O;

/*
* Allow the open of the interface to conplete.
*/
print_usbdi _intfc_open_conplete(printer);
}
/*
* Pipe state functions:
*
* print_ushdi _pipe_active_req() - Set the state of the pipe to active.
*
* print_ushdi _pi pe_state_set_ack() - Ack called by the USBD once the
* state of the pipe has been set or if it couldn't be set.
*
* print_ushdi _pipe_state_cb_alloc_call() - Called by the USBD once a
* usbhdi _pipe_state_cb_t is avail able.
*/

static void
print_ushdi _pi pe_active_req(struct printer_pipe_context *pipe)

{
struct printer_context *printer = pipe->printer;
ushdi _state_cb_t *cb = printer->ushdi _pi pe_state_cb;
/*
* Have we already allocated a ushdi _pipe_state_cb?
*/
if (cb == (usbdi _state_cb_t *)NULL) {
udi _cb_al l oc(print_usbhdi _pipe_state_cb_alloc_call,
UDI _GCB( printer->bul k_xfer_cb),
PRI NT_USBDI _STATE_CB_| DX) ;
return;
/*
* Execution continues in print_usbdi_pipe_state_cb_alloc_call ().
*/
}
ch->state = USBDI _STATE_ACTI VE;
ushdi _pi pe_state_set_req(pi pe->channel, cb);
/*
* Execution continues in print_usbhdi_pipe_state_set_ack().
*/
}
/*

* Function: print_usbdi _pipe_state_set_ack()
*
*/
static void
print_ushdi _pi pe_state_set_ack(ushdi _state_cb_t *cb,
udi _status_t status)

{
struct printer_pipe_context *pipe = UDl _GCB(ch)->context;
struct printer_context *printer = pipe->printer;
/*
* Update our usbdi _pipe_state_cb pointer since it may have changed
* while the USBD had owned it.
*/
printer->usbdi _pi pe_state_cb = cb;
/*
* Check our status.
*/
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switch (status) {

case UDl _CK
/*
* The pipe state was successfully set.
*/

case UDI _STAT_I| NVALI D_STATE:
/*
* The pipe state was not set. This is due to the state of the
* interface being something other than USBDI _| NTFC_ACTIVE. This
* may be the case if the device is in the process of being
* deconfi gured.
*/

case UDI _STAT_M STAKEN | DENTI TY:
/*
* Neither of these two cases nmay be happeni ng.
*/

defaul t:
/*
* In all cases, do nothing.
*/
br eak;

}

static void
print_ushdi _pi pe_state_cb_alloc_call (udi _cb_t *gcb,
udi _cb_t *cb)

{
struct printer_pipe_context *pipe = gch->context;
struct printer_context *printer = pipe->printer;
printer->usbdi _pi pe_state_cb = UDI _MCB(ch, usbhdi_state_cb_t);
print _ushdi _pi pe_active_req(pipe);
}
/*
* Endpoi nt state functions:
*
* print_ushdi _edpt_state_set_req() - Set endpoint state to active.
*
* print_usbhdi _edpt_state_cb_alloc_call() - Called by the USBD once a
* usbdi _edpt _state_cb_t is avail able.
*
* print_ushdi _edpt_state_set_ack() - Ack called by the USBD once the
* state of the endpoint has been set or if it couldn't be set.
*/

static void
print_ushdi _edpt_state_set_req(struct printer_pipe_context *pipe)
{

struct printer_context *printer = pipe->printer;

/*
* Al ocated a usbdi _edpt_state_ch. W don't expect to be
* setting the state of the endpoint very often, so don't
* keep the CB around after the request conpl etes.
*/
udi _cb_al l oc(print_usbhdi _edpt_state_cb_alloc_call,
UDI _GCB( printer->bul k_xfer_cb),
PRI NT_USBDI _STATE_CB_| DX) ;
}

static void
print_ushdi _edpt_state_cb_alloc_call (udi _cb_t *gcb, udi_cb_t *cb)

{
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struct printer_pipe_context *pipe
struct printer_context *printer
ushdi _state_cb_t *edpt_state_cb

= gcb->context;

= pipe->printer;

= UDI _MCB(cb, usbdi_state_cb_t);
edpt _state_ch->gch. context = pi pe;

edpt _state_ch->state = USBDI _STATE_ACTI VE;

ushdi _edpt _state_set_req(pi pe->channel, edpt_state_cbh);

}

static void

print_ushdi _edpt_state_set_ack(ushdi _state_cb_t *cb,
udi _status_t status)

{

struct printer_pipe_context *pipe = UDl _GCB(ch)->context;
struct printer_context *printer = pipe->printer;

/*

* Check our status.
*/

switch (status) {

case UDl _CK
/*
* The endpoint state was successfully set.
*/

case UDI _STAT_M STAKEN | DENTI TY:
defaul t:
/*
* In all cases, do nothing.
*/
br eak;

}

/*
* Rel ease the cb.
*/
udi _cb_free(UDl _GCB(ch));
}

static void
print_free_printer(struct printer_context *printer)

{
udi _nem free(printer->pi pe_context_array);
printer->pipe_context_array = (struct printer_pipe_context *)NULL;
udi _nem free(printer->usb_devi ce_descriptor);
printer->usb_devi ce_descriptor = (struct usb_device_descriptor *)NULL;
udi _nem free(printer->usb_interface_descriptor);
printer->usb_interface_descriptor =(struct usb_interface_descriptor *)NULL;
udi _cb_free(UDl _GCB(printer->usbdi _intfc_open_cl ose_ch));
printer->usbdi _intfc_open_close_cb = (ushdi _misc_cb_t *)NULL;
udi _cb_free(UDl _GCB(printer->bul k_xfer_ch));
printer->bul k_xfer_cb = (usbdi _intr_bul k_xfer_cb_t *)NULL;
udi _cb_free(UDl _GCB(printer->usbdi _pi pe_state_ch));
printer->usbdi _pipe_state_cb = (ushdi _state_cb_t *)NULL;
/*
* Add unbind from USBD.
*/
}

static void

print_ushdi _pi pe_state_get_ack(usbhdi _state_cb_t *cb)
{

}

static void
print_ushdi _edpt_state_get _ack(usbhdi _state_cb_t *cb)
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11 Appendix C: Sample Driver (usbdi_printer.h)
/s
* USB Printer C ass defines
*/
#defi ne | NTERFACE_CLASS_PRI NTER 0x07
#defi ne | NTERFACE_SUBCLASS_PRI NTER 0x01

#def i ne | NTERFACE_PROTOCOL_PRI NTER_UNI DI RECTI ONAL 0x01
#def i ne | NTERFACE_PROTOCOL_PRI NTER_BI DI RECTI ONAL 0x02

/*

* This file contains all structures, defines, and declarations for
* the OpenUSBDI uni-directional printer class driver.

*/

struct printer_context; /* Forward declaration */

/*
* Printer specific pipe context structure. One per pipe. This
* LDD instance will only need one of these structures since it
* will only be working with a single bulk out endpoint.
*/
struct printer_pipe_context {
struct printer_context *printer; /* Pointer to the associated printer */

udi _channel _t channel ; /* UDI channel for this pipe */
H
/*
* Printer context structure
*/

struct printer_context {
udi _init_context_t init_context;
voi d *enuneration_cont ext;

udi _channel _t gi o_bi nd_channel ; /* Channel use to communicate with the
* dOchild
*/
udi _channel _t usbdi _bi nd_channel; /* Channel used to comunicate with
* the USBD when perform ng device
* related ops
*/
udi _channel _t usbdi _i ntfc_channel ;/* Channel used to communicate with the
* USBD when performng intfc rel ated

* ops
*/
udi _bind_cb_t *udi _bi nd_cb; /* CB given to
* print_bind_to_parent_req()
*/

udi _gi o_bind_ch_t *gio_bind_cb; /* CB given to print_gio_bind_req() and
* print_gio_unbind_req()
*/
usbdi _misc_cb_t *usbdi _bind_cb; /* CB used to bind and unbind with USBD*/

udi _index_t intfc_edpt_count;

struct printer_pipe_context *pipe_context_array;

udi _i ndex_t bul k_out _pi pe; /* index into pipe_context_array for our
* bul k out pipe.
*/
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/*

*

*/

GO bind fields

udi _channel _t bind_target_channel ;

/*

*

*/

USB descriptor pointers.

struct usb_devi ce_descriptor *usb_devi ce_descriptor;
struct usb_interface_descriptor *usb_interface_descriptor;

/*

* Open interface fields

*/
usb

/*

*

*/
udi

/*
*
*/

usb

di _m sc_cb_t *usbdi _intfc_open_cl ose_cb;

Transfer fields.

This driver was witten to only allow
* one outstanding usbdi _intr_bul k_xfer_cb_t at a tinme.

_gio_xfer_cb_t *gio_xfer_cb;
usbdi _i ntr_bul k_xfer_cb_t *bul k_xfer_cb;

Pi pe state

di _state_cb_t *usbdi _pi pe_state_chb;

udi _ubit32_t flags;

#def i ne PRI NT_FLAGS_DESC BUSY (1<<0)
#def i ne PRI NT_FLAGS_G O BOUND (1<<1)
#def i ne PRI NT_FLAGS_G O UNBOUND (1<<2)
#def i ne PRI NT_FLAGS_G O XFER (1<<3)
#def i ne PRI NT_FLAGS_PI PE_STATE (1<<4)
}
/ *

* USBDI LDD scratch structures.

*

* Scratch struct for usbdi _desc_cb_t

*/

struct printer_usbdi _desc_cb_scratch {

udi
}
/*
* Scra
*/

_buf _t *desc_buf;

/* Where to put the descriptor */

tch struct for ushdi _intfc_open_cl ose

struct printer_usbdi _intfc_cb_scratch {

udi _i ndex_t pi pe_spawn_count;

3

/*
* This
* nunb
*/

driver assunes that

er of interfaces.

is will be bound to PRI NTER | NTFC_COUNT

#defi ne PRI NTER_| NTFC_COUNT 1

/*

* udi _cb_alloc() callback

*/
static
static
static
static
static

udi _cb_al l oc_cal |
udi _cb_al l oc_cal |
udi _cb_al l oc_cal |
udi _cb_al l oc_cal |
udi _cb_al l oc_cal |

_t
_t
_t
_t
_t

functions

print_ushdi _bind_cb_alloc_call;
print_ushdi _desc_cb_alloc_call;

print_ushdi _pipe_state_cb_alloc_call;

print_usbhdi _intr_bul k_cb_alloc_call;

print_ushdi _edpt_state_cb_alloc_call;

/* What pipe do we spawn ? */
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static udi _cb_alloc_call _t print_usbdi_intfc_open_cb_alloc_call;

/*
* udi _mem al l oc() call back functions
*/
static udi _memalloc_call_t print_usbdi_alloc_edpt_context_call;

/*
* udi _channel _spawn() cal |l back functions
*/
static udi _channel _spawn_cal | _t print_usbdi _pi pe_channel _spawn_call;

/*
* Local functions
*/
static void print_usbdi _read_descriptors(struct printer_context *printer);
static void print_usbdi_pi pe_channel _spawn(udi _cb_t *gcb,
struct printer_context *printer);

static void print_usbdi _intfc_close(udi_cb_t *gcb);
static void print_free_printer(struct printer_context *printer)
static void print_usbdi _edpt_state_set_req(struct printer_pipe_context *pipe);
static void print_usbdi_pipe_active_req(struct printer_pipe_context *pipe);
static void print_usbdi _bulk_cb_alloc(struct printer_context *printer);
static void print_usbdi _intfc_open(udi_cb_t *gcb);
static void print_usbdi _intfc_open_conplete(struct printer_context *printer);
/*

* udi _nmgnt _ops_t

*/

static udi _prep_for_child_req_op_t print_gio_prep_for_child_req;

static udi _bind_to_parent_req_op_t print_usbdi _bind_to_parent_req;

static udi _unbind_fromparent_req_op_t print_usbdi _unbind_from parent_req;
static udi _enunerate_req_op_t print_enunerate_req;

static udi _trace_nmod_req_op_t print_trace_nod_req;

/*

* usbdi _I| dd_pi pe_ops_t

*/
static udi _channel _event _ind_op_t print_usbdi _| dd_pi pe_channel _event _i nd;
static usbdi _intr_bul k_xfer_ack_op_t print_ushdi _intr_bul k_xfer_ack;
static usbdi _intr_bul k_xfer_nak_op_t print_ushbhdi _i ntr_bul k_xfer_nak;
static usbdi _control _xfer_ack_op_t print_usbdi _control _xfer_ack;
static usbdi _xfer_abort_ack_op_t print_usbdi _xfer_abort_ack;
static usbdi _pipe_state_set_ack_op_t print_ushdi _pipe_state_set_ack;
static usbdi _pipe_state_get_ack_op_t print_ushdi _pipe_state_get_ack;
static usbdi _edpt_state_set_ack_op_t print_usbhdi _edpt_state_set_ack;
static usbdi _edpt_state_get_ack_op_t print_ushdi _edpt_state_get_ack;
/*

* usbdi _ldd_intfc_ops_t

*/
static udi _channel _event _ind_op_t print_usbdi_ldd_intfc_channel _event_ind;
static usbdi _bind_ack_op_t print_usbdi _bi nd_ack;
static usbdi _unbind_ack_op_t print_usbdi _unbi nd_ack;
static usbdi _intfc_open_ack_op_t print_usbdi _intfc_open_ack;
static usbdi _intfc_close_ack_op_t print_usbdi_intfc_cl ose_ack;
static usbdi _intfc_abort_ack_op_t print_usbdi_intfc_abort_ack;
static usbdi _desc_ack_op_t print_usbdi _desc_ack;
static usbdi _async_event _ind_op_t print_usbdi _async_event _ind;
/*

* udi _gi o_provider_ops_t

*/

static udi _channel _event _ind_op_t print_gio_provider_channel _event _i nd;
static udi_gio_bind_req_op_t print_gio_bind_req;

static udi _gio_unbind_req_op_t print_gio_unbind_req;

static udi_gio_xfer_req_op_t print_gio_xfer_req;

static udi _gio_abort_req_op_t print_gio_abort_req;
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static udi _gio_event_res_op_t print_gio_event_res;

/
Index values for all CB's that this driver will allocate.

L

A driver that allocates the same CB with different scratch
sizes would have to provide a different index values for

* each scratch size.

*/

#def i ne PRI NT_USBDI _I NTFC_OPS_| DX 1
#def i ne PRI NT_USBDI _PI PE_OPS_I DX 2
#define PRINT_USBDI _M SC_CB_| DX 1
#def i ne PRI NT_USBDI _BULK_XFER CB_I DX 2
#def i ne PRI NT_USBDI _CONTROL_XFER CB_| DX 3
#def i ne PRI NT_USBDI _XFER ABORT_CB_| DX 4
#def i ne PRI NT_USBDI _STATE_CB_| DX 5
#def i ne PRI NT_USBDI _DESC_CB_| DX 6
#def i ne PRI NT_USBDI _OPEN_CLOSE_CB_| DX 7

/ *
* Scratch sizes for each of the USBDI CBs.
*/
#def i ne PRI NT_USBDI _M SC_CB_SCRATCH_SI ZE 0
#def i ne PRI NT_USBDI _BULK_XFER_CB_SCRATCH_SI ZE 0
#def i ne PRI NT_USBDI _CONTROL_XFER CB_SCRATCH SI ZE 0
#def i ne PRI NT_USBDI _XFER _ABORT_CB_SCRATCH_SI ZE 0
#def i ne PRI NT_USBDI _STATE_CB_SCRATCH_SI ZE 0
#def i ne PRI NT_USBDI _DESC _CB_SCRATCH_SI ZE \
si zeof (struct printer_usbdi _desc_cb_scratch)
#def i ne PRI NT_USBDI _OPEN_CLOSE_CB_SCRATCH_SI ZE \
si zeof (struct printer_usbhdi _intfc_cb_scratch)

/*
* Printer driver specific GO indexes
*/

#define PRINT_G O OPS_I DX 1
#define PRINT_G O BI ND_CB_| DX 1
#defi ne PRI NT_G O _UNBI ND_CB_I DX 2
#defi ne PRINT_G O XFER_CB_| DX 3
#defi ne PRI NT_G O ABORT_CB_| DX 4
#defi ne PRI NT_G O EVENT_CB_| DX 5
/ *
* Printer driver specific GO scratch sizes
*/
#defi ne PRI NT_G O Bl ND_CB_SCRATCH_SI ZE si zeof (void *)
#defi ne PRI NT_G O _UNBI ND_CB_SCRATCH_SI ZE si zeof (void *)
#defi ne PRI NT_G O XFER_CB_SCRATCH_SI ZE si zeof (void *)
#defi ne PRI NT_G O XFER_CB_PARAMS_SI ZE si zeof (void *)
#defi ne PRI NT_G O ABORT_CB_SCRATCH_SI ZE si zeof (void *)
#defi ne PRI NT_G O EVENT_CB_SCRATCH_SI ZE si zeof (void *)
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