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(54) Apparatus, system and method for providing access to a device function

(57) Techniques and mechanisms for providing ac-
cess to a function with an input/output (I/O) device. In an
embodiment, a main memory of a computer system in-
cluding the I/O device stores a function-context data
structure associating a function with a context for an ac-
cess to the function. The I/O device stores a configuration
for the I/O device to provide the function. In another em-
bodiment, the software process exchanges information
with the function-context data structure for the access to
the function. The I/O device performs a synchronization
of the function-context data structure and the configura-
tion data structure with respect to one another, wherein
the function-context data structure operates as a register
level interface which interfaces the I/O device and the
software process with one another.
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Description

BACKGROUND

1. Technical Field

[0001] Embodiments discussed herein pertain to the
field of computer systems. More particularly, certain em-
bodiments pertain to the field of high speed point-to-point
interconnections and communications architectures.

2. Background Art

[0002] Computer systems include a number of com-
ponents and elements. Often the components are cou-
pled via a bus or interconnect. Peripheral Component
Interconnect (PCI) is a second generation parallel bus
architecture developed in 1992 as a replacement for the
Industry Standard Architecture (ISA) bus. In PCI, all the
devices share the same bidirectional, 32-bit (or 64-bit),
parallel signal path. The PCI bus brought a number of
advantages over the ISA bus, including plug-and-play
operation. PCI Express (PCIe) is a third generation gen-
eral-purpose serial input/output (IO) interconnect de-
signed to replace the PCI bus. Rather than being a bus,
PCIe is structured around point-to-point serial links called
lanes.
[0003] In PCI/PCIe architectures, software maintains
Bus/Device/Function (BDF) data structures which close-
ly parallel the physical structure of system hardware.
Plug-and-play mechanisms of PCI and PCIe support
runtime insertion or removal of hardware components
(and thus their functionality). However, such mecha-
nisms are often sub-optimal with respect to operation of
I/O hardware which is unlikely to be added or removed
during runtime operation of a platform. This type of I/O
hardware is increasingly common as manufacturing
technology continues to trend toward integration, where
hardware functionality which is permanently attached to,
or even integrated into, the semiconductor die for a cen-
tral processing unit (CPU) or other critical platform logic.
[0004] The conventional Device/Function model of
PCI/PCIe for device discovery and configuration has lim-
itations with respect to providing flexibility in mapping
hardware resources to software activities. An additional
problem with the PCI Device/Function model is that de-
vice discovery and configuration techniques and mech-
anisms are inefficient, slowing resume times from a Sleep
state or other such low power states.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The various embodiments of the present inven-
tion are illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings
and in which:

FIG. 1 is a block diagram illustrating elements of a

system for providing access to an input/output func-
tion according to an embodiment.

FIG. 2 is a block diagram illustrating elements of a
device to provide a function for access by a software
process according to an embodiment.

FIG. 3 is a block diagram illustrating elements of logic
to manage access to an input/output function accord-
ing to an embodiment.

FIG. 4A is a block diagram illustrating elements of
configuration data of a input/output device according
to an embodiment.

FIG. 4B is a block diagram illustrating elements of a
data structure for associating an input/output func-
tion with one or more contexts according to an em-
bodiment.

FIG. 5 is a flow diagram illustrating elements of a
method for providing access to an input/output func-
tion according to an embodiment.

FIG. 6 is a flow diagram illustrating elements of a
method for managing access to an input/output func-
tion according to an embodiment.

FIG. 7 is a block diagram illustrating elements of hi-
erarchical data structure for providing access to an
input/output function according to an embodiment.

FIG. 8 is a block diagram illustrating elements of a
computer platform to perform input/output opera-
tions according to an embodiment.

DETAILED DESCRIPTION

[0006] Embodiments discussed herein variously pro-
vide mechanisms or techniques for associating a function
with one or more contexts which are to allow, qualify or
otherwise characterize access to the function by a soft-
ware process. Such an association of a function with one
or more contexts is variously referred to herein as a "func-
tion-context" or "FuncText".
[0007] In an embodiment, an instance of a function and
context being associated with one another (referred to
herein as "function-context instance") may include an in-
stance of information being created, communicated or
otherwise determined to define that the function and the
context are associated with one another. For example,
a function-context instance may be or include a registra-
tion or other storing of data in main memory to identify
that the function and the context are associated with one
another. Based on the defined association, one or more
mechanisms may operate to allow utilization of the func-
tion (and/or qualify utilization of the function) according
to the associated context. The function may be differently
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accessible by some alternate mechanism(s) which are
independent of, but concurrent with, the FuncText (FT)
instance.
[0008] In an embodiment, a FuncText data structure -
e.g. maintained in DRAM or other main memory by the
host - stores data which describes actual device state
and/or desired device state for performance of a function.
Such device state information may be variously trans-
ferred to and/or from the FuncText data structure by a
device which is implement the device state and/or by a
software process which is to access the function as pro-
vided by that device. Such exchanges may provide for a
FuncText data structure to operate as a register level
interface, in main memory, for interfacing the device and
the software process with one another. In an embodi-
ment, the interface is independent of some or all other
software processes of the host OS (e.g. including any
virtual machine monitor, guest OS and/or the like).
[0009] FIG. 1 illustrates elements of a computer sys-
tem 100 including FuncText features for providing func-
tion access according to one embodiment. Computer
system 100 may comprise a processor system bus (front
side bus (FSB)) 103 for communicating information be-
tween processor 102 - e.g. including a CPU or other host
processor - and chipset 104. Processor 102 may include
a single core processor or multicore chip multiprocessor
(CMP) to operate as a host processor of system 100. In
one embodiment, some or all of chipset 104 may be in-
tegrated within processor 102 to provide a system on
chip.
[0010] Chipset 104 may comprise circuit logic to ex-
change communications between processor 102 and
one or more I/O devices of system 100 - e.g. where such
circuit logic is to operate as a root complex according to
PCI and/or PCIe communication specifications. For ex-
ample, chipset 104 may include one or more hub devices
(not shown) - e.g. including a memory controller hub, an
I/O controller hub and/or the like - variously coupled di-
rectly or indirectly via respective interconnects to such
one or more I/O devices.
[0011] By way of illustration and not limitation, chipset
104 may be coupled to main memory 140 via point-to-
point interconnect 107 and to an I/O device 120 via point-
to-point interconnect 112. In one embodiment, main
memory 140 may include, but is not limited to, random
access memory (RAM), dynamic RAM (DRAM), static
RAM (SRAM), synchronous DRAM (SDRAM), double
data rate (DDR) SDRAM (DDR-SDRAM), Rambus
DRAM (RDRAM) or any device capable of supporting
high-speed buffering of data. I/O device 120 may include
any of a variety of devices for exchanging data including,
but not limited to, an audio controller, video controller,
network interface card, storage controller and/or the like.
Computer system 100 may further include non-volatile
(e.g., Flash) memory 116 to operate as a "firmware hub"
or FWH, which may include a basic input/output system
(BIOS) 109 to perform initialization of computer system
100.

[0012] In an alternate embodiment, I/O device 120 may
be coupled to chipset 104 via one or more bridges,
switches or other intermediary devices. Certain embod-
iments are not limited with respect to a particular number
or arrangement of point-to-point links interconnecting I/O
device 120 with chipset 104. Additionally or alternatively,
chipset 104 may couple to any of a variety of one or more
other I/O devices, according to different embodiments.
By way of illustration and not limitation, system 100 may
further include I/O devices 110-1, 110-2 coupled to link
114-0 via switch 108 and links 114-1 and 114-2, respec-
tively. In turn, link 114-0 may couple switch 108 to an
input/output port 106 of chipset 104.
[0013] In one embodiment, interconnects 107, 112
support a point-to-point link protocol including, but not
limited to, common system Interface (CSI), peripheral
component interconnect (PCI) Express (PCIe) or other
like point-to-point interconnect. Accordingly, in one em-
bodiment, one or both of interconnects 107, 112 may
provide a point-to-point link, such as defined by PCI Ex-
press Base Specification Revision 1.1 to allow bi-direc-
tional communication between chipset 104 and one or
both of I/O device 120 and main memory 140. In one
embodiment, chipset 104 may include peripheral com-
ponent interconnect PCIe root ports - e.g. including some
or all of input/output ports 106 - to couple links 107, 112
to link controllers (not shown) of chipset 104. Although
one or more of the embodiments described herein may
be provided with reference to PCIe, those skilled in the
art should recognize that the embodiments described
herein are not limited to point-to-point link which support
PCIe, and are therefore applicable to other like point-to-
point link protocols.
[0014] In conventional PCI and PCIe architectures, I/O
devices are generally limited to a one-to-one mapping
between a PCI function and an OS driver instance. The
Functext concept provides generalization from this one-
to-one relationship, e.g. where a FuncText instance may
be used to variously correspond a specific software proc-
ess to one specific hardware resource, to a pool of hard-
ware resources of multiple I/O devices, and/or to a subset
of hardware resources of a single I/O device.
[0015] In an illustrative scenario according to one em-
bodiment, processor 102 may execute a software proc-
ess 130 which is to access a function - e.g. where soft-
ware process 130 is to exchange communications with
some I/O hardware which is to perform the function. Soft-
ware process 130 may include a driver for such I/O hard-
ware, although certain embodiments are not limited in
this regard. In an embodiment, execution of software
process 130 includes main memory 140 maintaining a
state of software process 130 - e.g. as software state
142. Main memory 140 may further store a FuncText
data structure 144 which, in combination with one or more
FuncText hardware mechanisms, facilitate such function
access by software process 130. For example, FuncText
data structure 144 may store data describing an actual
state and/or a desired state of I/O device 120 for software
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process 130 to access the function.
[0016] By way of illustration and not limitation, I/O de-
vice 120 may include configuration data 124 to store a
configuration for performance of a particular function by
I/O device 120. Other logic (not shown) of I/O device 120
may perform the function according to the configuration
defined in configuration data 124, e.g. in response to I/O
device 120 receiving via 104 a request for the function.
[0017] For example, system 100 may include - e.g. in
chipset 104 - a FuncText (FT) manager 150 to prepare
for use of FT data structure 144 as a register level inter-
face between a device which is to provide a function and
a software process which is to access the function. Such
preparation may be in response to FT manager 150 iden-
tifying a capability of I/O device 120 to support FuncText
functionality according to an embodiment.
[0018] In an embodiment, FT manager 150 creates FT
data structure 144 in a physical location in main memory
140 and/or perform operations to variously add, delete
or otherwise modify data in FT data structure 144 in runt-
ime. In an embodiment, FT manager 150 may be modi-
fied to include a reference to I/O device 120 and/or a
reference to software process 130. Alternatively or in ad-
dition, FT manager 150 may directly or indirectly com-
municate to I/O device 120 and/or software process 130
some reference (e.g. a base address, pointer, handle
and/or the like) to FT data structure 144 for use in reading
from and/or writing to FT data structure 144.
[0019] Access to a function of I/O device 120 by soft-
ware process 130 may include I/O device 120 and soft-
ware process 130 communicating via FT data structure
144 as a register level interface in main memory 140. For
example, software process 130 may execute one or more
instructions specifying an exchange of data with FT data
structure 144, and function access logic 122 of I/O device
120 may variously synchronize configuration data 124
with FT data structure 144. For example, software proc-
ess 130 may write different types of data to different lo-
cations in FT data structure 144, where I/O device 120
may variously synchronize such different locations in FT
data structure 144 each with a different corresponding
location in configuration data 124.
[0020] FIG. 2 illustrates elements of an input/output
(IO) device 200 for providing access to a function accord-
ing to an embodiment. I/O device 200 may include mech-
anisms to support one or more FuncText mechanisms
of computer system 100, for example. In an embodiment,
I/O device 200 includes some or all of the features of I/O
device 120.
[0021] I/O device 200 may include circuitry for operat-
ing in a computer platform - e.g. including an interface
210 for coupling I/O device 200 with a chipset of the com-
puter platform via one or more point-to-point intercon-
nects. I/O device 200 may exchange via interface 210
communications 205 compatible with a communication
standard such as PCI or PCIe.
[0022] I/O device 200 may further include hardware
(not shown) capable of performing one or more functions

- e.g. for a software process in direct or indirect commu-
nication with I/O device 200 via interface 210. By way of
illustration and not limitation, I/O device 200 may support
any of a variety of functions which may be identified ac-
cording to existing PCI Bus, Device, Function discovery
conventions. Certain embodiments are not limited with
respect to the particular type of I/O function to be asso-
ciated with context by a FuncText instance.
[0023] In an embodiment, I/O device 200 further in-
cludes FuncText mechanisms - e.g. including data, con-
trol circuitry, communication circuitry and/or the like - to
provide access (and/or to qualify access) to at least one
such function. By way of illustration and not limitation,
I/O device 200 may include initialization logic 230 to per-
form one or more operations during a boot-up sequence
of the computer platform. In an embodiment, initialization
logic 230 includes or couples to a repository 235 of I/O
device 200 (e.g. one or more registers of non-volatile
memory) which stores data which has been pre-pro-
grammed - e.g. by a manufacturer of I/O device 200 - for
use in identifying capabilities of I/O device 200.
[0024] Based on such pre-programmed data, initiali-
zation logic 230 may send in communications 205 infor-
mation to identify a device-type of I/O device 200, a func-
tion which I/O device 200 is capable of performing and/or
one or more FuncText mechanisms of I/O device 200 for
providing access to the function. Some or all such infor-
mation from initialization logic 230 may, for example, be
directly or indirectly communicated to a BIOS process or
other device/function discovery mechanism of the com-
puter platform during boot-up.
[0025] Additionally or alternatively, initialization logic
230 may receive via communication 205 a reference (e.g.
an address, pointer, handle, etc.) to a FuncText data
structure for a FuncText instance which associates the
function with one or more contexts. As discussed herein,
such a reference may be provided by specialized circuit
logic for managing FuncText functionality on the host side
- e.g. where such circuit logic operates in a chipset of the
computer platform. I/O device 200 may subsequently use
the reference for exchanging information with such a
FuncText data structure in support of providing software
with access to the function. In another embodiment, I/O
device 200 may receive such a FuncText data structure
reference (or an alternative reference) during runtime op-
eration of the platform.
[0026] In an embodiment, I/O device 200 includes ad-
ditional memory to store in one or more data structures
- represented by the illustrative configuration data 250 -
a configuration for I/O device 200 to provide access to a
function. Configuration data 250 may include, for exam-
ple, data provided via the platform chipset (e.g. from the
OS), data retrieved by I/O device 200 from main memory
and/or data copied from repository 235. Alternatively or
in addition, configuration data 250 may include informa-
tion provided during platform boot-up and/or information
provided during runtime operation of the platform.
[0027] In an embodiment, configuration data 250 in-
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cludes some or all of the types of information in the con-
figuration space of a conventional PCIe device. For ex-
ample, such information may include PCIe Type 0 header
information and, in an embodiment, may further include
one or more types of capability information supported by
PCI and/or PCIe. By way of illustration and not limitation,
a data structure of configuration data 250 may include
PCI Power Management Capability registers, Message
Signaled Interrupt (MSI) Capability registers and/or any
of a variety of additional or alternative registers for storing
capability data or other function context information.
[0028] I/O device 200 may further comprise a coher-
ency engine 240 including any of a variety of combina-
tions of hardware, firmware and/or executing software to
maintain some or all information in configuration data 250
to facilitate function access by a software process. For
example, coherency engine 240 may include an applica-
tion specific integrated circuit (ASIC), a state machine, a
microcontroller, microprocessor, processor and/or any
of a variety of other circuit logic, according to different
embodiments. Maintaining configuration data 250 may
include coherency engine 240 exchanging communica-
tions with a FuncText data structure in main memory. For
example, coherency engine 240 may perform a synchro-
nization process to update configuration data 250 with
data which the software process has written to the Func-
Text data structure. Alternatively or in addition, the syn-
chronization process may update the FuncText data
structure with data from configuration data 250 - e.g. in-
cluding data which is to be subsequently read from the
FuncText data structure by the software process. Such
synchronization may provide coherency between a
FuncText data structure in main memory and configura-
tion data 250 - e.g. where at a point in time they store
respective information which is equivalent, consistent or
otherwise coherent.
[0029] FIG. 3 illustrates elements of a FuncText man-
ager 300 according to an embodiment for managing the
provisioning of I/O function access to a software process.
In an embodiment, FT manager 300 is to facilitate com-
munications between a software process and a device -
e.g. including some or all of the features of I/O device
200 - which is to implement a function to be accessed by
the software process. For example, FT manager 300 may
include some or all of the features of FT manager 150.
[0030] FT manager 300 may include one or more in-
terfaces, represented by an illustrative interface 310, for
coupling FT manager 300 with main memory of the com-
puter platform and/or with one or more I/O devices each
via one or more respective point-to-point interconnects.
Alternatively, FT manager 300 may be incorporated into
an apparatus which includes such one or more interface.
In an embodiment, FT manager 300 is to exchange via
interface 310 communications 305 compatible with a
communication standard such as PCI or PCIe.
[0031] Communications 305 may variously provide for
management of how an I/O function is to be accessed.
For example, allocation management logic 320 of FT

manager 300 may include circuitry to issue commands
for variously creating or otherwise configuring one or
more data structures in main memory and/or in an I/O
device which is to perform a function. Alternatively or in
addition, allocation management logic 320 may issue
communications to associate a FuncText instance with
I/O device hardware which is to perform a function of that
FuncText instance. By way of illustration and not limita-
tion, allocation management logic 320 may store in the
FuncText data structure for a particular FuncText in-
stance a reference to an I/O device which is to perform
the function.
[0032] In an embodiment, allocation management log-
ic 320 may provide the I/O device and/or a software proc-
ess with a reference to the FuncText data structure - e.g.
for subsequent use in synchronizing or otherwise access-
ing the FuncText data structure. Allocation management
logic 320 may also explicitly identify the I/O device to a
software process which is to access the function, al-
though certain embodiments are not limited in this regard.
Allocation management logic 320 may further set up one
or more mechanisms for an I/O device to be notified of
a change to an FT data structure, where synchronization
with the configuration data of the I/O device may be based
on such notification. For example, allocation manage-
ment logic 320 may directly or indirectly configure one or
more doorbell registers, lightweight notification (LN)
channels - such as that according to the LN protocol of
PCI-SIG - and/or any of a variety of other means for no-
tifying an I/O device of updates to an FT data structure.
In an embodiment, allocation management logic 320 may
variously update, delete and/or modify one or more Func-
Text data structures, FuncText data structures, I/O de-
vice references, notification mechanisms and/or the like
during runtime operation of the computer platform.
[0033] In an embodiment, FT manager 300 further
comprises logic to identify which particular function and
which particular context(s) are to be associated with one
another by a FuncText instance. For example, context
management logic 330 of FT manager 300 may detect
the availability of a function in one or more I/O devices
of the computer platform - e.g. based on conventional
device/function discovery mechanisms of PCI and/or
PCIe. Context management logic 330 may further detect
that some or all of such one or more I/O devices support
FT-based mechanisms for providing access to the func-
tion.
[0034] In an embodiment, context management logic
330 may receive - e.g. from a particular I/O device which
is to provide the function - information identifying one or
more contexts which are required at least in the case of
that particular I/O device. Alternatively or in addition, con-
text management logic 330 may receive from the host
OS or other source information identifying one or more
contexts which are required at least with respect to the
software process which is to access the function. In an
embodiment, information provided to context manage-
ment logic 330 may identify one or more contexts which
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are based on other constraints imposed by the computer
platform. By way of illustration and not limitation, such
constraints may include any of a variety of quality of serv-
ice requirements and/or resource allocation constraints
for communication bandwidth, processing cycles, stor-
age capacity and/or any of a variety of other limited re-
sources of the platform. In certain embodiments, some
or all contexts to be associated with a function are pro-
vided as a priori information to context management logic
330 - e.g. from the host OS, dedicated resource man-
agement and/or QoS enforcement hardware mecha-
nisms, etc. Context management logic 330 may change
information in a FuncText data structure and/or an I/O
device data structure to variously update, delete and/or
modify the association of a function with context during
runtime operation of the computer platform.
[0035] Data structures and circuit logic for implement-
ing a FT-based function access may include mechanisms
for managing hierarchical relationship between multiple
FuncText instances. For example, as discussed herein,
a first FuncText data structure may store information in-
dicating whether some other FuncText data structure is,
with respect to that first FuncText data structure, a child
FuncText data structure or a parent FuncText data struc-
ture. In such an embodiment, FT manager 300 may fur-
ther include hierarchy management logic 340 to perform
runtime operations for creating, deleting, modifying or
otherwise managing such hierarchical relationships. In
certain other embodiments, FT manager 300 does not
provide such support for hierarchical FuncText relation-
ships. One or more hierarchical relationships may be
specified to hierarchy management logic 340 as a priori
information from the OS of other agent. In an embodi-
ment, hierarchy management logic 340 may change in-
formation in one or more FuncText data structures vari-
ously update, delete and/or modify hierarchical relation-
ships between FuncText data structures during runtime
operation of the computer platform.
[0036] FIG. 4A illustrates elements of configuration da-
ta 400 stored in a data repository of an I/O device ac-
cording to an embodiment. Configuration data 400 may
be stored in an I/O device having one or more FuncText
capabilities of I/O device 120 for example. In an embod-
iment, configuration data 400 stores some or all of the
information in configuration data 250.
[0037] Configuration data 400 may include a data
structure which compatible with - and in an embodiment,
may serve as - a PCI type 0 configuration space header.
For example, configuration data 400 may include a de-
vice identifier (ID) register 402 to store an identifier of the
device model, a vendor ID register 404 to store an iden-
tifier assigned to the vendor of the device, a status reg-
ister 406 to store an indication of whether certain errors
have occurred, and a command register 408 to store a
bitmask representing features which are variously ena-
bled/disabled. Configuration data 400 may further store
a class code register 410 to store a functional classifica-
tion of the device, a revision ID 412 to store a revision

identifier for the device and various base address regis-
ters 414 to store memory addresses, address offsets,
etc. used by the device. In an embodiment, configuration
data 400 further stores a register Max_Lat 416 to store
an indication of how often the device needs access to a
PCI/PCIe interconnect, a register Min_Gnt 418 to specify
a burst period length required by the device, a register
Int Pin 420 to specify an interrupt pin which the device is
to use, and a register Int Line 422 to specify an input line
to which the device’s interrupt pin is connected. The con-
tents and arrangement of information in configuration da-
ta 400 is merely illustrative of one implementation, and
may not be limiting on certain embodiments.
[0038] FIG. 4B illustrates elements of a FT data struc-
ture 440 according to an embodiment, the FT data struc-
ture 440 stored in a main memory to serve as a register
level interface for an I/O device and a software process
which is to access a function provided by the I/O device.
In an embodiment, FT data structure 440 provides a hard-
ware interface for a software process to access informa-
tion such as that of configuration data 250. For example,
FT data structure 440 may include some or all of the
features of FT data structure 144.
[0039] In an embodiment, 440 includes a main body
460 to store information identifying or otherwise indicat-
ing context of the FuncText instance for association with
a function of the FuncText instance. By way of illustration
and not limitation, main body 460 may include a PCI type
0 header 462 which, for example, includes some or all
of the features of configuration data 400. In an embodi-
ment, PCI type 0 header 462 corresponds to a PCI type
0 header of an I/O device which is, at a given time, is to
implement the function. Providing a software process
with access to the function may include such an I/O de-
vice accessing main memory to synchronize PCI type 0
header 462 and its local PCI type 0 header with one an-
other. Main body 460 may include one or more additional
registers to store capability data 464, although certain
embodiments are not limited in this regard. For example,
main body 460 may further include one or more of PCI
Power Management Capability registers, Message Sig-
naled Interrupt (MSI) Capability registers, PCIe capability
registers and/or any of a variety of additional or alterna-
tive registers to store capability data. A version of such
capability information may further be stored locally in an
I/O device - e.g. as configuration data 400 to be variously
synchronized with FT data structure 440.
[0040] FT data structure 440 may further comprise a
FT header 450 for recognition and/or use of FT data struc-
ture 440 to provide access to an I/O function. For exam-
ple, information in FT header 450 may facilitate use of
FT data structure 440 as a register level interface be-
tween a software process and FT-specific hardware of
an I/O device. FT header 450 may include a field - rep-
resented by an illustrative driver ID field 452 - to store an
indication of a software process which may access a
function using the FuncText instance represented by FT
data structure 440. In an embodiment, such a software
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process may be a driver process for driving hardware
resources of an I/O device. Information in driver ID field
452 may include or otherwise be based on a vendor ID
and/or device ID, for cases where a vendor-supplied de-
vice driver is to be used. Alternatively, such information
may include or otherwise be based on PCI-SIG (Periph-
eral Component Interconnect Special Interest Group)
definitions for class code, sub-class and/or programming
interface information, for cases where a generic OS driv-
er is to be used.
[0041] FT header 450 may include another field, rep-
resented by an illustrative BDF reference field 454, to
store any reference to an I/O device which is to perform
the function of the FuncText instance. Information in BDF
reference field 454 may include a pointer to the I/O device
hardware for a particular Bus, Device, Function triplet.
As discussed herein, BDF reference field 454 may be
configured to store NULL pointer information - e.g. in em-
bodiments where FT data structure 440 is one of a hier-
archy of FuncText data structures.
[0042] FIG. 5 illustrates elements of a method 500 for
an I/O device to provide access to a function according
to an embodiment. Method 500 may be performed by a
device including some or all of the features of I/O device
200, for example.
[0043] Method 500 may include, at 510, storing in a
configuration data structure of the I/O device a configu-
ration for a function. The configuration stored at 510 may
be, include or otherwise indicate a context according to
which the I/O device is to provide access to the function.
The configuration may include, for example, configura-
tion space information of a type found in a PCI type 0
header. Alternatively or in addition, the configuration in-
formation may include power management capability
register information, MSI register information and/or any
of a variety of other types of configurations, according to
different embodiments.
[0044] In an embodiment, method 500 further compris-
es, at 520, providing a software process with an access
to the function. The software process may be a driver for
the I/O device, although certain embodiments are not
limited in this regard. The software process may execute
with a processor and a main memory coupled to the I/O
device, the main memory storing a function-context data
structure. The providing the access to the function at 520
may include synchronizing the function-context data
structure and the configuration data structure with re-
spect to one another. For example, the I/O device may
receive during runtime execution of the computer plat-
form a reference (e.g. a pointer, base address, handle,
etc.) to a FuncText data structure, wherein the synchro-
nizing is based on the received reference to the FuncText
data structure. The I/O device may access the FuncText
data structure in response to a lightweight notification
communication or, alternatively, in response to an access
to a doorbell register corresponding to the FuncText data
structure. In an embodiment, the main memory stores a
hierarchy of FuncText data structure including the Func-

Text data structure and a second FuncText data structure
wherein the software process accesses the FuncText da-
ta structure based on information in the FuncText second
data structure.
[0045] In an embodiment, the software process is to
exchange information with the function-context data
structure for the access to the function, wherein the func-
tion-context data structure operates as a register level
interface which interfaces the I/O device and the software
process with one another. For example, access to the
function by the software process may include an ex-
change between the software process and the FuncText
data structure which is executed independent of any oth-
er software process which might be executing with the
host OS.
[0046] FIG. 6 illustrates elements of a method 600 for
a device to manage access to a function according to an
embodiment. Method 600 may be performed by a device
including some or all of the features of FT manager 300,
for example.
[0047] Method 600 may include, at 610, accessing a
function-context data structure of a main memory cou-
pled to the device, including defining with the function-
context data structure an association of a function with
a context. The device performing method 600 may be
further coupled to an I/O device. A software process may
execute with the main memory and a host processor cou-
pled to the device.
[0048] In an embodiment, method 600 further compris-
es, at 620, providing to the I/O device or the software
process a reference to the function-context data struc-
ture, wherein, based on the reference, the I/O device
provides the software process an access to the function,
the access according to the context. The software proc-
ess may exchange information with the function-context
data structure for the access to the function, wherein the
function-context data structure operates as a register lev-
el interface which interfaces the I/O device and the soft-
ware process with one another.
[0049] During runtime operation of the computer plat-
form, the device performing method 600 may further write
to the FuncText data structure a reference to an I/O de-
vice. Such writing may change an FuncText instance
from being associated with a first I/O device for providing
access to the function to being associated with a second
I/O device for providing access to the function. Alterna-
tively or in addition, the device performing method 600
may, during runtime operation of the computer platform,
access the FuncText data structure to change the Func-
Text data structure from defining an association of a first
context with the function to defining an association of a
second context with the function. In an embodiment, the
device may access the FuncText data structure to define
a hierarchy of FuncText data structures in the main mem-
ory, the hierarchy of FuncText data structures including
the FuncText data structure.
[0050] FIG. 7 illustrates elements of a hierarchy 700
of FuncText data structures in main memory for providing
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access to I/O functions according to an embodiment. Hi-
erarchy 700 may be stored in main memory 140, for ex-
ample, to provide one or more register level interfaces
each for a software process to access a respective I/O
function.
[0051] FT data structures of hierarchy 700 may be var-
iously modified by FuncText management logic during
runtime operation of a computer platform - e.g. to change
an association of an FuncText instance to an I/O device,
to change an association of a function and a context with
one another, to change a hierarchical relationship be-
tween FuncText data structures and/or the like. In an
illustrative scenario according to one embodiment, hier-
archy 700 includes FT data structures 710, 720, 730 for
various respective FuncText instances. As shown, FT
data structures 720, 730 are children of FT data structure
710. In an embodiment, FT data structures 710, 720 and
730 include respective FT headers 712, 722, 732 which,
for example, may variously include one or more features
of FT header 450. By way of illustration and not limitation,
FT headers 712, 722, 732 may each store respective
driver identifier information and any reference - e.g. in-
cluding a BDF pointer - to a respective device which is
to implement a function.
[0052] Alternatively or in addition, FT data structures
710, 720 and 730 may each include respective main bod-
ies 714, 724, 734 which, for example, variously include
one or more features of main body 460. As shown in FIG.
7, main bodies 714, 724, 734 of FT data structures 710,
720 and 730 may variously store PCI type 0 header in-
formation, power management capability information,
MSI capability information, PCIe capability information
or any of a variety of additional or alternative types of
data describing a desired or actual configuration of I/O
hardware.
[0053] FT circuit logic of an I/O device and/or of a Func-
Text manager may access hierarchy 700 to dynamically
allocate I/O resources. By way of illustration and not lim-
itation, a user may launch an application to audio content
from some remote source such as the Internet. The ap-
plication in turn may request that the host OS allocate
I/O resources to decode and present the streamed data.
[0054] In response to such a request, the host OS and
an audio driver/subsystem may establish in main mem-
ory FT data structure 710 for a FuncText to play such
audio content. FT data structure 710 may, in and of itself,
be only indirectly associated with I/O hardware by virtue
of other FuncText data structures of hierarchy 700. For
example, FT header 712 may include in a BDF reference
field which stores a null pointer, indicating that FT data
structure 710 represents a logical grouping of hardware
resources identified in other FT data structures of hier-
archy 700.
[0055] In an embodiment, FT data structures 720, 730
may also be established in main memory for two subor-
dinate FuncTexts. Each of FT headers 712, 722, 732
may identify a respective number of child FuncText data
structures and/or a respective number of parent Func-

Text data structures. Alternatively or in addition, FT head-
er 712 may include pointers to its respective child FT
data structures 720, 730. In another embodiment, FT
headers 722, 732 may variously include pointers (not
shown) back to the respective parent FT data structure
710.
[0056] FT data structure 720 may, for example, provide
software with access to a hardware audio controller 740
for speakers integrated into the computer platform. More-
over, FuncText data structure 730 may provide software
with access to a NIC 750 which is to stream back channel
audio to speakers which are connected through the us-
er’s home network. Upon the termination of the applica-
tion by the user, some or all of FuncTexts 710, 720, 730
may be de-allocated during runtime, and their respective
hardware resources freed.
[0057] Referring now to FIG. 8, shown is a block dia-
gram of a system 800 in accordance with an embodiment.
As shown in FIG. 8, multiprocessor system 800 is a point-
to-point (P-P) interconnect system, and includes a first
processor 870 and a second processor 880 coupled via
a P-P interconnect 850. Each of processors 870 and 880
may be some version of a processor. While shown with
two processors 870, 880, it is to be understood that the
scope of the present invention is not so limited. In other
embodiments, any of a variety of one or more additional
or alternative processors may be present in system 800.
[0058] Processors 870 and 880 are shown including
integrated memory controller units 872 and 882, respec-
tively. Processor 870 may also include as part of its bus
controller units P-P interfaces 876 and 878; similarly, sec-
ond processor 880 includes P-P interfaces 886 and 888.
Processors 870, 880 may exchange information via a P-
P interface 850 using P-P interface circuits 878, 888. As
shown in FIG. 8, IMCs 872 and 882 couple the processors
to respective memories, namely a memory 832 and a
memory 834, which may be portions of main memory
locally attached to the respective processors. In an em-
bodiment, one or both of memories 832, 834 store one
or more FuncText data structures for providing software
with access to I/O functionality.
[0059] Processors 870, 880 may each exchange infor-
mation with a chipset 890 via individual P-P interfaces
852, 854 using point to point interface circuits 876, 894,
886, 898. Chipset 890 may also exchange information
with a high-performance graphics circuit 838 via an in-
terface circuit 892 along a high-performance graphics
interconnect 839. Chipset 890 may be coupled to a first
bus 816 via an interface 896. In one embodiment, first
bus 816 may be a Peripheral Component Interconnect
(PCI) bus, or a bus such as a PCI Express bus or another
third generation I/O interconnect bus, although the scope
of the present invention is not so limited.
[0060] As shown in FIG. 8, various I/O devices 814
may be coupled to first bus 816, and/or a bus bridge 818
may couple first bus 816 to a second bus 820. One or
more such I/O devices 814 may variously store configu-
ration data and include function access circuitry for soft-
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ware to access a function via a FuncText data structure
in main memory. In one embodiment, second bus 820
includes a low pin count (LPC) bus. Any of various de-
vices may be coupled to second bus 820 including, for
example, a keyboard and/or mouse 822, communication
devices 827 and a storage unit 828 such as a disk drive
or other mass storage device which often includes in-
structions/code and data 830, in one embodiment. Fur-
ther, an audio I/O 824 is shown coupled to second bus
820. Note that other architectures are possible, where
the included components and interconnect architectures
vary. For example, instead of the point-to-point architec-
ture of FIG. 8, a system may implement a multi-drop bus
or other such architecture.
[0061] System 800 may include a device comprising
an integrated circuit and a hardware interface for that
integrated circuit. By way of illustration and not limitation,
such device may include processor 870, processor 880,
a package (not shown) of chipset 890, memory 832,
memory 834 and/or any of various other components of
system 800.
[0062] Techniques and architectures for accessing
functionality of an I/O device are described herein. In the
above description, for purposes of explanation, numer-
ous specific details are set forth in order to provide a
thorough understanding of certain embodiments. It will
be apparent, however, to one skilled in the art that certain
embodiments can be practiced without these specific de-
tails. In other instances, structures and devices are
shown in block diagram form in order to avoid obscuring
the description.
[0063] Reference in the specification to "one embodi-
ment" or "an embodiment" means that a particular fea-
ture, structure, or characteristic described in connection
with the embodiment is included in at least one embod-
iment of the invention. The appearances of the phrase
"in one embodiment" in various places in the specification
are not necessarily all referring to the same embodiment.
[0064] Some portions of the detailed description herein
are presented in terms of algorithms and symbolic rep-
resentations of operations on data bits within a computer
memory. These algorithmic descriptions and represen-
tations are the means used by those skilled in the com-
puting arts to most effectively convey the substance of
their work to others skilled in the art. An algorithm is here,
and generally, conceived to be a self-consistent se-
quence of steps leading to a desired result. The steps
are those requiring physical manipulations of physical
quantities. Usually, though not necessarily, these quan-
tities take the form of electrical or magnetic signals ca-
pable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at
times, principally for reasons of common usage, to refer
to these signals as bits, values, elements, symbols, char-
acters, terms, numbers, or the like.
[0065] It should be borne in mind, however, that all of
these and similar terms are to be associated with the
appropriate physical quantities and are merely conven-

ient labels applied to these quantities. Unless specifically
stated otherwise as apparent from the discussion herein,
it is appreciated that throughout the description, discus-
sions utilizing terms such as "processing" or "computing"
or "calculating" or "determining" or "displaying" or the like,
refer to the action and processes of a computer system,
or similar electronic computing device, that manipulates
and transforms data represented as physical (electronic)
quantities within the computer system’s registers and
memories into other data similarly represented as phys-
ical quantities within the computer system memories or
registers or other such information storage, transmission
or display devices.
[0066] Certain embodiments also relate to apparatus
for performing the operations herein. This apparatus may
be specially constructed for the required purposes, or it
may comprise a general purpose computer selectively
activated or reconfigured by a computer program stored
in the computer. Such a computer program may be stored
in a computer readable storage medium, such as, but is
not limited to, any type of disk including floppy disks, op-
tical disks, CD-ROMs, and magnetic-optical disks, read-
only memories (ROMs), random access memories
(RAMs) such as dynamic RAM (DRAM), EPROMs, EEP-
ROMs, magnetic or optical cards, or any type of media
suitable for storing electronic instructions, and coupled
to a computer system bus.
[0067] The algorithms and displays presented herein
are not inherently related to any particular computer or
other apparatus. Various general purpose systems may
be used with programs in accordance with the teachings
herein, or it may prove convenient to construct more spe-
cialized apparatus to perform the required method steps.
The required structure for a variety of these systems will
appear from the description herein. In addition, certain
embodiments are not described with reference to any
particular programming language. It will be appreciated
that a variety of programming languages may be used
to implement the teachings of such embodiments as de-
scribed herein.
[0068] Besides what is described herein, various mod-
ifications may be made to the disclosed embodiments
and implementations thereof without departing from their
scope. Therefore, the illustrations and examples herein
should be construed in an illustrative, and not a restrictive
sense. The scope of the invention should be measured
solely by reference to the claims that follow.
[0069] The following clauses describe certain embod-
iments.

1. A input/output (IO) device comprising:

a memory to store a configuration data structure
including a configuration for a function; and
a coherency engine including circuitry to provide
a software process an access to the function,
including the coherency engine to perform a syn-
chronization of the function-context data struc-
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ture and the configuration data structure with re-
spect to one another, wherein the function-con-
text data structure operates as a register level
interface which interfaces the I/O device and the
software process with one another.

2. The I/O device of clause 1, the coherency engine
further to receive during runtime execution of the
computer platform a reference to the function-con-
text data structure, wherein the coherency engine to
perform the synchronization based on the function-
context data structure.

3. The I/O device of clause 1, wherein the software
process is a driver for the I/O device.

4. The I/O device of clause 1, wherein an exchange
between the software process and the function-con-
text data structure is performed independent of any
other software process executing with the host OS,
the exchange between the software process and the
function-context data structure for the software proc-
ess to access the function.

5. The I/O device of clause 1, wherein the I/O device
accesses the function-context data structure in re-
sponse to a lightweight notification communication.

6. The I/O device of clause 1, wherein the I/O device
accesses the function-context data structure in re-
sponse to an access to a doorbell register corre-
sponding to the function-context data structure.

7. The I/O device of clause 1, wherein a hierarchy
of function-context data structure includes the func-
tion-context data structure and a second function-
context data structure wherein the software process
accesses the function-context data structure based
on information in the function-context second data
structure.

8. A method at an input/output (IO) device, the meth-
od comprising:

storing in a configuration data structure of the
I/O device a configuration for a function; and
providing a software process an access to the
function, the software process executing with a
processor and a main memory coupled to the
I/O device, the main memory storing a function-
context data structure, the providing the access
to the function including synchronizing the func-
tion-context data structure and the configuration
data structure with respect to one another,
wherein the software process to exchange in-
formation with the function-context data struc-
ture for the access to the function, wherein the
function-context data structure operates as a

register level interface which interfaces the I/O
device and the software process with one an-
other.

9. The method of clause 8, further comprising receiv-
ing during runtime execution of the computer plat-
form a reference to the function-context data struc-
ture, wherein the synchronizing is based on the re-
ceived reference to the function-context data struc-
ture.

10. The method of clause 8, wherein the software
process is a driver for the I/O device.

11. The method of clause 8, wherein an exchange
between the software process and the function-con-
text data structure is performed independent of any
other software process executing with the host OS,
the exchange between the software process and the
function-context data structure for the software proc-
ess to access the function.

12. The method of clause 8, wherein the I/O device
accesses the function-context data structure in re-
sponse to a lightweight notification communication.

13. The method of clause 8, wherein the I/O device
accesses the function-context data structure in re-
sponse to an access to a doorbell register corre-
sponding to the function-context data structure.

14. The method of clause 8, wherein the main mem-
ory stores a hierarchy of function-context data struc-
ture including the function-context data structure and
a second function-context data structure wherein the
software process accesses the function-context data
structure based on information in the function-con-
text second data structure.

15. A device comprising:

one or more interfaces to couple the function-
context manger to a host processor, a main
memory and an I/O device, the host processor
and the main memory for execution of a software
process;
context management logic including circuitry to
access via the one or more interfaces a function-
context data structure of the main memory,
wherein the context management logic to define
with the function-context data structure an as-
sociation of a function with a context; and
allocation management logic including circuitry
to provide to the I/O device or the software proc-
ess a reference to the function-context data
structure, wherein, based on the reference, the
I/O device provides the software process an ac-
cess to the function, the access according to the
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context, wherein the software process exchang-
es information with the function-context data
structure for the access to the function, wherein
the function-context data structure operates as
a register level interface which interfaces the I/O
device and the software process with one an-
other.

16. The device of clause 15, wherein, during runtime
operation of the computer platform, the allocation
management logic further to write to the function-
context data structure a reference to an I/O device,
wherein the allocation management logic changes
the function-context instance from being associated
with a first I/O device for providing access to the func-
tion to being associated with a second I/O device for
providing access to the function

17. The device of clause 15, wherein, during runtime
operation of the computer platform, the allocation
management logic to access the function-context
data structure to change the function-context data
structure from defining an association of a first con-
text with the function to defining an association of a
second context with the function.

18. The device of clause 15, wherein an exchange
between the software process and the function-con-
text data structure is performed independent of any
other software process executing with the host OS,
the exchange between the software process and the
function-context data structure for the software proc-
ess to access the function.

19. The device of clause 15, wherein the I/O device
performs a synchronization of the function-context
data structure and configuration data structure of the
I/O device with respect to one another.

20. The device of clause 15, further comprising hi-
erarchy management logic to access the function-
context data structure to define a hierarchy of func-
tion-context data structures in the main memory, the
hierarchy of function-context data structures includ-
ing the function-context data structure.

21. A method at a device, the method comprising:

accessing a function-context data structure of a
main memory coupled to the device, including
defining with the function-context data structure
an association of a function with a context,
wherein a software process executes with the
main memory and a host processor coupled to
the device, wherein the device is further coupled
to an I/O device;
providing to the I/O device or the software proc-
ess a reference to the function-context data

structure, wherein, based on the reference, the
I/O device provides the software process an ac-
cess to the function, the access according to the
context, wherein the software process exchang-
es information with the function-context data
structure for the access to the function, wherein
the function-context data structure operates as
a register level interface which interfaces the I/O
device and the software process with one an-
other.

22. The method of clause 21, further comprising:

during runtime operation of the computer plat-
form, writing to the function-context data struc-
ture a reference to an I/O device, including
changing the function-context instance from be-
ing associated with a first I/O device for providing
access to the function to being associated with
a second I/O device for providing access to the
function

23. The method of clause 21, further comprising:

during runtime operation of the computer plat-
form, accessing the function-context data struc-
ture to change the function-context data struc-
ture from defining an association of a first con-
text with the function to defining an association
of a second context with the function.

24. The method of clause 21, wherein an exchange
between the software process and the function-con-
text data structure is performed independent of any
other software process executing with the host OS,
the exchange between the software process and the
function-context data structure for the software proc-
ess to access the function.

25. The method of clause 21, wherein the I/O device
performs a synchronization of the function-context
data structure and configuration data structure of the
I/O device with respect to one another.

26. The method of clause 21, accessing the function-
context data structure to define a hierarchy of func-
tion-context data structures in the main memory, the
hierarchy of function-context data structures includ-
ing the function-context data structure.

27. A computer-readable storage medium having
stored thereon instructions which, when executed
by one or more processing units, cause an I/O device
to perform a method comprising:

storing in a configuration data structure of the
I/O device a configuration for a function; and
providing a software process an access to the
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function, the software process executing with a
processor and a main memory coupled to the
I/O device, the main memory storing a function-
context data structure, the providing the access
to the function including synchronizing the func-
tion-context data structure and the configuration
data structure with respect to one another,
wherein the function-context data structure op-
erates as a register level interface which inter-
faces the I/O device and the software process
with one another.

Claims

1. A input/output (IO) device comprising:

a memory to store a configuration data structure
including a configuration for a function; and
a coherency engine including circuitry to provide
a software process an access to the function,
including the coherency engine to perform a syn-
chronization of the function-context data struc-
ture and the configuration data structure with re-
spect to one another, wherein the function-con-
text data structure operates as a register level
interface which interfaces the I/O device and the
software process with one another.

2. The I/O device of claim 1, the coherency engine fur-
ther to receive during runtime execution of the com-
puter platform a reference to the function-context da-
ta structure, wherein the coherency engine to per-
form the synchronization based on the function-con-
text data structure.

3. The I/O device of any of claims 1 and 2, wherein an
exchange between the software process and the
function-context data structure is performed inde-
pendent of any other software process executing
with the host OS, the exchange between the soft-
ware process and the function-context data structure
for the software process to access the function.

4. The I/O device of any of claims 1 through 3, wherein
the I/O device accesses the function-context data
structure in response to a lightweight notification
communication or in response to an access to a door-
bell register corresponding to the function-context
data structure.

5. The I/O device of any of claims 1 through 4, wherein
a hierarchy of function-context data structure in-
cludes the function-context data structure and a sec-
ond function-context data structure wherein the soft-
ware process accesses the function-context data
structure based on information in the function-con-
text second data structure.

6. A method at an input/output (IO) device, the method
comprising:

storing in a configuration data structure of the
I/O device a configuration for a function; and
providing a software process an access to the
function, the software process executing with a
processor and a main memory coupled to the
I/O device, the main memory storing a function-
context data structure, the providing the access
to the function including synchronizing the func-
tion-context data structure and the configuration
data structure with respect to one another,
wherein the software process to exchange in-
formation with the function-context data struc-
ture for the access to the function, wherein the
function-context data structure operates as a
register level interface which interfaces the I/O
device and the software process with one an-
other.

7. The method of claim 6, further comprising receiving
during runtime execution of the computer platform a
reference to the function-context data structure,
wherein the synchronizing is based on the received
reference to the function-context data structure.

8. The method of any of claims 6 and 7, wherein the
software process is a driver for the I/O device.

9. The method of any of claims 6 through 8, wherein
an exchange between the software process and the
function-context data structure is performed inde-
pendent of any other software process executing
with the host OS, the exchange between the soft-
ware process and the function-context data structure
for the software process to access the function.

10. A device comprising:

one or more interfaces to couple the function-
context manger to a host processor, a main
memory and an I/O device, the host processor
and the main memory for execution of a software
process;
context management logic including circuitry to
access via the one or more interfaces a function-
context data structure of the main memory,
wherein the context management logic to define
with the function-context data structure an as-
sociation of a function with a context; and
allocation management logic including circuitry
to provide to the I/O device or the software proc-
ess a reference to the function-context data
structure, wherein, based on the reference, the
I/O device provides the software process an ac-
cess to the function, the access according to the
context, wherein the software process exchang-
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es information with the function-context data
structure for the access to the function, wherein
the function-context data structure operates as
a register level interface which interfaces the I/O
device and the software process with one an-
other.

11. The device of claim 10, wherein, during runtime op-
eration of the computer platform, the allocation man-
agement logic further to write to the function-context
data structure a reference to an I/O device, wherein
the allocation management logic changes the func-
tion-context instance from being associated with a
first I/O device for providing access to the function
to being associated with a second I/O device for pro-
viding access to the function

12. The device of any of claims 10 and 11, wherein an
exchange between the software process and the
function-context data structure is performed inde-
pendent of any other software process executing
with the host OS, the exchange between the soft-
ware process and the function-context data structure
for the software process to access the function.

13. A method at a device, the method comprising:

accessing a function-context data structure of a
main memory coupled to the device, including
defining with the function-context data structure
an association of a function with a context,
wherein a software process executes with the
main memory and a host processor coupled to
the device, wherein the device is further coupled
to an I/O device;
providing to the I/O device or the software proc-
ess a reference to the function-context data
structure, wherein, based on the reference, the
I/O device provides the software process an ac-
cess to the function, the access according to the
context, wherein the software process exchang-
es information with the function-context data
structure for the access to the function, wherein
the function-context data structure operates as
a register level interface which interfaces the I/O
device and the software process with one an-
other.

14. The method of claim 13, further comprising:

during runtime operation of the computer plat-
form, writing to the function-context data struc-
ture a reference to an I/O device, including
changing the function-context instance from be-
ing associated with a first I/O device for providing
access to the function to being associated with
a second I/O device for providing access to the
function.

15. A computer-readable storage medium having stored
thereon instructions which, when executed by one
or more processing units, cause an I/O device to
perform a method comprising:

storing in a configuration data structure of the
I/O device a configuration for a function; and
providing a software process an access to the
function, the software process executing with a
processor and a main memory coupled to the
I/O device, the main memory storing a function-
context data structure, the providing the access
to the function including synchronizing the func-
tion-context data structure and the configuration
data structure with respect to one another,
wherein the function-context data structure op-
erates as a register level interface which inter-
faces the I/O device and the software process
with one another.
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