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UNIFIED VO ADAPTER

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This present disclosure claims the benefit of U.S. provisional application serial

No. 61/405,091 filed on October 20, 2010, which is incorporated herein by reference.

BACKGROUND

[0002]  The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the
extent the work is described in this background section, as well as aspects of the
description that may not otherwise qualify as prior art at the time of filing, are neither

expressly nor impliedly admitted as prior art against the present disclosure.

[0003]  An Input/Output (I/O) bottleneck is one example of a processing difficulty that
can negatively impact performance in a computing system. Multi-core processors are

one technology that experience I/O bottlenecks.

[0004] Many multi-core processors improve processor use by operating multiple
instances of an operating system. A multi-core processor may provide multiple virtual
instances of a system resource to accommodate I/O requests from different instances of
the operating system. However, while a resource may have multiple virtual instances
there is still only a single physical resource. This discrepancy results in /O bottlenecks

since the physical resource cannot not service multiple requests simultaneously.

[0005] In addition to an increase in I/O bottlenecks, virtualization may also cause
processing overhead through software routines that manage the virtual instances. Thus,
while virtualization in a multi-core processor may result in better processor utilization it

also results in several inefficiencies.
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SUMMARY

[0006] In one embodiment an apparatus includes an Input/Output (I/O) interconnect
configured to connect with a host device and to provide communications with the host
device. The apparatus also includes a network adapter connected to the I/O interconnect
and configured to communicate with a network storage and a host adapter connected to
the I/O interconnect. The host adapter is configured to communicate with a first storage
device and a second storage device. The first storage device has a higher latency than the
second storage device. The I/O interconnect is configured to provide communications
between the host adapter, the network adapter, and the host device through switchable
connection paths embodied in an integrated circuit that connects the 1/0 interconnect with

the host adapter and the network adapter.

[0007] In one embodiment, the [/O interconnect is a peripheral component switch that
is configured to selectively switch communications between the host device and the host
adapter, and between the host device and the network adapter. The apparatus further
includes a storage logic configured to control the I/O interconnect to cause storage access
requests from the host device to be cached in the second storage device via the host
adapter. The storage logic is configured to control the I/O interconnect to redirect the
storage access requests from the host device when the storage access requests are
addressed to the network storage or to the first storage device to service the storage
access requests through a cache in the second storage device.

[GGGB] In another embodiment, the apparatus includes a serviéing logic configured to
control the host adapter to send a selected request from storage access requests cached in
the second storage device to the network adapter to be processed if the selected request is
addressed to the network storage, and to control the host adapter to process the selected

request if the selected request is addressed to the first storage device.

[0008] In another embodiment, a method includes providing an Input/Output (I/O)
interconnect to switch communications between a host device and a host adapter, and
between the host device and a network adapter. The host adapter communicates with a

2
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first storage device and a second storage device and the first storage device has a higher

latency than the second storage device. The network adapter communicates with a

network storage.

[0010] The method also includes caching a storage access request from the host
adapter in the second storage device and processing the storage access request by the host
adapter if the storage access request is addressed to the first storage device. The method
includes sending the storage access request from the second storage device via the I/O
interconnect to the network adapter to be processed if the storage access request is

addressed to the network storage.

[0011] In one embodiment, the method includes providing a communication path
between the host adapter and the network adapter via the I/O interconnect using
switchable connection paths embodied in an integrated circuit that connect the I/O
interconnect with the host adapter and the network adapter. In another example, the
method includes redirecting the storage access request from the host device on the I/O
interconnect to the host adapter when the storage access request is directed to the network

storage or the first storage device.

[0012]  In another embodiment, an integrated circuit includes a host adapter connected
to an Input/Output (I/O) interconnect and configured to communicate with a high-latency
storage device and a IOW-latency storage device. The integrated circuit also includes a
storage logic configured to control the 1/O interconnect to cause the read/write requests to
be cached i the low-latency storage device via the host adapter. In one example, the
host device is a multi-core processor that operates multiple instances of an operating
system that communicate with a network adapter and the host adapter through the 1/0
interconnect. The I/0 interconnect is, for example, embodied on a chip that is configured
to communicate with the host device. Additionally, the storage logic is configured to
control the I/O interconnect to redirect the read/write requests when the read/write
requests are sent to a network storage or the high-latency storage from the host device to

service the read/write requests through a cache in the low-latency storage device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  The accompanying drawings, which are incorporated in and constitute a part of
the specification, illustrate various systems, methods, and other embodiments of the
disclosure. It will be appreciated that the illustrated element boundaries (e.g., boxes,
groups of boxes, or other shapes) in the Figures represent one example of the boundaries.
In some examples one element may be designed as multiple elements or that multiple
elements may be designed as one element. In some examples, an element shown as an
internal component of another element may be implemented as an external component

and vice versa. Furthermore, elements may not be drawn to scale.
[0014]  Figure 1 illustrates one embodiment of a unified hybrid adapter.

[0015] Figure 2 illustrates one embodiment of a method associated with

communications in a unified hybrid adapter.

[0016]  Figure 3 illustrates one embodiment of a network adapter associated with a

unified hybrid adapter.

[0017]  Figure 4 illustrates one embodiment of a host adapter associated with a unified

hybrid adapter.

[0018]  Figure 5 illustrated one embodiment of a unified hybrid adapter embodied on

multiple integrated circuits.

DETAILED DESCRIPTION

[0019] Described herein are examples of systems, methods, and other embodiments
associated with communications in a unified hybrid adapter. In one embodiment, the
unified hybrid adapter improves efficiency of a multi-core processor by implementing
multiple virtualized resources in a single adapter. Implementing system resources in this
way removes I/O bottlenecks and process management overhead from the processor to

provide efficient access to the resources.
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[0020]  With reference to Figure 1, one embodiment of a unified hybrid adapter 100 is
shown that provides an Input/Output (I/0) interconnect 130 between a host device 140
and one or more system resources. In one embodiment, the unified hybrid adapter 100
may be implemented in a device with system resources that include a network adapter
110 and a host adapter 120. The 1/O interconnect 130 connects, for example, the host
adapter 120 and the network adapter 110 to the host device 140. In one embodiment, the
I/O interconnect 130 is a peripheral component switch that selectively switches
communications between components such as the host device 140 and the network
adapter 110. The network adapter 110 provides, for example, network access to network
storage 170. The host adapter 120 provides, for example, access to high-latency storage

180 and to low-latency storage 190.

[0021] In one embodiment, the unified hybrid adapter 100 also includes one or more
logics. For example, the unified hybrid adapter 100 includes storage logic 150 and
servicing logic 160. The storage logic 150 and the servicing logic 160 are configured to
operate and provide the host device 140 with access to multiple system resources (e.g.
network storage 170 and high-latency storage 180) while improving access latencies. In
one embodiment, the storage logic 150 and the servicing logic 160 are configured to
operate and provide the host device 140 with access to multiple system resources.
Details of the functionality of the unified hybrid adapter 100 will be described in

combination with Figure 2.

[0022]  With reference to Figure 2, one embodiment of a method 200 associated with
communications in the unified hybrid adapter 100 is illustrated. Figure 2 is discussed
from the perspective that the method 200 is implemented and performed by the unified

hybrid adapter 100 to control communications sent through the I/O interconnect 130.

[0023] For example, at 210, the method 200 provides an I/O interconnect (e.g. 1/0
interconnect 130) that operates to switch communications between components in the

unified hybrid adapter 100. An interface between the 1/0 interconnect 130 and the host
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device 140 relays communications transmitted from/to the host device 140 to/from

elements in the unified hybrid adapter 100.

[0024] In one embodiment, providing the I/O interconnect 130 includes providing
multiple connection/communication paths that are switchable between the elements (e.g.
between host adapter 120, network adapter 110, and host device 140). For example, the
switchable connection paths of the I/O interconnect 130 can connect the host adapter 120
and the network adapter 110 to the host device 140 and also connect the network adapter
110 to the host adapter 120. Thus, in one example, the I/O interconnect 130 is a switch
that selectively changes communication paths based on a destination address for a
communication received at the I/O interconnect 130. As will be described below, the
communication includes storage access requests (e.g. read/write requests) that come from
the host device 140 and are directed to either the network storage 170 or the high latency
storage 180. The I/O interconnect 130 switches the paths to direct the read/write requests

to the appropriate component.

[0025] The I/O interconnect 130 is, for example, a switch that is a 2x1 switch, an NxI
switch (where N denotes a positive integer), an NxN switch, and so on. In one example,
the 1/0 interconnect 130 is a switch that is compatible with the peripheral component
interconnect express (PCle) standard and/or can be implemented to be compatible with

derivatives of the PCle standard as the standard changes.

[0026] Continuing with Figure 2, at 220, the method 200 directs a read/write requést

from the host device 140 through the 1/0 interconﬁect 130 to the host adapier 120. In one
example, the storage logic 150 controls the I/O interconnect 130 to direct read/write
requests from the host device 140 to the host adapter 120 regardless of the destination of
the read/write request. However, when a communication arrives, the adaptor 100 does
not know what type of request it is. The storage logic 120, for example, is configured to
identify when a communication from the host device 140 is a read/write request and
controls the 1/0 interconnect 130 to switch connection paths to direct the read/write

request to the host adapter 120.  In one example, the storage logic 150 identifies the
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request as a read/write request by determining if the request is addressed to the network
storage 170 or the high-latency storage 180. If so, the method presumes that the request
is a read/write request. In this way, the storage logic 150 causes read/write requests to be
directed to the host adapter 120 while other communications (e.g. basic network
communications, non storage access requests) are directed as originally requested by the

host device 140.

[0027] At 230, the method 200 caches the read/write request in the low-latency
storage device 190 via the host adapter 120. In one embodiment, the host adapter 120
automatically forwards read/write requests that have been directed from I/O interconnect
130 to the low-latency device 190 to be cached. In another embodiment, the host adapter
120 and/or associated logic (e.g. servicing logic 160) perform caching operations on the
read/write requests. For example, the caching operations may include determining
whether a read/write request causes a cache miss event, a cache hit event, or other cache
event in the low-latency storage 190. In this way, the read/write request is efficiently

cached 1n the low-latency storage 190.

[0028] In one embodiment, directing and caching the read/write requests are
transparent to the host device 140. The host device 140 operates, for example, to
send/receive the read/write requests to/from the unified hybrid adapter 100 as though the
request 1s being directed to the addreésed device. In this way, latencies associated with
[/O requests to, for example, the network storage 170 are improved. In one embodiment,
directing and caching the read/write requests (e.g. storage access requests) in this way

provides for improved servicing of the requests without modifying operations of the host

device 140.

[0029]  Additionally, the unified hybrid adapter 100 provides access to more than one
resource (e.g. network storage 170, high latency storage 180). Typically, a single adapter
provides access to only a single resource. Consolidating multiple adapters into the
unified hybrid adapter 100 relieves processing overhead from the host device 140 since

requests are sent to a single adapter instead of multiple adapters. Thus, the host device
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140 processes requests to a single adapter for access to multiple resources. The unified
hybrid adapter 100 provides the host device 140 with transparent access to the network
adapter 110 and the host adapter 120 while improving operations of the host device 140.

[0030]  Once the read/write requests are directed and cached in the low-latency storage
190, requests are, for example, selectively processed by a storage device to which they
are addressed. For example, consider a request from the host device 140 to write a block
of information to the network storage 170. In this example, the request is directed (c.g. at
220) via the I/O interconnect 130 to the host adapter instead of being sent to the network
adapter 110 for access to the network storage 170 (the actual destination). Instead at 230,

the host adapter 120 initially caches the request in the low-latency storage 190.

[0031]  In one embodiment, after caching the write request, the host adapter may send
an acknowledgement to the host device 140 that the information has been stored as
though the acknowledgement is sent from the network storage 170. In this way, the host
device 140 believes the write request has been processed, which allows the host device
140 to continue and complete any remaining actions associated with the request. Since
processing the write request into the cache is faster than processing the request into the
network storage 170, this reduces the access latency associated with processing the write

request in the network storage 170.

[0032] However, although cached, the write request has not been completed because
the data has not actually been stored in the network storage 170. Instead, the request is
temporarily cached in the low-latency storage 190. Thus, in one embodiment, the
servicing logic 160 selects the write request from the low-latency storage 190 to fulfill
the request as originally intended. The servicing logic 160 selects a read/write request to
fulfill, for example, based on a priority, a quality of service, and/or an order of arrival

associated with the request, or other desired selection process.

[0033] At 240, the method 200 continues by determining if a selected read/write

request that was previously cached is addressed to the high latency storage device 180. If

the selected request is addressed to the high-latency storage 180, then the method
8
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proceeds to 250 and the host adapter 120 services the request. In another embodiment,

the host adapter 120 services a selected request if the request is addressed to any storage

device that is connected to the host adapter 120.

[0034] At 240, if the request is not addressed to the high-latency storage, then the
method moves to 260 where the method 200 identifies whether the selected read/write
request is addressed to the network storage 170. If the selected read/write request is
addressed to the network storage 170 then the method 200 proceeds to 270 and sends the
selected read/write request via the 1/0 interconnect 130 to the network adapter 110 to be
processed. The network adapter 110 communicates over a network connection with the
network storage 170 and/or other network storage devices. Thus, the network adapter

110 communicates the selected read/write request to the network storage 170 to process

the request.

[0035]  Sending the request from the host adapter 120 to the network adapter 110 is
one example of how the I/O interconnect 130 provides peer-to-peer communications
within the unified hybrid adapter 100. The peer-to-peer communications are, for
example, direct communications between the host adapter 120 and the network adapter
110. When communicating in this way, the host device 140 does not participate as an
intermediary, which allows the host device 140 to reduces processing overhead by not

performing such functions.

[0036] While elements 240-270 have been discussed in relation to method 200, in one
embodiment, the servicing logic 160 céntrols the host adaptefiZO to perform elements
240 through 270. Thus, in other embodiments, method 200 is performed by one or more
logics in the unified hybrid adapter 100.

[0037]  With reference to Figure 3, one embodiment of a network interface card (NIC)
300 is illustrated. NIC 300 is one embodiment of the network adapter 110 of Figure 1.
NIC 300 includes a PCle endpoint (EP) interface 310 to connect with the I/O interconnect

130, as shown in Figure 1. NIC 300 also includes one or more virtual NICs 320, a virtual
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switch 330, network protocol stack offload engine 340, Media Access Control (MAC)

350, and a connection to an Ethernet port 360 that provide connection to a network.

[0038] In one embodiment, NIC 300 is a converged network adapter (CNA) that
operates with a multi-core processor to improve processor performance. For example,
consider that a host device (e.g. host device 140 in Figure 1) connected to the NIC 300
via I/O interconnect 130 is a server with a multi-core processor. The multi-core
processor operates several instances of an operating system to improve processor
performance. The instances of the operating system communicate with different virtual
NICs 320 in the NIC 300 to obtain access to a network via Ethernet 360. In addition to
providing virtual NICs 320 for the instances of the operating system running on the host
device 140, the network protocol stack offload engine 340 performs protocol processing
for communications sent from the host device. In this way, processing is offloaded from
the host device to the NIC 300. The virtual switch 330 switches communications to the
offload engine 340 from different virtual NICs 320 that communicate with different
instances of the operating system. In one embodiment, the offload engine 340 is a TCP
offload engine (TOE) that is used to offload processing of the TCP/IP stack to the NIC
300. The offload engine 340 may include an Internet Small Computer System Interface
(1SCSI), and/or Fibre Channel over Ethernet (FCoE) for communicating with 10 gigabit

Ethernet networks or higher speeds.

[0039] Furthermore, embodiments of the network adapter 110 including NIC 300
provide access to the network storage 170 of Figure 1. The instances of the operating
system running on the host device, for example, access the network storage 170 by
sending a read/write request to the network adapter 110. The network storage 170 is, for
example, a network attached storage (NAS), a storage area network (SAN), or other
storage device accessible through a network connected to the network adapter 110. In
other embodiments, the network adapter 110 also provides network communications to

other network devices and other network storage devices.

10
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[0040] Continuing to Figure 4, another embodiment of the host adapter 120 of Figure
1 is illustrated. In this embodiment, host adapter 120 includes a processor 410, a PCle
endpoint connection 420, and a serial attached SCSI (SAS) core controller 430 for
providing communications with SCSI storage devices attached to the host adapter 120.
The PCle endpoint connection 420 provides a PCle compatible connection to the I/O

interconnect 130.

[0041] In one embodiment, the host adapter 120 provides connections to multiple
storage devices through controller 420. As shown in Figure 4, the SAS core controller
430 connects the host adapter 120 with two storage devices (i.e. SSD 440 and HDD 450).
The solid-state device (SSD) 440 is a low-latency storage device that provides low-
latency access times for caching data (e.g. read/write requests). The hard-disk drive
(HDD) 450 is a high-latency storage device that is used by the host device 140 to store
information. The latency is “high” relative to the access speed of the SSD 440.

[0042]  While the host adapter 120 is illustrated as being connected with two storage
devices it should be appreciated that the host adapter 120 may connect to a greater or
lesser number of devices depending on the implementation. For example, the host
adapter 120 may provide communications to high latency storage including hard-disk
drives, magnetic tapes, tape libraries, and so on. The host adapter also provides
communications to, for example, low-latency storage including flash memory, random-

access memory, buffers, registers, SSD, and so on.

[0043] In one embodiment, the host adapter 120 provides access to storage devices
through a controller (e.g. SAS controller 430). The controller is, for example, a host bus
adapter (HBA) controller, a Small Computer System Interface (SCSI) controller, a fibre
channel controller, an external Serial Advanced Technology Attachment (eSATA)

controller, Integrated Drive Electronics (IDE) controller, Firewire controller, Universal

Serial Bus (USB) controller, and so on.

[0044]  Figure 5 illustrates an additional embodiment of the unified hybrid adapter 100
from Figure 1 that is configured with separate integrated circuits and/or chips. In this

1
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embodiment, the network adapter 110 from Figure 1 is embodied as a separate integrated
circuit 500. Additionally, the I/O interconnect 130 is an individual integrated circuit 510.
Furthermore, the host adapter 120, the storage logic 150 and the servicing logic 160 are
also embodied on an individual integrated circuit 520. The circuits are connected via

connection paths to communicate signals.

[0045] The I/O interconnect 130 embodied in integrated circuit 510 connects to the
host device 140 through a system interface. The system interface is, for example, a PCle
interface, a PCI interface, an Intel QuickPath Interconnect (QPI) interface,
HyperTransport (HT) interface, and so on. The switchable connection paths of the I/0
interconnect 130 are, for example, embodied in an integrated circuit 510 that connects the

[/O interconnect 130 with the host adapter 120 and the network adapter 120.

[0046] While integrated circuits 500, 510, and 520 are illustrated as separate
integrated circuits, they may be integrated into a common circuit board. Additionally,
integrated circuits 500, 510, and 520 may be combined into fewer integrated circuits or -
divided into more integrated circuits than illustrated.  Additionally, in another
embodiment, the logics 150 and 160 illustrated in integrated circuit 520 may be separate
circuits or combined into a separate application specific integrated circuit. In other
embodiments, the functionality associated with the logics 150 and 160 may be embodied

as firmware executed by a processor (€.g. processor 410 of Figure 4).

[0047]  The following includes definitions of selected terms employed herein. The
definitions include various examples and/or forms of components that fall within the
scope of a term and that may be used for implementation. The examples are not intended

to be limiting. Both singular and plural forms of terms may be within the definitions.

[0048] References to “one embodiment”, “an embodiment”, “one example”, “an
example”, and so on, indicate that the embodiment(s) or example(s) so described may
include a particular feature, structure, characteristic, property, element, or limitation, but
that not every embodiment or example necessarily includes that particular feature,
structure, characteristic, property, element or limitation. Furthermore, repeated use of the

12
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phrase “in one embodiment” does not necessarily refer to the same embodiment, though

it may.

[0049] “Logic”, as used herein, includes but is not limited to hardware, firmware,
instructions stored on a non-transitory medium or in execution on a machine, and/or
combinations of each to perform a function(s) or an action(s), and/or to cause a function
or action from another logic, method, and/or system. Logic may include a
microprocessor with programmed instructions, a discrete logic (¢.g., ASIC), an analog
circuit, a digital circuit, a programmed logic device, a memory device containing
instructions, and so on. Logic may include one or more gates, combinations of gates, or
other circuit components. Where multiple logics are described, it may be possible to
incorporate the multiple logics into one physical logic. Similarly, where a single logic is
described, it may be possible to distribute that single logic between multiple physical
logics.  One or more of the components and functions described herein may be

implemented using one or more of the logic elements.

[0050] While for purposes of simplicity of explanation, illustrated methodologies are
shown and described as a series of blocks. The methodologics are not limited by the
order of the blocks as some blocks can occur in different orders and/or concurrently with
other blocks from that shown and described. Moreover, less than all the illustrated blocks
may be used tor implement an example methodology. Blocks may be combined or
separated into fnultiple components.  Furthermore, additional and/or alternative

methodologies can employ additional, not illustrated blocks.

[0051] To the extent that the term “includes” or “including” is employed in the
detailed description or the claims, it is intended to be inclusive in a manner similar to the

term “comprising” as that term is interpreted when employed as a transitional word in a

claim.

[0052] While example systems, methods, and so on have been illustrated by

describing examples, and while the examples have been described in considerable detail,

13
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it is not the intention of the applicants to restrict or in any way limit the scope of the
appended claims to such detail. It is, of course, not possible to describe every
conceivable combination of components or methodologies for purposes of describing the
systems, methods, and so on described herein. Therefore, the disclosure is not limited to
the specific details, the representative apparatus, and illustrative examples shown and
described. Thus, this application is intended to embrace alterations, modifications, and

variations that fall within the scope of the appended claims.
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What is claimed is:

1. An apparatus, comprising:

an Input/Output (I/0) interconnect (130) configured to connect with a host device
(140) and to provide communications with the host device (140);

a network adapter (110) connected to the I/O interconnect (130) and configured to
communicate with a network storage (170);

a host adapter (120) connected to the 1/O interconnect (130) and configured to
communicate with a first storage device (180) and a second storage device
(190) wherein the first storage device (180) has a higher latency than the
second storage device (190); and

a storage logic (150) configured to control the I/O interconnect (130) to cause
storage access requests from the host device (140) to be cached in the

second storage device (190) via the host adapter (120).

2. The apparatus of claim 1, further comprising:

a servicing logic (160) configured to control the host adapter (120) to send a
selected request from the storage access requests cached in the second storage device
(190) to the network adapter (110) to be processed if the selected request is addressed to
the network storage (170), and to control the host adapter (120) to process the selected

request if the selected request is addressed to the first storage device (18 0).

3. The apparatus of claim 1, wherein the I/O interconnect is configured to provide
communications between the host adapter, the network adapter, and the host device
through switchable connection paths embodied in an integrated circuit that connects the

I/O interconnect with the host adapter and the network adapter.
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4. The apparatus of claim 1, wherein the host device is a multi-core processor that
operates multiple instances of an operating system that communicate with the network
adapter and the host adapter through the I/O interconnect, and wherein the /O
interconnect, the host adapter, and the network adapter are embodied on a chip that is

configured to communicate with the host device.

5. The apparatus of claim 1, wherein the storage logic is configured to control the /O
interconnect to redirect the storage access requests from the host device when the storage
access requests are addressed to the network storage or to the first storage to service the

storage access requests through a cache in the second storage device.

6. The apparatus of claim 1, wherein the I/O interconnect is configured to provide the
host device with access to the network adapter and the host adapter, and wherein the 1/0
interconnect is configured to provide peer-to-peer communications between the network

adapter and the host adapter.

7. The apparatus of claim I, wherein the I/O interconnect is a peripheral component
switch that is configured to selectively switch communications between the host device

and the host adapter, and between the host device and the network adapter.

g. A method, comprising: |
pr(jviding (210) an Input/Output (1/O) interconnect (130) to  switch
communications between a host device (140) and a host adapter (120), and
between the host device (140) and a network adapter (110),
wherein the host adapter communicates with a first storage device (180) and a
second storage device (190), wherein the first storage device (180) has a
higher latency than the second storage device (190), and wherein the

network adapter (110) communicates with a network storage (170);
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caching (230) a storage access request from the host adapter in the second storage
device;

processing (250) the storage access request by the host adapter if the storage
access request is addressed to the first storage device; and

sending (270) the storage access request from the second storage device via the
I/O interconnect to the network adapter to be processed if the storage access

request is addressed to the network storage.

9. The method of claim 8, further comprising:

providing a communication path between the host adapter and the network adapter

via the /O interconnect.

10.  The method of claim 9, wherein providing a communication path between the host
adapter and the network adapter via the I/O interconnect includes using switchable
connection paths embodied in an integrated circuit that connect the I/O interconnect with

the host adapter and the network adapter.

11.  The method of claim 8, further comprising:
receiving the storage access request in the I/O interconnect through a
communication path to the host device that is compatible with the peripheral component

interconnect express (PCle) standard.

12.  The method of claim 8, further comprising:

receiving the storage access request from an instance of an operating system that is
operating on a multi-core processor in the host device and communicates with the
network adapter and the host adapter through the 1/0 interconnect, wherein the storage
access request is a memory access request from one of the multiple instances of the

operating system.
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13. The method of claim 8, further comprising:
redirecting the storage access request from the host device on the I/O interconnect

to the host adapter.

14, The method of claim 13, wherein redirecting the storage access request includes
redirecting the storage access request when the storage access request is directed to the

network storage or the first storage device.

15.  The method of claim 8, further comprising:
providing a communication path between the host adapter and the network adapter
via the I/O interconnect to facilitate peer-to-peer communications between the network

adapter and the host adapter.

16.  An integrated circuit, comprising:

a host adapter (120) connected to an Input/Output (I/O) interconnect and
configured to communicate with a first storage device and a second storage
device, wherein the first storage device has a higher latency than the second
storage device; and

a storage logic (150) configured to control the I/O interconnect to cause the
read/write requests to be cached in the low-latency storage device via the

host adapter.

17.  The integrated circuit of claim 16, further comprising:

a servicing logic configured to control the host adapter to send a selected request
from the read/write requests cached in the second storage device to a network adapter if
the selected request is addressed to a network storage in communication with the network
adapter, and to control the host adapter to send the selected request to the first storage
device if the selected request is addressed to the first storage device, and wherein the

network adapter is connected to the I/O interconnect.
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18.  The integrated circuit of claim 16, wherein the I/O interconnect is configured to
provide communications between the host adapter, a network adapter, and the host device
through switchable connection paths embodied in an integrated circuit that connects the
/O interconnect with the host adapter and the network adapter, wherein the switchable
connection paths connect the I/O interconnect to an interface that is configured to connect
with the host device, and wherein the I/O interconnect is a peripheral component switch
that is configured to selectively switch communications between the host device and the

host adapter, and between the host device and the network adapter.

19.  The integrated circuit of claim 16, wherein the host device is a multi-core
processor that operates multiple instances of an operating system that communicate with
a network adapter and the host adapter through the 1/O interconnect, and wherein the /0

interconnect is embodied on a chip that is configured to communicate with the host

device.

20.  The integrated circuit of claim 16, wherein the storage logic is configured to
control the I/O interconnect to redirect the read/write requests when the read/write
requests are sent to a network storage or the first storage from the host device to service

the read/write requests through a cache in the low-latency storage device.

21.  The integrated circuit of claim 16, wherein the I/O interconnect is configured to
provide the host device with access to a network adapter and the host adapter, and
wherein the I/O interconnect is configured to provide peer-to-peer communications

between the network adapter and the host adapter.
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