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Description

[0001] This disclosure relates to an integrated circuit
having multiple modes of operation.

[0002] Inone conventional data storage arrangement,
a computer node includes a host bus adapter (HBA). The
HBA communicates with host devices via the host bus
using a host bus protocol associated with the host bus.
The HBA also communicates with a data storage system
via one or more communication links using a communi-
cation protocol associated with the one or more links. If
the data storage system includes a redundant array of
independent disks (RAID), the HBA typically also carries
out RAID-related operations (eg operations involved in
implementing the RAID).

[0003] TheHBA includes a plurality of integrated circuit
chips that the HBA uses to carry out communications
between the HBA and the host processor, communica-
tions between the HBA and the data storage system, and
the operations involved in implementing the RAID. Typ-
ically, these integrated circuit chips limit the communica-
tion capabilities of the HBA such the HBA is capable of
using only a single predetermined host bus protocol and
only a single predetermined communication protocol.
[0004] EP 0508604 discusses a disk array controller
system configurable to perform data transfer operations
between a host system and various disk drive configu-
rations as a RAID level 1, 3, 4 or 5 disk array.

[0005] According to one aspect, the present invention
provides an apparatus as set out in claim 1, a system as
set out in claim 8, a method as set out in claim 18 and
an article comprising a storage medium having stored
thereon instructions as set out in claim 25.

[0006] Features and advantages of embodiments of
the claimed subject matter will become apparent as the
following Detailed Description proceeds, and upon ref-
erence to the Drawings, wherein like numerals depict like
parts, and in which:

Figure 1 is a diagram illustrating a system embodi-
ment.

Figure 2 is a diagram illustrating in greater detail an
integrated circuit in the system embodiment of Figure
1.

Figure 3 is a diagram illustrating in greater detail in-
terface circuitry in the integrated circuit of Figure 2.
Figure 4 is a diagram illustrating another system em-
bodiment.

Figure 5is aflowchartillustrating operations that may
be performed according to an embodiment.

[0007] Although the following Detailed Description will
proceed with reference being made to illustrative embod-
iments, many alternatives, modifications, and variations
thereof will be apparent to those skilled in the art. Ac-
cordingly, it is intended that the claimed subject matter
be viewed broadly, and be defined only as set forth in
the accompanying claims.
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DETAILED DESCRIPTION

[0008] Figure 1 illustrates a system embodiment 100
of the claimed subject matter. System 100 may include
a host processor 12 coupled to a chipset 14. Host proc-
essor 12 may comprise, for example, an Intel® Pentium®
IV microprocessor that is commercially available from
the Assignee of the subject application. Of course, alter-
natively, host processor 12 may comprise another type
of microprocessor, such as, for example, a microproces-
sor that is manufactured and/or commercially available
from a source other than the Assignee of the subject ap-
plication, without departing from this embodiment.
[0009] Chipset14 may comprise a hostbridge/hub sys-
temthat may couple host processor 12, a system memory
21 and a user interface system 16 to each other and to
a bus system 22. Chipset 14 may also include an 1/O
bridge/hub system (not shown) that may couple the host
bridge/bus system to bus 22. Chipset 14 may comprise
integrated circuit chips, such as those selected from in-
tegrated circuit chipsets commercially available from the
assignee of the subject application (e.g., graphics mem-
ory and 1/O controller hub chipsets), although other inte-
grated circuit chips may also, or alternatively be used,
without departing from this embodiment. User interface
system 16 may comprise, e.g., a keyboard, pointing de-
vice, and display system that may permit a human user
to input commands to, and monitor the operation of, sys-
tem 100.

[0010] Bus 22 may comprise a bus that complies with
the Peripheral Component Interconnect (PCI) Express™
Base Specification Revision 1.0, published July 22,2002,
available from the PCI Special Interest Group, Portland,
Oregon, U.S.A. (hereinafter referred to as a "PCl Ex-
press™ bus"). Alternatively, bus 22 instead may com-
prise a bus that complies with the PCI-X Specification
Rev. 1.0a, July 24, 2000, available from the aforesaid
PCI Special Interest Group, Portland, Oregon, U.S.A.
(hereinafter referred to as a "PCI-X bus"). Also alterna-
tively, bus 22 may comprise other types and configura-
tions of bus systems, without departing from this embod-
iment.

[0011] Controller card 20 may be coupled to and con-
trol the operation of mass storage 28. In this embodiment,
mass storage 28 may comprise, €.g., one or more redun-
dant arrays of inexpensive disks (RAID) 29. The RAID
level that may be implemented by RAID 29 may be 0, 1,
or greater than 1.

[0012] Processor 12, system memory 21, chipset 14,
bus 22, and circuit card slot 30 may be comprised in a
single circuitboard, such as, for example, a system moth-
erboard 32. Mass storage 28 may be comprised in one
or more respective enclosures that may be separate from
the enclosure in which the motherboard 32 and the com-
ponents comprised in the motherboard 32 are enclosed.
[0013] Card 20 may be coupled to mass storage 28
via one or more network communication links 44. As is
discussed in below, depending at least in part upon the
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operating mode of an integrated circuit 40 that may be
comprised in card 20, card 20 may exchange data and/or
commands with mass storage 28, via links 44, using one
or more of a variety of different communication protocols,
e.g., Fibre Channel (FC), Serial Advanced Technology
Attachment (S-ATA), and/or Serial Attached Small Com-
puter Systems Interface (SAS) protocol. Of course, al-
ternatively, 1/0 controller card 20 may exchange data
and/or commands with mass storage 28 using other
and/or additional communication protocols, without de-
parting from this embodiment.

[0014] Inaccordance with thisembodiment, ifa FC pro-
tocol is used by controller card 20 to exchange data
and/or commands with mass storage 28, it may comply
or be compatible with the interface/protocol described in
ANSI Standard Fibre Channel (FC) Physical and Sign-
aling Interface-3 X3.303:1998 Specification. Alternative-
ly, if a S-ATA protocol is used by controller card 20 to
exchange data and/or commands with mass storage 28,
it may comply or be compatible with the protocol de-
scribed in "Serial ATA: High Speed Serialized AT Attach-
ment," Revision 1.0, published on August 29, 2001 by
the Serial ATA Working Group. Further alternatively, if
a SAS protocol is used by controller card 20 to exchange
dataand/or commands with mass storage 28, itmay com-
ply or be compatible with the protocol described in "In-
formation Technology - Serial Attached SCSI (SAS),"
Working Draft American National Standard of Interna-
tional Committee For Information Technology Standards
(INCITS) T10 Technical Committee, Project T10/1562-
D, Revision 2b, published 19 October 2002, by American
National Standards Institute (hereinafter termed the
"SAS Standard") and/or later-published versions of the
SAS Standard.

[0015] Depending upon, for example, whether bus 22
comprises a PCI Express™ bus or a PCI-X bus, circuit
card slot 30 may comprise, for example, aPCl Express™
or PCI-X bus compatible or compliant expansion slot or
interface 36. Interface 36 may comprise a bus connector
37 may be electrically and mechanically mated with a
mating bus connector 34 that may be comprised in a bus
expansion slot or interface 35 in circuit card 20.

[0016] Circuit card 20 may comprise an integrated cir-
cuit 40, operating mode selector circuitry 42, computer-
readable boot code memory 39, and computer-readable
memory 38. Alternatively, although not shown in the Fig-
ures, integrated circuit 40 may comprise memory 38
and/ormemory 39. As used herein, an "integrated circuit"
means a semiconductor device and/or microelectronic
device, such as, forexample, a semiconductor integrated
circuit chip. Memories 38 and/or 39 each may comprise
one or more of the following types of memories: semi-
conductor firmware memory, programmable memory,
non-volatile memory, read only memory, electrically pro-
grammable memory, random access memory, flash
memory, magnetic disk memory, and/or optical disk
memory. Either additionally or alternatively, memories
38 and/or 39 each may comprise other and/or later-de-
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veloped types of computer-readable memory.

[0017] Machine-readable firmware program instruc-
tions may be stored in memory 38. As described below,
these instructions may be accessed and executed by in-
tegrated circuit 40. When executed by integrated circuit
40, these instructions may result in integrated circuit 40
performing the operations described herein as being per-
formed by integrated circuit 40.

[0018] Slot 30 and card 20 are constructed to permit
card 20 to be inserted into slot 30. When card 20 is prop-
erly inserted into slot 30, connectors 34 and 36 become
electrically and mechanically coupled to each other.
When connectors 34 and 36 are so coupled to each other,
card 20 becomes electrically coupled to bus 22 and may
exchange data and/or commands with system memory
21, host processor 12, and/or user interface system 16
via bus 22 and chipset 14.

[0019] Alternatively, without departing from this em-
bodiment, the operative circuitry of card 20 may not be
comprised in card 20, but instead, may be comprised in
other structures, systems, and/or devices. These other
structures, systems, and/or devices may be, forexample,
comprised in motherboard 32, coupled to bus 22, and
exchange data and/or commands with other components
(such as, for example, system memory 21, host proces-
sor 12, and/or user interface system 16) in system 100.
[0020] Figure 2 is a diagram of integrated circuit 40.
Integrated circuit 40 comprises processor circuitry 202,
I/0 interface circuitry 204, memory control circuitry 232,
memory control circuitry 230, processor bus 206, and
bus bridge circuitry 208. Processor circuitry 202, 1/O in-
terface circuitry 204, memory control circuitry 232, mem-
ory control circuitry 230, and bus bridge circuitry 208 may
be electrically coupled to, and exchange data and/or
commands via, bus 206. Bus bridge circuitry 208 may
electrically couple processor bus 206 to input/output (1/0)
bus 254, and may permit devices that may be coupled
to bus 206 to exchange data and/or commands with de-
vices that may be coupled to bus 254, while permitting
the respective address spaces of buses 206 and 254 to
be isolated from each other. Memory control circuitry 230,
host bus interface circuitry 210, boot code memory inter-
face 242, and peripheral interface circuitry 244 also may
be electrically coupled to bus 254, and may exchange
data and/or commands among each other via bus 254.
Memory control circuitry 230 may be electrically coupled
to memory 38. Boot code memory interface 242 may be
coupled to memory 39. Memory control circuitry 232 may
be electrically coupled to computer-readable memory
228. Memory 228 may comprise, for example, multi-port
static random access memory (SRAM), although mem-
ory 228 may comprise other types of computer-readable
memory without departing from this embodiment. Host
bus interface circuitry 210 may be electrically coupled
host bus interface 35.

[0021] Mode selector circuitry 42 may be electrically
coupled to general purpose I/O interface circuitry 248
thatmay be comprised in interface circuitry 246. Interface
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circuitry 246 may comprise other and/or additional types
of interface circuitry (not shown) without departing from
this embodiment. The interface circuitry comprised in in-
terface 246 may be coupled together via, for example, a
peripheral bus (not shown) Interface 246 may be coupled
to bus 254 via peripheral interface circuitry 244 that may
permit the interface circuitry in circuitry 246 that may be
coupled to the peripheral bus in circuitry 246 to exchange
data and/or commands with devices that may be coupled
to bus 254.

[0022] Boot code memory interface circuitry 242 may
permit program instructions stored in memory 39 to be
retrieved therefrom and executed by processor circuitry
202, after, for example, a reset of integrated circuit 40.
More specifically, processor circuitry 202 may provide
one or more commands to memory 39 and/or interface
circuitry 242, via bus 206, bridge circuitry 208, bus 254,
and interface circuitry 242, that may result such program
instructions being retrieved from memory 39 and provid-
ed to circuitry 202, via interface 242, bus 254, bridge
circuitry 208, and bus 206.

[0023] Integrated circuit 40 also.may comprise per-
formance monitoring (PMON) circuitry 226. PMON cir-
cuitry 226 may monitor, e.g., exchange of data and/or
commands carried out via bus 206 and/or bus 254, and/or
other and/or additional operations carried out by other
circuitry in integrated circuit 40, and may determine,
based at least in part upon such monitoring, whether in-
tegrated circuit 40 is operating properly. PMON circuitry
226 may indicate the results of its monitor activities to,
e.g., processor circuitry 202 and/or external devices,
such as, for example, host processor 12 via circuitry 210.
[0024] Processor circuitry 202 may include a plurality
of processor cores 216 and 218. As used herein, a "proc-
essor core" may comprise hardwired circuitry, program-
mable circuitry, and/or state machine circuitry. Also, as
used herein, "processor circuitry" may comprise hard-
wired circuitry, programmable circuitry, and/or state ma-
chine circuitry. In this embodiment, each processor core
216 and 218 may comprise respective circuitry that may
be compatible and/or in compliance with the Intel® XS-
cale™ Core micro-architecture described in Intel® XS-
cale™ Core Developers Manual, published December
2000 by the Assignee of the subject application. Of
course, as stated above, circuitry 202 may comprise oth-
ertypes of processor core circuitry without departing from
this embodiment. In this embodiment, processor cores
216 and 218 may comprise, for example, computer-read-
able program instruction memory 220 and 224, respec-
tively, that may contain respective sets of micro-code pro-
gram instructions that processor cores 216 and 218, re-
spectively, may execute. The execution of these respec-
tive sets of program instructions by processor cores 216
and 218, respectively, may result in, for example, the
carrying out by circuitry 202, core 216, and/or core 218
of operations described herein as being carried out by
circuitry 202, core 216, and/or core 218, respectively. At
least a portion of these respective sets of program in-
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structions may be retrieved from, e.g., boot code memory
39 after, for example, a reset of integrated circuit 40.
Processor core 216 also may comprise a level-2 cache
memory 222 that may be used by processor core 216 in
carrying out the operations described herein as being
carried out by processor core 216.

[0025] Interface circuitry 204 may comprise protocol
engines 250A, 250B, ... 250N and physical layer inter-
face circuitry 252A, 252B, ... 252N. As described below,
each respective protocol engine 250A, 2508, ... 250N
may be associated with, and exchange data and/or com-
mands with respective physical layer interface circuitry
252A,252B, ...252N. Thus, for example, protocol engine
250A may be associated with, and exchange data and/or
commands with physical layer interface circuitry 252A,
protocol engine 250B may be associated with, and ex-
change data and/or commands with physical layer inter-
face circuitry 252B, and protocol engine 250A may be
associated with, and exchange data and/or commands
with physical layer interface circuitry 252N, respectively.
In this embodiment, the respective construction and op-
eration of each of the protocol engines 250A, 2508, ...
250N may be respectively identical. Additionally, in this
embodiment the respective construction and operation
of each of the interfaces 252A, 252B, .. . 252N may be
respectively identical. Without departing from this em-
bodiment, the respective numbers of protocol engines
252A, 252B, ... 252N, physical layer interfaces 252A,
252B, . .. 252N, and links 44 may vary. However, in this
embodiment, the number of protocol engines 250A,
250B, ... 250N may be equal to the number of physical
layer interfaces 252A, 252B, ... 252N. In this embodi-
ment, each of the physical layer interfaces 252A,
252B, . .. 252N may be coupled to a respective one of
the links 44; therefore, in this embodiment, the number
of physical layers interfaces 252A, 252B, ... 252N may
be equal to the number of links 44.

[0026] Host bus interface circuitry 210 may comprise
respective interface circuitry that may be used to permit
integrated circuit 40 to be able to exchange, in accord-
ance with one of a plurality of different host bus protocols
with which bus 22 may comply or be compatible, data
and/or commands with other devices that may be cou-
pled to bus 22. For example, in this embodiment, circuitry
210 may comprise PCI-X bus interface circuitry 212 and
PCI Express™ bus interface circuitry 214. That is, as
discussed below, depending, at least in part, upon the
bus protocol with which bus 22 may comply or be com-
patible, a particular operating mode of integrated circuit
40 may be selected in which only a single appropriate
one of the respective interface circuitry in circuitry 210
may be enabled to exchange data and/or commands with
devices that may be coupled to bus 22, otherrespective
interface circuitry in circuitry 210 may be disabled. For
example, in this embodiment, if bus 22 is a PCI-X bus,
then, in the selected operating mode, PCI-X interface
circuitry 212 may be enabled and PCI Express™ bus
interface circuitry 214 may be disabled. Conversely, in
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this embodiment, if bus 22 is a PCI-X bus, then, in the
selected operating mode, PCI-X interface circuitry 212
may be disabled and PCI Express™ bus interface cir-
cuitry 214 may be enabled.

[0027] Although not shown in the Figures, in this em-
bodiment, memory control circuitry 232 and/or DMA cir-
cuitry 234 may be electrically coupled to bus 254. In this
embodiment, memory control circuitry 232 may comprise
direct memory access (DMA) circuitry 234. Memory con-
trol circuitry 232 may control storage of data in, and re-
trieval of data from memory 228. For example, in this
embodiment, memory control circuitry 232 may ex-
change commands and/or data with, for example, proc-
essor circuitry 202, interface circuitry 204, interface cir-
cuitry 210 and/or memory control circuitry 230. Based,
at least in part, upon these commands, memory control
circuitry 232 may exchange data and/or commands with
memory 228. This may result in memory 228 storing
and/or retrieving data in accordance with the commands
and/or data supplied to memory controller circuitry 232.
Additionally, depending upon the selected mode of op-
eration of integrated circuit 40, DMA circuitry 234 may
control, based upon commands and/or data received by
circuitry 234 from other circuitry in integrated circuit 40,
the exchange among I/O interface 204 and the other cir-
cuitry in integrated circuit 40 of data and/or commands
received or intended to be transmitted by 1/O interface
circuitry 204 via one or more links 44. Without departing
from this embodiment, DMA circuitry 234 may not be
comprised in circuitry 232, but instead, may comprise
circuitry that is distinct from circuitry 232, and is coupled
to circuitry 232 and bus 254.

[0028] In this embodiment, memory control circuitry
230 may comprise RAID operation-related circuitry 240.
Circuitry 240 may comprise, for example, DMA circuitry
238 and RAID calculation circuitry 236. Memory control
circuitry 230 may control storage of data in, and retrieval
of data from external memory 38. For example, in this
embodiment, memory control circuitry 230 may ex-
change commands and/or data with, for example, proc-
essor circuitry 202, interface circuitry 210 and/or memory
control circuitry 232. Based, at least in part, upon these
commands, memory control circuitry 230 may exchange
data and/or commands with memory 38. This may result
in memory 38 storing and/or retrieving data in accord-
ance with the commands and/or data supplied to memory
controller circuitry 232. Additionally, depending upon the
selected mode of operation of integrated circuit 40, DMA
circuitry 238 may control, based upon commands and/or
data received by circuitry 238 from other circuitry in inte-
grated circuit 40, the exchange of RAID-related data
among such other circuitry in integrated circuit 40. As
used herein, "RAID-related data" means data involved
in, generated as a result of, used as input or operands
in, and/or used in carrying out and/or to facilitate opera-
tions involved in implementing and/or maintaining a
RAID, such as, for example, RAID 29. RAID calculation
circuitry 236 may comprise arithmetic accelerator circuit-
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ry (not shown) that may be capable of performing one or
more arithmetic and/or logical operations using and/or
involving RAID-related data, such as, forexample, logical
exclusive-or operations that may generate RAID parity
data from initial user data and/or regenerate the initial
user data from such RAID parity data. Without departing
from this embodiment, DMA circuitry 238 and/or RAID
calculation circuitry 236 may not be comprised in circuitry
230, but instead, may comprise circuitry that is distinct
from circuitry 230, and is coupled to circuitry 230 and bus
254. Also without departing from this embodiment, inte-
grated circuit 40 may not comprise RAID calculation cir-
cuitry 236, but alternatively, depending, at least in part,
upon the selected operating mode of integrated circuit
40, the arithmetic and/or logical operations performed by
circuitry 236 instead may be performed by processor core
216.

[0029] As stated previously, the respective construc-
tion of each of the protocol engines 250A, 2508, ... 250N
may be identical. Figure 3 is a diagram that illustrates
protocol engine 250A. Protocol engine 250A may com-
prise data transport layer protocol and data link layer pro-
tocol circuitry 304 and control circuitry 302. Data trans-
port layer protocol and data link layer protocol circuitry
304 may be electrically coupled to control circuitry 302,
bus 206, and physical layer interface circuitry 252A as-
sociated with protocol engine 250A. In this embodiment,
circuitry 304 may include a plurality of differentrespective
data transport layer protocol circuitry 306A, 3068, . . .
306M and a plurality of different respective data link layer
protocol circuitry 308A, 308B, . . . 308M that may be re-
spectively associated with the different respective data
transport layer protocol circuitry 306A, 306B, ... 306M.
For example, in this embodiment, data transport layer
protocol circuitry 306A may be associated with and elec-
trically coupled to data link layer protocol circuitry 308A,
data transport layer protocol circuitry 306B may be as-
sociated with and electrically coupled to data link layer
protocol circuitry 308B, and data transport layer protocol
circuitry 306M may be associated with and electrically
coupled to data link layer protocol circuitry 308M, respec-
tively.

[0030] In this embodiment, data transport layer proto-
col circuitry 306A, 306B, . .. 306M may be capable of
carrying out different respective data transport layer com-
munication protocols that may be associated with and/or
comprised in the different respective communication pro-
tocols according to which card 20 may communicate with
mass storage 28 via one or more links 44. Similarly, data
link layer protocol circuitry 308A, 308B, ... 308M may be
capable of carrying out different respective link layer
communication protocols that may be associated with
and/or comprised in the different respective communica-
tion protocols according to which card 20 may commu-
nicate with mass storage 28 via one or more links 44.
Each respective data transport layer protocol circuitry
306A, 306B, ... 306M may be associated with and cou-
pled to the respective link layer protocol circuitry 308A,
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308B, ... 308M that may be capable of carrying out the
respective datalink layer protocol that may be associated
with and/or comprised in the same respective communi-
cation protocol as the respective data transport layer pro-
tocol that may be carried out that respective data trans-
portlayer protocol circuitry 306A, 306B, ... 306M, respec-
tively. For example, in this embodiment, circuitry 306A
and circuitry 308A may be capable of carrying out a data
transport layer protocol and a data link layer protocol,
respectively, that may be associated with and/or com-
prised in the data transport layer protocol and data link
layer protocol, respectively, used in an SAS protocol. Al-
so for example, in this embodiment, circuitry 306B and
circuitry 308B may be capable of carrying out a data
transport layer protocol and a data link layer protocol,
respectively, that may be associated with and/or com-
prised in the data transport layer protocol and data link
layer protocol, respectively, used in an FC protocol. Ad-
ditionally, forexample, in this embodiment, circuitry 306 M
and circuitry 308M may be capable of carrying out a data
transport layer protocol and a data link layer protocol,
respectively, that may be associated with and/or com-
prised in the data transport layer protocol and data link
layer protocol, respectively, used in an S-ATA protocol.
The number and types of different data transport layer
and data link layer communication protocols that may be
implemented by circuitry 304.

[0031] When active, each respective data transport
layer protocol circuitry 306A, 306B, .. 306M may be ca-
pable of providing control and/or data signals, in re-
sponse, at least in part, to commands and/or data re-
ceived from processor core 218 and in accordance with
the respective data transport layer protocol carried out
by the respective circuitry 306A, 306B, ... 306M, to the
respective data link layer circuitry 308A, 308B, . . . 308M
with which the respective circuitry 306A, 306B, . . . 306M
is associated. This may result in respective data link layer
protocol circuitry 308A, 308B, ... 308M that receives
such control and/or data signals, providing correspond-
ing control and/or data signals, in accordance with the
respective data link layer protocol carried out by that re-
spective data link layer circuitry, to physical layer inter-
face circuitry 252A. This may result in physical layer in-
terface circuitry 252A transmitting to mass storage 28,
via one of the links 44, corresponding data and/or control
signals, in accordance with the respective communica-
tion protocol (e.g., SAS, FC, or S-ATA) that comprises
the respective data link layer protocol carried out by that
respective data link layer circuitry.

[0032] Likewise, in this embodiment, physical layer in-
terface circuitry 252A may receive data and/or control
signals, in accordance with the respective communica-
tion protocol (e.g., SAS, FC, or S-ATA) utilized by the
link in links 44 to which it is coupled, from mass storage
28. Depending at least in part upon the selected mode
of operation of integrated circuit 40, physical layer inter-
face circuitry 252A may provide the received data and/or
control signals to data link layer protocol circuitry 308A,

10

15

20

25

30

35

40

45

50

55

308B, . .. 308M may be active in the selected mode of
operation. This may result in the active data link layer
protocol circuitry generating and supplying to the data
transport layer protocol circuitry with which it is associ-
ated, in accordance with the respective data link layer
protocol carried out by the active data link layer protocol
circuitry, corresponding control and/or data signals for
use by this data transport layer protocol circuitry. This
may result in this transport layer protocol circuitry gen-
erating, in accordance with the data transport layer pro-
tocol carried out by this transport layer protocol circuitry,
corresponding data and/or commands that may be in-
tended for use, e.g., by an application program executed
by processor circuitry 202 and/or host processor 12.
Processor core 218 may signal memory control circuitry
232, interface circuitry 210, interface circuitry 204, and/or
DMA circuitry 234. This may result in, for example, the
data and/or commands generated by this transport layer
protocol circuitry being stored in memory 228, provided
to processor core 218, and/or provided to host processor
12 for use by, e.g., this application program.

[0033] Inthis embodiment, in response, at least in part
to one or more commands received by interface circuitry
204 from, for example, processor core 218, control cir-
cuitry 302 in protocol engine 250A may select which of
data transport layer protocol circuitry 306A, 3068, . . .
306M and which of data link layer protocol circuitry 308A,
308B, . .. 308M may be active and/or operational. That
is, as discussed below, depending upon the selected
mode of operation of integrated circuit40, processor core
218 may provide to interface circuitry 204 one or more
commands associated with this selected operating
mode. This may result in control circuitry 302 signaling
circuitry 304. This may result in only one of the transport
layer protocol circuitry 306A, 306B, ... 306M (e.g., circuit-
ry 306A) and only one of the data link layer protocol cir-
cuitry 308A, 308B, ... 308M (e.g., circuitry 308A associ-
ated with circuitry 306A) associated with the selected op-
erating mode of integrated circuit 40 being active and/or
operational in protocol engine 250A. As a result, protocol
engine 250A may only communicates with mass storage
28 in accordance with the communication protocol (e.g.,
SAS protocol) that comprises and/or is associated with
the transport and data link layer protocols carried out by
the active transport and data link layer circuitry 306A and
308A, respectively, in protocol engine 250A. Thus, the
selection of the mode of operation of integrated circuit
40 may correspond to and result in generation of one or
more commands by processor core 218 that may result
in the selection of which of the transport and data link
layer protocol circuitry may be active and/or operational
in protocol engine 250A, and thereby, the communication
protocol that may be used by protocol engine 250A to
communicate with mass storage 28. In a similar fashion,
the one or more commands, provided by processor core
218 to interface circuitry 204 as a result of the selection
of the mode of operation of integrated circuit 40, also may
result the selection of respective communication proto-
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cols that may be used by each of the other protocol en-
gines in interface circuitry 204 to communicate with mass
storage 28. Additionally or alternatively, these one or
more commands also may select which protocol engines
250A, 250B, ... 250N may be enabled and/or operational,
or disabled and/or non-operational.

[0034] In addition, depending at least in part upon the
selected mode of operation of integrated circuit 40, proc-
essor core 216 and/or RAID operation-related circuitry
240 may be either enabled to perform or disabled from
performing one or more operations involved in imple-
menting and/or maintaining a RAID, such as, for exam-
ple, RAID 29. For example, if processor core 216 and
circuitry 240 are enabled to perform such operations,
processor core 216 may execute, in response at least in
part to, for example, one or more requests issued by host
processor 12 to integrated circuit 40 to store, retrieve,
and/or rebuild user data in RAID 29, program instructions
stored in memory 220 that may result in processor core
216 determining in accordance, for example, with con-
ventional RAID techniques, locations in RAID 29 in which
to store and/or from which may be retrieved check data
and/or user data associated with the check data. As used
herein, "check data" means first data generated based
at least in part upon second data and from which the
second data may be regenerated at least in part. If the
RAID level implemented in RAID 29 is equal to zero, the
check data may be absent from RAID 29, and these lo-
cations may be comprise, for example, locations in RAID
29 of one or more stripes (not shown) of user data. If the
RAID level implemented in RAID 29 is greater than one,
the check data may comprise parity data and these lo-
cations may comprise, for example, locations in RAID 29
of one or more stripes (not shown) of such check data
and/or user data. Alternatively, if the RAID level imple-
mented in RAID 29 is equal to one (i.e., RAID 29 imple-
ments data mirroring), the check data may comprise a
copy of the user data and these locations may comprise,
for example, locations of the user data and the redundant
copy of the user data in respective mirrored volumes (not
shown) in RAID 29. In this embodiment, processor core
216 and/or RAID calculation circuitry 236 may utilize con-
ventional RAID techniques to generate the check data
based at least in part upon the user data and/or to re-
generate the user data based at least in part upon the
check data. Depending upon the selected operating
mode of integrated circuit 40, processor core 218 may
signal interface circuitry 204. This may result in one of
the protocol engines (e.g., protocol engine 250A) trans-
mitting to and/or retrieving from mass storage 28, via its
associatedinterface 252A and one ofthe links 44 to which
that interface 252A may be coupled, the user data and/or
check data. The user data and/or check data may be
stored in and/or retrieved from RAID at the locations de-
termined by processor 216.

[0035] Memory 39, memory 220, memory 224, and/or
memory 228 may comprise program instructions that,
when executed by integrated circuit 40, may result in,
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among other things, card 20 performing operations in
accordance with one embodiment. Figure 5is a flowchart
that illustrates these and other operations 600 that may
be carried out in system 100, in accordance with one
embodiment.

[0036] As illustrated by operation 602, operations 600
may commence with the selection of the selected mode
of operation of integrated circuit 40. In this embodiment,
the selected mode of operation of integrated circuit 40
may be selected, based upon and/or as a result, at least
in part, of one or more signals provided to GPIO interface
circuitry 248 from selector circuitry 42, one or more sig-
nals provided to host bus interface circuitry 210 by host
processor 12, execution by processor circuitry 202 of one
or more program instructions stored in memory 39,
and/or detection and/or discovery by circuitry 204 of one
or more respective communication protocols being used
in one or more links 44.

[0037] For example, in this embodiment, selector cir-
cuitry 42 may comprise one or more jumpers and/or one
or more dual in-line package (DIP) switches 43 that may
be set (e.g., by a not shown human operator) in a plurality
of different configurations to select the selected operating
mode of integrated circuit 40. That is, the plurality of dif-
ferent configurations of the jumper and/or switches 43
may correspond to respective different operating modes
of integrated circuit 40. When the one or more jumpers
and/or one or more DIP switches 43 are setin a particular
configuration, the selector circuitry 42 may generate one
or more control signals that may correspond to and/or
indicate the mode of operation of integrated circuit 40
that corresponds to that particular configuration. After,
for example, a reset of integrated circuit 40, these one
or more control signals may be supplied to processor
cores 216 and 218 via circuitry 246, circuitry 244, bus
254, bridge circuitry 208, and bus 206.

[0038] In response, at least in part, to these one or
more control signals, processor core 218 may generate
and supply to interface circuitry 204 and/or host bus in-
terface circuitry 210 one or more commands that may
select, in accordance with the mode of operation of inte-
grated circuit 40 that corresponds to and/or is indicated
by the one ormore control signals, which of bus interfaces
212 and 214 is to be enabled or disabled, respectively,
which protocol engines 250A, 250B, ... 250N are to be
enabled or disabled, respectively, and/or the protocols
that are to be implemented by protocol engines 250A,
250B, . . . 250N. Processor core 218 also may generate
and supply to DMA circuitry 234 one or more commands
that may either enable DMA circuitry 234 to control or
disable DMA circuitry 234 from controlling, depending
upon the mode of operation of integrated circuit 40 that
corresponds to and/or is indicated by the one or more
control signals, the exchange among 1/O interface 204
and the other circuitry in integrated circuit 40 of data
and/or commands received or intended to be transmitted
by 1/0 interface circuitry 204 via one or more links 44.
[0039] Also in response, at least in part, to these one
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or more control signals from selector circuitry 42, proc-
essor core 216 may determine, in accordance with the
mode of operation of integrated circuit 40 that corre-
sponds to and/or is indicated by the one or more control
signals, whether processor core 216 and/or RAID oper-
ation-related circuitry 240 are intended to be operative
and/or enabled, or non-operative and/or disabled, given
the operating mode of integrated circuit 40 selected by
the jumpers and/or switches 43.

[0040] If processorcore 216 determines that processor
core 216 and/or RAID operation-related circuitry 240 are
intended to be operative and/or enabled, processor core
216 may signal circuitry 240. This may result in processor
core 216 and/or circuitry 240 performing one or more
operations involved in implementing and/or maintaining
a RAID, such as, for example, RAID 29.

[0041] Conversely, if processor core 216 determines
that processor core 216 and/or RAID operation-related
circuitry 240 are intended to be non-operative and/or dis-
abled, processor core 216 may signal circuitry 240. This
may resultin processor core 216 and/or circuitry 240 be-
ing disabled from performing one or more operations in-
volved in implementing and/or maintaining a RAID, such
as, for example, RAID 29.

[0042] Alternatively or additionally, the one or more
control signals from selector circuitry 42 also may be sup-
plied to circuitry 210, circuitry 234, and/or circuitry 240.
This may result in enabling or disabling of bus interface
circuitry 212, bus interface circuitry 214, circuitry 240,
and/or circuitry 234 in accordance with the mode of op-
eration of integrated circuit 40 that corresponds to and/or
is indicated by the one or more control signals.

[0043] Alternatively or additionally, in thisembodiment,
the selected mode of operation of integrated circuit 40
may be selected in operation 602, based upon and/or as
aresult, at least in part, of one or more signals provided
to host bus interface circuitry 210 by host processor 12.
For example, host bus interface circuitry 210 may include
one or more memory locations (not shown) that may con-
tain one or more values that may indicate the selected
mode of operation of integrated circuit 40. These one or
more memory locations may comprise, for example, one
or more configuration registers. After a reset of system
100, these one or more values may indicate a default
mode of operation of integrated circuit 40 in which an
appropriate, predetermined one of interface circuitry 212
and interface circuitry 214 is enabled, depending upon
whether, for example, bus 22 is a PCI-X bus or a PCI
Express™ bus. Host processor 12 may initiate and/or
execute one or more configuration cycles, in accordance
with the bus protocol with which bus 22 may comply or
be compatible, during which host processor 12 may pro-
vide one or more control signals to circuitry 210 that may
result in a change, at least in part, of these one or more
values to select the mode of operation in which integrated
circuit40 is desired to operate. Thatis, these one or more
values, as changed, at least in part by host processor
12, may indicate a mode of operation in which integrated
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circuit 40 is desired to operate. Prior thereto or contem-
poraneously therewith, a human operator of system 100
may select the desired mode of operation of integrated
circuit 40, and may issue one or more commands to host
processor 12 via user interface system 16 that may result
in host processor 12 changing these one or more values
such that the one or more values, as changed, indicates
this desired mode of operation.

[0044] Thereafter, processor cores 216 and 218 may
examine these one or more values stored in the one or
more memory locations in host bus interface circuitry
210, and may determine therefrom the selected mode of
operation of integrated circuit 40. Processor core 218
may generate and supply to interface circuitry 204 one
or more commands that may select, in accordance with
the mode of operation of integrated circuit 40 that corre-
sponds to and/or is indicated by these one or more val-
ues, which protocol engines 250A, 250B, ... 250N are to
be enabled or disabled, respectively, and/or the protocols
that are to be implemented by protocol engines 250A,
250B, ... 250N. Processor core 218 also may generate
and supply to DMA circuitry 234 one or more commands
that may either enable DMA circuitry 234 to control or
disable DMA circuitry 234 from controlling, depending
upon the mode of operation of integrated circuit 40 that
corresponds to and/or is indicated by the one or more
values, the exchange among I/O interface 204 and the
other circuitry in integrated circuit 40 of data and/or com-
mands received or intended to be transmitted by I/O in-
terface circuitry 204 via one or more links 44.

[0045] Processor core 216 may determine, in accord-
ance with the mode of operation of integrated circuit 40
that corresponds to and/oris indicated by the one or more
values, whether processor core 216 and/or RAID oper-
ation-related circuitry 240 are intended to be operative
and/or enabled, or non-operative and/or disabled, given
the operating mode of integrated circuit 40 indicated by
the one or more values.

[0046] If processorcore 216 determines that processor
core 216 and/or RAID operation-related circuitry 240 are
intended to be operative and/or enabled, processor core
216 may signal circuitry 240. This may resultin processor
core 216 and/or circuitry 240 performing one or more
operations involved in implementing and/or maintaining
a RAID, such as, for example, RAID 29.

[0047] Conversely, if processor core 216 determines
that processor core 216 and/or RAID operation-related
circuitry 240 are intended to be non-operative and/or dis-
abled, processor core 216 may signal circuitry 240. This
may result in processor core 216 and/or circuitry 240 be-
ing disabled from performing one or more operations in-
volved in implementing and/or maintaining a RAID, such
as, for example, RAID 29.

[0048] Alternatively or additionally, circuitry 234 and/or
circuitry 240 may examine the one or more values stored
in circuitry 210. This may result in enabling or disabling
of circuitry 240 and/or circuitry 234 in accordance with
the mode of operation of integrated circuit 40 that corre-
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sponds to and/or is indicated by the one or more values.
[0049] Alternatively or additionally, in thisembodiment,
the selected mode of operation of integrated circuit 40
may be selected in operation 602, based upon and/or as
aresult, atleastin part, of execution by processor circuitry
202 of one or more program instructions stored in mem-
ory 39. That is, according to this embodiment, different
respective operating modes of integrated circuit 40 may
be associated with different respective firmware program
instruction set images that when executed, at least in
part, by processor core 216 and processor core 218 may
result in the respective operating modes being associat-
ed with these respective images being selected, and also
may result in integrated circuit 40 operating in the respec-
tive operating modes. In this embodiment, only a single
such firmware program instruction set image may be
stored in memory 39, memory 220, and/or memory 224.
This single firmware program instruction set image may
comprise one or more firmware program instructions that
may be executed by processor cores 216 and processor
218 after, for example, a reset of integrated circuit 40.
This may result in processor core 218 generating and
supplying to interface circuitry 204 one or more com-
mands that may select, in accordance with the mode of
operation of integrated circuit 40 that is associated with
the single firmware program set image stored in memory
39, memory 220, and/or memory 224, which of interfaces
212 and 214 is to be enabled, and which protocol engines
250A, 250B, ... 250N are to be enabled or disabled, re-
spectively, and/or the protocols that are to be implement-
ed by protocol engines 250A, 250B, ... 250N. This may
also result in processor core 218 generating and supply-
ing to DMA circuitry 234 one or more commands that
may either enable DMA circuitry 234 to control or disable
DMA circuitry 234 from controlling, in accordance with
the mode of operation of integrated circuit 40 that is as-
sociated with the single firmware program set image
stored in memory 39, the exchange among 1/O interface
204 and the other circuitry in integrated circuit 40 of data
and/or commands received orintended to be transmitted
by I/0 interface circuitry 204 via one or more links 44.
[0050] The execution of these one or more program
instructions by processor core 216 also may result in
processor core 216 determining, in accordance with the
mode of operation of integrated circuit 40 that is associ-
ated with this single firmware program instruction set im-
age, whether processor core 216 and/or RAID operation-
related circuitry 240 are intended to be operative and/or
enabled, or non-operative and/or disabled, given this op-
erating mode of integrated circuit 40.

[0051] If processor core 216 determines that processor
core 216 and/or RAID operation-related circuitry 240 are
intended to be operative and/or enabled, processor core
216 may signal circuitry 240. This may result in processor
core 216 and/or circuitry 240 performing one or more
operations involved in implementing and/or maintaining
a RAID, such as, for example, RAID 29.

[0052] Conversely, if processor core 216 determines
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that processor core 216 and/or RAID operation-related
circuitry 240 are intended to be non-operative and/or dis-
abled, processor core 216 may signal circuitry 240. This
may result in processor core 216 and/or circuitry 240 be-
ing disabled from performing one or more operations in-
volved in implementing and/or maintaining a RAID, such
as, for example, RAID 29.

[0053] Alternatively oradditionally, in this embodiment,
the selected mode of operation of integrated circuit 40
may be selected in operation 602, based upon and/or as
aresult, at least in part, of detection and/or discovery by
circuitry 204 of the one or more respective communica-
tion protocols being used by one or more links 44. That
is, circuitry 204 may examine signals transmitted to cir-
cuitry 204 via one or more links 44 that may embody data
and/or commands, and may detect and/or discover,
based at least in part upon such examination, one or
more respective communication protocols via which such
commands and/or data may have been transmitted to
circuitry 204 via one or more links 44. Circuitry 204 may
provide one or more signals to processor core 218 that
may indicate these one or more detected and/or discov-
ered protocols, and may select, in accordance with these
detected and/or discovered protocols, which protocol en-
gines 250A, 250B, ... 250N are to be enabled or disabled,
respectively, and/or the one or more protocols that are
to be implemented by protocol engines 250A, 2508, ...
250N. Based at least in part upon the indication provided
to processor core 218 by circuitry 204, processor core
218 may generate and supply to DMA circuitry 234 one
or more commands that may enable DMA circuitry 234
to control the exchange among I/O interface 204 and the
other circuitry in integrated circuit 40 of data and/or com-
mands received or intended to be transmitted by I/O in-
terface circuitry 204 via one or more links 44. One or
more signals provided to GPIO interface circuitry 248
from selector circuitry 42, one or more signals provided
to host bus interface circuitry 210 by host processor 12,
and/or execution by processor circuitry 202 of one or
more program instructions stored in memory 39 may be
used to select, for example, in the manner described pre-
viously, whether processor core 216 and/or RAID oper-
ation-related circuitry 240 are intended to be operative
and/or enabled, or non-operative and/or disabled, and
which of interfaces 212 and 214 is to be enabled.
[0054] Afterthe selected mode of operation of integrat-
ed circuit 40 has been selected as a result of operation
602, integrated circuit 40 may operate in the selected
mode of operation, as illustrated by operation 604 in Fig-
ure 5. For example, one operating mode that may be
selected as a result of operation 602 may be carried out
by integrated circuit 40 in system 100’ shown in Figure
4. Unless stated to contrary, the construction and oper-
ation of system 100’ may be substantially identical to the
construction and operation of system 100 shown in Fig-
ure 1. In this one mode of operation of integrated circuit
40, interface circuitry 204 may exchange data and/or
commands with RAID 29, based at least in part, upon
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commands received from processor core 218. Processor
core 216 and circuitry 240 may be disabled, and one or
more operations comprised in carrying out and/or facili-
tating operations involved in implementing and/or main-
taining RAID 29 may be executed by a RAID controller
card 504, instead of by processor core 216 and/or cir-
cuitry 240. In system 100’, card 504 may comprise a bus
interface 510. Depending upon, for example, whether
bus 22 comprises a PCI Express™ bus or a PCI-X bus,
system 100’ may comprise a circuit card slot 502 that
may include a circuit card slot 510 that may comprise,
for example, a PCl Express™ or PCI-X bus compatible
or compliant expansion slot or interface 506. Interface
506 may comprise a bus connector 508 may be electri-
cally and mechanically mated with a mating bus connec-
tor 512 that may be comprised in a bus expansion inter-
face 510in circuit card 504. When connector 508 is mated
with connector 512, card 504 may exchange data and/or
commands with other devices, such as, for example, card
20 via bus 22.

[0055] In system 100, data and/or commands re-
ceived by card 20 from RAID 29 that are intended to
undergo and/or to be used in one or more one or more
operations comprised in carrying out and/or facilitating
operations involved in implementing and/or maintaining
RAID 29 may be transmitted from integrated circuit 40
via bus 22 to card 504. Card 504 may carry out such
operations and transmit to integrated circuit 40 other
commands and/or data that may represent and/or em-
body the results of such operations. Processor core 218
may provide one or more control signals to interface 204
that may result in interface 204 transmitting these other
data and/or commands to RAID 29 to implement and/or
maintain, at least in part, RAID 29.

[0056] Alternatively, in another mode of operation of
integrated circuit 40, instead of and/or in addition to ex-
changing data and/or commands with integrated circuit
40 via bus 22, card 504 may exchange data and/or com-
mands with integrated circuit 40 via one or more com-
munication links 500 that may be coupled to one or more
respective physical interfaces 252A, 252B, ... 252N.
Thatis, in this other mode of operation of integrated circuit
40, a subset of physical interfaces 252A, 252B, ...252N
may be coupled to one or more links 44, and a different
subset of physical interfaces 252A, 252B, . . . 252N may
be coupled to card 504 via one or more links 500. In this
other mode of operation of integrated circuit 40, proces-
sor core 216 and circuitry 240 may be disabled, and data
and/or commands received by card 20 from RAID 29 that
are intended to undergo and/or to be used in one or more
operations comprised in carrying out and/or facilitating
operations involved in implementing and/or maintaining
RAID 29 may be transmitted from integrated circuit 40
via one or more links 500 to card 504. Card 504 may
carry out such operations and transmit to integrated cir-
cuit 40 other commands and/or data that may represent
and/or embody the results of such operations. Processor
core 218 may provide one or more control signals to in-
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terface 204 that may result in interface 204 transmitting
these other data and/or commands to RAID 29 to imple-
ment and/or maintain, at least in part, RAID 29.

[0057] Thus, in summary, one system embodiment
may comprise a circuit card capable of being coupled to
storage. The circuit card may include an integrated cir-
cuit. The integrated circuit may be capable of operating
in a selected mode of operation. The integrated circuit
may comprise first circuitry and second circuitry. The first
circuitry may be capable of performing at least one op-
eration that comprises, at least in part, generating check
data based at least in part upon other data, regenerating
the other data based at least in part upon the check data,
and/or determining locations of the check data and the
other data in the storage. The second circuitry may be
capable of controlling, at least in part, at least one inter-
face to transmit from and/or receive at the integrated cir-
cuit the check data and/or the other data. Depending at
least in part upon the selected mode of operation of the
integrated circuit, the first circuitry may be enabled to
perform or disabled from performing the at least one op-
eration.

[0058] Alsoin summary, one system embodiment may
comprise a circuit card thatincludes an integrated circuit.
The circuit card may be capable of being coupled to a
bus. The integrated circuit may be capable of operating
in a selected mode of operation. The integrated circuit
may comprise processor circuitry and interface circuitry.
The processor circuitry may include a plurality of proc-
essor cores. The interface circuitry may be capable of
communicating in accordance a plurality of different pro-
tocols. At least one of the processor cores may be capa-
ble ofissuing a command to the interface circuitry to com-
municate in accordance with at least one of the plurality
of different protocols that corresponds to the selected
mode of operation of the integrated circuit.

[0059] Advantageously, the integrated circuits ofthese
system embodiments may offer enhanced communica-
tion capabilities, and may communicate using a greater
number of host bus and communication protocols, com-
pared to the prior art. Also advantageously, the host bus
and/or communication protocols used by these integrat-
ed circuits of these system embodiments may be select-
ed. Additionally, the integrated circuits of these system
embodiments may include single respective packages
and/or "foot prints" that may include circuitry that may be
used to perform RAID-related operations and/or commu-
nication protocol operations. Advantageously, this may
improve the utility and/or versatility of the integrated cir-
cuits of these system embodiments, since these integrat-
ed circuits may be used to perform such RAID-related
operations or may be used together with other RAID con-
troller devices that may perform such operations.

Claims

1. An apparatus comprising:
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an integrated circuit (40) comprising:

an interface circuitry (204) to mass storage
capable of communicating in accordance
with a plurality of different protocols;

an interface circuitry (210) to a host bus ca-
pable of communicating in accordance with
a plurality of different protocols;

first circuitry (216) operable in an enabled
state to perform the operations of:

generating check data based at least in
part upon other data,

regenerating the other data based at
least in part upon the check data, and
determining one or more locations of at
least one of the check data and the oth-
er data in mass storage;

second circuitry (218) operable to control
said interface circuitry to mass storage
(204) to transmit from and/or receive at the
integrated circuit at least one of the check
data and the other data; and

mode selector circuitry (42) operable to
generate and provide one or more control
signals indicating a mode of operation of the
integrated circuit (40);

wherein in response to said one or more
control signals indicating that the integrated
circuit (40) is set in a first selected mode of
operation, the first circuitry (216) is enabled
to perform at least one of said operations
on check data; and

wherein in response to a control signal in-
dicating that the integrated circuit (40) is set
in a second selected mode of operation, the
first circuitry (216) is disabled from perform-
ing said operations on check data;
wherein in response to said one or more
control signals, said second circuitry is ca-
pable of issuing a command respectively to
said interface circuitry to mass storage and
said interface circuitry to a hostbus resulting
in the selection for each of said interfaces
of a communication protocol.

2. The apparatus of claim 1, wherein:

the first circuitry (216) and the second circuitry
(218) each comprise respective processor core
circuitry.

3. The apparatus of claim 1, wherein:

the at least one interface is capable of being
coupled to at least one communication link; and
the at least one interface is also capable of one
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of transmitting from and receiving the check data
and the other data via the at least one commu-
nication link.

4. The apparatus of claim 1, wherein:

the integrated circuit (40) is capable of receiving
one or more signals to select, at least in part,
the selected mode of operation of the integrated
circuit.

5. The apparatus of claim 1, wherein:

the integrated circuit (40) is capable of executing
one or more program instructions, execution of
the one or more program instructions resulting,
at least in part, selection of the selected mode
of operation.

6. The apparatus of claim 1, wherein:

the storage comprises a redundant array of in-
dependent disks (RAID); and

the locations comprise a plurality of locations in
the RAID.

7. The apparatus of claim 1, wherein:

the check data comprises one of a copy of the
other data and error correction data calculated
based upon, at least in part, the other data.

8. A system comprising:

a circuit card (20) capable of being coupled to
storage, the circuit card including an integrated
circuitin accordance with the apparatus of claim
1.

9. The system of claim 8, further comprising:

a circuit board comprising a bus and a bus in-
terface slot; and

the circuit card (20) is capable of being coupled
to the bus interface slot.

10. The system of claim 8, wherein:

the circuitboard also comprises a processor that
is capable of supplying one or more control sig-
nals to the circuit card via the bus and bus inter-
face slot, the supplying of the one or more control
signals to the circuit card resulting, at least in
part, in selection of the selected mode of oper-
ation.

11. The system of claim 8, wherein:
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the storage comprises a redundant array of in-
dependent disks (RAID); and

the check data comprises one of: parity data
generated based at least in part upon the other
data; and a copy of the other data.

The system of claim 11, wherein:

the RAID implements a RAID level greater than
1; and
the check data comprises the parity data.

The system of claim 8, wherein:

the integrated circuit (40) also comprises a first
bus interface that is capable of communicating
using a first bus protocol, and a second bus in-
terface that is capable of communicating using
a second bus protocol.

The system of claim 8, wherein:

the integrated circuit (40) further comprises a
first bus, a second bus, and bus bridge circuitry
to couple the first bus to the second bus.

The system of claim 8, wherein:

the circuit card (20) further comprises first mem-
ory; and

the integrated circuit (40) further comprises a
second memory and memory controller circuitry
(230) to control, at least in part, the first memory
and the second memory.

The system of claim 8, wherein:

the interface is capable of detecting a commu-
nication protocol used to transmit the check data
and other data to the interface.

A method of operating an integrated circuit (40) in a
selected mode of operation, wherein the integrated
circuit includes an interface circuitry (204) to mass
storage capable of communicating in accordance
with a plurality of different protocols; an interface cir-
cuitry (210) to a host bus capable of communicating
in accordance with a plurality of different protocols;
first circuitry (216) operable in an enabled state to
perform the operations generating check data based
atleastin part upon other data, regenerating the oth-
er data based at least in part upon the check data,
and determining one or more locations of at least
one of the check data and the other data in mass
storage, and second circuitry (218) operable to con-
trol said interface circuitry to mass storage (36) to
transmit from and/or receive at the integrated circuit
at least one of the check data and the other data,
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the method comprising:

generating one or more control signals indicat-
ing a selected mode of operation of the integrat-
ed circuit (40);

wherein in response to said one or more control
signals indicating that the integrated circuit (40)
is set in a first selected mode of operation, en-
abling the first circuitry (216) to perform at least
one of said operations on check data; and
wherein in response to said control signals indi-
cating that the integrated circuit (40) is set in a
second selected mode of operation, the first cir-
cuitry (216) is disabled from performing said op-
erations on check data;

wherein in response to said one or more control
signals, said second circuitry is capable of issu-
ing a command respectively to said interface cir-
cuitry to mass storage and said interface circuit-
ry to a host bus resulting in the selection for each
of said interfaces of a communication protocol.

18. The method of claim 17, wherein:

the first circuitry (216) and the second circuitry
(218) each comprise respective processor core
circuitry.

19. The method of claim 17, further comprising:

coupling the at least one interface to at least one
communication link; and one of transmitting
from and receiving by the at least one interface
the at least one of the check data and the other
data via the at least one communication link.

20. The method of claim 17, further comprising:

selecting the selected mode of operation, the
selecting of the selected mode of operation com-
prising supplying to the integrated circuit (40)
one or more signals that indicate, atleastin part,
the selected mode of operation.

21. The method of claim 17, further comprising:

selecting the selected mode of operation, the
selecting of the selected mode of operation com-
prising executing one or more program instruc-
tions by the integrated circuit (40), execution of
the one or more programs resulting, at least in
part, in selection of the selected mode of oper-
ation.

22. The method of claim 17, wherein:

the storage comprises a redundant array of in-
dependent disks (RAID); and
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the locations comprise a plurality of locations in
the RAID.

23. The method of claim 17, wherein:

the check data comprises one of a copy of the
other data and error correction data calculated
based upon, at least in part, the other data.

24. A computer-implemented storage medium having
stored thereon instructions that when executed by a
result in the performing of the method of any one of
claims 17 to 23.

Patentanspriiche

1. Vorrichtung, aufweisend
eine integrierte Schaltung (40), aufweisend:

eine Schnittstellenschaltung (204) fur die Mas-
senspeicherung, die zur Kommunikation in
Ubereinstimmung mit mehreren verschiedenen
Protokollen geeignet ist;

eine Schnittstellenschaltung (210) zu einem
Host-Bus, die zur Kommunikation in Uberein-
stimmung mit mehreren verschiedenen Proto-
kollen geeignet ist;

eine erste Schaltung (216), die in einem aktivier-
ten Zustand fiir das Durchfiihren der Vorgange
betreibbar ist:

Erzeugen von Priifdaten auf Basis von min-
destens teilweise anderen Daten,
Wiedererzeugen der anderen Daten auf Ba-
sis von mindestens teilweise der Prifdaten,
und

Bestimmen von einem oder mehreren Or-
ten von mindestens einem Priifdatensatz
und den anderen

Daten in Massenspeicherung;

eine zweite Schaltung (218), die zum Steuern
der Schnittstellenschaltung fir Massenspeiche-
rung (204) fur das Senden von und/oder Emp-
fangen an der integrierten Schaltung von min-
destens einem der Priifdatenséatze und den an-
deren Daten betreibbar ist; und

eine Moduswabhlerschaltung (42), die zum Er-
zeugen und Bereitstellen von einem oder meh-
reren Steuersignalen zur Anzeige eines Be-
triebsmodus der integrierten Schaltung (40) be-
treibbar ist;

wobei als Reaktion auf das eine oder die meh-
reren Steuersignale, womit angezeigt wird, dass
die integrierte Schaltung (40) auf einen ersten
gewahlten Betriebsmodus eingestellt ist, die er-
ste Schaltung (216) fir das Durchfiihren von
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mindestens einem der Vorgange an Prifdaten
aktiviert wird; und

wobei als Reaktion auf ein Steuersignal, das an-
zeigt, dass die integrierte Schaltung (40) auf ei-
nen zweiten gewahlten Betriebsmodus einge-
stelltist, die erste Schaltung (216) fur Durchfih-
ren der Vorgange auf Priifdaten deaktiviert wird;
wobei als Reaktion auf das eine oder die meh-
reren Steuersignale die zweite Schaltung zur
Ausgabe eines Befehls an die Schnittstellen-
schaltung fiir Massenspeicherung beziehungs-
weise die Schnittstellenschaltung an einen
Host-Bus geeignet ist, was in der Auswahl fir
jede der Schnittstellen fiir ein Kommunikations-
protokoll resultiert.

2. Vorrichtung nach Anspruch 1, wobei:

die erste Schaltung (216) und die zweite Schal-
tung (218) jeweils Prozessor-Kern-Schaltung
aufweisen.

3. Vorrichtung nach Anspruch 1, wobei:

die mindestens eine Schnittstelle zum Ankup-
peln an mindestens eine Kommunikationsver-
bindung geeignet ist; und

die mindestens eine Schnittstelle auch zum
Sendenvon und Empfangen von Priifdaten und
den anderen Daten Uber die mindestens eine
Kommunikationsverbindung geeignet ist.

4. Vorrichtung nach Anspruch 1, wobei:

die integrierte Schaltung (40) zum Empfangen
eines oder mehrerer Signale fiir das Auswahlen,
mindestens teilweise, des gewahlten Betriebs-
modus der integrierten Schaltung geeignet ist.

5. Vorrichtung nach Anspruch 1, wobei:

die integrierte Schaltung (40) zum Ausflhren ei-
nes oder mehrerer Programmbefehle geeignet
ist, wobei das Ausfiihren eines oder mehrerer
Programmbefehle, mindestens teilweise, in ei-
ner Wahl des gewahlten Betriebsmodus resul-
tiert.

6. Vorrichtung nach Anspruch 1, wobei:

die Speicherung eine "Redundante Anordnung
unabhangiger Festplatten" (RAID) aufweist; und
die Orte mehrere Orte in der RAID aufweisen.

7. Vorrichtung nach Anspruch 1, wobei:

die Priifdaten eine von einer Kopie der anderen
Daten und Fehlerkorrekturdaten, die, minde-



10.

11.

12.

13.

14.

15.

25

stensteilweise, auf Basis der anderen Daten be-
rechnet worden sind, aufweisen.

System, aufweisend:

eine Leiterplatte (20), die geeignet ist, an Spei-
cher angekuppelt zu werden, wobei die Leiter-
platte eine integrierte Schaltung in Ubereinstim-
mung mit der Vorrichtung nach Anspruch 1 auf-
weist.

System nach Anspruch 8, ferner aufweisend:

eine Leiterplatte aufweisend einen Bus und ei-
nen Busschnittstellen-Schacht; und

wobei die Leiterplatte (20) an den Busschnitt-
stellen-Schacht angekuppelt werden kann.

System nach Anspruch 8, wobei

die Leiterplatte auch einen Prozessor umfasst, der
eines oder mehrere Steuersignale tiber den Bus und
den Busschnittstellen-Schacht an der Leiterplatte
bereitstellen kann, wobei die Bereitstellung eines
oder mehrerer Steuersignale an der Leiterplatte in,
mindestens teilweise, in einer Wahl des gewahlten
Betriebsmodus resultiert.

System nach Anspruch 8, wobei

der Speicher eine "Redundante Anordnung unab-
hangiger Festplatten" (RAID) aufweist; und

die Prufdaten eines von Folgendem aufweisen: Pa-
ritatsdaten, die, mindestens teilweise, auf Basis der
anderen Daten erzeugt sind; und eine Kopie der an-
deren Daten.

System nach Anspruch 11, wobei

die RAID einen RAID-Level implementiert, der gro-
Reristals 1; und

die Prufdaten die Paritatsdaten aufweisen.

System nach Anspruch 8, wobei

die integrierte Schaltung (40) auch eine erste Bus-
schnittstelle, die, unter Anwendung eines ersten
Busprotokolls, zur Kommunikation geeignet ist, und
eine zweite Busschnittstelle, die, unter Anwendung
eines zweiten Busprotokolls, zur Kommunikation ge-
eignet ist, aufweist.

System nach Anspruch 8, wobei

die integrierte Schaltung (40) ferner einen ersten
Bus, einen zweiten Bus und Busbriickenschaltung
zur Verbindung des ersten Busses mit dem zweiten
Bus aufweist.

System nach Anspruch 8, wobei

die Leiterplatte (20) ferner einen ersten Speicher auf-
weist; und

die integrierte Schaltung (40) ferner einen zweiten
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16.

17.
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Speicher und eine Speichersteuerschaltung (230)
fir das Steuern, mindestens teilweise, des ersten
Speichers und des zweiten Speichers aufweist.

System nach Anspruch 8, wobei

die Schnittstelle zur Erkennung eines Kommunika-
tionsprotokolls geeignet ist, das fir das Senden der
Prifdaten und anderen Daten an die Schnittstelle
benutzt wird.

Verfahren zum Betreiben einer integrierten Schal-
tung (40) in einem gewahlten Betriebsmodus, wobei
die integrierte Schaltung eine Schnittstellenschal-
tung (204) fir Massenspeicherung mit der Fahigkeit
zur Kommunikation nach mehreren verschiedenen
Protokollen aufweist; eine Schnittstellenschaltung
(210) zu einem Host-Bus mit der Fahigkeit zur Kom-
munikation nach mehreren verschiedenen Protokol-
len; wobei eine erste Schaltung (216) in einem akti-
vierten Zustand betreibbar ist fir das Durchfiihren
der Vorgange zum Erzeugen von Priifdaten auf Ba-
sis von mindestens teilweise anderen Daten, Wie-
dererzeugen der anderen Daten auf Basis von min-
destens teilweise der Priifdaten, und Bestimmen von
einem oder mehreren Orten von mindestens einem
Prifdatensatz und den anderen Daten in Massen-
speicherung, und eine zweite Schaltung (218), die
fuir das Steuern der Schnittstellenschaltung fiir Mas-
senspeicherung (36) fur das Senden von und/oder
Empfangen an der integrierten Schaltung von min-
destens einem der Priifdatensatze und den anderen
Daten betreibbar ist, wobei das Verfahren Folgen-
des aufweist:

Erzeugen von einem oder mehreren Steuersi-
gnalen zur Anzeige eines ausgewahlten Be-
triebsmodus der integrierten Schaltung (40);
wobei als Reaktion auf das eine oder die meh-
reren Steuersignale, womit angezeigt wird, dass
die integrierte Schaltung (40) auf einen ersten
gewahlten Betriebsmodus eingestellt ist, die er-
ste Schaltung (216) fur das Durchfiihren von
mindestens einem der Vorgange auf Prifdaten
aktiviert wird;

wobei als Reaktion auf ein Steuersignal, das an-
zeigt, dass die integrierte Schaltung (40) auf ei-
nen zweiten gewahlten Betriebsmodus einge-
stelltist, die erste Schaltung (216) fur das Durch-
fuhren der Vorgange auf Prifdaten deaktiviert
wird;

wobei als Reaktion auf das eine oder die meh-
reren Steuersignale die zweite Schaltung zur
Ausgabe eines Befehls an die Schnittstellen-
schaltung fiir Massenspeicherung beziehungs-
weise die Schnittstellenschaltung an einen
Host-Bus geeignet ist, was in der Wahl fir jede
der Schnittstellen fiir ein Kommunikationsproto-
koll resultiert.
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Verfahren nach Anspruch 17, wobei:

die erste Schaltung (216) und die zweite Schal-
tung (218) jeweils Prozessor-Kern-Schaltung
aufweisen.

Verfahren nach Anspruch 17, ferner aufweisend:

Ankuppeln der mindestens einen Schnittstelle
an mindestens eine Kommunikationsverbin-
dung; und

eines von Senden an und Empfangen von min-
destens einem den Prifdaten und den anderen
Daten durch die Schnittstelle Gber die minde-
stens eine Kommunikationsverbindung.

Verfahren nach Anspruch 17, ferner aufweisend:

Wahlen des gewahlten Betriebsmodus, wobei
das Wahlen des gewahlten Betriebsmodus die
Versorgung der integrierten Schaltung (40) mit
einemoder mehreren Signalen, die, mindestens
teilweise, den gewahlten Betriebsmodus anzei-
gen, aufweist.

Verfahren nach Anspruch 17, ferner aufweisend:

wahlen des gewahlten Betriebsmodus, wobei
das Wahlen des gewahlten Betriebsmodus das
Ausfihren eines oder mehrerer Programmbe-
fehle durch die integrierte Schaltung (40) auf-
weist, wobei das Ausflinren des einen oder der
mehreren Programme, mindestens teilweise,
zum Wahlen des gewahlten Betriebsmodus
fihrt.

Verfahren nach Anspruch 17, wobei

das Speichern eine "Redundante Anordnung unab-
hangiger Festplatten" (RAID) aufweist; und

die Orte mehrere Orte in der RAID aufweisen.

Verfahren nach Anspruch 17, wobei

die Prifdaten eine von einer Kopie der anderen Da-
ten und Fehlerkorrekturdaten, die, mindestens teil-
weise, auf Basis der anderen Daten berechnet wor-
den sind, aufweisen.

Auf einem Computer implementiertes

Speichermedium, auf dem Befehle gespeichert sind,
die bei Ausflihren zu einem Durchfiihren des Ver-
fahrens nach einem der Anspriiche 17 bis 23 fiihren.

Revendications

1.

Appareil, comprenant :

un circuit intégré (40) comprenant :
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une circuiterie d’interface (204) a un stoc-
kage de masse, capable de communiquer
conformément a une pluralité de différents
protocoles ;

une circuiterie d’'interface (210) a un bus h6-
te, capable de communiquer conformément
a une pluralité de différents protocoles ;
une premiere circuiterie (216) utilisable
dans un état activé pour réaliser les opéra-
tions de :

génération de données de contrdle ba-
sée au moins en partie sur d’autres
données,

régénération des autres données ba-
sée au moins en partie sur les données
de contrble, et

détermination d’'une ou de plusieurs lo-
calisations des données de contrble
et/ou des autres données dans le stoc-
kage de masse ;

une seconde circuiterie (218) utilisable pour
commander ladite circuiterie d’'interface au
stockage de masse (204) pour transmettre
a partir du, et/ou recevoir au niveau du,
circuitintégré les données de contréle et/ou
les autres données ; et

une circuiterie de sélection de mode (42)
utilisable pour générer et fournir un ou plu-
sieurs signaux de commande indiquant un
mode de fonctionnement du circuit intégré
(40) ;

dans lequel, en réponse audit ou auxdits
signaux de commande indiquant que le cir-
cuit intégre (40) est réglé dans un premier
mode sélectionné de fonctionnement, la
premiére circuiterie (216) est activée pour
réaliser au moins une desdites opérations
sur les données de controle, et
danslequel, enréponse a un signal de com-
mande indiquant que le circuit intégré (40)
estréglé dans un second mode sélectionné
de fonctionnement, la premiére circuiterie
(216) est désactivée pour ne pas réaliser
lesdites opérations sur les données de con-
tréle,

dans lequel, en réponse audit ou auxdits
signaux de commande, ladite seconde cir-
cuiterie est capable d’envoyer une com-
mande respectivement a ladite circuiterie
d’interface au stockage de masse et a ladite
circuiterie d’interface a un bus hoéte, entrai-
nant la sélection pour chacune desdites in-
terfaces d’un protocole de communication.

2. Appareil selon la revendication 1, dans lequel :
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la premiére circuiterie (216) et la seconde cir-
cuiterie (218) comprennent chacune une circui-
terie de coeur de processeur respective.

primé (20) est capable d’étre couplée a la fente
d’interface de bus.

16

30

10. Systéme selon la revendication 8, dans lequel :

la carte de circuit imprimé comprend également
un processeur qui est capable de fournir un ou

3. Appareil selon la revendication 1, dans lequel : 5 plusieurs signaux de commande au circuit im-
primé par l'intermédiaire du bus et de la fente
I'au moins une interface est capable d’étre cou- d’interface de bus, la fourniture du ou des si-
plée a au moins une liaison de communication ; gnaux de commande au circuit imprimé entrai-
et nant, au moins en partie, la sélection du mode
I'au moins une interface est également capable 10 sélectionné de fonctionnement.
de transmettre ou de recevoir les données de
controle et les autres données par 'intermédiai- 11. Systéme selon la revendication 8, dans lequel :
re de I'au moins une liaison de communication.
le stockage comprend un regroupement redon-
4. Appareil selon la revendication 1, dans lequel : 15 dant de disques indépendants (RAID) ; et
les données de contrdle comprennent : des don-
le circuit intégré (40) est capable de recevoir un nées de parité générées au moins en partie en
ou plusieurs signaux pour sélectionner, au fonction des autres données ; ou une copie des
moins en partie, le mode sélectionné de fonc- autres données.
tionnement du circuit intégré. 20
12. Systéeme selon la revendication 11, dans lequel :
5. Appareil selon la revendication 1, dans lequel :
le RAID implémente un niveau de RAID supé-
le circuit intégré (40) est capable d’exécuter une rieura1; et
ou plusieurs instructions de programme, I'exé- 25 les données de contrdle comprennent les don-
cution de la ou des instructions de programme nées de parité.
entrainant, au moins en partie, la sélection du
mode sélectionné de fonctionnement. 13. Systéme selon la revendication 8, dans lequel :
6. Appareil selon la revendication 1, dans lequel : 30 le circuit intégré (40) comprend également une
premiére interface de bus qui est capable de
la mémoire comprend un regroupement redon- communiquer en utilisant un premier protocole
dant de disques indépendants (RAID) ; et de bus, et une seconde interface de bus qui est
les localisations comprennent une pluralité de capable de communiquer en utilisant un second
localisations dans le RAID. 35 protocole de bus.
7. Appareil selon la revendication 1, dans lequel : 14. Systéme selon la revendication 8, dans lequel :
les données de contréle comprennent une copie le circuit intégré (40) comprend en outre un pre-
des autres données et des données de correc- 40 mier bus, un second bus, et une circuiterie a
tion d’erreur calculées, au moins en partie, en pont de bus pour coupler le premier bus au se-
fonction des autres données. cond bus.
8. Systéme, comprenant : 15. Systéme selon la revendication 8, dans lequel :
45
un circuit imprimé (20) capable d’étre couplée a le circuit imprimé (20) comprend en outre une
la mémoire, le circuit imprimé comprenant un premiére mémoire ; et
circuit intégré conformément a I'appareil selon le circuit intégré (40) comprend en outre une se-
la revendication 1. conde mémoire et une circuiterie de commande
50 de mémoire (230) pour commander, au moins
9. Systéme selon la revendication 8, comprenant en en partie, la premiére mémoire et la seconde
outre : mémoire.
une carte de circuit imprimé comprenant un bus 16. Systéeme selon la revendication 8, dans lequel :
et une fente d’interface de bus ; et le circuitim- 55

I'interface est capable de détecter un protocole
de communication utilisé pour transmettre les
données de contrble et les autres données a
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l'interface.

17. Procédé de fonctionnement d’un circuit intégre (40)

dans un mode sélectionné de fonctionnement, dans
lequel le circuitintégré comprend une circuiterie d’in-
terface (204) a un stockage de masse capable de
communiquer conformément a une pluralité de dif-
férents protocoles ; une circuiterie d'interface (210)
a un bus hote capable de communiquer conformé-
ment a une pluralité de différents protocoles ; une
premiére circuiterie (216) utilisable dans un état ac-
tivé pour réaliser les opérations de génération de
données de contréle basée au moins en partie sur
d’autres données, de régénération des autres don-
nées basée au moins en partie sur les données de
controle, et de détermination d’une ou plusieurs lo-
calisations des données de contrdle et/ou des autres
données dans le stockage de masse, etune seconde
circuiterie (218) utilisable pour commander ladite cir-
cuiterie d’'interface au stockage de masse (36) pour
transmettre a partir du, et/ou recevoir au niveau du,
circuit intégré les données de contrble et/ou les
autres données, le procédé comprenant :

la génération d’un ou de plusieurs signaux de
commande indiquant un mode sélectionné de
fonctionnement du circuit intégré (40) ;

dans lequel, en réponse audit ou auxdits si-
gnaux de commande indiquant que le circuit in-
tégré (40) est réglé dans un premier mode sé-
lectionné de fonctionnement, la premiére circui-
terie (216) est activée pour réaliser au moins
une desdites opérations surles données de con-
tréle, et

dans lequel, en réponse auxdits signaux de
commande indiquant que le circuit intégré (40)
est réglé dans un second mode sélectionné de
fonctionnement, la premiére circuiterie (216) est
désactivée pour ne pas réaliser lesdites opéra-
tions sur les données de controle,

dans lequel, en réponse audit ou auxdits si-
gnaux de commande, ladite seconde circuiterie
est capable d’envoyer une commande respec-
tivement a ladite circuiterie d’interface au stoc-
kage de masse et a ladite circuiterie d’'interface
a un bus hote,

entrainant la sélection pour chacune desdites
interfaces d'un protocole de communication.

18. Procédé selon la revendication 17, dans lequel :

la premiére circuiterie (216) et la seconde cir-
cuiterie (218) comprennent chacune une circui-
terie de coeur de processeur respective.

19. Procédé selon la revendication 17, comprenant en

outre :
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le couplage de I'au moins une interface a au
moins une liaison de communication ; et la
transmission a partir de ou la réception par I'au
moins une interface des données de contrble
et/ou des autres données par l'intermédiaire de
I’au moins une liaison de communication.

20. Procédé selon la revendication 17, comprenant en

outre :

la sélection du mode sélectionné de fonctionne-
ment, la sélection du mode sélectionné de fonc-
tionnement comprenant la fourniture au circuit
intégré (40) d’'un ou de plusieurs signaux qui in-
diquent, au moins en partie, le mode sélectionné
de fonctionnement.

21. Procédé selon la revendication 17, comprenant en

outre :

la sélection du mode sélectionné de fonctionne-
ment, la sélection du mode sélectionné de fonc-
tionnement comprenant I'exécution d’'une ou de
plusieurs instructions de programme par le cir-
cuit intégré (40), I'exécution de la ou des ins-
tructions de programme entrainant, au moins en
partie, la sélection du mode sélectionné de fonc-
tionnement.

22. Procédé selon la revendication 17, dans lequel :

le stockage comprend un regroupement redon-
dant de disques indépendants (RAID) ; et

les localisations comprennent une pluralité de
localisations dans le RAID.

23. Procédé selon la revendication 17, dans lequel :

les données de contréle comprennent une copie
des autres données et des données de correc-
tion d’erreur calculées au moins en partie en
fonction des autres données.

24. Supportde stockage implémenté par ordinateur pos-

sédant, stockées sur celui-ci, des instructions qui,
lorsqu’elles sont exécutées par un ordinateur, en-
trafnentla réalisation du procédé selon une quelcon-
que des revendications 17 a 23.
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