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[004] Existing RAID (Redundant Array of Independent Disks) systems have multiple
pathways, or routes, for reading requested data. Often, however, there are only a few
available pathways, of which only one pathway is efficient. For example, a RAID 5
system provides two pathways for reading information. One pathway is by directly
reading the sector containing the requested information. The second pathway is by re-
constructing the data sector containing the requested information by reading the ap-
propriate sector from each other storage unit in the RAID 5 array. As another example,
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[o10] Figure 1 shows a functional block diagram of an exemplary embodiment of a

system for determining the best pathway for obtaining requested data based on a



Brief Description of the Drawi ngs [009] The present
invention is illustrated by way of exanple and not by
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reference nunerals indicate simlar elenents and in
whi ch: [010] Figure 1 shows a functional block diagram
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t he best pathway for obtaining requested data based on
adefined netric; [011] Figuré 2 is a functional bl ock
di agram shovvi ng greater detail of an assigner, shown
in Fi ure [012] Figure 3 depicts all owed
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cprrent Woﬂxl@ad balance for the storage devices in the system, an estimated delay
before the requested data can be retrieved, the number of ountstanding requests in the
guene of a storage device, and/or the total queue for all outstanding requests that have
been accepted. The metric may be predetermined or can be continually reevaluated and
dynamically changed, such as by retroactively altering the queues of the storage
devices of the system, so that the best pathway is selected as circumstances and
operating conditions change. When one or more storage devices in the system are un-
available, the present invention selects the best pathway from the remaining available

pathways for obtaining requested data. Information regarding the metrics that are used
for selecting the best pathway can be made available externally to the storage system
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time for a disk to conplete a request is not linear in

the queue length, as is assuned here. The feedback
wore@haniizm permts the cost cal culator to use BCTBP®04/051363

accurate estimate. [027] The present invention can

determ ne an optinmal pathway for retrieving data from

a data storage systemas requests for data are

received. Alternatively, the present invention

determ nes opti mal pat hways in advance, based on

current operating conditions of the storage system

and selects a predeterm ned optinmal pathway for each

recei ved data request. Mo(clalms t he present invention

can be configured a processing systemwthin sto e
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based on a change in operating conditions of the storage systerm.

[009] The system according to claim 8, wherein the metric is periodically changed

based on operating conditions of the storage system.

[010] The system according to claim 1, wherein the metric is based on a current
workload balance for the storage devices of the data system.

[011] The system according to claim 1, wherein the metric is based on an estimated
delay before the requested data can be retrieved from the storage devices of the
storage system.

[012] The system according to claim 1, wherein the metric is based on a number of



[005] The system according to claim4, wherein the

cost calculator utilizes queue |ength information and
we@giosiedierd current cost information, and wher ePCI/EPI®04/051363

pernmut ati on generator genen@tes a reduced nunber of

read pernutations based on the queue | ength

informati on and the estimated current cost

i nformati on. [006] The system according to claimb5,

wherein the cost cal cul ator cal cul ates the expense of

each pernutation further based on perfornance
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system.

[022] The method according to claim 14, further comprising a step of periodically
changing the metric based on operating conditions of the storage system.

[023] The method according to claim 14, wherein the metric is based on a current
workload balance for the storage devices of the data system.

[024] The method according to claim 14, wherein the metric is based on an estimated

delay before the requested data can be retrieved from the storage devices of the

storage system.



nmutations is perfornmed before the read request is
received. [017] The nethod according to claim15,

wo eooshert7zonpri sing a step of cal cul ati ng an eRQERB®04651363
each pernutation based on tlhe predeterm ned netric.
[018] The nethod according to claim17, further
conprising steps of: generating queue |ength
informati on and estimated current cost information,
and generating a reduced nunber of read pernutations
based on the queue Iength infornation and the
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includes at |east one failed storage device. [021] The
met hod according to claim 14, further conprising a
step of dynam cally changing the netric based on a
change in operating conditions of the storage system
[022] The nmet hod according to claim14, further
conprising a step of periodically changing the netric
based on operating conditions of the storage system
[023] The method according to claim 14, wherein the
metric is based on a current workload bal ance for the
storage devices of the data system [024] The nethod
according to claim 14, wherein the netric is based on
an estinmated delay before the requested data can be
retrieved fromthe storage devices of the storage
system [ 025] The net hod according to claim 14, wherein
the nmetric is based on a nunber of outstanding
requests in the queue of a storage device of the
storage system [026] The nethod according to claim
14, wherein the netric is based on a total queue for
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