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the present invention relates to a systemand a

met hod for providing i nproved performance, protection

and efficiency for an array of storage units.
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[0016hr Whaids sfilhpeededyis an array con guratl nt at prov1 es lmproved
performance protection and efficiency over conventional approaches.

Disclosure of the invention

[0017] The present invention provides an array configuration that provides
improved performance, protection and efficiency over conventional
approaches.

[0018] The advantages of the present invention are provided by an array
controller coupled to three data storage units and three check storage
units: a (3 + 3) configuration, referred o herein as a RAID 3 + 3 array.
Information is stored on the data storage subsystem as a symmetric



performance, protection and efficiency over
conventi onal approaches. Disclosure of the invention
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[0024] Figure 1 shows a RAID 3 + 3 storage subsystem 100. Subsystem 100
includes an array controller 101, three data storage units A, Band C
containing data and three check storage units P, Q and R containing
redundant information. Data storage units A, B and C and check storage
units P, Q and R typically are Hard Disk Drives (HDDs), but will be referred
to herein as storage units because the present invention is applicable to
storage systems formed from arrays of other memory devices, such as
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configuration according to the present invention
provi des the highest efficiency of the three
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[0046] Distance D =4 can also be achieved using a 3x mirror. This requires only
four 10s for an update write, but has an efficiency of 4. RAID 51 system
designs and derivatives can achieve distance D = 4 at six 10s with a
combination of the forward method and a copy, but have efficiency < Y.

[0047] Distributed parity can be used with a RAID 3 + 3 system configuration
according to the present invention for avoiding hot spots. Hot spots can
occur when data access patterns are localized. RAID 5 uses distributed
parity (also called declustered parity) to avoid hotspots induced by having
a dedicated parity storage unit (known as RAID 4). RAID systems using
the forward update method will have hot spots on the parity units due to
the read-modify-write operations. While RAID systems using the
complementary update method avoid this type of hot spot, write activity will
concentrate on the check units. Figure 3 illustrates one method for
distributing parity across the storage units to achieve a balanced
distribution of array elements. This involves striping the data across the
set of storage units such that each storage unit has elements of all the (A,
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units P Qand R In contrast, the conventional

forward net hod woul d entail reading the associated old
data fromunits B, P, Qand R then witing the new
data to B and the new checks to P, Q and R Thus, the
conpl enentary nethod uses six 10s, while the
conventional forward nethod requires eight 1Gs. [0046]
Di stance D = 4 can al so be achieved using a 3x mrror.
This requires only four 10s for an update wite, but
has an efficiency of 1/4. RAID 51 system designs and
derivatives can achieve distance D=4 at six |0 with
a conbination of the forward nethod and a copy, but
have efficiency < 1/2. [0047] Distributed parity can
be used with a RAID 3 + 3 system configuration
according to the present invention for avoiding hot
spots. Hot spots can occur when data access patterns
are localized. RAID 5 uses distributed parity (also
call ed declustered parity) to avoid hotspots induced
by having a dedicated parity storage unit (known as
RAID 4). RAID systens using
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the check storage units can be corrected by the array controller, the method
comprising steps of: reading complementary data from the two data storage
units that are not being updated; and writing data to the data storage unit being
updated and to the three check storage units.

14. The method according to claim 13, wherein information is stored on the data
storage subsystem as a symmetric Maximum Distance Separation code.



4. The data storage subsystem according to claim 2,

wherein the Maxi num Di stance Separation code is a
w®e@dn@aronon code. 5. The data storage subsysSPEIVEP2004/051385

according to claim?2, wheredn the Maxi num Di stance

Separation code is an EVENODD code. 6. The data

st orage subsystem according to claim2, wherein the

1. WE@E@%@@@@%%@@ ?g;gge egggaé e Rlance Skparation

Gledr A Taneoia e S SAISTon GodgeR FYFNEDD code;
QiR 2 eLVaLYE gERD PP 6RIGI ned in any one of the
data storage units and the check storage units using
only six 10 operations while determ ning the contents
of the check storage units so that any three erasures
of the data storage units and the check storage units
can be corrected by the array controller. 8. The data
storage subsystem according to claim?7, wherein two of
the 10 operations are read operations and four of the
10 operations are wite operations. 9. The data
storage subsystem according to claim7, wherein the
read operations read data fromthe data storage units
that are not being updated, and the four wite
operations wite data to the data storage unit being
updated and to the three check storage units. 10. The
data storage subsystem according to claim1, wherein
failure of any three data storage units and check
storage units failures can occur before data stored
on the data storage subsystemis lost. 11. The data
storage subsystem according to claim1, wherein data
is recoverable froma partially readabl e storage
unit. 12. The data storage subsystem according to
claim1, wherein the array controller can recover any
data stored on the data subsystem when all three data
storage units have failed. 13. A nmethod of updating
data stored on a data storage subsystem the data
storage subsystemincluding three data storage units,
three check storage wunits and an array controller
coupled to the three data storage units and the three
check storage units, the array controller determning
the contents of the check storage units so that any
three erasures of the data storage units and the
check storage units can be corrected by the array
controller, the nethod conprising steps of: reading
conpl ementary data fromthe two data storage units
that are not being updated; and witing data to the
data storage unit being updated and to the three
check storage units. 14. The nethod according to claim
13, wherein information is stored on the data storage
subsystem as a symretric Maxi mum Di st ance Separati on
code. WD 2005/006173 PCT/ EP2004/ 051385 9 15. The
nmet hod according to claim 14, wherein the Maxi num
Di stance Separation code is one of a Wnograd code; a
Reed- Sol onon code; an EVENODD code; or is a
derivative of an EVENODD code.



