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(57) Abstract: An apparatus, system and method are disclosed for
storage space recovery in solid-state storage 110. A sequential storage
module 802 sequentially writes data packets in a storage division. The
storage division includes a portion of a solid-state storage 110. The
data packets are derived from an object. The data packets are sequen-
tially stored by order of processing. A storage division.selection mod-
ule 804 selects a storage division for recovery. A data recovery mod-
ule 806 reads valid data packets from the storage division selected for
recovery, queues the valid data packets with other data packets to be
written sequentially, and updates an index with a new physical address
of the valid data. The index includes a mapping of physical addresses
of data packets to object identifiers. A storage division recovery mod-
ule 808 marks the storage division selected for recovery as available
for sequentially written data packets in response to completing copy-
ing valid data from the storage division.
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AMENDED CLAIMS

received by the International Bureau on 27 May 2008 (27.05.2008)

CLAIMS

1.

An apparatus for storage recovery, the apparatus comprising:

a sequential storage module that sequentially writes data packets in a storage division, the
storage division comprising a portion of a solid-state storage in a solid-state
storage device, each data pécket derived from an object; -

a storage division selection module that selects a storage division for recovery;

a data recovery module that reads valid data packets from the storage division selected
for recovery, queues the valid data backets with other data packets to be written
sequentially by the sequential storage module, and updates an index with a new
physical address of the valid data written by the sequential storage module, the
index comprising a mapping of physical addresses of data packets stored in the
solid-state storage to object identifiers corresponding to the data packets; and

a storage division recovery module that marks the storage division selected for recovery
as available to the sequential storage module for sequentially writing data packets,
the storage division marked for recovery in response to the data recovery module
completing copying valid data from the storage division,

wherein the data packets are stored sequentially on the solid-state storage device in an
order that the data packets are received from one or more clients and from a
storage division marked for recovery such that the sequentially stored data
packets are stored contiguously and comprise the data packets received from the
one or more clients interspersed with the data packets received from a storage
division marked for recovery.

The apparatus of claim 1, wherein the sequential storage module, the storage division

selection module, the data recovery module, and the storage division recovery module are

in a solid-state storage device controller within the solid-state storage device and the
object index is located in the solid-state storage device and created and maintained by the
solid-state storage device controller.

Tﬁe apparatus of claim 1, wherein the storage division comprises an erase block and

further comprising an erase module that erases an erase block selected for recovery prior

to the storage division recovery module marking the erase block available for recovery,

AMENDED SHEET (ARTICLE 19)
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erasing an erase block selected for recovery in response to the data recovery module
copying valid data packets from the selected erase block.

4, The apparatus of claim 3, wherein the solid-state storage is arrange;i in two or more
banks and the erase module erases an etase block in a first bank while the sequential

storage module writes data packets to a storage division in a second bank.

AMENDED SHEET (ARTICLE 19)
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17.

18.

19.

20.

21.

22.

23.

24.

The apparatus of claim 17, wherein identifying a storage division with a high amount of

- wear comprises identifying a stdrage division with a high number of erase cycles.

The apparatus of claim 17, wherein the storage division recovery module marks the

storage division selected for recovery as unavailable for storing data.

The apparatus of claim 17, wherein idcntifying a storage division with a high amount of

wear comprises identifying a storage division with a high bit error rate.

The apparatus of claim 1, wherein identifying a storage division with a high bit error rate

cqmprises identifying a storage division with a non-recoverable error-correcting code

(“ECC”) block. _

The apparatus of claim 1, wherein the storage division selection modu!e selects a storage

division for recovery by identifying a storage division with a high amount of invalid data.

The apparatus of claim 1, Wherein the storage division selection module selects a storage

division for recovery by identifying a storage division using a combination of two or

more of program count, erase cycle count, bit error rate, amount of invalid data, erase
cycles, and a non-recoverable ECC block.

The apparatus of claim 1, wherein the solid-state storage is arranged in an array of

storage elements and a storage division comprises a virtual storage division that includes

a storage division within each storage ¢lement in a row of storage elements accessed

together.

A system for storage recovery, the system comprising:

a solid-state storage device comprising a solid-state storage, the solid-state storage
comprising one or more storage divisions, each storage division comprising a
portion of the solid-state storage in a solid-state storage device, the solid;statc
storage device comprising _

a sequential storage module that sequentially writes data packets in
a storage division, each data packet derived from an object;
a storage division selection module that selects a storage division
for recovery;
a data recovery module that reads valid data packets from the
- storage division selected for recovery, queues the valid data
packets with other data packets to be written sequentially
by the sequential storage module, and updates an index

with a new physical address of the valid data written by the

AMENDED SHEET (ARTICLE 19)
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25.

sequential storage module, the index comprising a mapping
of physical addresses of data packets stored in the solid-
state storage to object identifiers corresponding to the data
packets; and
a storage division recovery module that marks the storage division
selected for recovery as available to the sequenﬁal storage
module for sequentially writing data packets, the storage
division .marked for recovery in response to the data
recovery module completing copying valid data from. the
storage division;
~wherein the data packets are stored sequentially on the solid-state
storage device in an order that the data packets are received
from one or more clients and from a storage division
marked for recovery such that the sequentially stored data
packets are stored contiguously and comprise the data
packets received from the one or more clients interspersed
with the data packets received from a storage division
marked for recovery.
A computer program product comprising a computer readable medium having computer
usable program code executable to perform operations for storage recovery, the
operations of the computer program product comprising:
sequentially writing data packets in a storage division, the storage -division comprising a
portion of a solid-state storage in a solid-state storage device, each data packet
derived from an object;
selecting a storage division for recovery;
reading valid data packets from the storage division selected for recovery;
queuing the valid data packets with other data packets queued to be written sequentially;
updating an index with a new physical address of the valid data written by the sequential
'storage module, the index comprising a mapping of physical addresses of data
packets stored in the solid-state storage to object identifiers corresponding to the
data packets; and
marking the storage division selected for recovery as available for sequentially writing
data packets, the storage division marked for recovery in response to completing

copying valid data from the storage division;

AMENDED SHEET (ARTICLE 19)
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26.

‘wherein the data packets are stored sequentially on the solid-state storage device in an

order that the data packets are received from one or more clients and from a
storage division marked for recovery such that the sequentially stored data
packets are stored contiguously and comprise the data packets received from the
~one or more clients interspersed with the data packets received from a storage

division marked for recovery. .

The computer program product of claim 25, wherein the storage division comprises an

erase block and further comprising

erasing an erase block selected for recovery prior to the storage division recovery module
marking the erase block available for recovery, erasing an erase block selected for
recovery in response to copying valid data packets from the selected erase block;
and _

identifying a data packet in a storage division as invalid in response to an operation

' indicating that the data packet is no longer valid.
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