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(57) ABSTRACT

This embodiment (a system) addresses and reduces the RAID
build time by only rebuilding the used blocks and omitting the
unused blocks. This starts after a disk drive from a RAID
system is failed and replaced and storage controller starts the
process of rebuilding the data on the new disk drive. Storage
controller determines the logical volumes that must be
rebuilt, send a message requesting only used blocks for these
logical volumes from the volume manager and then uses this
information and only rebuild the used blocks for the failed
disk system.
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RAID REBUILD USING FILE SYSTEM AND
BLOCK LIST

[0001] This is a Cont. of another Accelerated Exam. appli-
cation Ser. No. 12/108,511, filed Apr. 24, 2008, to issued in
November 2008, as a US Patent, with the same title, inven-
tors, and assignee, IBM.

BACKGROUND OF THE INVENTION

[0002] Disk drives fail because of errors ranging from bit
errors, bad sectors which sector cannot be read, to complete
disk failures. It is possible to increase the reliability of a single
disk drive, this however increases the cost. Through a suitable
combination of lower-cost disk drives, it is possible to sig-
nificantly increase the fault-tolerance of the whole system.
[0003] One ofthe design goals of Redundant Array of Inde-
pendent Disks (RAID) is to increase the fault tolerance
against such failures by redundancy. The variations of RAID
are called RAID levels. All RAID levels aggregate multiple
physical disks and use its capacity to provide a virtual disk,
the so called RAID array. Some RAID levels such as RAID 1
and RAID 10 mirror all data where if a disk drive fails a copy
of the data is still available on the respective mirror disk.
Other RAID levels such as RAID 3, RAID 4, RAID 5, RAID
6, and Sector Protection through Intra-Drive Redundancy
(SPIDRE) organize the data in groups (stripe sets) and calcu-
lates parity information for that group. If a disk drive fails, its
data can be reconstructed from the disk drives that remain
intact.

[0004] Once a defective disk drive is replaced, the RAID
controller rebuilds the data of the failed disk and stores it on
the replaced one. This process is called RAID rebuild. The
RAID rebuild of some RAID levels such as RAID 3, RAID 4,
RAID 5,RAID 6, and SPIDRE depends onreading the data of
all remaining disk drives. Depending on the size of the RAID
array this can take several hours.

[0005] A RAID rebuild impacts all applications which
access data on the RAID array in rebuild thus a RAID array in
rebuild mode is called “degraded”. The RAID rebuild con-
sumes a lot of resources of the RAID array such as disk /0
capacity, 1/O bus capacity between the disks and the RAID
controller, RAID controller CPU capacity, and RAID con-
troller cache capacity. The resource consumption of the
RAID rebuild impacts the performance of application I/O.
[0006] Furthermore, the high availability of a degraded
RAID array is at risk. RAID 4 and RAID 5 do not tolerate the
failure of a second disk and RAID 6 and SPIDRE do not
tolerate the failure of a third disk while the rebuild is in
progress. Prior art supports the tuning of the priority of RAID
rebuild in contrast to the priority of application I/O. That
means increased application I/O can be traded for a longer
rebuild time. However, a longer rebuild time exposes the data
due to the reduced fault tolerance of a degraded RAID array.
We want to reduce the time required for a RAID rebuild.

SUMMARY OF THE INVENTION

[0007] This is an embodiment of a system that addresses
and reduces the RAID build time by only rebuilding the used
blocks of the failed drive and omitting the unused blocks. This
method starts after a disk drive from a RAID system is failed
and replaced and storage controller starts the process of
rebuilding the data on the new disk drive.
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[0008] First, storage controller determines all the logical
volumes that were mapped into the failed drive. Then, it
determines if the system supports communication between
the storage controller and volume manager on the host sys-
tem. If this communication is not available, storage controller
rebuilds all the blocks for all the logical volumes.

[0009] Ifthis communication is available, storage control-
ler sends a request message to volume manager to report all
the used blocks for all the logical volumes to storage control-
ler. Once volume manager receives this request message, it
calculates all the used blocks for all the requested logical
volumes and reports back through a message to storage con-
troller.

[0010] Storage controller receives the message with used
block list content and rebuilds the corresponding blocks.
Next, storage controller rebuilds the parity blocks for the new
drive and finally rebuilds the stripe sets for the storage system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a depiction of distributed RAID system.
[0012] FIG. 2 is the main flow diagram of enhanced RAID
volume rebuild process.

[0013] FIG. 3 is the flow diagram of volume manager
actions.
[0014] FIG. 4 is the continuation of the flow diagram for

enhanced RAID rebuild when storage controller receives
message from volume manager.

[0015] FIG. 5 is the flow diagram of enhanced RAID
rebuild if no communication between volume manager and
storage controller is available.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] This embodiment of a system and method addresses
and reduces the RAID build time by only rebuilding the used
blocks of the failed drive and omitting the unused blocks.
Referring to FIG. 1, this distributed system is comprised of
host system (100) which is represented by a computer system
comprising of an application (110), volume manager (120)
and adapter (130). Application (110) utilizes volume manager
(120) to read and write data. Volume manager usually repre-
sents a file system interface to application. Application uses
the file system interface to read files from and write files to
storage system (150).

[0017] Volume manager translates the file read and write
operations to read and write commands, such as Small Com-
puter System Interface (SCSI) read and write commands and
are issued via adapter (130) instructing storage system to read
or write data. Adapter is connected to network (140) inter-
connecting the host system to the storage system. Network
(140) could be a storage network (e.g. SAN), such as Fibre
Channel, Fibre Channel over Ethernet (FCoE), or local area
network (LAN), facilitating protocols, such as TCP/IP and
Internet SCSI (iSCSI).

[0018] Storage system (150) comprises of storage control-
ler (160) comprising processes to read and write data to the
storage media (1 80). Storage system further comprises stor-
age media where the data is stored. Multiple storage media
can be combined to represent one RAID array. Furthermore,
storage system may comprise methods to represent one or
more storage media as a logical volume (170) to the host
system. Logical volume can be part of a RAID array or single
disk. One RAID array may comprise one or more logical
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volumes. Logical volume comprises a plurality of logical
blocks. Each logical block is addressed by a logical block
address (LBA). The volume manager uses LBA to address
data stored in logical blocks for reading and writing.

[0019] The process starts after a RAID storage media is
failed and the failed drive is replaced and distributed system is
in degraded mode and rebuild logical volumes for the failed
drive is starting. Referring to FI1G. 2, storage controller deter-
mines all the logical volumes for the failed drive (210), and
then determines if the distributed system supports communi-
cation to volume manager (212). If no such communication is
supported, storage controller rebuilds all logical blocks for all
logical volumes of the failed drive (510). Storage controller
then continues with the normal process of building the parity
blocks (512) and finally building the RAID stripe sets (514).
[0020] If communication between the storage controller
and volume manager is supported (212), storage controller
prepares a message to volume manager with the list of all
logical volumes for the failed drive (214). Storage controller
sends the message to volume manager requesting a list of all
used logical blocks for these logical volumes (216) and waits
for the message back from the volume manager (218).
[0021] Referring to FIG. 3, volume manager receives a
message from storage controller requesting used logical
blocks (3 10). Volume manager determines and prepares the
list of used logical blocks (312) and prepares a message for
Storage controller with this information (314). Volume man-
ager send the message to storage controller with the list of
used logical blocks (316).

[0022] Referring to FIG. 4, storage controller receives used
block message from volume manager (410). Storage control-
ler extracts the list from the message (412) and starts to build
the logical blocks per received list (414). Storage controller
continues to build the parity blocks (416) and finally builds
the RAID stripe sets (418). In one embodiment, building the
RAID stripe sets is performed via a low priority task.

[0023] Another embodiment is a method for redundant
arrays of independent disks rebuild using used block list
propagation in a distributed storage system, wherein the dis-
tributed storage system comprising a computer system, a first
storage system, and a network system, wherein the computer
system comprises an application, a volume manager, an adap-
tor, wherein the application uses the volume manager to read
and write data to the first storage system, wherein the first
storage system comprises a storage controller, and a plurality
of storage media, wherein the adaptor translates the volume
manager’s read and write commands to specific first storage
system read and write commands, wherein the network sys-
tem comprises of a local area network, wherein the distrib-
uted storage system comprises a redundant arrays of indepen-
dent disks system or a storage area network system, wherein
the method comprising:

[0024] In case of degrading mode of first storage media of
the plurality of storage media failing, replacing the first fail-
ing storage media; the storage controller determining all logi-
cal volumes of the first failing storage media, wherein each of
the logical volumes is a plurality of logical blocks; the storage
controller determining support for communication with the
volume manager of the computer system.

[0025] Ifthe storage controller does not support communi-
cating with the volume manager, the storage controller cal-
culating the logical blocks of all the logical volume, the
storage controller rebuilding the logical blocks, the storage
controller rebuilding all storage system stripes.
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[0026] If the storage controller does support communicat-
ing with the volume manager, the storage controller sending
message to the volume manager over the network system,
wherein the message is requesting all used logical blocks,
wherein the used logical blocks are all used the logical blocks
for the logical volume for the first failing storage media,
wherein the message includes the logical volume for the first
failing storage media; the volume manager receiving the mes-
sage; the volume manager extracting the logical volume from
the message.

[0027] The volume manager calculating all the used logical
blocks for the logical volume; the volume manager creating a
list of the used logical blocks, wherein the list includes all
calculated the used logical blocks; the volume manager cre-
ating second message, wherein the second message includes
the list; the volume manager sending the second message to
the storage controller over the network system.

[0028] The storage controller receiving the second message
from the volume manager over the network system; the stor-
age controller extracting the list from the second message; the
storage controller extracting the used logical blocks from the
list; the storage controller rebuilding the logical volume from
the used logical blocks; and the storage controller rebuilding
all the storage system stripes with low task priority.

[0029] A system, apparatus, or device comprising one of
the following items is an example of the invention: RAID,
storage, computer system, backup system, controller, SAN,
applying the method mentioned above, for purpose of storage
and its management.

[0030] Any variations of the above teaching are also
intended to be covered by this patent application.

1. A system for rebuilding a redundant array of indepen-
dent disks using used block list propagation in a distributed
storage module in a first network, said system comprising:

a computer module; and

a first storage module;

wherein said computer module comprises an application, a

volume manager, an adaptor,

said application uses said volume manager to read and

write data to said first storage module,

said first storage module comprises a storage controller,

and a plurality of storage media,

said adaptor translates said volume manager’s read and

write commands to specific said first storage module
read and write commands,

said first network comprises a local area network,

in case of degrading mode of first storage media of said

plurality of storage media failing,

said first failing storage media is replaced;

said storage controller determines all logical volumes of
said first failing storage media, wherein each of said
logical volumes is a plurality of logical blocks;

said storage controller determines support for commu-
nication with said volume manager of said computer
module;

if said storage controller does not support communicat-
ing with said volume manager, said storage controller
calculates said logical blocks of all said logical vol-
ume,

said storage controller rebuilds said logical blocks, said
storage controller rebuilds all storage module stripes;
if'said storage controller does support communicating
with said volume manager,

Samsung Ex. 1205, Page 8 of 9



US 2009/0271659 Al

said storage controller sends message to said volume man-
ager over said first network,
said message is requesting all used logical blocks,
said used logical blocks are all used said logical blocks for
said logical volume for said first failing storage media,
said message includes said logical volume for said first
failing storage media;
said volume manager receives said message;
said volume manager extracts said logical volume from
said message;
said volume manager calculates all said used logical
blocks for said logical volume;
said volume manager creates a list of said used logical
blocks, wherein said list includes all calculated said
used logical blocks;
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said volume manager creates second message, wherein
said second message includes said list;

said volume manager sends said second message to said
storage controller over said first network;

said storage controller receives said second message
from said volume manager over said first network;

said storage controller extracts said list from said second
message;

said storage controller extracts said used logical blocks
from said list;

said storage controller rebuilds said logical volume from
said used logical blocks; and

said storage controller rebuilds all said storage module
stripes with low task priority.
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