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57 ABSTRACT

Embodiments of the present disclosure provide a method, an
electronic device, and a computer program product that
involve accessing a storage device. The method includes
determining, in response to an access to the storage device
via a first path being determined as timeout, whether an error
on the first path is of a first error type. The method further
includes causing the access to be suspended for at least a
scheduled time period if the error on the first path is of the
first error type. The method further includes resuming the
access via a second path after the scheduled time period
expires. With embodiments of the present disclosure, the
capability of processing the problem of failure in accessing
a storage device and the stability in accessing a storage
device can be improved.
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METHOD, ELECTRONIC DEVICE, AND
COMPUTER PROGRAM PRODUCT FOR
ACCESSING STORAGE DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to the
field of computers and, more particularly, to a method, an
electronic device, an apparatus, a medium, and a computer
program product for accessing a storage device.

BACKGROUND

[0002] With the development of data storage technologies,
a variety of data storage systems based on a Redundant
Array of Independent Disks (RAID) have been developed,
which improves data reliability. But there are still some
situations in which damages may be caused to a disk, such
as a powered operation (also known as hot plug) when
expanding the disk. In conventional disk array access (e.g.,
read/write) techniques, if more than 2 disks become dam-
aged, access to the entire disk array will be affected, result-
ing in poor user experience. Accordingly, there is an urgent
need for a technique for accessing a storage device that can
be used to improve the capability of processing the problem
of failure in accessing a storage device.

SUMMARY OF THE INVENTION

[0003] Embodiments of the present disclosure provide a
method, an electronic device, an apparatus, a medium, and
a computer program product for accessing a storage device.
[0004] According to a first aspect of the present disclo-
sure, a method for accessing a storage device is provided.
The method includes determining, in response to an access
to the storage device via a first path being determined as
timeout, whether an error on the first path is of a first error
type. The method further includes causing the access to be
suspended for at least a scheduled time period if the error on
the first path is of the first error type. The method further
includes resuming the access via a second path after the
scheduled time period expires.

[0005] According to a second aspect of the present dis-
closure, an electronic device is also provided. The electronic
device includes a processor and a memory coupled to the
processor, and the memory has instructions stored therein
which, when executed by the processor, cause the device to
perform actions. The actions include determining, in
response to an access to a storage device via a first path
being determined as timeout, whether an error on the first
path is of a first error type. The actions further include
causing the access to be suspended for at least a scheduled
time period if the error on the first path is of the first error
type. The actions further include resuming the access via a
second path after the scheduled time period expires.

[0006] According to a third aspect of the present disclo-
sure, an apparatus for accessing a storage device is provided.
The apparatus includes an error type determination module
configured to determine, in response to an access to the
storage device via a first path being determined as timeout,
whether an error on the first path is of a first error type. The
apparatus further includes an access suspension module
configured to cause the access to be suspended for at least a
scheduled time period if the error on the first path is of the
first error type. The apparatus further includes an access
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resumption module configured to resume the access via a
second path after the scheduled time period expires.
[0007] According to a fourth aspect of the present disclo-
sure, a computer-readable storage medium is provided,
which includes machine-executable instructions that, when
executed by a device, cause the device to perform the
method according to the first aspect of the present disclo-
sure.

[0008] According to a fifth aspect of the present disclo-
sure, a computer program product is provided. The computer
program product is tangibly stored on a computer-readable
medium and includes machine-executable instructions,
where the machine-executable instructions, when executed
by a device, cause the device to execute the method accord-
ing to the first aspect of the present disclosure.

[0009] The Summary of the Invention part is provided to
introduce the selection of concepts in a simplified form,
which will be further described in the Detailed Description
below. The Summary of the Invention part is neither
intended to identify key features or essential features of the
claimed subject matter, nor intended to limit the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other features, advantages, and
aspects of embodiments of the present disclosure will
become more apparent in conjunction with the accompany-
ing drawings and with reference to the following detailed
description. In the accompanying drawings, identical or
similar drawing marks represent identical or similar ele-
ments, in which:

[0011] FIG. 1 illustrates a schematic diagram of an
example environment in which embodiments of the present
disclosure can be implemented;

[0012] FIG. 2 schematically illustrates a schematic dia-
gram of a protocol for performing a write operation on a
storage device according to an embodiment of the present
disclosure;

[0013] FIG. 3 schematically illustrates a schematic dia-
gram of a first path and a second path according to an
embodiment of the present disclosure;

[0014] FIG. 4 schematically illustrates a flow chart of a
method for accessing a storage device according to an
example implementation of the present disclosure;

[0015] FIG. 5 schematically illustrates a block diagram of
an apparatus for accessing a storage device according to an
example implementation of the present disclosure; and
[0016] FIG. 6 schematically illustrates a block diagram of
a device that can be used to implement embodiments of the
present disclosure.

[0017] In all of the accompanying drawings, identical or
similar reference numerals indicate identical or similar ele-
ments.

DETAILED DESCRIPTION

[0018] The embodiments of the present disclosure will be
described in more detail below with reference to the accom-
panying drawings. Although the drawings show some
embodiments of the present disclosure, it should be under-
stood that the present disclosure can be implemented in
various forms, and should not be explained as being limited
to the embodiments stated herein. Instead, these embodi-
ments are provided for understanding the present disclosure
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more thoroughly and completely. It should be understood
that the accompanying drawings and embodiments of the
present disclosure are for illustrative purposes only, and are
not intended to limit the protection scope of the present
disclosure.

[0019] In the description of embodiments of the present
disclosure, the term “include” and similar terms thereof
should be understood as open-ended inclusion, i.e., “includ-
ing but not limited to.” The term “based on” should be
understood as “based at least in part on.” The term “an
embodiment” or “the embodiment™ should be understood as
“at least one embodiment.” The terms “first,” “second,” and
the like may refer to different or identical objects. Other
explicit and implicit definitions may also be included below.
[0020] In addition, all specific numerical values herein are
examples, which are provided only to aid understanding, and
are not intended to limit the scope.

[0021] The inventors note that when writing data to stor-
age devices using the SAS (Serial Attached SCSI) protocol,
even when each storage device has two or more input/output
(I0) ports, there is still a high probability that the writing of
data cannot be successfully completed. In one case, an
interruption occurs while data is being written on one path
of'a storage device, and it is not possible to switch to another
path in time. This is because conventional techniques for
controlling access to a storage device cannot solve the
problem of crash of the entire storage device due to con-
gestion caused by the continued influx of written data after
one path is interrupted. Accordingly, there is an urgent need
for a technique for accessing a storage device that can be
used to improve the capability of processing the problem of
failure in accessing a storage device.

[0022] Inview ofthis, the method of the present disclosure
provides a method for accessing a storage device. With this
method, after an access to a storage device has timed out, the
cause of the timeout can be determined. If the cause of the
timeout is a physical connection failure on a path, the
storage device may first be frozen for a period of time during
which a new influx of data frames will not be accepted and
will not be written to the storage device via another path.
Thus, this effectively protects the storage device from crash-
ing easily.

[0023] In the description below, some embodiments will
be discussed with reference to write accesses. However, it
should be understood that this is only for a better under-
standing of the principles and ideas of the embodiments of
the present disclosure, and is not intended to limit the scope
of the present disclosure in any way.

[0024] FIG. 1 illustrates a schematic diagram of an
example environment in which embodiments of the present
disclosure can be implemented. As shown in FIG. 1, storage
device 100 may be a redundant array of independent disks
(RAID) device including a plurality of storage disks 110,
112, 114, 116, . . ., and 118. Each storage disk may include
a plurality of extents, and the plurality of extents may be
managed based on a mapped RAID. A storage resource pool
may be created based on a predetermined storage array
standard. For example, when using a 4D+1P (4 extents for
data storage and 1 extent for parity storage) RAID standard,
one stripe may be created using 5 extents located on 5
storage disks, respectively. At this point, 4 extents in the
stripe may be used to store data (as shown by legend 120),
and 1 extent may be used to store parities (as shown by
legend 122). Storage device 100 may have 2 1O ports for

Aug. 31, 2023

connection to an external device (e.g., a host). Each 10 port
has a separate path. Data accesses the storage device via the
paths.

[0025] FIG. 2 schematically illustrates a schematic dia-
gram of a protocol for performing a write operation on a
storage device according to an embodiment of the present
disclosure.

[0026] Upon successful establishment of a connection,
storage device 220 receives access request 202 from external
device 210 and accepts access request 202, and sends ready
(RDY) response 204 to external device 210. At this point,
data frames 206 (or data, with no distinction being made
hereinafter between data and data frames) are written to
storage device 220 in sequence via a first path (also called
an activated path). When the connection is disconnected
(e.g., physically disconnected), storage device 220 enables a
second path (also known as a standby path) to write the data.
Typically, in order to protect storage device 220, there is a
frozen time during which no operations can be performed
until the second path is enabled, in which case no ongoing,
interrupted write operations and subsequent access requests
can be processed.

[0027] It will be understood that the frozen time may vary
depending on the type, brand, etc., of the storage device, but
in any case, the frozen time is in units of seconds (e.g., 5
seconds, 10 seconds, and so on). Therefore, during this
period of time, data cannot be written to the storage device
in time even if the second path is good. This makes the two
paths of the storage device not give full play to their
advantages.

[0028] FIG. 3 schematically illustrates a schematic dia-
gram of a first path and a second path according to an
embodiment of the present disclosure. As shown, when first
path 301 connecting external device 310 to storage device
320 is interrupted, second path 302 connecting external
device 310 to storage device 320 is enabled. First path 301
is connected to storage device 320 at first port 321, and
second path 302 is connected to storage device 320 at second
port 322. First port 321 and second port 322 may each be
connected to a different storage disk of storage device 320.
[0029] FIG. 4 schematically illustrates a flow chart of
method 400 for accessing a storage device according to an
example implementation of the present disclosure.

[0030] At block 402, in response to an access to the
storage device via a first path being determined as timeout,
it is determined whether an error on the first path is of a first
error type.

[0031] In some embodiments, it may be set such that a
timeout is determined if the storage device cannot be
accessed normally for longer than a threshold time. After the
access is determined as timeout, the type of the error on the
first path is determined (e.g., detected). In some embodi-
ments, this first error type includes no connection. No
connection indicates a physically disconnected state. As an
example only, no connection may refer to a cable being
pulled out of a port.

[0032] At block 404, if the error on the first path is of the
first error type, the access is caused to be suspended for at
least a scheduled time period.

[0033] In some embodiments, if the error is determined to
be of the first error type, the access is suspended for a time
period greater than or equal to the scheduled time period. In
a manner, a timer may be set and the expiration of the timer
means that this scheduled time period has elapsed. As an
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example, this scheduled time period may be acquired by
querying characteristic parameters of the storage device.
[0034] At block 406, the access is resumed via a second
path after the scheduled time period expires.

[0035] This scheduled time period is much less than the
frozen time mentioned above. In some embodiments, the
scheduled time period is in units of milliseconds. Therefore,
it is possible to resume the access on the second path very
quickly.

[0036] In this way, with the example implementation of
the present disclosure, it is possible to make the second path
of the storage device fully used, thus replacing in time the
first path that has lost connection. Also in this manner, the
stability of access to the storage system can be improved, so
that when the storage device is expanded, the damage to the
storage device caused by powered operations can be
reduced.

[0037] In some embodiments, the storage device may be
marked as being in a frozen state if the error on the first path
is of the first error type, where the storage device is not
responsive to any access request while in the frozen state.
For example, the storage device is not responsive to either
a write request or a read request.

[0038] Insome embodiments, the storage device being not
responsive to any access may include suspending an ongo-
ing access and denying a new access to the storage device,
for example, suspending data that is being written.

[0039] In some embodiments, data for the access may be
held while the access is suspended, and resuming the access
may include accessing the storage device via the second path
using the held data. As an example, when the access is to
write data, suppose that 1000 data frames are to be written
to the storage system, but the writing is suspended when 800
data frames have been written, then the remaining 200 data
frames may be held. When the writing is resumed on the
second path, the 200 data frames that were previously held
are continued to be written.

[0040] In some embodiments, the second access path may
be disabled if the error is determined to be of a second error
type different from the first error type. If the error is of a type
other than the first error type, the second access path may be
marked as disabled. In addition, an instruction indicating the
timeout may be returned to the operating system for subse-
quent processing. This has the advantage that the operating
system can process the timeout in time without waiting for
the storage device to crash.

[0041] In some embodiments, the storage device may be
released from the frozen state when the access is resumed.
[0042] In some embodiments, the storage device may be a
disk in a redundant array of independent disks (RAID).
[0043] In some embodiments, a path connected to an
external device through a first access port of the storage
device may be determined as the first path, and another path
connected to the external device through a second access
port of the storage device may be determined as the second
path.

[0044] In some embodiments, the first error type may
include a physical connectivity failure of the first path or the
second path. For example, a cable is pulled out of a port.
[0045] It will be understood that unlike conventional
methods that can only process the case where 2 damaged
disks exist on a storage device, the use of method 400 can
avoid crashing of a storage device even in the case where a
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larger number of damaged disks exist on the storage device,
thus further improving the stability in accessing the storage
device.

[0046] FIG. 5 schematically illustrates a block diagram of
apparatus 500 for accessing a storage device according to an
example implementation of the present disclosure.

[0047] Error type determination module 502 is configured
to determine, in response to an access to the storage device
via a first path being determined as timeout, whether an error
on the first path is of a first error type.

[0048] Access suspension module 504 is configured to
cause the access to be suspended for at least a scheduled
time period if the error on the first path is of the first error
type.

[0049] Access resumption module 506 is configured to
resume the access via a second path after the scheduled time
period expires.

[0050] In some embodiments, access suspension module
504 may further be configured to mark the storage device as
being in a frozen state if the error on the first path is of the
first error type, where the storage device is not responsive to
any access request while in the frozen state.

[0051] Insome embodiments, the storage device being not
responsive to any access may include suspending an ongo-
ing access and denying a new access to the storage device,
[0052] In some embodiments, access resumption module
506 may further be configured to hold data for the access
while the access is suspended, and resuming the access
includes accessing the storage device via the second path
using the held data.

[0053] In some embodiments, access suspension module
504 may further be configured to disable the second access
path if the error is determined to be of a second error type
different from the first error type.

[0054] In some embodiments, access suspension module
504 may further be configured to release the storage device
from the frozen state when the access is resumed.

[0055] Insome embodiments, the storage device may be a
disk in a redundant array of independent disks (RAID).
[0056] In some embodiments, a path connected to an
external device through a first access port of the storage
device may be determined as the first path, and another path
connected to the external device through a second access
port of the storage device may be determined as the second
path.

[0057] In some embodiments, the first error type may
include a physical connectivity failure of the first path or the
second path.

[0058] It will be understood that apparatus 500 may also
achieve at least one beneficial technical effect as can be
achieved by method 400.

[0059] FIG. 6 illustrates a schematic block diagram of
device 600 that may be used to implement embodiments of
the present disclosure. Device 600 may be a device or
apparatus as described in embodiments of the present dis-
closure. As shown in FIG. 6, device 600 includes central
processing unit (CPU) 601 that may perform various appro-
priate actions and processing according to computer pro-
gram instructions stored in read-only memory (ROM) 602 or
computer program instructions loaded from storage unit 608
to random access memory (RAM) 603. Various programs
and data required for the operation of device 600 may also
be stored in RAM 603. CPU 601, ROM 602, and RAM 603
are connected to each other through bus 604. Input/output
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(I/O) interface 605 is also connected to bus 604. Although
not shown in FIG. 6, device 600 may also include a
CO-Processor.

[0060] A plurality of components in device 600 are con-
nected to I/O interface 605, including: input unit 606, such
as a keyboard and a mouse; output unit 607, such as various
types of displays and speakers; storage unit 608, such as a
magnetic disk and an optical disc; and communication unit
609, such as a network card, a modem, and a wireless
communication transceiver. Communication unit 609 allows
device 600 to exchange information/data with other devices
via a computer network, such as the Internet, and/or various
telecommunication networks.

[0061] The various methods or processes described above
may be performed by processing unit 601. For example, in
some embodiments, the methods can be implemented as a
computer software program that is tangibly included in a
machine-readable medium such as storage unit 608. In some
embodiments, part of or all the computer program may be
loaded and/or installed onto device 600 via ROM 602 and/or
communication unit 609. When the computer program is
loaded onto RAM 603 and executed by CPU 601, one or
more steps or actions of the methods or processes described
above may be performed.

[0062] In some embodiments, the methods and processes
described above may be implemented as a computer pro-
gram product. The computer program product may include
a computer-readable storage medium on which computer-
readable program instructions for performing various
aspects of the present disclosure are loaded.

[0063] The computer-readable storage medium may be a
tangible device that may retain and store instructions used
by an instruction-executing device. For example, the com-
puter-readable storage medium may be, but is not limited to,
an electrical storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of'the above. More specific examples (a non-exhaustive list)
of the computer-readable storage medium include: a por-
table computer disk, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable program-
mable read-only memory (EPROM or flash memory), a
static random access memory (SRAM), a portable compact
disc read-only memory (CD-ROM), a digital versatile disc
(DVD), a memory stick, a floppy disk, a mechanical encod-
ing device, for example, a punch card or a raised structure
in a groove with instructions stored thereon, and any suitable
combination of the foregoing. The computer-readable stor-
age medium used herein is not to be interpreted as transient
signals per se, such as radio waves or other freely propa-
gating electromagnetic waves, electromagnetic waves
propagating through waveguides or other transmission
media (e.g., light pulses through fiber-optic cables), or
electrical signals transmitted through electrical wires.
[0064] The computer-readable program instructions
described herein may be downloaded from a computer-
readable storage medium to various computing/processing
devices, or downloaded to an external computer or external
storage device via a network, such as the Internet, a local
area network, a wide area network, and/or a wireless net-
work. The network may include copper transmission cables,
fiber optic transmission, wireless transmission, routers, fire-
walls, switches, gateway computers, and/or edge servers. A
network adapter card or network interface in each comput-
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ing/processing device receives computer-readable program
instructions from a network and forwards the computer-
readable program instructions for storage in a computer-
readable storage medium in the computing/processing
device.

[0065] The computer program instructions for performing
the operations of the present disclosure may be assembly
instructions, Instruction Set Architecture (ISA) instructions,
machine instructions, machine-related instructions, micro-
code, firmware instructions, status setting data, or source
code or object code written in any combination of one or
more programming languages, including object-oriented
programming languages as well as conventional procedural
programming languages. The computer-readable program
instructions may be executed entirely on a user computer,
partly on a user computer, as a stand-alone software pack-
age, partly on a user computer and partly on a remote
computer, or entirely on a remote computer or a server. In a
case where a remote computer is involved, the remote
computer can be connected to a user computer through any
kind of networks, including a local area network (LAN) or
a wide area network (WAN), or can be connected to an
external computer (for example, connected through the
Internet using an Internet service provider). In some embodi-
ments, an electronic circuit, such as a programmable logic
circuit, a field programmable gate array (FPGA), or a
programmable logic array (PLA), is customized by utilizing
status information of the computer-readable program
instructions. The electronic circuit may execute the com-
puter-readable program instructions to implement various
aspects of the present disclosure.

[0066] These computer-readable program instructions
may be provided to a processing unit of a general-purpose
computer, a special-purpose computer, or a further program-
mable data processing apparatus, thereby producing a
machine, such that these instructions, when executed by the
processing unit of the computer or the further programmable
data processing apparatus, produce means for implementing
functions/actions specified in one or more blocks in the flow
charts and/or block diagrams. These computer-readable pro-
gram instructions may also be stored in a computer-readable
storage medium, and these instructions cause a computer, a
programmable data processing apparatus, and/or other
devices to operate in a specific manner; and thus the com-
puter-readable medium having instructions stored includes
an article of manufacture that includes instructions that
implement various aspects of the functions/actions specified
in one or more blocks in the flow charts and/or block
diagrams.

[0067] The computer-readable program instructions may
also be loaded to a computer, a further programmable data
processing apparatus, or a further device, so that a series of
operating steps may be performed on the computer, the
further programmable data processing apparatus, or the
further device to produce a computer-implemented process,
such that the instructions executed on the computer, the
further programmable data processing apparatus, or the
further device may implement the functions/actions speci-
fied in one or more blocks in the flow charts and/or block
diagrams.

[0068] The flow charts and block diagrams in the drawings
illustrate the architectures, functions, and operations of
possible implementations of the devices, methods, and com-
puter program products according to various embodiments
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of the present disclosure. In this regard, each block in the
flow charts or block diagrams may represent a module, a
program segment, or part of an instruction, the module,
program segment, or part of an instruction including one or
more executable instructions for implementing specified
logical functions. In some alternative implementations,
functions marked in the blocks may also occur in an order
different from that marked in the accompanying drawings.
For example, two consecutive blocks may in fact be
executed substantially concurrently, and sometimes they
may also be executed in a reverse order, depending on the
functions involved. It should be further noted that each block
in the block diagrams and/or flow charts as well as a
combination of blocks in the block diagrams and/or flow
charts may be implemented using a dedicated hardware-
based system that executes specified functions or actions, or
using a combination of special hardware and computer
instructions.

[0069] Various embodiments of the present disclosure
have been described above. The foregoing description is
illustrative rather than exhaustive, and is not limited to the
disclosed various embodiments. Numerous modifications
and alterations are apparent to persons of ordinary skill in
the art without departing from the scope and spirit of the
illustrated embodiments. The selection of terms as used
herein is intended to best explain the principles and practical
applications of the various embodiments or the technical
improvements to technologies on the market, or to enable
other persons of ordinary skill in the art to understand the
embodiments disclosed here.

[0070] Some example implementations of the present dis-
closure are listed below.

[0071] In afirst aspect of the present disclosure, a method
for accessing a storage device is provided. The method
includes determining, in response to an access to the storage
device via a first path being determined as timeout, whether
an error on the first path is of a first error type. The method
further includes causing the access to be suspended for at
least a scheduled time period if the error on the first path is
of' the first error type. The method further includes resuming
the access via a second path after the scheduled time period
expires.

[0072] In certain embodiments, the method may include
marking the storage device as being in a frozen state if the
error on the first path is of the first error type, where the
storage device is not responsive to any access request while
in the frozen state.

[0073] In certain embodiments, the storage device being
not responsive to any access includes suspending an ongoing
access; and denying a new access for the storage device.
[0074] In certain embodiments, data for the access may be
held while the access is suspended, and resuming the access
includes accessing the storage device via the second path
using the held data.

[0075] In certain embodiments, the method further
includes disabling the second access path if the error is
determined to be of a second error type different from the
first error type.

[0076] In certain embodiments, the method further
includes releasing the storage device from the frozen state
when resuming the access.

[0077] Incertain embodiments, the storage device is a disk
in a redundant array of independent disks (RAID).
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[0078] In certain embodiments, a path connected to an
external device through a first access port of the storage
device is determined as the first path, and another path
connected to the external device through a second access
port of the storage device is determined as the second path.
[0079] In some embodiments, the first error type includes
a physical connectivity failure of the first path or the second
path.

[0080] In a second aspect of the present disclosure, an
electronic device is provided. The electronic device includes
a processor and a memory coupled to the processor, and the
memory has instructions stored therein which, when
executed by the processor, cause the device to perform
actions. The actions include determining, in response to an
access 1o a storage device via a first path being determined
as timeout, whether an error on the first path is of a first error
type. The actions further include causing the access to be
suspended for at least a scheduled time period if the error on
the first path is of the first error type. The actions further
include resuming the access via a second path after the
scheduled time period expires.

[0081] In certain embodiments, the actions further include
marking the storage device as being in a frozen state if the
error on the first path is of the first error type, where the
storage device is not responsive to any access request while
in the frozen state.

[0082] In certain embodiments, the storage device being
not responsive to any access includes suspending an ongoing
access; and denying a new access for the storage device.
[0083] In certain embodiments, the actions further include
holding data for the access while the access is suspended,
and resuming the access includes accessing the storage
device via the second path using the held data.

[0084] In certain embodiments, the method further
includes disabling the second access path if the error is
determined to be of a second error type different from the
first error type.

[0085] In certain embodiments, the actions further include
releasing the storage device from the frozen state when
resuming the access.

[0086] In certain embodiments, the storage device is a disk
in a redundant array of independent disks (RAID).

[0087] In certain embodiments, a path connected to an
external device through a first access port of the storage
device is determined as the first path, and another path
connected to the external device through a second access
port of the storage device is determined as the second path.
[0088] In some embodiments, the first error type includes
a physical connectivity failure of the first path or the second
path.

[0089] In an embodiment of the third aspect, an apparatus
for accessing a storage device is provided. The apparatus
includes an error type determination module configured to
determine, in response to an access to the storage device via
a first path being determined as timeout, whether an error on
the first path is of a first error type. The apparatus further
includes an access suspension module configured to cause
the access to be suspended for at least a scheduled time
period if the error on the first path is of the first error type.
The apparatus further includes an access resumption module
configured to resume the access via a second path after the
scheduled time period expires.

[0090] Inan embodiment of the fourth aspect, a computer-
readable storage medium is provided. The computer-read-



US 2023/0273856 Al

able storage medium has one or more computer instructions
stored thereon, wherein the one or more computer instruc-
tions are executed by a processor to implement the method
according to the first aspect.

[0091] In an embodiment of the fifth aspect, a computer
program product is provided. The computer program prod-
uct includes one or more computer instructions, wherein the
one or more computer instructions, when executed by a
processor, implement the method according to the first
aspect.

[0092] Although the present disclosure has been described
using a language specific to structural features and/or
method logical actions, it should be understood that the
subject matter defined in the appended claims is not neces-
sarily limited to the specific features or actions described
above. Rather, the specific features and actions described
above are merely example forms of implementing the
claims.

1. A method for accessing a storage device, comprising:

determining, in response to an access to the storage device
via a first path being determined as timeout, whether an
error on the first path is of a first error type;

causing the access to be suspended for at least a scheduled

time period if the error on the first path is of the first
error type; and

resuming the access via a second path after the scheduled

time period expires.

2. The method according to claim 1, further comprising:

marking the storage device as being in a frozen state if the

error on the first path is of the first error type, wherein
the storage device is not responsive to any access
request while in the frozen state.

3. The method according to claim 2, wherein in response
to the storage device being not responsive to any access, the
method further comprises:

suspending an ongoing access; and

denying a new access for the storage device.

4. The method according to claim 1, further comprising:

withholding data for the access while the access is sus-

pended; and

resuming the access comprises accessing the storage

device via the second path using the withheld data.

5. The method according to claim 1, further comprising:

disabling the second access path if the error is determined

to be of a second error type different from the first error
type.

6. The method according to claim 2, further comprising:

releasing the storage device from the frozen state when

resuming the access.

7. The method according to claim 1, wherein the storage
device is a disk in a redundant array of independent disks
(RAID).

8. The method according to claim 1, wherein a path
connected to an external device through a first access port of
the storage device is determined as the first path, and another
path connected to the external device through a second
access port of the storage device is determined as the second
path.

9. The method according to claim 1, wherein the first error
type comprises a physical connectivity failure of the first
path or the second path.
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10. An electronic device, comprising:

a processor; and

a memory coupled to the processor, wherein the memory

has instructions stored therein, which when executed
by the processor, cause the processor to perform
actions, the actions comprising:

determining, in response to an access to a storage device

via a first path being determined as timeout, whether an
error on the first path is of a first error type;

causing the access to be suspended for at least a scheduled

time period if the error on the first path is of the first
error type; and

resuming the access via a second path after the scheduled

time period expires.

11. The electronic device according to claim 10, wherein
the actions further comprise:

marking the storage device as being in a frozen state if the

error on the first path is of the first error type, wherein
the storage device is not responsive to any access
request while in the frozen state.

12. The electronic device according to claim 11, wherein
in response to the storage device being not responsive to any
access, the actions further comprise:

suspending an ongoing access; and

denying a new access for the storage device.

13. The electronic device according to claim 10, wherein
the actions further comprise:

withholding data for the access while the access is sus-

pended; and

resuming the access comprises accessing the storage

device via the second path using the withheld data.

14. The electronic device according to claim 10, wherein
the actions further comprise:

disabling the second access path if the error is determined

to be of a second error type different from the first error
type.

15. The electronic device according to claim 11, wherein
the actions further comprise:

releasing the storage device from the frozen state when

resuming the access.

16. The electronic device according to claim 10, wherein
the storage device is a disk in a redundant array of inde-
pendent disks (RAID).

17. The electronic device according to claim 10, wherein
a path connected to an external device through a first access
port of the storage device is determined as the first path, and
another path connected to the external device through a
second access port of the storage device is determined as the
second path.

18. The electronic device according to claim 10, wherein
the first error type comprises a physical connectivity failure
of the first path or the second path.

19. A non-transitory computer-readable storage medium
having instructions stored therein, which when executed by
a processor, cause the processor to perform actions of
accessing a storage device, the actions comprising:

determining, in response to an access to the storage device

via a first path being determined as timeout, whether an
error on the first path is of a first error type;

causing the access to be suspended for at least a scheduled

time period if the error on the first path is of the first
error type; and

resuming the access via a second path after the scheduled

time period expires.
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20. The computer-readable storage medium of claim 19,
wherein the actions further comprise:
marking the storage device as being in a frozen state if the
error on the first path is of the first error type, wherein
the storage device is not responsive to any access
request while in the frozen state.
21. (canceled)



