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STORAGE CONTROLLER AND 10 REQUEST PROCESSING
METHOD

TECHNICAL FIELD

[0001] This application relates to the field of storage technologies, and in particular, to a storage
controller and an input/output (English full name: input output, IO for short) request processing

method performed by the storage controller.

BACKGROUND

[0002] As shown in FIG. 1, a storage array is usually used in a large-scale storage scenario, and
includes a plurality of storage media and a storage controller. The storage medium may include a
hard disk (English full name: hard disk drive, HDD for short) and a solid state drive (English full
name: solid state drive, SSD for short). A client sends an IO request to the storage controller by
using a communications network. The storage controller processes the received 10 request. For
example, when the 10 request is a read request, the storage controller determines a specific storage
medium to which the read request points, and then the storage controller reads corresponding data
from the storage medium to which the read request points, and returns the data to the client.

[0003] The storage controller virtualizes the storage media of the storage array into a plurality
of storage units. The 1O request received by the storage controller usually points to a storage unit.
When different storage types are used, the storage controller virtualizes the plurality of storage
media into storage units (English: storage unit) of different types. For example, when block storage
is used, the storage controller virtualizes the plurality of storage media into one or more logical unit
numbers (English full name: logical unit number, LUN for short), and each 10O request of the client
points to a LUN. Each IO request of the client points to a file system when file storage is used. Each
IO request of the client points to a bucket (English: bucket) when object (English: object) storage is
used.

[0004] Because of a service requirement, a user usually needs to set 10 per second (English:
input output per second, IOPS for short) parameters for different storage units. If a quantity of 10
requests sent by the client is relatively large, and the 1O requests point to different storage units,
because a speed at which the storage controller processes the 10 requests is limited, the storage

controller needs to schedule the received 10 requests, so as to fulfill QOS parameters of the
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plurality of storage units as far as possible.
[0005] An IOPS parameter fulfillment rate in an existing IO request scheduling method is

relatively low.

SUMMARY

[0006] This application provides a storage controller, so as to increase an IOPS fulfillment rate.
[0007] A first aspect of this application provides a storage controller, where the storage
controller is applicable to a storage system with a plurality of storage units, the storage controller
includes a memory device and a plurality of processor cores, and the plurality of processor cores
include at least one distribution core, a plurality of sorting cores, and at least one request processing
core.

[0008] When working, the distribution core executes code stored in the memory device, so as to
receive an 1O request stored in the memory device and distribute the received 10 request to the
plurality of sorting cores.

[0009] When working, each sorting core executes code stored in the memory device, to perform
the following actions: obtaining an IO request that is distributed by the distribution core and for
which a processing sorting index is to be generated; determining a target storage unit to which the
IO request for which the processing sorting index is to be generated points; obtaining an
accumulative index quantity of the target storage unit, where the accumulative index quantity of the
target storage unit indicates a quantity of 10 requests that point to the target storage unit and for
which the plurality of sorting cores have generated processing sorting indexes since each sorting
core generated a processing sorting index for a previously distributed 10 request, where the
previously distributed 1O request points to the target storage unit; generating, according to the
processing sorting index of the previously distributed IO request and a ratio of the accumulative
index quantity of the target storage unit to an IO per second parameter of the target storage unit, the
processing sorting index for the IO request for which the processing sorting index is to be
generated; and storing, into an index queue corresponding to each sorting core, the processing
sorting index of the 10 request for which the processing sorting index is to be generated, where the
index queue corresponding to each sorting core is stored in the memory device, and includes
processing sorting indexes generated by each sorting core for 10 requests that point to the plurality
of storage units.

[0010] When working, the request processing executes code stored in the memory device, to
periodically process an IO request corresponding to a minimum processing sorting index in the

index queue corresponding to each sorting core.
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[0011] The distribution core, the plurality of sorting cores, and the request processing core may
concurrently work.

[0012] The plurality of sorting cores generate the processing sorting index for each IO request,
and determine a processing sequence according to a value of the processing sorting index of each
IO request, so that an IOPS parameter fulfillment rate is effectively increased.

[0013] Each sorting core mentioned in any aspect of this application or any implementation of
any aspect indicates any one of the plurality of sorting cores.

[0014] Optionally, the IO request that is mentioned in any aspect of this application or any
implementation of any aspect and for which the processing sorting index is to be generated is a next
IO request that is distributed to each sorting core after the previously distributed IO request.

[0015] With reference to the first aspect, in a first implementation of the first aspect, each
sorting core performs the following operation to obtain the accumulative index quantity of the target
storage unit: obtaining, from a shared counter for the target storage unit, a current total quantity of
IO requests that point to the target storage unit and for which the plurality of sorting cores have
generated processing sorting indexes. A shared counter is set for each storage unit in the memory
device.

[0016] Subsequently, a previous total quantity of IO requests that point to the target storage unit
and for which the plurality of sorting cores have generated processing sorting indexes when the
plurality of sorting cores generate processing sorting indexes for the previously distributed 10
request is obtained from a private counter that is of each sorting core and that is corresponding to
the target storage unit. A private counter corresponding to each storage unit is set for each sorting
core in the memory device.

[0017] Subsequently, a difference between the current total quantity of IO requests and the
previous total quantity of 10 requests is calculated, to use the difference as the accumulative index
quantity of the target storage unit. Subsequently, a value of the shared counter for the target storage
unit is increased by 1, and then the private counter that is of each sorting core and that is
corresponding to the target storage unit is updated by using the value of the shared counter for the
target storage unit.

[0018] In the storage controller provided in this aspect, when obtaining the accumulative index
quantity of the target storage unit, each sorting core does not need to access another sorting core to
obtain a status of generating, by the another sorting core, a processing sorting index for an 10
request, so that scheduling efficiency is improved.

[0019] With reference to the first aspect, in a second implementation of the first aspect, each

sorting core performs the following operation to obtain the accumulative index quantity of the target
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storage unit: obtaining a plurality of private quantities from first private counters that are of the
plurality of sorting cores and that are corresponding to the target storage unit, where a private
quantity of each sorting core indicates a quantity of IO requests that point to the target storage unit
and for which each sorting core has generated processing sorting indexes.

[0020] Each sorting core mentioned in any aspect of this application or any implementation of
any aspect indicates any one of the plurality of sorting cores.

[0021] Subsequently, the plurality of private quantities are summed to obtain a current global
quantity of 1O requests that point to the target storage unit and for which processing sorting indexes
have been generated.

[0022] Subsequently, a previous global quantity of IO requests that point to the target storage
unit and for which the plurality of sorting cores have generated processing sorting indexes when the
plurality of sorting cores generate processing sorting indexes for the previously distributed 10
request is obtained from a second private counter that is of each sorting core and that is
corresponding to the target storage unit. A first private counter and a second private counter that are
corresponding to each storage unit are set for each sorting core in the memory device.

[0023] Subsequently, a difference between the current global quantity of IO requests and the
previous global quantity of 10 requests is calculated, to use the difference as the accumulative index
quantity of the target storage unit.

[0024] Subsequently, a value of the first private counter that is of each sorting core and that is
corresponding to the target storage unit is increased by 1, and the second private counter that is of
each sorting core and that is corresponding to the target storage unit is updated by using a sum of
current private quantities of the plurality of sorting cores. Before the second private counter is
updated, the value of the first private counter that is of each sorting core and that is corresponding
to the target storage unit is increased by 1. Therefore, each sorting core increases the current global
quantity of 10 requests by 1 to obtain the sum of the current private quantities of the plurality of
sorting cores. In the storage controller provided in this aspect, when obtaining the accumulative
index quantity of the target storage unit, each sorting core does not need to access another sorting
core to obtain a status of generating, by the another sorting core, a processing sorting index for an
IO request, so that scheduling efficiency is improved.

[0025] With reference to the first aspect, the first implementation of the first aspect, or the
second implementation of the first aspect, in a third implementation of the first aspect, each sorting
core performs the following operations to generate the processing sorting index for the IO request
for which the processing sorting index is to be generated: obtaining a current system time; and

subsequently, using, as the processing sorting index of the IO request for which the processing
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sorting index is to be generated, a larger one of the current system time and a sum of the processing
sorting index of the previously distributed IO request and the ratio of the accumulative index
quantity of the target storage unit to the IO per second parameter of the target storage unit.

[0026] That is, the processing sorting index of the 10 request for which the processing sorting
index is to be generated = Max {processing sorting index of the previously distributed 10 request +
K x accumulative index quantity of the target storage unit/IO per second parameter of the target
storage unit, the current system time}.

[0027] The system time is considered into the calculation of the processing sorting index, so
that IO request scheduling precision is improved.

[0028] With reference to the first aspect, the first implementation of the first aspect, the second
implementation of the first aspect, or the third implementation of the first aspect, in a fourth
implementation of the first aspect, each sorting core is further configured to: at a moment after the
processing sorting index is generated for the 10 request for which the processing sorting index is to
be generated, determine that there is no IO request that is distributed to each sorting core, that
points to the target storage unit, and for which an index is not generated; in this case, calculate a
sum of the processing sorting index of the 10 request for which the processing sorting index is to be
generated and a ratio of an accumulative index quantity of the target storage unit at the moment to
the 10 per second parameter of the target storage unit, to use the sum as a waiting processing
sorting index; and store the waiting processing sorting index into the index queue corresponding to
each sorting core.

[0029] That is, the waiting processing sorting index = processing sorting index of the previously
distributed 10 request + K x accumulative index quantity of the target storage unit at the moment/IO
per second parameter of the target storage unit.

[0030] The accumulative index quantity of the target storage unit at the moment indicates a
quantity of IO requests that point to the target storage unit and for which the plurality of sorting
cores have generated processing sorting indexes before the moment and since each sorting core
generated a last processing sorting index that points to the target storage unit.

[0031] In a running process of each sorting core, once it is determined that in the 10 request that
is distributed to each sorting core and for which an index is not generated, there is no 10 request
that points to the target storage unit, the waiting processing sorting index is generated.

[0032] With reference to the fourth implementation of the first aspect, in a fifth implementation
of the first aspect, during a period in which the waiting processing sorting index exists in the index
queue corresponding to each sorting core, an 1O request corresponding to a processing sorting index

that is included in the index queue corresponding to each sorting core and that is greater than the



10

15

20

25

30

waiting processing sorting index cannot be processed by the request processing core; and each
sorting core is further configured to: when an IO request that points to the target storage unit is
distributed to each sorting core after the moment or when a time in which the waiting processing
sorting index exists exceeds a preset threshold, eliminate the waiting processing sorting index from
the index queue corresponding to each sorting core.

[0033] Use of the waiting processing sorting index can improve IO request scheduling
precision.

[0034] With reference to any one of the first aspect or the implementations of the first aspect, in
a sixth implementation of the first aspect, the request processing core performs the following
operations to periodically process the 10 request corresponding to the minimum processing sorting
index in the index queue corresponding to each sorting core: periodically accessing the index queue
corresponding to each sorting core; and processing, in each access, the IO request corresponding to
the minimum processing sorting index in the index queue corresponding to each sorting core.

[0035] A second aspect of this application provides an 10 request processing method, and the
storage controller provided in the first aspect performs the method when running. The method
includes: receiving, by the distribution core, an 1O request, and distributing the received IO request
to the plurality of sorting cores; obtaining, by each sorting core, an IO request that is distributed by
the distribution core and for which a processing sorting index is to be generated; determining, by
each sorting core, a target storage unit to which the 10 request for which the processing sorting
index is to be generated points; obtaining, by each sorting core, an accumulative index quantity of
the target storage unit, where the accumulative index quantity of the target storage unit indicates a
quantity of IO requests that point to the target storage unit and for which the plurality of sorting
cores have generated processing sorting indexes since each sorting core generated a processing
sorting index for a previously distributed 10 request, where the previously distributed IO request
points to the target storage unit; generating, by each sorting core according to the processing sorting
index of the previously distributed 10 request and a ratio of the accumulative index quantity of the
target storage unit to an 1O per second parameter of the target storage unit, the processing sorting
index for the 10 request for which the processing sorting index is to be generated; storing, by each
sorting core into an index queue corresponding to each sorting core, the processing sorting index of
the 10 request for which the processing sorting index is to be generated, where the index queue
corresponding to each sorting core is stored in the memory device, and includes processing sorting
indexes generated by each sorting core for IO requests that point to the plurality of storage units;
and periodically processing, by the request processing core, an IO request corresponding to a

minimum processing sorting index in the index queue corresponding to each sorting core.
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[0036] With reference to the second aspect, in a first implementation of the second aspect, the
obtaining, by each sorting core, an accumulative index quantity of the target storage unit includes:
obtaining, by each sorting core from a shared counter for the target storage unit, a current total
quantity of IO requests that point to the target storage unit and for which the plurality of sorting
cores have generated processing sorting indexes; obtaining, by each sorting core from a private
counter that is of each sorting core and that is corresponding to the target storage unit, a previous
total quantity of 10 requests that point to the target storage unit and for which the plurality of
sorting cores have generated processing sorting indexes when the plurality of sorting cores generate
processing sorting indexes for the previously distributed IO request; calculating, by each sorting
core, a difference between the current total quantity of IO requests and the previous total quantity of
IO requests, to use the difference as the accumulative index quantity of the target storage unit;
increasing, by each sorting core, a value of the shared counter for the target storage unit by 1; and
updating, by each sorting core by using the value of the shared counter for the target storage unit,
the private counter that is of each sorting core and that is corresponding to the target storage unit.
[0037] With reference to the second aspect, in a second implementation of the second aspect,
the obtaining, by each sorting core, an accumulative index quantity of the target storage unit
includes: obtaining, by each sorting core, a plurality of private quantities from first private counters
that are of the plurality of sorting cores and that are corresponding to the target storage unit, where a
private quantity of each sorting core indicates a quantity of IO requests that point to the target
storage unit and for which each sorting core has generated processing sorting indexes; summing, by
each sorting core, the plurality of private quantities to obtain a current global quantity of 10
requests that point to the target storage unit and for which processing sorting indexes have been
generated; obtaining, by each sorting core from a second private counter that is of each sorting core
and that is corresponding to the target storage unit, a previous global quantity of IO requests that
point to the target storage unit and for which the plurality of sorting cores have generated
processing sorting indexes when the plurality of sorting cores generate processing sorting indexes
for the previously distributed 10 request; calculating, by each sorting core, a difference between the
current global quantity of IO requests and the previous global quantity of IO requests, to use the
difference as the accumulative index quantity of the target storage unit; increasing, by each sorting
core by 1, a value of the first private counter that is of each sorting core and that is corresponding to
the target storage unit; and updating, by each sorting core by using a sum of current private
quantities of the plurality of sorting cores, the second private counter that is of each sorting core and
that is corresponding to the target storage unit.

[0038] With reference to the second aspect, the first implementation of the second aspect, or the
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second implementation of the second aspect, in a third implementation of the second aspect, the
generating, by each sorting core, the processing sorting index for the 10 request for which the
processing sorting index is to be generated includes: obtaining, by each sorting core, a current
system time; and using, by each sorting core as the processing sorting index of the IO request for
which the processing sorting index is to be generated, a larger one of the current system time and a
sum of the processing sorting index of the previously distributed IO request and the ratio of the
accumulative index quantity of the target storage unit to the IO per second parameter of the target
storage unit.

[0039] With reference to the second aspect, the first implementation of the second aspect, the
second implementation of the second aspect, or the third implementation of the second aspect, in a
fourth implementation of the second aspect, the method further includes: at a moment after the
processing sorting index is generated for the 10 request for which the processing sorting index is to
be generated, determining, by each sorting core, that there is no 10 request that is distributed to each
sorting core, that points to the target storage unit, and for which an index is not generated,
obtaining, by each sorting core, an accumulative index quantity of the target storage unit at the
moment, where the accumulative index quantity of the target storage unit at the moment indicates a
quantity of IO requests that point to the target storage unit and for which the plurality of sorting
cores have generated processing sorting indexes before the moment and since each sorting core
generated a last processing sorting index that points to the target storage unit; subsequently
calculating, by each sorting core, a sum of the processing sorting index of the 10 request for which
the processing sorting index is to be generated and a ratio of the accumulative index quantity of the
target storage unit at the moment to the IO per second parameter of the target storage unit, to use the
sum as a waiting processing sorting index; and subsequently storing, by each sorting core, the
waiting processing sorting index into the index queue corresponding to each sorting core.

[0040] With reference to the fourth implementation of the second aspect, in a fifth
implementation of the second aspect, during a period in which the waiting processing sorting index
exists in the index queue corresponding to each sorting core, an IO request corresponding to a
processing sorting index that is included in the index queue corresponding to each sorting core and
that is greater than the waiting processing sorting index cannot be processed by the request
processing core; and the method further includes: when an 10 request that points to the target
storage unit is distributed to each sorting core after the moment or when a time in which the waiting
processing sorting index exists exceeds a preset threshold, eliminating, by each sorting core, the
waiting processing sorting index from the index queue corresponding to each sorting core.

[0041] With reference to any one of the second aspect or the implementations of the second
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aspect, in a sixth implementation of the second aspect, the periodically processing, by the request
processing core, an 1O request corresponding to a minimum processing sorting index in the index
queue corresponding to each sorting core includes: periodically accessing, by the request processing
core, the index queue corresponding to each sorting core; and processing, by the request processing
core in each access, the 10 request corresponding to the minimum processing sorting index in the
index queue corresponding to each sorting core.

[0042] A third aspect of this application provides a storage medium, where the storage medium
stores a program, and when the program runs on a computing device, the computing device
performs the IO request processing method provided in any one of the second aspect or the
implementations of the second aspect. The storage medium includes but is not limited to a read-only
memory, a random access memory, a flash memory, an HDD, or an SSD.

[0043] A fourth aspect of this application provides a computer program product, where the
computer program product includes a program instruction, and when the computer program product
is executed by a storage controller, the storage controller performs the IO request processing
method provided in any one of the second aspect or the implementations of the second aspect. The
computer program product may be a software installation package, and when the IO request
processing method provided in any one of the second aspect or the implementations of the second
aspect needs to be used, the computer program product may be downloaded, and the computer

program product may be executed on a storage controller.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG. 1 1s a schematic diagram of an organizational structure of a storage system
according to an embodiment of this application;

[0045] FIG. 2A and FIG. 2B are a schematic diagram of an organizational structure of a storage
controller;

[0046] FIG. 3 is a schematic diagram of an organizational structure of a memory device of a
storage controller;

[0047] FIG. 4 is a schematic diagram of an organizational structure of a memory device of a
storage controller;

[0048] FIG. 5A and FIG. 5B are a schematic diagram of a process of generating a processing
sorting index;

[0049] FIG. 6 is a schematic diagram of a process of generating a processing sorting index;
[0050] FIG. 7-1 to FIG. 7-5 are schematic diagrams of a process of generating a processing

sorting index; and
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[0051] FIG. 8-1 to FIG. 8-5 are schematic diagrams of a process of generating a processing

sorting index.

DESCRIPTION OF EMBODIMENTS

[0052] The following describes the technical solutions in the embodiments of this application
with reference to the accompanying drawings in the embodiments of this application.

[0053] In this application, there is no logical or time-sequential dependency among the "first",
the "second", and the "n'™".

[0054] In this specification, a processor includes one or more central processing units (English
full name: central processing unit, CPU for short), and each central processing unit includes one or
more cores (English: core).

[0055] In this specification, a storage unit may be a LUN, a file system, or a bucket. The LUN,
the file system, or the bucket is respectively corresponding to a case in which a storage array uses
block storage, file storage, or object storage. For example, the storage array in this specification
presents P LUNSs to a client, where P is a positive integer greater than 1.

[0056] In this specification, an 1O request includes 10 data and metadata. The 10 data includes
information such as to-be-operated data of the 10 request and an address of the to-be-operated data.
The metadata includes a storage unit ID to which the IO request points. The storage unit ID may be
a LUN ID, a file system ID, or a bucket ID.

[0057] In this specification, a function of a function Max {x, y} is to return a larger value in x
and y.

[0058] In this specification, an IOPS parameter may be IOPS of a storage unit, or an IOPS
processing weight of a storage unit. The IOPS processing weight indicates a proportion of a
resource used by a storage array to process an IO request that points to each storage unit. Therefore,
the IOPS parameter may be set by a user according to a service requirement. For example, the user
determines, according to a service requirement, lowest IOPS of a storage unit related to a service, or
the user determines a weight of a resource that is of the storage array and that needs to be occupied
by IOPS of a storage unit related to a service. Alternatively, the IOPS parameter may be set
according to a user class. For example, an IOPS parameter of an advanced user is relatively high, to
ensure experience of the advanced user. A storage controller stores IOPS parameters of different
storage units.

[0059] An architecture of a storage controller applied to an embodiment of this application
[0060] As shown in FIG. 2A and FIG. 2B, a storage controller usually includes a plurality of

cores, a memory device, and a communications interface. Each core establishes a communication
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connection to the memory device. The storage controller communicates with a client and a storage
medium by using the communications interface. An IO request obtained from the communications
interface is stored into IO storage space of the memory device.

[0061] There are mainly three types of programs playing a role in a process of scheduling and
processing an IO request: an 10 request distribution program, an IO request sorting program, and an
IO request processing program. The IO request distribution program, the IO request sorting
program, and the 10 request processing program each are implemented by a core by running code in
the memory device. A core that runs the 10 request distribution program is referred to as a
distribution core. A core that runs the 10 request sorting program is referred to as a sorting core. A
core that runs the 10 request processing program is referred to as a request processing core.

[0062] A quantity of cores to be allocated to each of the three types of programs may be
scheduled according to running pressure of the three types of programs. For a specific core on
which each program runs, the program may also be migrated according to a load status of each core.
In FIG. 2A and FIG. 2B, for example, a core 1 is configured to execute an 1O request distribution
program, a core 2 to a core n are configured to execute 10 request sorting programs, a core n+1 to a
core ntm are configured to execute IO request processing programs, and a core n+tm+1 is
configured to execute an operating system of the storage controller.

[0063] The IO request distribution program distributes the 10 request in the 10 storage space,
that is, distributes the IO request to a subspace of each core that runs an IO request sorting program.
In FIG. 2A and FIG. 2B, for example, subspaces of the core 2 to the core n are located in space of
the core 1. In practice, alternatively, the subspaces of the core 2 to the core n may be located outside
the space of the core 1, or be located in respective space of each core.

[0064] In a process in which the 10 request distribution program distributes the IO request,
subsequent load balance of each 10 request sorting program is mainly considered, but distributing,
to space of a core, all 10 requests that point to a LUN is not considered. For example, the IO request
distribution program may distribute a plurality of received 10 requests one by one to 10 request
sorting programs, so as to ensure that quantities of IO requests distributed to the 10 request sorting
programs are the same.

[0065] Subsequently, each IO request sorting program reads 1O requests distributed to the 10
request sorting program, and sorts the 10 requests. A sorting result is stored in an index queue in
space of a core in which each 10 request sorting program is located. The index queue may be
implemented by using different data structures, such as a heap (English: pile) or a first in first out
queue. Each IO request sorting program generates a processing sorting index for each 10 request in

a subspace for the 10 request sorting program, and then sorts the processing sorting indexes that are
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of IO requests and that are in the index queue for the IO request sorting program. An IO request
with a small processing sorting index is preferentially processed by an idle 10 request processing
program.

[0066] The IO request processing program may specifically perform, according to a type of an
IO request, a write operation or a read operation corresponding to the IO request. Alternatively, the
IO request processing program may be configured to perform arrangement, deduplication, or the
like on data carried in an IO request.

[0067] For example, a storage array in which the storage controller is located uses block
storage, and storage media of the storage array are virtualized into 100 LUNs. Because of a service
requirement, IOPS parameters need to be set for some LUNs. Each IO request received by the
storage controller points to a LUN. Because a speed at which the client generates an 10 request is
not constant, a quantity of IO requests that are generated per second and that point to different
LUNSs may vary significantly. Because processing efficiency of the 10 request processing program
is limited, a sorting result of the 10 request sorting program affects whether an IOPS parameter of
each LUN can be fulfilled. For example, an IOPS parameter of a LUN 1 is 1000, and an IOPS
parameter of a LUN 2 is 200. However, 1000 IO requests that point to the LUN 1 and 2000 10
requests that point to the LUN 2 are stored in the IO storage space of the memory device at a
moment because a relatively large quantity of IO requests that point to the LUN 2 are generated
within a period of time. The 3000 IO requests are distributed to 10 request sorting programs on the
core 2 to the core n+1 for sorting. If each IO request sorting program schedules the IO requests only
according to the IOPS parameter of the LUN 1 and the IOPS parameter of the LUN 2, finally, it is
usually difficult to fulfill the IOPS parameter of the LUN 1 and the IOPS parameter of the LUN 2
by processing sorting indexes calculated by the n IO request sorting programs for the 3000 10
requests. If the IO request sorting programs communicate with each other in a process of generating
the processing sorting indexes, although this helps reach a lower limit of IOPS of each LUN,
communication overheads between the 10 request sorting programs are extremely high.

[0068] This application provides an 10 request processing method. The method is applicable to
the storage controller shown in FIG. 2A and FIG. 2B.

[0069] As shown in FIG. 3, a communications interface receives a plurality of 1O requests sent
by a client, and stores the plurality of 10 requests into 1O storage space.

[0070] An 10 request distribution program generates 10 description information for each 10
request, and establishes a mapping relationship between each 10 request and the IO description
information of the 10 request. The IO description information of each IO request includes a LUN

ID carried in metadata of the 10 request.
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[0071] Because the IO request occupies relatively large space, the 10 description information
may be generated for each 10 request in a process of sorting 1O requests. Subsequently, an 10
request sorting program generates a processing sorting index for an IO request according to 10
description information of the 1O request, so as to reduce read/write burden of a memory device.
[0072] As shown in FIG. 4, the 10 request distribution program distributes a plurality of pieces
of 10 description information to subspaces of cores in which 10 request sorting programs are
located.

[0073] The IO request distribution program may build a queue for each LUN in a subspace of a
core in which each IO request sorting program is located, and store, into a queue of each LUN, 10
description information allocated to a subspace of a core in which an IO request sorting program is
located, so that the IO request sorting program identifies, in a subsequent step, a LUN to which each
piece of 10 description information points.

[0074] The following describes, with reference to FIG. 5A and FIG 5B, how an IO request
sorting program running on a core 2 generates a processing sorting index for a piece of 10
description information. In a running process, each IO request sorting program uses a same method
to generate a processing sorting index for each piece of 10 description information.

[0075] In FIG. 5, 10 description information A-B-C indicates c"10 description information that
points to a LUN B and that is distributed to an IO request sorting program running on a core A.
Correspondingly, a processing sorting index A-B-C indicates a processing sorting index of the 10
description information A-B-C.

[0076] For example, the 10 request sorting program running on the core 2 currently generates a
processing sorting index for IO description information 2-1-3. Therefore, a processing sorting index
of 10 description information 2-1-1 and that of IO description information 2-1-2 have been stored
by the IO request sorting program into an index queue of the core 2.

[0077] The IO request sorting program running on the core 2 obtains the IO description
information 2-1-3 from a subspace of the core 2, to obtain a LUN ID corresponding to the 10
description information.

[0078] The IO request sorting program running on the core 2 obtains an IOPS parameter of a
LUN 1 according to the LUN ID.

[0079] The IO request sorting program running on the core 2 obtains an accumulative index
quantity of the LUN 1. The accumulative index quantity of the LUN 1 indicates a quantity of 10
description information that points to the LUN 1 and for which all IO request sorting programs have
generated processing sorting indexes since the IO request sorting program running on the core 2

generated a processing sorting index for the IO description information 2-1-2.
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[0080] Because each 10 request sorting program continuously generates a processing sorting
index for IO description information distributed to the IO request sorting program, during a period
from a moment at which the 1O request sorting program running on the core 2 generates the
processing sorting index for the IO description information 2-1-2 to a moment at which the 10
request sorting program running on the core 2 generates the processing sorting index for the 10
description information 2-1-3, another 10 request sorting program also generates a processing
sorting index for a specific quantity of 10 description information that points to the LUN 1. The
quantity is an accumulative index quantity of the LUN 1 when the IO request sorting program
running on the core 2 generates the processing sorting index for the IO description information
2-1-3.

[0081] Likewise, an accumulative index quantity of the LUN 1 when the IO request sorting
program running on the core 2 generates the processing sorting index for the 10 description
information 2-1-2 is a quantity of 1O description information that points to the LUN 1 and for which
a remaining IO request sorting program generates a processing sorting index during a period from a
moment at which the IO request sorting program running on the core 2 generates the processing
sorting index for the 10 description information 2-1-1 to a moment at which the 10 request sorting
program running on the core 2 generates the processing sorting index for the IO description
information 2-1-2.

[0082] The 10 request sorting program running on the core 2 obtains a current system time by
using an interface of an operating system.

[0083] The current system time may specifically indicate a quantity of nanoseconds that elapse
during a period from a moment at which a storage controller starts to a moment at which the storage
controller invokes the interface of the operating system.

[0084] The 10 request sorting program running on the core 2 calculates the processing sorting
index 2-1-3 of the 10O description information 2-1-3.

[0085] The processing sorting index 2-1-3 = Max {processing sorting index 2-1-2 + K x
accumulative index quantity of the LUN 1/IOPS parameter of the LUN 1, system time}. Herein, K
is a positive number, and a common value of K is 1.

[0086] If the IO request sorting program running on the core 2 currently generates a processing
sorting index for the processing sorting index 2-1-1, because the processing sorting index 2-1-1 is a
processing sorting index of a first 10 request that points to the LUN 1 and that is distributed to the
IO request sorting program running on the core 2, the processing sorting index 2-1-1 = Max {initial
processing sorting index + K x accumulative index quantity of the LUN 1/IOPS parameter of the

LUN 1, system time}. The initial processing sorting index may be 0.
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[0087] The 10 request sorting program running on the core 2 stores the processing sorting index
2-1-3 into the index queue.

[0088] A correspondence is established between the 10 description information 2-1-3 and the
processing sorting index 2-1-3, or a correspondence is established between the processing sorting
index 2-1-3 and an IO request for which the IO description information 2-1-3 is generated, so that
the 10 request corresponding to the processing sorting index 2-1-3 can be determined in a
subsequent step.

[0089] By performing the foregoing steps, each IO request sorting program generates a
processing sorting index for each piece of 10 description information distributed to the 10 request
sorting program, and stores the generated processing sorting index into an index queue. Therefore,
processing sorting indexes of IO requests that are not processed are stored in index queues of the
core 2 to a core n.

[0090] After an 10 request processing program running on any core completes processing of an
10 request, the operating system learns that the IO request processing program enters an idle state.
[0091] A processing sequence of each IO request processing program is recorded in the
operating system, that is, a specific index queue including an IO request that is corresponding to a
minimum processing sorting index and that is to be subsequently processed by an IO request
processing program after the IO request processing program enters an idle state. To ensure that an
IOPS parameter is fulfilled, the processing sequence needs to allow an IO request processing
program to process processing sorting indexes in index queues in a same or similar frequency, that
1s, an IO request processing program periodically processes an 1O request corresponding to a
minimum processing sorting index in each index queue.

[0092] The processing sequence may be that, in a sequence from the core 2 to the core n, each
IO request processing program polls all index queues, and processes an 10 request corresponding to
a minimum processing sorting index in an index queue accessed each time. Each time after an 10
request corresponding to a minimum processing sorting index in an index queue is processed, the
idle 10 request processing program processes an IO request corresponding to a minimum
processing sorting index in a next index queue.

[0093] Alternatively, if m = n—1, that is, a quantity of IO request sorting programs is the same as
that of 10 request processing programs, the operating system binds the IO request processing
programs and index queues one by one. In this case, when an IO request processing program enters
an idle state, the operating system determines that the idle 10 request processing program
subsequently processes an 10 request corresponding to a minimum processing sorting index in an

index queue corresponding to the idle 10 request processing program.
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[0094] After the operating system determines a specific index queue including the 10 request
that is corresponding to a minimum processing sorting index and that is to be subsequently
processed by the idle IO request processing program, the operating system selects the minimum
processing sorting index from the index queue, and instructs the idle 10 request processing program
to process the 10 request corresponding to the minimum processing sorting index; or the operating
system instructs the idle IO request processing program to access the index queue, and processes the
10 request corresponding to the minimum processing sorting index in the index queue.
[0095] A sequence of performing some of the foregoing steps may be adjusted. The step of
obtaining the IOPS parameter of the LUN 1 and the step of obtaining the system time each may be
performed at any moment before the processing sorting index 2-1-3 is generated.
[0096] The step of obtaining the system time is an optional step. When the step is not
performed, the generated processing sorting index 2-1-3 = processing sorting index 2-1-2 + K x
accumulative index quantity of the LUN 1/IOPS parameter of the LUN 1.
[0097] The idle 10 request processing program preferentially processes the IO request
corresponding to the minimum processing sorting index in each index queue. Therefore, for the 10
request sorting program running on the core 2, if no 1O request that points to a LUN 2 is distributed
within a period of time, but an IO request that points to another LUN is continuously distributed
within the period of time, within a subsequent period of time, once the 1O request that points to the
LUN 2 is distributed to the IO request sorting program running on the core 2, all processing sorting
indexes of the IO requests that point to the LUN 2 may be smaller than a processing sorting index
of the IO request that points to the another LUN. As a result, the 10 request that points to the LUN 2
1s continuously and preferentially processed by the idle 10 request processing program, and the 10
request that points to the another LUN is accordingly hungry. Therefore, the system time is
considered into calculation of the processing sorting index, so as to avoid a case in which when
there is an idle LUN, an IO request that points to another LUN is blocked after an 1O request that
points to the idle LUN is subsequently distributed to the 10 request sorting program, so that 10
request scheduling precision is improved.
[0098] For example, at a moment 1, processing sorting indexes recorded in the index queue of
the core 2 include:

processing sorting index 2-1-1 =3 processing sorting index 2-2-1 =2.2

processing sorting index 2-1-2 =3.5 processing sorting index 2-2-2 = 2.8

processing sorting index 2-1-3 =5.5 processing sorting index 2-2-3 =3.0
[0099] At a moment 2, all IO requests corresponding to the processing sorting indexes that have

been stored in the index queue at the moment 1 have been processed, and new processing sorting
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indexes generated between the moment 1 and the moment 2 include:

processing sorting index 2-1-4 = 6

processing sorting index 2-1-5=7.5

processing sorting index 2-1-6 = 9.5

processing sorting index 2-1-7 = 10.5

processing sorting index 2-1-8 = 12
[0100] That is, during a period from the moment 1 to the moment 2, no new IO description
information that points to the LUN 2 is distributed to the IO request sorting program running on the
core 2. Therefore, after the moment 2, if the system time is not considered into the calculation of the
processing sorting index, and a new IO description information that points to the LUN 2 is
distributed to the IO request sorting program running on the core 2, a processing sorting index of
the new distributed IO description information that points to the LUN 2 is much smaller than a
processing sorting index of 10 description information that points to the LUN 1. As a result, when
accessing the index queue of the core 2, the idle IO request processing program continuously
processes a new distributed IO request that points to the LUN 2. If the system time is considered
into the calculation of the processing sorting index, the processing sorting index of the new
distributed IO description information that points to the LUN 2 may be equal to the current system
time, and may not be much smaller than the processing sorting index of the IO description
information that points to the LUN 1.
[0101] Therefore, the system time is considered into the calculation of the processing sorting
index, so as to avoid a case in which when there is an idle LUN, an IO request that points to another
LUN is blocked after an 10 request that points to the idle LUN subsequently arrives, so that 10
request scheduling precision is improved.
[0102] In a process of performing the foregoing steps, if the 10 request sorting program running
on the core 2 determines, at a moment in the index queue of the core 2, that all IO description
information that points to the LUN 1 has been processed, as shown in FIG. 6, after the processing
sorting index 2-1-5 is generated, if in the IO description information distributed to the IO request
sorting program running on the core 2, there is no IO description information that points to the LUN
1 and for which a processing sorting index is not generated, the 10 request running on the core 2
generates a waiting processing sorting index, and stores the waiting processing sorting index into
the index queue of the core 2.
[0103] The waiting processing sorting index = processing sorting index 2-1-5 + K x
accumulative index quantity of the LUN 1 at the moment/IOPS parameter of the LUN 1.
[0104] The accumulative index quantity of the LUN 1 at the moment indicates a quantity of IO
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description information that points to the LUN 1 and for which a remaining 1O request sorting
program has generated a processing sorting index since the 10 request sorting program running on
the core 2 generated the processing sorting index for IO description information 2-1-5.
[0105] The waiting processing sorting index is eliminated in one of the following two cases. In
Case 1, after the waiting processing sorting index is generated, 10 description information that
points to the LUN 1 is distributed to the 10 request sorting program running on the core 2. In Case 2,
a time in which the waiting processing sorting index exists exceeds a preset threshold.
[0106] The generating the waiting processing sorting index is an optional step. A processing
sorting index in each index queue is sorted together with a waiting processing sorting index. If in a
process of selecting, for the idle 10 request processing program, an IO request to be processed
subsequently, the operating system determines that a minimum processing sorting index in a current
index queue is a waiting processing sorting index, because the waiting processing sorting index
does not correspond to any 10 request, the idle IO request processing program cannot process an 1O
request corresponding to a processing sorting index in the index queue. The operating system needs
to re-select an index queue for the idle 10 request processing program.
[0107] For example, the idle IO request processing program polls index queues of the cores in a
sequence from the core 2 to the core n. In this case, if the idle IO request processing program
currently polls an index queue of a core 3, but finds that a minimum processing sorting index in the
index queue of the core 3 is a waiting processing sorting index, the idle IO request processing
program skips the index queue of the core 3, and accesses an index queue of a core 4.
[0108] Quantities of IO description information that points to different LUNs and that is
distributed to each 10 request sorting program are different, and a speed at which the IO request
sorting program generates a processing sorting index for an IO request is usually much higher than
a speed at which the IO request processing program processes an 1O request. Therefore, if no
waiting processing sorting index is generated and there are few pieces of IO description information
that points to the LUN 2 and that is distributed to the 10 request sorting program running on the
core 2, 10 description information with a minimum processing sorting index in the index queue of
the core 2 may always point to the LUN 1. As a result, the idle IO request processing program
continuously processes the IO request that points to the LUN 1. Finally, it is difficult to fulfill an
IOPS parameter of the LUN 2.
[0109] For example, at a moment 1, processing sorting indexes stored in the index queue of the
core 2 include:

processing sorting index 2-1-1 =3  processing sorting index 2-2-1 =2.2

processing sorting index 2-1-2 =3.5 processing sorting index 2-2-2 = 2.8
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processing sorting index 2-1-3 =5.5 processing sorting index 2-2-3 =3.0
[0110] At a moment 2, 10 requests corresponding to some of the processing sorting indexes that
have been generated at the moment 1 have been processed. At the same time, a new processing
sorting index is generated during a period from the moment 1 to the moment 2. In this case,
processing sorting indexes recorded in the index queue of the core 2 include:

processing sorting index 2-1-4 =6 processing sorting index 2-2-4 = 3.4

processing sorting index 2-1-5=7.5

processing sorting index 2-1-6 = 9.5
[0111] If within a subsequent period of time, no IO description information that indicates the
LUN 2 is distributed to the IO request sorting program running on the core 2, but the IO description
information that points to the LUN 1 is continuously distributed to the 10 request sorting program
running on the core 2, after an IO request corresponding to the processing sorting index 2-2-4 is
processed, if no waiting processing sorting index is generated, once the idle 10 request processing
program accesses the index queue of the core 2, the idle 10 request processing program
continuously processes the 10 request that points to the LUN 1. Consequently, the IOPS parameter
of the LUN 2 cannot be fulfilled.
[0112] On the contrary, if a waiting processing sorting index 2-2-6 is generated by using the
foregoing method, an IO request corresponding to a processing sorting index greater than the
waiting processing sorting index 2-2-6 cannot be processed by the idle IO request processing
program before the waiting processing sorting index 2-2-6 is eliminated. Consequently, the idle IO
request processing program needs to access another index queue. Therefore, by using the waiting
processing sorting index, 10 request scheduling precision can be improved, and an IOPS parameter
fulfillment rate can be increased.
[0113] In the foregoing steps, when the processing sorting index is generated for the processing
sorting index 2-1-3, the accumulative index quantity of the LUN 1 may be specifically obtained in
one of the following two manners.
[0114] Manner 1:
[0115] A shared counter is maintained for each LUN in a memory device. Each 10 request
sorting program can read/write P shared counters. Initial values of the shared counters are the same.
After generating a processing sorting index of 1O description information that points to the LUN 1,
each 10 request sorting program increases a value of a shared counter for the LUN 1 by 1.
Therefore, if initial values of all shared counters are 0, the P shared counters respectively record
quantities of IO description information that points to P LUNs and for which processing sorting

indexes have been generated.
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[0116] For each core that runs an IO request sorting program, a private counter is maintained
for each LUN. P private counters of a core can be read/written by only an IO request sorting
program running on the core. Initial values of all private counters of a core are the same. After
generating a processing sorting index of IO description information that points to the LUN 1, the 1O
request sorting program running on the core 2 updates, by using the value of the shared counter for
the LUN 1, a value of a private counter that is of the core 2 and that is corresponding to the LUN 1,
that is, copies the value of the shared counter for the LUN 1 to the private counter that is of the core
2 and that is corresponding to the LUN 1. Therefore, each time the IO request sorting program
running on the core 2 calculates a processing sorting index of IO description information that points
to a LUN a, a value of a private counter b-a is equal to a value of a shared counter a after the 10
request sorting program running on the core 2 calculates a processing sorting index of a previous
piece of 10 description information that points to the LUN a.

[0117] The shared counter a indicates a shared counter that points to the LUN a. A private
counter b-c indicates a private counter that is of an 10 request sorting program running on a core b
and that is corresponding to a LUN c. In practice, the shared counter and the private counter may be
implemented in a plurality of manners. For example, each private counter may be set in space of a
core in which an IO request sorting program to which the private counter belongs is located, or
private counters in space of cores may be combined into a table, and the table is set in storage space
of the memory device. An IO request sorting program can access only a region that is in the table
and that is corresponding to a private counter of the 1O request sorting program. For another
example, all shared counters may also be combined into a table, and the table is set in storage space
of the memory device. Each 10 request sorting program can access the table. All the shared counters
and the private counters are established by the operating system before the storage controller starts
to distribute the 1O description information.

[0118] Therefore, when Manner 1 is used, the obtaining the accumulative index quantity of the
LUN 1 includes the following steps:

[0119] 1.1. Obtain a value of a shared counter 1 and a value of a private counter 2-1, and
calculate a difference between the two values, where the difference is the accumulative index
quantity of the LUN 1.

[0120] 1.2. Increase the value of the shared counter 1 by 1.

[0121] 1.3. Update the private counter 2-1 by using the value of the shared counter 1.

[0122] For example, a processor includes three sorting cores. FIG. 7-1 shows an initial state, and
initial values of the shared counter 1, a shared counter 2, and each private counter are all 0. In FIG.

7-1, 10 description information a-b-c indicates 10 description information that points to a LUN b
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and that is distributed to a core a. An initial processing sorting index of 10 description information
that points to the LUN 1 and that of 10 description information that points to the LUN 2 are both 0.
An IOPS parameter of the LUN 1 is 1000, and an IOPS parameter of the LUN 2 is 500.

[0123] At a moment T1, an IO request sorting program running on a core 2 calculates a
processing sorting index for IO description information 2-1-1. Subsequently, the value of the shared
counter 1 is increased by 1, and the value of the private counter 2-1 is updated by using the value of
the shared counter 1, as shown in FIG. 7-2.

[0124] At a moment T2, an IO request sorting program running on a core 3 calculates a
processing sorting index for IO description information 3-1-1. Subsequently, the value of the shared
counter 1 is increased by 1, and a value of a private counter 3-1 is updated by using the value of the
shared counter 1, as shown in FIG. 7-3.

[0125] At a moment T3, an IO request sorting program running on a core 4 calculates a
processing sorting index for 10 description information 4-1-1. Subsequently, the value of the shared
counter 1 is increased by 1, and a value of a private counter 4-1 is updated by using the value of the
shared counter 1.

[0126] At a moment T4, the IO request sorting program running on the core 4 calculates a
processing sorting index for 10 description information 4-2-1. Subsequently, the value of the shared
counter 2 is increased by 1, and a value of a private counter 4-2 is updated by using the value of the
shared counter 2, as shown in FIG. 7-4.

[0127] At a moment T35, the IO request sorting program running on the core 2 calculates a
processing sorting index for IO description information 2-1-2. Subsequently, the value of the shared
counter 1 is increased by 1, and the value of the private counter 2-1 is updated by using the value of
the shared counter 1.

[0128] At a moment T6, the IO request sorting program running on the core 2 calculates a
processing sorting index for IO description information 2-2-1. Subsequently, the value of the shared
counter 2 is increased by 1, and a value of a private counter 2-2 is updated by using the value of the
shared counter 2, as shown in FIG. 7-5.

[0129] A process of subsequently generating a processing sorting index for remaining 10
description information is deduced by analogy.

[0130] In the example corresponding to FIG. 7-1 to FIG. 7-5, impact of the system time on the
process of generating the processing sorting index is not considered.

[0131] Manner 2:

[0132] A core that runs an IO request sorting program maintains two private counters for each

LUN. A private counter A-B-1 indicates a first private counter that is of a core A and that is
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corresponding to a LUN B, and a private counter A-B-2 indicates a second private counter that is of
the core A and that is corresponding to the LUN B. 2 x P private counters of a core can be written
by only an IO request sorting program running on the core, and P first private counters of a core can
be read by any IO request sorting program. Initial values of all private counters of a core are the
same. After generating a processing sorting index of 10 description information that points to the
LUN B, an IO request sorting program running on the core A increases a value of the private
counter A-B-1 by 1, and then updates the private counter A-B-2 by using a sum of first private
counters for the LUN B of 1O request sorting programs.

[0133] The private counter may be implemented in a plurality of manners. For example, each
private counter may be set in space of a core in which an 10 request sorting program to which the
private counter belongs is located, or private counters in space of cores are combined into a table,
and the table is set in storage space of the memory device. All the private counters are established
by the operating system before the storage controller starts to distribute the IO description
information.

[0134] Therefore, when Manner 2 is used, the obtaining the accumulative index quantity of the
LUN I includes the following steps:

[0135] 2.1. Obtain values of first private counters for the LUN 1 of IO request sorting programs
running on cores, and sum the values of the first private counters for the LUN 1 of the IO request
sorting programs running on the cores.

[0136] 2.2. Calculate a difference between the summing result and a second private counter for
the LUN 1 of the IO request sorting program running on the core 2, where the difference is the
accumulative index quantity of the LUN 1.

[0137] 2.3. Increase a value of a private counter 2-1-1 by 1.

[0138] 2.4. Update a private counter 2-1-2 by using the sum of the values of the first private
counters that are of the cores and that are corresponding to the LUN 1.

[0139] In 2.4, alternatively, a value obtained by adding 1 to the summing result obtained in 2.1
may be used to update the private counter 2-1-2.

[0140] For example, a processor includes three sorting cores. For example, FIG. 8-1 shows an
initial state, and initial values of all private counters are 0. An initial processing sorting index of 10
description information that points to the LUN 1 and that of 1O description information that points
to the LUN 2 are both 0. An IOPS parameter of the LUN 1 is 1000, and an IOPS parameter of the
LUN 2 is 500.

[0141] At a moment T1, an IO request sorting program running on a core 2 calculates a

processing sorting index for 10 description information 2-1-1. Subsequently, the value of the private
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counter 2-1-1 is increased by 1, and the value of the private counter 2-1-2 is updated, as shown in
FIG. 8-2.

[0142] At a moment T2, an IO request sorting program running on a core 3 calculates a
processing sorting index for 10 description information 3-1-1. Subsequently, a value of a private
counter 3-1-1 is increased by 1, and a value of a private counter 3-1-2 is updated, as shown in FIG.
8-3.

[0143] At a moment T3, an IO request sorting program running on a core 4 calculates a
processing sorting index for 10 description information 4-1-1. Subsequently, a value of a private
counter 4-1-1 is increased by 1, and a value of a private counter 4-1-2 is updated.

[0144] At a moment T4, the IO request sorting program running on the core 4 calculates a
processing sorting index for IO description information 4-2-1. Subsequently, a value of a private
counter 4-2-1 is increased by 1, and a value of a private counter 4-2-2 is updated, as shown in FIG.
8-4.

[0145] At a moment TS5, the IO request sorting program running on the core 2 calculates a
processing sorting index for 1O description information 2-1-2. Subsequently, the value of the private
counter 2-1-1 is increased by 1, and the value of the private counter 2-1-2 is updated.

[0146] At a moment T6, the IO request sorting program running on the core 2 calculates a
processing sorting index for 10 description information 2-2-1. Subsequently, a value of a private
counter 2-2-1 is increased by 1, and a value of a private counter 2-2-2 is updated, as shown in FIG.
8-5.

[0147] A process of subsequently generating a processing sorting index for remaining IO
description information is deduced by analogy.

[0148] In the example corresponding to FIG. 8-1 to FIG. 8-5, impact of the system time on the
process of generating the processing sorting index is not considered.

[0149] As shown in FIG. 2A and FIG 2B, the storage controller applied to this application
includes a bus, a processor, a memory device, and a communications interface. The processor, the
memory device, and the communications interface communicate by using the bus.

[0150] The memory device may include a volatile memory (English: volatile memory), for
example, a random access memory (English: random access memory, RAM for short).

[0151] The communications interface includes a network interface and a storage medium access
interface that are separately configured to obtain an IO request and an access storage medium that
are sent by the client.

[0152] The memory device stores code required for executing the 10 request distribution

program, the IO request sorting program, the 10 request processing program, and the operating
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system. When the storage controller runs, each core in the processor invokes the code stored in the
memory device, to perform the IO request processing method provided above.

[0153] In the foregoing embodiments, the description of each embodiment has respective
focuses. For a part that is not described in detail in an embodiment, refer to related descriptions in
other embodiments.

[0154] The method described in combination with the disclosed content in this application may
be implemented in a manner of executing a software instruction by a processor. The software
instruction may include a corresponding software module. The software module may be stored in a
RAM, a flash memory, a ROM, an erasable programmable read only memory (English: erasable
programmable read only memory, EPROM for short), an electrically erasable programmable read
only memory (English: electrically erasable programmable read only memory, EEPROM for short),
an HDD, an SSD, an optical disc, or a storage medium in any other forms well-known in the art.
[0155] A person skilled in the art should be aware that in the foregoing one or more examples,
functions described in this application may be implemented by hardware or software. When the
present invention is implemented by software, the foregoing functions may be stored in a
computer-readable medium or transmitted as one or more instructions or code in the
computer-readable medium. The storage medium may be any available medium accessible to a
general-purpose or dedicated computer.

[0156] The objectives, technical solutions, and benefits of this application are further described
in detail in the foregoing specific embodiments. It should be understood that the foregoing
descriptions are merely specific embodiments of this application, but are not intended to limit the
protection scope of this application. Any modification or improvement made within the spirit and

principle of the present invention shall fall within the protection scope of this application.
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CLAIMS

What is claimed is:

1. A storage controller, wherein the storage controller is applicable to a storage system with a
plurality of storage units, and comprises:

a memory device, and

a plurality of processor cores, comprising a distribution core, a plurality of sorting cores, and a
request processing core, wherein

the distribution core is configured to: receive an 10 request, and distribute the received 10
request to the plurality of sorting cores to generate a processing sorting index for each IO request;

each sorting core is configured to:

obtain an IO request that is distributed by the distribution core and for which a processing
sorting index is to be generated;

determine a target storage unit to which the 10 request for which the processing sorting index
is to be generated points;

obtain an accumulative index quantity of the target storage unit, wherein the accumulative
index quantity of the target storage unit indicates a quantity of IO requests that point to the target
storage unit and for which the plurality of sorting cores have generated processing sorting indexes
since each sorting core generated a processing sorting index for a previously distributed IO request,
wherein the previously distributed 1O request points to the target storage unit;

generate, according to the processing sorting index of the previously distributed 10 request and
a ratio of the accumulative index quantity of the target storage unit to an 10 per second parameter of
the target storage unit, the processing sorting index for the IO request for which the processing
sorting index is to be generated; and

store, into an index queue corresponding to each sorting core, the processing sorting index of
the 10 request for which the processing sorting index is to be generated, wherein the index queue
corresponding to each sorting core is stored in the memory device, and comprises processing
sorting indexes generated by each sorting core for IO requests that point to the plurality of storage
units; and

the request processing core is configured to periodically process an IO request corresponding
to a minimum processing sorting index in the index queue corresponding to each sorting core.

2. The storage controller according to claim 1, wherein each sorting core performs the
following operations to obtain the accumulative index quantity of the target storage unit:

obtaining, from a shared counter for the target storage unit, a current total quantity of 10
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requests that point to the target storage unit and for which the plurality of sorting cores have
generated processing sorting indexes;

obtaining, from a private counter that is of each sorting core and that is corresponding to the
target storage unit, a previous total quantity of 10 requests that point to the target storage unit and
for which the plurality of sorting cores have generated processing sorting indexes when the plurality
of sorting cores generate processing sorting indexes for the previously distributed IO request;

calculating a difference between the current total quantity of 10 requests and the previous total
quantity of 10 requests, to use the difference as the accumulative index quantity of the target storage
unit;

increasing a value of the shared counter for the target storage unit by 1; and

updating, by using the value of the shared counter for the target storage unit, the private
counter that is of each sorting core and that is corresponding to the target storage unit.

3. The storage controller according to claim 1, wherein each sorting core performs the
following operations to obtain the accumulative index quantity of the target storage unit:

obtaining a plurality of private quantities from first private counters that are of the plurality of
sorting cores and that are corresponding to the target storage unit, wherein a private quantity of each
sorting core indicates a quantity of IO requests that point to the target storage unit and for which
each sorting core has generated processing sorting indexes;

summing the plurality of private quantities to obtain a current global quantity of IO requests
that point to the target storage unit and for which processing sorting indexes have been generated,

obtaining, from a second private counter that is of each sorting core and that is corresponding
to the target storage unit, a previous global quantity of IO requests that point to the target storage
unit and for which the plurality of sorting cores have generated processing sorting indexes when the
plurality of sorting cores generate processing sorting indexes for the previously distributed 10
request;

calculating a difference between the current global quantity of IO requests and the previous
global quantity of 10 requests, to use the difference as the accumulative index quantity of the target
storage unit;

increasing, by 1, a value of the first private counter that is of each sorting core and that is
corresponding to the target storage unit; and

updating, by using a sum of current private quantities of the plurality of sorting cores, the
second private counter that is of each sorting core and that is corresponding to the target storage
unit.

4. The storage controller according to any one of claims 1 to 3, wherein each sorting core
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performs the following operations to generate the processing sorting index for the IO request for
which the processing sorting index is to be generated:

obtaining a current system time; and

using, as the processing sorting index of the 10 request for which the processing sorting index
is to be generated, a larger one of the current system time and a sum of the processing sorting index
of the previously distributed IO request and the ratio of the accumulative index quantity of the
target storage unit to the IO per second parameter of the target storage unit.

5. The storage controller according to any one of claims 1 to 4, wherein each sorting core is
further configured to:

at a moment after the processing sorting index is generated for the IO request for which the
processing sorting index is to be generated, determine that there is no IO request that is distributed
to each sorting core, that points to the target storage unit, and for which an index is not generated;

obtain an accumulative index quantity of the target storage unit at the moment, wherein the
accumulative index quantity of the target storage unit at the moment indicates a quantity of 10
requests that point to the target storage unit and for which the plurality of sorting cores have
generated processing sorting indexes before the moment and since each sorting core generated a last
processing sorting index that points to the target storage unit;

calculate a sum of the processing sorting index of the IO request for which the processing
sorting index is to be generated and a ratio of the accumulative index quantity of the target storage
unit at the moment to the IO per second parameter of the target storage unit, to use the sum as a
waiting processing sorting index; and

store the waiting processing sorting index into the index queue corresponding to each sorting
core.

6. The storage controller according to claim 5, wherein during a period in which the waiting
processing sorting index exists in the index queue corresponding to each sorting core, an 10 request
corresponding to a processing sorting index that is comprised in the index queue corresponding to
each sorting core and that is greater than the waiting processing sorting index cannot be processed
by the request processing core; and

each sorting core is further configured to: when an IO request that points to the target storage
unit is distributed to each sorting core after the moment or when a time in which the waiting
processing sorting index exists exceeds a preset threshold, eliminate the waiting processing sorting
index from the index queue corresponding to each sorting core.

7. The storage controller according to any one of claims 1 to 6, wherein the request processing

core performs the following operations to periodically process the 10 request corresponding to the

27



10

15

20

25

30

minimum processing sorting index in the index queue corresponding to each sorting core:

periodically accessing the index queue corresponding to each sorting core; and

processing, in each access, the 10 request corresponding to the minimum processing sorting
index in the index queue corresponding to each sorting core.

8. An IO request processing method, wherein the method is performed by a storage controller
of a storage system comprising a plurality of storage units, the storage controller comprises a
memory device, a distribution core, a plurality of sorting cores, and a request processing core, and
the method comprises:

receiving, by the distribution core, an IO request, and distributing the received 10 request to
the plurality of sorting cores;

obtaining, by each sorting core, an 10 request that is distributed by the distribution core and for
which a processing sorting index is to be generated;

determining, by each sorting core, a target storage unit to which the 10 request for which the
processing sorting index is to be generated points;

obtaining, by each sorting core, an accumulative index quantity of the target storage unit,
wherein the accumulative index quantity of the target storage unit indicates a quantity of IO
requests that point to the target storage unit and for which the plurality of sorting cores have
generated processing sorting indexes since each sorting core generated a processing sorting index
for a previously distributed 10 request, wherein the previously distributed 10 request points to the
target storage unit;

generating, by each sorting core according to the processing sorting index of the previously
distributed IO request and a ratio of the accumulative index quantity of the target storage unit to an
IO per second parameter of the target storage unit, the processing sorting index for the 10 request
for which the processing sorting index is to be generated,

storing, by each sorting core into an index queue corresponding to each sorting core, the
processing sorting index of the IO request for which the processing sorting index is to be generated,
wherein the index queue corresponding to each sorting core is stored in the memory device, and
comprises processing sorting indexes generated by each sorting core for IO requests that point to
the plurality of storage units; and

periodically processing, by the request processing core, an 10 request corresponding to a
minimum processing sorting index in the index queue corresponding to each sorting core.

9. The method according to claim 8, wherein the obtaining, by each sorting core, an
accumulative index quantity of the target storage unit comprises:

obtaining, by each sorting core from a shared counter for the target storage unit, a current total

28



10

15

20

25

30

quantity of IO requests that point to the target storage unit and for which the plurality of sorting
cores have generated processing sorting indexes;

obtaining, by each sorting core from a private counter that is of each sorting core and that is
corresponding to the target storage unit, a previous total quantity of IO requests that point to the
target storage unit and for which the plurality of sorting cores have generated processing sorting
indexes when the plurality of sorting cores generate processing sorting indexes for the previously
distributed 10 request;

calculating, by each sorting core, a difference between the current total quantity of 10 requests
and the previous total quantity of IO requests, to use the difference as the accumulative index
quantity of the target storage unit;

increasing, by each sorting core, a value of the shared counter for the target storage unit by 1;
and

updating, by each sorting core by using the value of the shared counter for the target storage
unit, the private counter that is of each sorting core and that is corresponding to the target storage
unit.

10. The method according to claim 8, wherein the obtaining, by each sorting core, an
accumulative index quantity of the target storage unit comprises:

obtaining, by each sorting core, a plurality of private quantities from first private counters that
are of the plurality of sorting cores and that are corresponding to the target storage unit, wherein a
private quantity of each sorting core indicates a quantity of 10 requests that point to the target
storage unit and for which each sorting core has generated processing sorting indexes;

summing, by each sorting core, the plurality of private quantities to obtain a current global
quantity of 10 requests that point to the target storage unit and for which processing sorting indexes
have been generated;

obtaining, by each sorting core from a second private counter that is of each sorting core and
that is corresponding to the target storage unit, a previous global quantity of 10 requests that point
to the target storage unit and for which the plurality of sorting cores have generated processing
sorting indexes when the plurality of sorting cores generate processing sorting indexes for the
previously distributed 10O request;

calculating, by each sorting core, a difference between the current global quantity of 10
requests and the previous global quantity of IO requests, to use the difference as the accumulative
index quantity of the target storage unit;

increasing, by each sorting core by 1, a value of the first private counter that is of each sorting

core and that is corresponding to the target storage unit; and
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updating, by each sorting core by using a sum of current private quantities of the plurality of
sorting cores, the second private counter that is of each sorting core and that is corresponding to the
target storage unit.

11. The method according to any one of claims 8 to 10, wherein the generating, by each sorting
core, the processing sorting index for the 10 request for which the processing sorting index is to be
generated comprises:

obtaining, by each sorting core, a current system time; and

using, by each sorting core as the processing sorting index of the IO request for which the
processing sorting index is to be generated, a larger one of the current system time and a sum of the
processing sorting index of the previously distributed IO request and the ratio of the accumulative
index quantity of the target storage unit to the IO per second parameter of the target storage unit.

12. The method according to any one of claims 8 to 11, wherein the method further comprises:

at a moment after the processing sorting index is generated for the 10 request for which the
processing sorting index is to be generated, determining, by each sorting core, that there is no IO
request that is distributed to each sorting core, that points to the target storage unit, and for which an
index is not generated;

obtaining, by each sorting core, an accumulative index quantity of the target storage unit at the
moment, wherein the accumulative index quantity of the target storage unit at the moment indicates
a quantity of IO requests that point to the target storage unit and for which the plurality of sorting
cores have generated processing sorting indexes before the moment and since each sorting core
generated a last processing sorting index that points to the target storage unit;

calculating, by each sorting core, a sum of the processing sorting index of the 10 request for
which the processing sorting index is to be generated and a ratio of the accumulative index quantity
of the target storage unit at the moment to the IO per second parameter of the target storage unit, to
use the sum as a waiting processing sorting index; and

storing, by each sorting core, the waiting processing sorting index into the index queue
corresponding to each sorting core.

13. The method according to claim 12, wherein during a period in which the waiting
processing sorting index exists in the index queue corresponding to each sorting core, an 10 request
corresponding to a processing sorting index that is comprised in the index queue corresponding to
each sorting core and that is greater than the waiting processing sorting index cannot be processed
by the request processing core; and

the method further comprises:

when an 10 request that points to the target storage unit is distributed to each sorting core after
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the moment or when a time in which the waiting processing sorting index exists exceeds a preset
threshold, eliminating, by each sorting core, the waiting processing sorting index from the index
queue corresponding to each sorting core.

14. The method according to any one of claims 8 to 13, wherein the periodically processing, by
the request processing core, an 1O request corresponding to a minimum processing sorting index in
the index queue corresponding to each sorting core comprises:

periodically accessing, by the request processing core, the index queue corresponding to each
sorting core; and

processing, by the request processing core in each access, the IO request corresponding to the

minimum processing sorting index in the index queue corresponding to each sorting core.
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