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DISTRIBUTED STORAGE SYSTEM AND DATA PROCESSING

METHOD

[0001] This application claims priority to Chinese Patent Application No. 201910779723.9,

filed on August 22, 2019 and entitled "STORAGE DEVICE, AI CHIP, STORAGE SYSTEM,

AND AI COMPUTING METHOD", and this Chinese patent application claims priority to Chinese5

Patent Application No. 201911109237.2, filed on November 13, 2019 and entitled "STORAGE

DEVICE, DISTRIBUTED STORAGE SYSTEM, AND DATA PROCESSING METHOD", which

are incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the field of storage technologies, and especially, to a storage10

device, a distributed storage system, and a data processing method.

BACKGROUND

[0003] With development of storage technologies and artificial intelligence (artificial

intelligence, AI) technologies, a storage device may store service data for AI computing. The

service data may be, for example, a sample set used for model training, such as a face image set15

used for training a facial recognition model, an audio sample set used for training a speech

recognition model, or a sample text used for training a semantic recognition model.

[0004] The face image set is used as an example. A single server cannot meet a computing

requirement due to a large amount of to-be-computed data. Therefore, currently, a mainstream

architecture is a cluster architecture with a plurality of devices. This architecture includes an AI20

cluster, a storage cluster, and a switch. The AI cluster includes a plurality of AI servers for AI

computing. The storage cluster includes a plurality of storage devices for storing service data. The

switch is configured to forward service data between an AI server and a storage device. In an AI

computing process, the AI server establishes a remote network connection to the storage device
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according to a transmission control protocol/internet protocol (transmission control

protocol/internet protocol, TCP/IP) protocol. When the AI server needs to obtain service data

required for AI computing, the AI server sends a data obtaining request to the storage device

through the switch. After receiving the data obtaining request, the storage device sends stored

service data to the AI server through the switch. Then, the AI server loads the service data to a5

memory for AI computing.

[0005] In the foregoing architecture, the service data needs to be sent from the storage device

to the switch through a network, and then sent from the switch to the AI server through the network,

so that the AI server can obtain the service data to perform AI computing. Therefore, a path for

obtaining service data in an AI computing process is very long. Consequently, the service data is10

obtained at a very slow speed and with low efficiency.

SUMMARY

[0006] Embodiments of this application provide a storage device, a distributed storage system,

and a data processing method, to resolve a technical problem that service data is obtained at a very

slow speed and with low efficiency in a related technology. The technical solutions are as follows:15

[0007] According to a first aspect, a storage device is provided, including a processor, a hard

disk, and an AI apparatus. The AI apparatus communicates with the processor through a high-

speed interconnect network. The processor is configured to: receive service data, and store the

service data in the hard disk. The AI apparatus is configured to: send a data obtaining request to

the processor to obtain the service data, and perform AI computing on the service data.20

[0008] The AI apparatus is disposed inside the storage device provided in this embodiment, so

that the storage device can provide an AI computing capability through the AI apparatus and

provide a service data storage capability through the processor and the hard disk in the storage

device, thereby implementing convergence of storage and AI computing power. When AI

computing needs to be performed, the service data is transmitted inside the storage device through25

the high-speed interconnect network without a need of being forwarded through an external

network. Therefore, a path for transmitting the service data is greatly shortened, and the service

data can be loaded nearby, thereby accelerating loading. Optionally, the data obtaining request

includes a first data obtaining request. The processor is configured to: in response to the first data
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obtaining request, obtain the service data from the hard disk, and send the service data to the AI

apparatus. In this manner, the AI apparatus obtains the service data nearby. The storage device

includes the AI apparatus, the processor, and the hard disk. Therefore, when the AI apparatus needs

to obtain the service data, the AI apparatus sends the data obtaining request to the processor. The

processor in the storage device obtains the service data from the hard disk, and sends the service5

data to an AI processor, so that the AI processor can locally obtain the service data. This avoids

communication overheads caused by requesting the service data from a remote storage device

through a network, and shortens a delay of obtaining the service data.

[0009] Optionally, the data obtaining request includes a second data obtaining request. The

processor is configured to send metadata of the service data to the AI apparatus in response to the10

second data obtaining request. The metadata is used to indicate an address of the service data. The

AI apparatus is configured to: when the metadata indicates that the service data is located in the

storage device, send a first data access request to the hard disk. The first data access request

includes the metadata. The hard disk is configured to: obtain the service data based on the metadata,

and write the service data into the AI apparatus through DMA. In this manner, DMA pass-through15

between the AI apparatus and the hard disk can be implemented. A DMA path is established

between the AI apparatus and the hard disk, so that the AI apparatus and the hard disk can quickly

exchange the service data with each other through the DMA path. This accelerates service data

loading by the AI apparatus, increases an amount of service data that can be simultaneously

processed by the AI apparatus, reduces communication overheads for transmitting an AI parameter20

between AI apparatuses, and accelerates AI training.

[0010] Optionally, the data obtaining request includes a third data obtaining request. The

processor is configured to send metadata of the service data to the AI apparatus in response to the

third data obtaining request. The metadata is used to indicate an address of the service data. The

AI apparatus is configured to: when the metadata indicates that the service data is located in25

another storage device, send a second data access request to the another storage device. The second

data access request includes the metadata. In this optional manner, RDMA pass-through between

an AI memory in the AI apparatus and the another storage device is implemented, and the AI

memory and the another storage device quickly exchange the service data with each other. This

accelerates AI training.30

[0011] Optionally, the storage device further includes a memory. The processor is further
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configured to obtain a segment of memory space from the memory through division and reserve

the segment of memory space for the AI apparatus. In this optional manner, the AI apparatus can

borrow the memory in a storage apparatus to perform AI computing, so that available memory

space of the AI apparatus is expanded, and the AI apparatus can perform AI computing in larger

memory. This improves AI computing efficiency.5

[0012] Optionally, the AI apparatus includes an AI processor and an AI memory. The AI

processor is configured to: when an available capacity of the AI memory reaches a preset threshold,

send a memory application request to the processor. The available capacity of the AI memory is

determined by a specified batch size. The memory application request is used to request the

processor to obtain a segment of memory space from the memory through division and reserve the10

segment of memory space for the AI apparatus. In this optional manner, the AI processor may

perform training by using memory space of the memory. Therefore, because larger available

memory space can increase a batch size for AI training, an amount of service data that can be

processed by the AI apparatus in one batch can be increased, communication overheads for

exchanging an AI parameter between different AI apparatuses can be reduced, and AI training can15

be accelerated. Experiments show that, if AI training is performed only through the AI memory, a

maximum batch size is set to 256. However, in this manner, the batch size may be set to 32000.

Therefore, the batch size is significantly increased.

[0013] In a related technology, the memory in the storage device has a fixed capacity, and

consequently there is frequently no sufficient memory for storing the service data. However, in20

this optional manner, the storage apparatus can borrow the AI memory in the AI apparatus to

read/write the service data, so that available memory space of the storage apparatus is expanded,

and the storage apparatus can store the service data in larger memory. This shortens a service data

read/write time, and improves service data read/write efficiency.

[0014] Optionally, the AI apparatus includes an AI processor. The AI processor is configured25

to: divide a computing task into at least two subtasks, and send a first subtask in the at least two

subtasks to the processor. The processor is further configured to: execute the first subtask, and

send a computing result to the AI processor. In this optional manner, computing power of the AI

processor and computing power of the processor are collaborated, and the AI processor can borrow

the computing power of the processor in the storage device to increase the computing power of30

the AI processor. This accelerates AI computing processed by the AI processor.
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[0015] Optionally, the AI processor is further configured to: before dividing the computing

task into the at least two subtasks, determine that the computing power of the AI processor is

insufficient. In this optional manner, when determining that the computing power of the AI

processor is insufficient, the AI processor can borrow the computing power of the processor to

process AI computing. This breaks a bottleneck of insufficient computing power resources in an5

AI training process.

[0016] Optionally, the processor is configured to: divide a computing task into at least two

subtasks, and send a second subtask in the at least two subtasks to the AI processor. The AI

processor is further configured to: execute the second subtask, and send a computing result to the

AI processor. In this optional manner, computing power of the AI processor and computing power10

of the processor are collaborated, and the processor in the storage device can borrow the computing

power of the AI processor to increase the computing power of the processor in the storage device.

This accelerates service data read/write performed by the processor in the storage device.

[0017] The processor is further configured to: execute the first subtask, and send a computing

result to the AI processor.15

[0018] Optionally, the AI memory communicates with the memory in the storage device

through a memory fabric (memory fabric).

[0019] Optionally, the AI memory communicates with an AI memory in another storage device

through a memory fabric.

[0020] Optionally, the memory in the storage device communicates with a memory in another20

storage device through a memory fabric.

[0021] Optionally, the memory in the storage device communicates with an AI memory in

another storage device through a memory fabric.

[0022] Unified scheduling of a memory and an AI memory in one storage device, unified

scheduling of memories in different storage devices, and unified scheduling of AI memories in25

different storage devices can be implemented through the memory fabric. This improves memory

resource scheduling and use efficiency of a storage system.

[0023] Optionally, the AI apparatus communicates with the processor through a high-speed

serial computer expansion bus standard (peripheral component interconnect express, PCIe for

short) bus.30

[0024] Optionally, the processor is configured to: when an available capacity of the memory
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reaches a preset threshold, send a memory application request to the AI processor. The memory

application request is used to request the processor to obtain a segment of memory space from the

AI memory through division and reserve the segment of memory space for the processor.

[0025] Optionally, the AI apparatus further includes an AI computing power unit. The AI

computing power unit is specifically configured to: obtain the service data from the AI memory,5

and perform AI computing. Optionally, the AI processor is further configured to obtain a segment

of memory space from the AI memory through division and reserve the segment of memory space

for the processor in the storage device.

[0026] Optionally, the AI memory serves as a first level and the memory serves as a second

level, to perform layered AI parameter caching. A priority of the first level is higher than a priority10

of the second level. In this manner, the memory and the AI memory are layered, and an AI

parameter is preferentially cached in the AI memory.

[0027] According to a second aspect, a distributed storage system is provided, including a

plurality of storage devices. The plurality of storage devices include a first storage device. The

first storage device includes a first processor, a first hard disk, and a first AI apparatus. The first15

AI apparatus communicates with the first processor through a high-speed interconnect network.

The first processor is configured to: receive service data, and store the service data in the first hard

disk. The first AI apparatus is configured to: send a data obtaining request to the first processor to

obtain the service data, and perform AI computing on the service data.

[0028] In the distributed storage system provided in this embodiment, two AI apparatuses in20

different storage devices exchange an AI parameter with each other through a first network, and

two storage apparatuses in the different storage devices exchange service data with each other

through a second network, to collaboratively perform AI computing based on the AI parameter

and the service data. Storage capabilities and AI computing power of a plurality of storage devices

are converged, so that an overall storage capability and AI computing power of the system can be25

increased.

[0029] Optionally, the second storage device is configured to transmit the service data to the

first storage device through a second network. The second storage device is further configured to

transmit an AI parameter to the first storage device through a first network. The AI parameter is

used to perform AI computing on the service data. The first network and the second network are30

deployed, so that the AI parameter can be transmitted through the first network, and the service
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data can be transmitted through the second network. Therefore, for the system, a network resource

used to forward an AI parameter can be separated from a network resource used to forward other

data, so as to prevent original storage network resources of the storage device from being occupied

during AI parameter transmission, thereby preventing network transmission performance of the

storage device from being deteriorated when a network bandwidth of the storage device is5

occupied in an AI computing process. In addition, the first network can be dedicated to forwarding

AI-related service data. Therefore, based on the network, impact on networking of an existing

service data center or a storage device cluster can be avoided.

[0030] Optionally, the second storage device is further configured to transmit other service

data to the first storage device through the first network. Optionally, when a quantity of network10

resources of the second network is less than a specified storage network resource threshold, the

other service data is transmitted between the first storage device and the second storage device

through the first network. In this optional manner, a new path is provided for service data exchange

between storage apparatuses. When network resources of the second network are insufficient, the

first network is used to exchange the service data, and the first network may be used as a newly15

added path for forwarding the service data. Therefore, the service data can be transmitted through

the second network or the first network. This increases a network bandwidth for transmitting the

service data, shortens a delay of exchanging the service data, accelerates service data exchange,

and accelerates AI computing.

[0031] Optionally, the second storage device is further configured to transmit another AI20

parameter through the second network. The another AI parameter is used to perform AI computing

on the other service data.

[0032] Optionally, when a quantity of network resources of the first network is less than a

specified AI network resource threshold, the another AI parameter is transmitted between the first

AI apparatus and the second AI apparatus through the second network. In this optional manner, a25

new path is provided for AI parameter exchange between AI apparatuses. When network resources

of the first network are insufficient, the second network is used to exchange the AI parameter. This

increases a network bandwidth for transmitting the AI parameter, shortens a delay of exchanging

the AI parameter, accelerates AI parameter exchange, and accelerates AI computing.

[0033] Optionally, the first AI apparatus includes a first AI processor and a first AI memory,30

the second storage apparatus includes a second processor, and the second AI apparatus includes a
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second AI memory. The first AI processor is configured to: send a network resource request of the

second network to the second processor, and send a memory RDMA access request to the second

processor. The first AI processor is configured to: read other service data from the first memory,

and send the other service data to the second AI apparatus through the second network. The second

AI apparatus writes the other service data into the second memory. In this optional manner,5

memory pass-through between the first storage device and the second storage device is

implemented, and a memory in the first storage device and a memory in the second storage device

can exchange the service data with each other through RDMA. Therefore, processing overheads

of the first processor and the second processor can be avoided, and the service data is directly

transmitted from the first memory to the second memory. This accelerates service data exchange,10

and improves service data exchange efficiency.

[0034] Optionally, the system further includes a management apparatus. The management

apparatus is configured to: receive a first job request; determine distribution of a to-be-trained

dataset based on the first job request, where the dataset includes the service data; and when

determining that the service data is distributed on the first storage device, send a first computing15

request to the first storage device. The first computing request is used to request the first AI

apparatus to perform AI computing on the service data. In this optional manner, the management

apparatus selects the first storage device in which the service data is located, to provide AI

computing, and the first storage device may obtain the service data through a first storage apparatus

in the first storage device, to perform AI computing. This prevents the service data from moving20

across storage devices, avoids a delay caused by accessing another storage device to obtain the

service data, shortens a delay of obtaining the service data, and accelerates AI computing.

[0035] Optionally, the first AI apparatus is configured to: obtain the service data from the first

storage apparatus in the first storage device based on the first computing request, and perform AI

computing on the service data to obtain a first computing result. Optionally, before sending the25

first computing request to the first AI apparatus in the first storage device, the management

apparatus is further configured to determine that a running status of the first storage device meets

a specified condition. In this optional manner, it can be ensured that the selected first storage device

is not occupied currently and can provide AI computing power, so as to avoid problems that device

overheads are excessively high and an AI computing task cannot be completed in time because an30

occupied storage device is selected to perform AI computing.
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[0036] Optionally, the dataset further includes other service data. The management apparatus

is further configured to: when determining that the other service data is distributed on a second

storage device in the plurality of storage devices, further determine a running status of the second

storage device; and when the running status of the second storage device does not meet the

specified condition, send a second computing request to the first storage device. A distance5

between the first storage device and the second storage device is less than a specified distance

threshold. The first AI apparatus is further configured to: obtain the other service data from the

second storage device based on the second computing request, and perform AI computing on the

other service data to obtain a second computing result. In this optional manner, if a storage device

in which the service data is located has been occupied, the management apparatus can select a10

storage apparatus that is close to the service data, to provide AI computing. This shortens a service

data transmission distance, and reduces cross-node service data movements.

[0037] Optionally, before determining whether the running status of the second storage device

meets the specified condition, the management apparatus is further configured to: receive a second

job request, and determine, based on the second job request, that a to-be-trained second dataset is15

distributed on the second storage device.

[0038] According to a third aspect, a data processing method is provided. The method is

applied to a distributed storage system. The distributed storage system includes a plurality of

storage devices. The plurality of storage devices include a first storage device. The method is used

to implement a function provided in any implementation of the second aspect.20

[0039] According to a fourth aspect, a data processing method is provided. The method is

applied to a storage device. The storage device includes a processor, a hard disk, and an AI

apparatus. The AI apparatus communicates with the processor through a high-speed interconnect

network. The method is used to implement a function provided in any implementation of the first

aspect.25

[0040] According to a fifth aspect, a computer-readable storage medium is provided. The

storage medium stores at least one instruction, and the instruction is read by a storage device, so

that the storage device is enabled to perform the data processing method provided in the fourth

aspect or any optional manner of the fourth aspect.

[0041] According to a sixth aspect, a computer-readable storage medium is provided. The30

storage medium stores at least one instruction, and the instruction is read by a distributed storage
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system, so that the distributed storage system is enabled to perform the data processing method

provided in the third aspect or any optional manner of the third aspect.

[0042] According to a seventh aspect, a computer program product is provided. When the

computer program product is run on a storage device, the storage device is enabled to perform the

data processing method provided in the fourth aspect or any optional manner of the fourth aspect.5

[0043] According to an eighth aspect, a computer program product is provided. When the

computer program product is run on a distributed storage system, the distributed storage system is

enabled to perform the data processing method provided in the third aspect or any optional manner

of the third aspect.

BRIEF DESCRIPTION OF DRAWINGS10

[0044] FIG. 1 is an architectural diagram of a distributed storage system according to an

embodiment of this application;

[0045] FIG. 2 is a schematic structural diagram of a storage device according to an

embodiment of this application;

[0046] FIG. 3 is a schematic structural diagram of a storage device according to an15

embodiment of this application;

[0047] FIG. 4 is an architectural diagram of a distributed storage system according to an

embodiment of this application;

[0048] FIG. 5 is a schematic structural diagram of a storage device according to an

embodiment of this application;20

[0049] FIG. 6 is a schematic structural diagram of a storage device according to an

embodiment of this application;

[0050] FIG. 7 is a flowchart of a data processing method according to an embodiment of this

application;

[0051] FIG. 8 is a flowchart of a data processing method according to an embodiment of this25

application;

[0052] FIG. 9 is a flowchart of a data processing method according to an embodiment of this

application;

[0053] FIG. 10 is a schematic diagram of a data transmission procedure according to an
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embodiment of this application;

[0054] FIG. 11 is a schematic diagram of a data transmission procedure according to an

embodiment of this application;

[0055] FIG. 12 is a flowchart of a data processing method according to an embodiment of this

application;5

[0056] FIG. 13 is a schematic diagram of a data transmission procedure according to an

embodiment of this application;

[0057] FIG. 14 is a flowchart of a data processing method according to an embodiment of this

application;

[0058] FIG. 15 is a flowchart of a data processing method according to an embodiment of this10

application;

[0059] FIG. 16 is a flowchart of a data processing method according to an embodiment of this

application;

[0060] FIG. 17 is a flowchart of a data processing method according to an embodiment of this

application;15

[0061] FIG. 18 is a flowchart of a data processing method according to an embodiment of this

application;

[0062] FIG. 19 is a flowchart of a data processing method according to an embodiment of this

application;

[0063] FIG. 20 is a schematic diagram of a data transmission procedure according to an20

embodiment of this application;

[0064] FIG. 21 is a flowchart of a data processing method according to an embodiment of this

application;

[0065] FIG. 22 is a flowchart of a data processing method according to an embodiment of this

application;25

[0066] FIG. 23 is a schematic diagram of a data transmission procedure according to an

embodiment of this application;

[0067] FIG. 24 is a flowchart of a data processing method according to an embodiment of this

application;

[0068] FIG. 25 is a schematic diagram of a data transmission procedure according to an30

embodiment of this application;
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[0069] FIG. 26 is a flowchart of a data processing method according to an embodiment of this

application;

[0070] FIG. 27 is a schematic diagram of a data transmission procedure according to an

embodiment of this application;

[0071] FIG. 28 is a flowchart of a data processing method according to an embodiment of this5

application;

[0072] FIG. 29 is a schematic diagram of a data transmission procedure according to an

embodiment of this application;

[0073] FIG. 30 is a flowchart of a data processing method according to an embodiment of this

application;10

[0074] FIG. 31 is a flowchart of a data processing method according to an embodiment of this

application;

[0075] FIG. 32 is a flowchart of a data processing method according to an embodiment of this

application; and

[0076] FIG. 33 is a logical architectural diagram of a data processing method according to an15

embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0077] The following explains terms related in this application.

[0078] Artificial intelligence (artificial intelligence, AI) is a theory, a method, a technology,

and an application system for simulating, extending, and expanding human intelligence through a20

computer or a machine controlled by a computer, to sense an environment, obtain knowledge, and

obtain an optimal result by using the knowledge. In other words, the artificial intelligence is a

comprehensive technology of computer science, which produces, based on essence of intelligence,

a new intelligent machine that can react in a manner similar to that of the human intelligence. The

artificial intelligence is to study design principles and implementations of various intelligent25

machines, so that the machines have perception, inference, and decision-making functions.

[0079] Generally, AI implementation includes two phases: training and inference. Training

means that a neural network model is obtained through training by using a large quantity of labeled

samples, so that the neural network model can have a specific function. Inference is also referred
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to as prediction or inference, and means that a neural network model obtained through training is

used to infer various conclusions based on new service data.

[0080] A high-speed serial computer expansion bus standard (peripheral component

interconnect express, PCIe for short) bus is a local bus developed based on a peripheral component

interconnect (peripheral component interconnect, PCI for short) bus, and is used to connect a5

processor and at least one peripheral device. A peripheral device that conforms to a PCIe bus

standard is referred to as a PCIe device. The PCIe bus has at least one PCIe interface. Each PCIe

interface may be a slot in a physical form. Each PCIe interface is configured to connect to one

PCIe device. Each PCIe device on the PCIe bus uses a serial interconnect manner, and different

PCIe devices on the PCIe bus may perform service data transmission in a point-to-point manner.10

A PCIe protocol is generally compatible with a technology related to the PCI protocol and a PCI

device.

[0081] A Huawei cache coherence system (Huawei cache-coherent system, HCCS) is a

protocol standard for maintaining consistency of service data between a plurality of ports (socket).

[0082] An AI parameter is a parameter in an AI model that is determined through AI training.15

In other words, the AI model may be considered as a function, and the AI parameter may be

considered as a coefficient in the function. For example, if the AI model is a neural network, the

AI parameter may be a weight of a convolution kernel in the neural network. For another example,

if the AI model is a support vector machine, the AI parameter may be a support vector in the

support vector machine. For another example, if the AI model is a linear regression model or a20

logistic regression model, the AI parameter may be a coefficient in the linear regression model or

the logistic regression model. Certainly, the enumerated AI model is merely an example. The AI

model may alternatively be another type of model, for example, a decision tree model, a random

forest model, a confidence network, a reinforcement learning model, a transfer learning model, or

an inductive learning model, or a combination thereof. Correspondingly, the AI parameter may25

alternatively be a parameter in the another type of model. A specific type of the AI parameter and

a specific type of the AI model are not limited in the embodiments of this application.

[0083] An AI parameter adjustment process is critical to AI computing. Specifically, in an AI

computing process, service data in a dataset is usually input into an AI model. The AI model

performs inference and prediction on the service data based on an AI parameter, to obtain a30

prediction result. The AI parameter is adjusted based on an error between the prediction result and
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an actual result, so that the error is reduced when inference and prediction is performed next time

based on an adjusted AI parameter. AI parameter adjustment is cyclically performed, so that the

AI parameter can be gradually accurate through adjustment. When training ends, an AI model

including an accurate parameter may be used to implement accurate inference and prediction, for

example, accurately perform facial recognition on a face image. Some embodiments of this5

application can greatly accelerate AI parameter adjustment. For example, by performing the

following embodiment in FIG. 17, computing power of a processor in a storage device may be

borrowed to greatly increase AI computing power. Therefore, AI parameter computing can be

accelerated through stronger AI computing power. For another example, by performing the

following embodiment in FIG. 26, a back-end storage network resource (that is, a network resource10

of a second network) may be borrowed to greatly increase a quantity of available network

resources for AI computing. Therefore, AI parameter transmission can be accelerated through

more network resources, thereby accelerating AI parameter adjustment and update.

[0084] Direct memory access (direct memory access, DMA for short) is a technology for

transmitting data between a memory and a peripheral device. Through DMA, the peripheral device15

may directly write data into the memory or access data in the memory without a need of

participation of a central processing unit (central processing unit, CPU). For example, the

peripheral device may apply to a processor for memory space, and the processor allocates a

memory buffer (buffer) to the peripheral device. Then, the peripheral device may directly write

data into the memory buffer, or directly read data from the memory buffer. The peripheral device20

mentioned herein may be referred to as a DMA controller in a DMA related protocol.

[0085] In an embodiment in FIG. 9 of this application, a hard disk may be the peripheral device

described above, and an AI memory may be the memory described above. The hard disk may

directly access the AI memory through DMA without a need of participation of a processor and an

AI processor in a storage device, thereby accelerating access of the AI memory.25

[0086] Remote direct memory access (remote direct memory access, RDMA for short) is a

technology for directly transmitting data from a memory in one device to a memory in another

device. RDMA provides message queue–based point-to-point communication. Each application

may obtain a message of the application through a message queue, to avoid CPU intervention. In

an RDMA related protocol, an apparatus that performs an RDMA operation (RDMA verb) may be30

referred to as a remote direct memory access network interface controller (RDMA network
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interface controller, RNIC for short). The RDMA operation may include a storage operation

(memory verb) and a message operation (messaging verb). The storage operation may be used to

transmit data. The storage operation includes an RDMA write operation, an RDMA read operation,

and an atomic operation. For example, a process of the RDMA write operation may include: A

CPU of a destination device sends a virtual address of a memory area and permission information5

of the memory area to a CPU of a source device. The CPU of the source device stores to-be-written

data into a memory area of the source device. The CPU of the source device generates an RDMA

write instruction based on a virtual address of the memory area of the source device, the virtual

address of the memory area of the destination device, and the permission information of the

memory area of the destination device, and adds the RDMA write instruction to a transmit queue10

of the RNIC. Then, the source device notifies, through a doorbell mechanism, the RNIC to execute

the instruction in the transmit queue. Next, the RNIC reads the instruction from the transmit queue

to obtain the RDMA write instruction, and performs the RDMA write operation according to the

RDMA write instruction. The RDMA read operation may include: The CPU of the destination

device stores data in the memory area, and sends the virtual address of the memory area and the15

permission information of the memory area of the destination device to the CPU of the source

device. The CPU of the source device receives the virtual address and the permission information,

generates an RDMA read instruction based on the virtual address of the memory area of the source

device, the virtual address of the memory area of the destination device, and the permission

information of the memory area of the destination device, and adds the RDMA read instruction to20

the transmit queue. Then, the source device notifies, through the doorbell mechanism, the RNIC

to execute the instruction in the transmit queue. The RNIC reads the instruction from the transmit

queue to obtain the RDMA read instruction, and performs the RDMA read operation according to

the RDMA write instruction. The message operation may be used to control a message. The

message operation may include an RDMA sending operation and an RDMA receiving operation.25

[0087] In the embodiment in FIG. 26 of this application, a first network interface (which may

be referred to as an AI parameter network interface) in an AI apparatus may be an RNIC, and may

access an AI memory in another storage device through RDMA, or write an AI parameter into an

AI memory in another storage device through RDMA. In an embodiment in FIG. 22 of this

application, a second network interface (which may be referred to as a back-end switching30

interface) in a storage apparatus may be an RNIC, and may access a memory in another storage
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device through RDMA, or write service data into a memory in another storage device through

RDMA.

[0088] A distributed storage system provided in this application is described below by using

an example.

[0089] FIG. 1 is an architectural diagram of a distributed storage system according to an5

embodiment of this application. A distributed storage system 1 includes a plurality of storage

devices. The plurality of storage devices include a first storage device 10.

[0090] The first storage device 10 is configured to store service data and process AI computing.

The first storage device 10 includes a first storage apparatus 100 and a first AI apparatus 101. The

first AI apparatus 101 is disposed inside the first storage device 10. The first storage apparatus 10010

may include a first processor 1001 and a first hard disk 1002.

[0091] The first AI apparatus 101 communicates with the first processor 1001 through a high-

speed interconnect network.

[0092] The first processor 1001 is configured to: receive service data, and store the service

data in the first hard disk 1002.15

[0093] The first AI apparatus 101 is configured to: send a data obtaining request to the first

processor 1001 to obtain the service data, and perform AI computing on the service data.

[0094] Optionally, the data obtaining request includes a first data obtaining request.

[0095] The first processor 1001 is configured to: in response to the first data obtaining request,

obtain the service data from the first hard disk 1002, and send the service data to the first AI20

apparatus 101.

[0096] Optionally, the data obtaining request includes a second data obtaining request.

[0097] The first processor 1001 is configured to send metadata of the service data to the first

AI apparatus 101 in response to the second data obtaining request. The metadata is used to indicate

an address of the service data.25

[0098] The first AI apparatus 101 is configured to: when the metadata indicates that the service

data is located in the first storage device, send a first data access request to the first hard disk 1002.

The first data access request includes the metadata.

[0099] The first hard disk 1002 is configured to: obtain the service data based on the metadata,

and write the service data into the first AI apparatus 101 through DMA.30

[0100] Optionally, the plurality of storage devices further include a second storage device 11.
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The first storage device 10 and the second storage device 11 are two different storage devices. The

first storage device 10 communicates with the second storage device 11 through a network.

[0101] The second storage device 11 is configured to store service data and process AI

computing. The second storage device 11 includes a second storage apparatus 110 and a second

AI apparatus 111. The second AI apparatus 111 is disposed inside the second storage device 11.5

[0102] The second storage device 11 includes a second processor 1101 and a second hard disk

1102. The second AI apparatus communicates with the second processor 1101 through the high-

speed interconnect network.

[0103] The second processor 1101 is configured to: receive service data, and store the service

data in the second hard disk 1102.10

[0104] The second AI apparatus is configured to: send a data obtaining request to the second

processor 1101 to obtain the service data, and perform AI computing on the service data.

[0105] Optionally, the data obtaining request includes a third data obtaining request.

[0106] The first processor 1001 is configured to send metadata of the service data to the first

AI apparatus 101 in response to the third data obtaining request. The metadata is used to indicate15

an address of the service data.

[0107] The first AI apparatus 101 is configured to: when the metadata indicates that the service

data is located in the second storage device 11 in the plurality of storage devices, send a second

data access request to the second storage device 11, where the second data access request includes

the metadata; and receive the service data that is sent by the second storage device 11 in response20

to the second data access request.

[0108] Optionally, the second storage device 11 is configured to transmit the service data to

the first storage device 10 through a second network 12. The second storage device 11 is further

configured to transmit an AI parameter to the first storage device 10 through a first network 13.

The AI parameter is used to perform AI computing on the service data.25

[0109] The first network 13 may be referred to as an AI parameter network, and is used to

transmit an AI parameter between the first storage device 10 and the second storage device 11.

One or more network devices such as a router and a switch may be disposed in the first network

13. Specifically, the network device 13 may be separately connected to the first AI apparatus 101

and the second AI apparatus 111, and an AI parameter is transmitted between the first AI apparatus30

101 and the second AI apparatus 111 through the network device. For example, the network device
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may be connected to a first network interface in the first AI apparatus 101 and a first network

interface in the second AI apparatus 111.

[0110] The second network 12 may be referred to as a back-end storage network, and is used

to transmit service data between the first storage device 10 and the second storage device 11. One

or more network devices such as a router and a switch may be disposed in the second network 12.5

Specifically, the network device may be connected to the first storage apparatus 100 and the second

storage apparatus 110, and service data is transmitted between the first storage apparatus 100 and

the second storage apparatus 110 through the network device. For example, the network device

may be connected to a second network interface in the first storage apparatus 100 and a second

network interface in the second storage apparatus 110.10

[0111] The first network 13 and the second network 12 are deployed, so that the AI parameter

can be transmitted through the first network 13, and the service data can be transmitted through

the second network 12. Therefore, for the storage system 1, a network resource used to forward an

AI parameter can be separated from a network resource used to forward other data, so as to prevent

original storage network resources of a storage device from being occupied during AI parameter15

transmission, thereby preventing network transmission performance of the storage device from

being deteriorated when a network bandwidth of the storage device is occupied in an AI computing

process. In addition, the first network 13 can be dedicated to forwarding AI-related service data.

Therefore, based on the network, impact on networking of an existing service data center or a

storage device cluster can be avoided.20

[0112] Optionally, a third network 14 may be further deployed for the distributed storage

system 1. The third network 14 may be referred to as a service network. The first storage device

10 may communicate with the second storage device 11 through the third network 14. The third

network 14 may include one or more network devices. The network device may be separately

connected to a service interface in the first storage apparatus 100 and a service interface in the25

second storage apparatus 110. It should be understood that, in this embodiment, the first storage

device 10 and the second storage device 11 in the distributed storage system 1 are merely used as

examples for description. A person skilled in the art may learn that the distributed storage system

1 may include more or fewer storage devices. For example, the distributed storage system 1 may

include only the first storage device 10 and the second storage device 11. Alternatively, the30

distributed storage system 1 may include dozens or hundreds of storage devices or more storage
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devices. In this case, the distributed storage system 1 further includes other storage devices in

addition to the first storage device 10 and the second storage device 11. A quantity of storage

devices is not limited in this embodiment. Particularly, as a requirement on AI computing power

increases, a scale of the storage system 1 in this embodiment may be accordingly enlarged. For

example, the storage system 1 may include millions of storage devices, so that overall computing5

power of the system 1 is enhanced to a million level or higher.

[0113] In addition, the first storage device 10 may be generally any one of the plurality of

storage devices in the distributed storage system 1, and the second storage device 11 may be

generally any one of the plurality of storage devices in the distributed storage system 1 other than

the first storage device 10. In this embodiment, the first storage device 10 and the second storage10

device 11 are merely used as examples for description.

[0114] In the distributed storage system provided in this embodiment, two AI apparatuses in

different storage devices exchange an AI parameter with each other through the first network, and

two storage apparatuses in the different storage devices exchange service data with each other

through the second network, to collaboratively perform AI computing based on the AI parameter15

and the service data. Storage capabilities and AI computing power of a plurality of storage devices

are converged, so that an overall storage capability and AI computing power of the system can be

increased. The first network may be a PCIe high-speed interconnect network, a fibre channel (FC),

a SCSI, the Ethernet, RDMA, a memory fabric, or the like. The second network may be a PCIe

high-speed interconnect network, an FC, a SCSI, the Ethernet, RDMA, a memory fabric, or the20

like.

[0115] Optionally, the second storage device 110 is further configured to transmit other service

data to the first storage device 10 through the first network 13. The second storage device 110 is

further configured to transmit another AI parameter through the second network 12. The another

AI parameter is used to perform AI computing on the other service data.25

[0116] For example, when a quantity of resources of the second network is less than a specified

storage network resource threshold, the other service data may be transmitted between the first

storage apparatus 100 and the second storage apparatus 110 through the first network 13.

Specifically, the first storage apparatus 100 includes the first processor and a first memory, and the

second storage apparatus 110 includes the second processor and a second memory. The first AI30

apparatus 101 includes a first AI processor and a first AI memory. The first AI processor sends a
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network resource request of the first network to a second AI processor, and sends a memory

RDMA access request to the second processor. The first AI apparatus 101 reads the other service

data from the first memory, and sends the other service data to the second AI apparatus 111 through

the first network 13. The second AI apparatus 111 writes the other service data into the second

memory.5

[0117] Optionally, when a quantity of resources of the first network is less than a specified AI

network resource threshold, the another AI parameter is transmitted between the first AI apparatus

101 and the second AI apparatus 111 through the second network 12. Specifically, the first AI

processor sends a network resource request of the second network to the second processor. The

first AI processor is configured to: obtain the another AI parameter from the first AI memory, and10

transmit the another AI parameter to a second AI memory through the second network 12 through

RDMA.

[0118] Optionally, the system 1 further includes a management apparatus. The management

apparatus is a software module. Functionally, the management apparatus is configured to manage

all the storage devices in the distributed storage system 1, for example, schedule the storage15

devices to process AI computing. The management apparatus may be an independent device, for

example, may be a host, a server, a personal computer, or another device. Alternatively, the

management apparatus may be located in any storage device. When the management apparatus is

an independent device, the management apparatus may communicate with any storage device in

the system through a network.20

[0119] A specific example is used below to describe how the management apparatus schedules

the storage devices. When receiving a first job request, the management apparatus determines

distribution of a to-be-trained dataset based on the first job request. When determining that the

service data in the dataset is distributed on the first storage device 10, the management apparatus

sends a first computing request to the first AI apparatus 101 in the first storage device 10. The first25

AI apparatus 101 is configured to: obtain the service data from the first storage device 10 based

on the first computing request, and perform AI computing on the service data to obtain a first

computing result. This is a near-data AI computing manner, to be specific, an AI apparatus in a

storage device in which the dataset is located is preferentially selected to perform AI computing

on the dataset. This can avoid cross-network data transmission to some extent, and save network30

resources. It should be understood that, in some cases, a running status of the storage device in
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which the dataset is located may be poor, and consequently it is not appropriate for the storage

device to receive an AI computing task. Therefore, in this embodiment, before sending the first

computing request to the first AI apparatus 101 in the first storage device 10, the management

apparatus is further configured to determine that a running status of the first storage device 10

meets a specified condition.5

[0120] Therefore, when the running status of the first storage device 10 does not meet the

specified condition, a storage device whose distance from the first storage device 10 is less than a

specified distance threshold, for example, the second storage device 11, may be selected to perform

AI computing.

[0121] In some embodiments, the to-be-trained dataset may further include other service data.10

[0122] The management apparatus is further configured to: when determining that the other

service data is distributed on the second storage device 11 in the plurality of storage device, further

determine a running status of the second storage device 11; and when the running status of the

second storage device 11 does not meet a specified condition, send a second computing request to

the first storage device 10. A distance between the first storage device 10 and the second storage15

device 11 is less than a specified distance threshold.

[0123] The first AI apparatus 101 is further configured to: obtain the other service data from

the second storage device 11 based on the second computing request, and perform AI computing

on the other service data to obtain a second computing result.

[0124] In some possible embodiments, the storage system 1 may further include a host (not20

shown in FIG. 1). The host is configured to collaborate with the first storage device 10 and the

second storage device 11 to perform AI computing. The host may be an AI server, or may be an

application server. The AI server is configured to execute an AI computing task. For example, the

AI server may perform model training or service data processing. In a running process of the AI

server, the AI server may exchange a model parameter with the first storage device 10 and/or the25

second storage device 11. The application server may receive a model training instruction or a

service data processing instruction from a terminal, and perform resource scheduling, AI algorithm

storage, AI algorithm updating, or the like in an AI computing process. The host may provide AI

computing power through a general-purpose processor such as a CPU, or may provide AI

computing power through a processor such as a graphics processing unit (English: graphics30

processing unit, GPU for short), a neural processing unit (English: neural-network processing unit,
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NPU for short), a tensor processing unit (English: tensor processing unit, TPU for short), or a field-

programmable gate array (English: field-programmable gate array, FPGA for short). The host may

be a physical device, or may be a virtual device such as an elastic cloud server leased from a cloud

platform. In the AI computing process, the first storage device 10 and the second storage device

11 may undertake a primary computing task, and the host undertakes a secondary computing task;5

or the host undertakes a primary computing task, and the first storage device 10 and the second

storage device 11 undertake a secondary computing task.

[0125] In some possible embodiments, the second network 12 may include an internal network

device and an external network device.

[0126] The internal network device may be disposed inside the first storage device 10 and/or10

the second storage device 11. The internal network device may be connected to components of the

first storage device 10 and/or the second storage device 11 through the high-speed interconnect

network. The internal network device may be a bus, which may be specifically a serial interface

bus, for example, any one of a PCIE bus, an HCCS bus, the Ethernet, an IB, and an FC. The first

storage device 10 and/or the second storage device 11 may back up stored data through the internal15

network device, to protect service data and an AI parameter.

[0127] The external network device may be disposed outside the first storage device 10 and

the second storage device 11. The external network device is connected to the first storage device

10 and the second storage device 11 through a network. The external network device may be a

switch, a router, or the like. The first storage device 10 and the second storage device 11 each may20

provide a data storage service for an application through the external network device, for example,

a file storage service, an object storage service, or a block storage service. The external network

device may be a switch, a router, or the like.

[0128] In some possible embodiments, an internal network device and an external network

device may be disposed in the first network 13. The internal network device and the external25

network device in the first network are respectively similar to the internal network device and the

external network device in the second network 12. Details are not described herein again.

[0129] In some possible embodiments, the internal network device and the external network

device in the second network 12 and/or the first network 13 may be deployed together as a whole.

[0130] In some possible embodiments, the quantity of storage devices in the system 1 may be30

dynamically increased or reduced based on a requirement on AI computing power, to implement



23

elastic capacity expansion or elastic capacity shrinking. Specifically, the storage system 1 may be

considered as a resource pool, the storage device may be considered as a resource in the resource

pool, and the resource can provide both AI computing power and a storage capability. If the storage

system 1 has insufficient AI computing power, for example, if load of each AI apparatus has

exceeded a load threshold, a storage device may be added to the storage system 1, and an existing5

storage device and the newly added storage device in the storage system 1 jointly provide AI

computing power, to implement capacity expansion and relieve load of an AI apparatus in a single

storage device. If the storage system 1 is idle, the quantity of storage devices in the storage system

1 may be reduced, to implement capacity shrinking.

[0131] A storage device provided in this application is described below by using an example.10

[0132] FIG. 2 is a schematic structural diagram of a storage device according to an

embodiment of this application. A storage device 2 may be the first storage device 10 in the system

1 shown in FIG. 1, or may be the second storage device 11 in the system 1 shown in FIG. 1, or

certainly may be another storage device not shown in FIG. 1.

[0133] As shown in FIG. 2, the storage device 2 includes a storage apparatus 20 and an AI15

apparatus 21.

[0134] The storage apparatus 20 includes a hard disk 201 and a processor 202.

[0135] The processor 202 is configured to: receive service data, and store the service data in

the hard disk 201. The service data may be used as an input for AI computing. For example, the

service data may be a sample set used for model training, or a dataset used for inference and20

prediction. For example, in a model training phase, the service data may include one or more of a

sample image, a sample video, a sample speech, or a sample text. The sample image may be used

for training to obtain an image recognition model, the sample video may be used for training to

obtain a video recognition model or a target analysis model, the sample text may be used for

training to obtain a semantic recognition model, or the like. For another example, in a model25

application phase, the service data may be a to-be-recognized image, video, speech, or text, which

may be used for image recognition, facial recognition, speech recognition, or text understanding.

In some embodiments, the processor 202 may provide a computing resource, and the storage

apparatus 20 may process the service data through the processor 202.

[0136] The hard disk 201 may provide storage space. The hard disk 201 is configured to store30

the service data. The hard disk 201 may be a smart disk. The smart disk has components such as a
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processor, a memory, and a DMA controller. Therefore, the smart disk can undertake more

functions than a conventional hard disk, for example, can transmit data through DMA.

[0137] The AI apparatus 21 is configured to: send a data obtaining request to the processor

202 to obtain the service data, and perform AI computing on the service data. The AI apparatus is

disposed inside the storage device 2. The AI apparatus 21 provides an AI computing capability for5

the storage device 2. By running the AI apparatus 21, AI computing methods in the following

method embodiments may be performed. The AI apparatus 21 may be in a form of a chip or another

physical component. For example, the AI apparatus 21 may be a training chip configured to

construct a neural network model, or may be an inference chip configured to perform inference

through a neural network model. The data obtaining request is used to request to obtain the service10

data stored in the hard disk 201.

[0138] The AI apparatus 21 communicates with the processor 202 through a high-speed

interconnect network 22. The high-speed interconnect network 22 is used for data communication

between the AI apparatus 21 and the processor 202. The high-speed interconnect network 22 may

be any one of PCIe, a memory fabric, the high-speed Ethernet, an HCCS, an infiniband (infiniband,15

IB), and a fibre channel (fiber channel, FC). The high-speed interconnect network 22 may be in a

form of a bus. In this case, the high-speed interconnect network 22 may also be referred to as a

high-speed interconnect switch or a high-speed interconnect bus. For example, the storage device

2 may include a high-speed interconnect bus, and the AI apparatus 21 and the processor 202 may

be connected to the high-speed interconnect bus, to access the high-speed interconnect network.20

In some possible embodiments, the AI apparatus 21 may include a high-speed interconnect

network interface, and the processor 202 may include a high-speed interconnect network interface.

The AI apparatus 21 is connected to the high-speed interconnect bus through the high-speed

interconnect network interface of the AI apparatus 21, and the processor 202 is connected to the

high-speed interconnect bus through the high-speed interconnect network interface of the25

processor 202. The high-speed interconnect network interface may be a serial bus interface.

Specifically, the high-speed interconnect network interface may be any one of a PCIE interface,

an HCCS interface, an Ethernet interface, an IB interface, and an FC interface. If there are different

types of high-speed interconnect network interfaces, the service data may be transmitted between

the AI apparatus 21 and the processor 202 at different speeds. Experiments show that a service30

data loading rate can be increased by 2 to 10 times based on different types of interfaces. In
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addition, the storage device 2 may supply electric energy to the AI apparatus 21 through the high-

speed interconnect network interface of the AI apparatus 21. It should be understood that the high-

speed interconnect bus is merely an example of the high-speed interconnect network 22. The high-

speed interconnect network 22 may not be the high-speed interconnect bus, but another bus having

a memory pass-through function. A specific type of the high-speed interconnect network 22 is not5

limited in this embodiment.

[0139] In the storage device, there may be a plurality of components that communicate with

each other through the high-speed interconnect network 22. For example, a memory 203 and an

AI memory 210 in the storage device may communicate with each other through the high-speed

interconnect network 22. For another example, the hard disk 201 and the AI memory 210 may10

communicate with each other through the high-speed interconnect network 22. For another

example, the hard disk 201 and the memory 203 may communicate with each other through the

high-speed interconnect network 22. For another example, the processor 202 and an AI processor

213 in the storage device may communicate with each other through the high-speed interconnect

network 22. In addition, if there are a plurality of memories 203, different memories may15

communicate with each other through the high-speed interconnect network 22. If there are a

plurality of AI memories 210, different AI memories may communicate with each other through

the high-speed interconnect network 22. Certainly, the foregoing components that communicate

with each other are merely used as examples for description. All different components that are

connected through the high-speed interconnect network 22 may communicate with each other20

through the high-speed interconnect network 22. An execution body of performing communication

through the high-speed interconnect network 22 is not limited in this embodiment.

[0140] There may be a plurality of manners of performing communication through the high-

speed interconnect network 22. The following two manners are used as examples for description.

[0141] Manner 1: Communication is performed through DMA. For the DMA-based25

communication, refer to the following embodiment in FIG. 9 and the foregoing description of the

DMA technical principle. Details are not described herein again.

[0142] Manner 2: Communication is performed through a memory fabric (memory fabric).

[0143] Referring to FIG. 3, the storage device may include a memory fabric 23. The memory

fabric 23 may integrate a function of the high-speed interconnect network 22 and a function of a30

first network interface 211. The AI memory 210 may be connected to the memory 203 through the
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memory fabric 23, and the AI memory 210 may communicate with the memory 203 through the

memory fabric 23. In addition, the memory fabric 23 may also implement communication between

memories across devices. For example, the AI memory 210 may also be connected to an AI

memory in another storage device through the memory fabric 23, and the AI memory 210 may

also communicate with the AI memory in the another storage device through the memory fabric5

23. For another example, the memory 203 may also be connected to a memory in another storage

device through the memory fabric 23, and the memory 203 may also communicate with the

memory in the another storage device through the memory fabric 23. The AI memory 210 may

also be connected to a memory in another storage device through the memory fabric 23, and the

AI memory 210 may also communicate with the memory in the another storage device through10

the memory fabric 23. For another example, the memory 203 may also be connected to an AI

memory in another storage device through the memory fabric 23, and the memory 203 may also

communicate with the AI memory in the another storage device through the memory fabric 23. In

addition, in some embodiments, the memory fabric 23 may further integrate a function of a second

network interface 204, or integrate functions of other components in the storage device that are15

configured to perform network communication. In this case, the components other than the

memory in the storage device may communicate with each other through the memory fabric 23.

[0144] For the manner of communication performed through the memory fabric 23, in some

possible embodiments, memories that are connected to each other through the memory fabric 23

may constitute a memory resource pool, and corresponding addresses are assigned to memory20

space of the memories in the memory resource pool in a unified manner, so that the memory space

of all the memories in the memory resource pool belongs to a same address range. After service

data or an AI parameter is written into any memory space of any memory in the memory resource

pool, metadata of the service data or the AI parameter may be obtained based on an address of the

memory space, and then corresponding memory space may be obtained through addressing25

through the memory fabric 23 based on the metadata, to read the service data or the AI parameter

from the memory space. An addressing object may be local memory space of the storage device,

or may be memory space of a remote storage device.

[0145] For example, referring to FIG. 4, a first memory, a second memory, a first AI memory,

and a second AI memory may communicate with each other through a memory fabric. The first30

memory, the second memory, the first AI memory, and the second AI memory may constitute a
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memory resource pool of the system 1. For example, when a first AI processor or a first processor

needs to obtain an AI parameter, the first AI processor or the first processor determines, based on

metadata of the AI parameter, an address of memory space in which the AI parameter is located in

the memory resource pool, and obtains the memory space through addressing through the memory

fabric.5

[0146] Unified scheduling of a memory and an AI memory in one storage device, unified

scheduling of memories in different storage devices, and unified scheduling of AI memories in

different storage devices can be implemented through the memory fabric. This improves memory

resource scheduling and use efficiency of a storage system.

[0147] That the AI apparatus 21 communicates with the storage apparatus 20 through the high-10

speed interconnect network 22 may bring at least the following effects: In an AI computing process,

when the AI apparatus 21 needs to load service data required for AI computing, the service data

can be sent from the storage apparatus 20 to the AI apparatus 21 through the high-speed

interconnect network 22, and loaded to the AI memory 210 in the AI apparatus 21. When the AI

apparatus 21 needs to store a computing result of AI computing, the computing result can be sent15

from the AI apparatus 21 to the hard disk 201 in the storage apparatus 20 through the high-speed

interconnect network 22, so that the computing result can be stored in the hard disk 201. In this

way, for a loading path and a storage path, the service data is transmitted inside the storage device

2 through the high-speed interconnect network 22, instead of being transmitted outside the storage

device 2 through forwarding by one or more network links and one or more switches. Therefore,20

a path for transmitting the service data can be greatly shortened, so that the AI apparatus 21 can

obtain the service data nearby that is stored in the storage apparatus 20, and store the computing

result in the storage apparatus 20 nearby. In addition, the service data is transmitted based on the

high-speed interconnect network 22 instead of a common remote network according to a TCP/IP

protocol. A transmission speed of the high-speed interconnect network 22 is usually far faster than25

a transmission speed of the remote network, and a cumbersome procedure of establishing a

network communication connection such as three-way handshake required for network

communication can be avoided. Therefore, the AI apparatus 21 can quickly load the service data

required for AI computing from the storage apparatus 20, and quickly store the computing result

of AI computing in the hard disk 201 in the storage apparatus 20. Experiments show that a delay30

can be shortened by more than 30% during each time of service data loading.
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[0148] It should be understood that the storage device 2 may include one or more AI

apparatuses 21. A quantity of AI apparatuses 21 may be set based on a structure, space, or a

requirement of the storage device 2. The quantity of AI apparatuses 21 included in the storage

device 2 is not limited in this embodiment.

[0149] If the storage device 2 includes a plurality of AI apparatuses 21, the plurality of AI5

apparatuses 21 may communicate with each other through the high-speed interconnect network

22, for example, exchange an AI parameter through the high-speed interconnect network 22.

Shapes and structures of different AI apparatuses 21 in the storage device 2 may be the same, or

may be slightly different based on an actual requirement.

[0150] The storage device 2 may be a distributed controlled storage device 2, or may be a10

centralized controlled storage device 2. A form of the storage device 2 may be but is not limited to

a storage server, a storage array, or another dedicated storage device 2. The storage device 2 may

be but is not limited to running in a cloud environment, an edge environment, or a terminal

environment.

[0151] The storage apparatus and the AI apparatus are disposed in the storage device provided15

in this embodiment, so that the storage device can provide an AI computing capability through the

AI apparatus and provide a service data storage capability through the storage apparatus, thereby

implementing convergence of storage and AI computing power. The AI parameter and the service

data are transmitted inside the storage device through the high-speed interconnect network without

a need of being forwarded through an external network. Therefore, a path for transmitting the20

service data and the AI parameter is greatly shortened, and the service data can be loaded nearby,

thereby accelerating loading. In addition, the AI apparatus can borrow a computing resource of the

storage apparatus to process the service data, so that computing power of the AI apparatus is

increased through computing power collaboration, thereby accelerating AI computing.

[0152] In the foregoing embodiment, the AI apparatus 21 may send a data obtaining request25

to the processor 202 to obtain the service data from the hard disk 201, to perform AI computing

based on the service data. In this manner, the AI apparatus 21 can obtain the service data from the

storage device. This avoids communication overheads caused by requesting the service data from

a remote storage device through a network, and shortens a delay of obtaining the service data.

[0153] The AI apparatus 21 may specifically obtain the service data in a plurality of30

implementations. Correspondingly, there may be a plurality of cases of the data obtaining request
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sent by the AI apparatus, and data obtaining requests in different cases may be slightly different.

The following uses Manner 1, Manner 2, and Manner 3 as examples for description. For

distinguishing description, a data obtaining request in Manner 1 is referred to as a first data

obtaining request, a data obtaining request in Manner 2 is referred to as a second data obtaining

request, and a data obtaining request in Manner 3 is referred to as a third data obtaining request.5

[0154] Manner 1: The storage device may transmit the service data stored in the hard disk 201

to the AI apparatus 21 through the processor 202. Specifically, the AI apparatus 21 is further

configured to send the first data obtaining request to the processor 202. The first data obtaining

request is used to request to obtain the service data. The processor 202 is further configured to:

receive the first data obtaining request; and in response to the first data obtaining request, obtain10

the service data from the hard disk 201, and send the service data to the AI apparatus 21.

[0155] Manner 2: The storage device may transmit the service data stored in the hard disk 201

to the AI apparatus 21 through DMA. Specifically, the AI apparatus 21 is further configured to

send the second data obtaining request to the processor 202. The second data obtaining request is

used to request to obtain the service data. The processor 202 is further configured to: receive the15

second data obtaining request, and send metadata of the service data to the AI apparatus 21 in

response to the second data obtaining request. The AI apparatus 21 may determine, based on the

metadata, whether the service data is located in the storage device. When the metadata indicates

that the service data is located in the storage device, the AI apparatus 21 sends a first data access

request to the hard disk 201. The first data access request includes the metadata. For example, the20

first data access request may be a DMA request. The hard disk 201 is configured to: obtain the

service data based on the metadata, and write the service data into the AI apparatus 21 through

DMA. The metadata is used to indicate an address of the service data. In Manner 2, the service

data is located in the storage device.

[0156] The hard disk 201 may communicate with the AI apparatus 21. Therefore, the foregoing25

procedure of interaction based on a second data access request can be implemented. In an example

embodiment, the hard disk 201 may include a high-speed interconnect network interface. The hard

disk 201 may be connected to the AI apparatus 21 through the high-speed interconnect network

interface. The AI apparatus 21 may perform read/write in the hard disk 201 through a controller

or a driver corresponding to the high-speed interconnect network interface. For example, the high-30

speed interconnect network interface of the hard disk 201 may be a serial attached SCSI (Serial
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Attached SCSI, SAS) interface. The AI apparatus 21 may communicate with the SAS interface

through an SAS controller, to perform read/write in the hard disk 201. Certainly, the high-speed

interconnect network interface of the hard disk 201 may alternatively be an interface other than

the SAS interface, for example, an advanced technology attachment (advanced technology

attachment, ATA) interface, an integrated drive electronics (integrated drive electronics, IDE)5

interface, an FC, or a small computer system interface (small computer system interface, SCSI).

[0157] Manner 3: The storage device may transmit service data stored in another storage

device to the AI apparatus 21 through RDMA. Specifically, the AI apparatus 21 is further

configured to send the third data obtaining request to the processor 202. The third data obtaining

request is used to request to obtain the service data. The processor 202 is further configured to:10

receive the third data obtaining request, and send metadata of the service data to the AI apparatus

21 in response to the third data obtaining request. The AI apparatus 21 may determine, based on

the metadata of the service data, whether the service data is located in the another storage device.

When the metadata indicates that the service data is located in the another storage device, the AI

apparatus 21 sends a second data access request to the another storage device. The second data15

access request includes the metadata. For example, the second data access request may be an

RDMA request. The another storage device may obtain the service data in response to the second

data access request based on the metadata, and write the service data into the AI apparatus 21

through RDMA. The metadata is used to indicate an address of the service data. In Manner 3, the

service data is located in the another storage device.20

[0158] The AI apparatus 21 may include the AI memory 210. The AI memory 210 is

configured to cache an AI parameter and/or service data that is just used or cyclically used by an

AI computing power unit 212 or the AI processor 213. If the AI computing power unit 212 or the

AI processor 213 needs to use the service data again, the AI computing power unit 212 or the AI

processor 213 may directly invoke the service data from the AI memory 210, to avoid repeated25

access, thereby reducing a waiting time of the AI computing power unit 212 or the AI processor

213, and improving computing efficiency. In an AI computing process, the AI memory 210 may

cache input service data, an intermediate result, or a final result of AI computing. For example, the

AI memory 210 may be a high-speed cache. The AI memory 210 may include a high-speed random

access memory, or may include a nonvolatile memory, for example, at least one magnetic disk30

storage device, a flash memory device, or a universal flash storage (universal flash storage, UFS).
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[0159] The AI apparatus 21 is configured to send a first data access request to the hard disk

201. The first data access request includes the metadata. The metadata (metadata) is used to

indicate an address of the service data. For example, the metadata may include a track identifier

and a sector identifier. The track identifier is used to identify a track on which the service data is

located in the hard disk. For example, the track identifier may be a track ID. The sector identifier5

is used to identify a sector in which the service data is located in the hard disk. For example, the

sector identifier may be a sector ID. The hard disk may find a corresponding track based on the

track identifier, find a corresponding sector on the track based on the sector identifier, and then

read data in the sector, to obtain the service data requested by the AI apparatus 21 through the first

data access request. It should be understood that the metadata may indicate the address in a10

plurality of manners. For example, the metadata may indicate the address of the service data by

indicating a start address and a length of the service data. For another example, the metadata may

indicate the address of the service data by indicating a start address and an end address of the

service data. This is not limited in this embodiment.

[0160] The hard disk 201 is configured to: obtain the service data based on the metadata, and15

write the service data into the AI memory 210 through DMA.

[0161] Optionally, the storage device 2 communicates with another storage device. For

example, the storage device 2 may be the first storage device 10 in the system 1 shown in FIG. 1,

the another storage device may be the second storage device 11 in the system 1 shown in FIG. 1,

and the first storage device 10 may communicate with the second storage device 11.20

[0162] In a possible implementation, the AI apparatus 21 may include the first network

interface 211. The first network interface 211 may be in a form of a network interface card. The

first network interface 211 may provide a network communication capability. The AI apparatus 21

can communicate with another storage device 2 through the first network interface 211, for

example, exchange an AI parameter with the another storage device 2 through the first network25

interface 211. Optionally, the first network interface 211 may support a remote direct memory

access (remote direct memory access, RDMA for short) function, and the first network interface

211 may be a remote direct memory access network interface controller (RDMA network interface

controller, RNIC for short).

[0163] In an example application scenario, in a training process or in an inference process, if30

the AI apparatus 21 obtains an AI parameter through computing, the AI apparatus 21 may send the
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AI parameter to the another storage device 2 through the first network interface 211, so that the

another storage device 2 receives the AI parameter. Similarly, if the another storage device 2

obtains an AI parameter through computing, the another storage device 2 may send the AI

parameter to the first network interface 211, and the first network interface 211 may receive the

AI parameter.5

[0164] The AI apparatus 21 is further configured to: when it is determined, based on the

metadata, that the service data is located in the another storage device 2, send a second data access

request to the another storage device 2, so that the service data is written into the AI memory 210

through RDMA. The second data access request includes the metadata.

[0165] Optionally, the AI apparatus 21 further includes the AI computing power unit 212. The10

AI computing power unit 212 is configured to provide AI computing power. In an example

embodiment, an AI algorithm may be run on the AI computing power unit 212, to perform model

training or inference and prediction. The AI algorithm may be a neural network model. Essentially,

the AI algorithm includes matrix or vector multiplication and addition, and may further include a

division operation and an exponential operation. The AI computing power unit 212 may include15

one or more graphics processing units (graphics processing unit, GPU), a neural processing unit

(neural-network processing unit, NPU), a tensor processing unit (tensor processing unit, TPU), a

field-programmable gate array (field-programmable gate array, FPGA), an application-specific

integrated circuit (application specific integrated circuit, ASIC), a brain-like chip, a reconfigurable

general-purpose AI chip, a CPU, a programmable logic device (programmable logic device, PLD),20

a controller, a state machine, gate logic, a discrete hardware component, or any combination of

other circuits that can provide AI computing power. The AI computing power unit 212 may include

one or more processing cores.

[0166] The AI computing power unit 212 is specifically configured to: obtain the service data

from the AI memory 210, and perform AI computing.25

[0167] Optionally, the AI apparatus 21 includes the AI processor 213. The AI processor 213

may be connected to the AI memory 210 through the high-speed interconnect network 22. The AI

processor 213 may be a CPU. The AI processor 213 may be configured to perform management

and resource scheduling. The AI processor 213 may run an operating system or an application

program. The AI processor 213 may include one or more processing cores.30

[0168] Optionally, the storage apparatus 20 includes the processor 202 and the memory 203.
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The processor 202 may be connected to the memory 203 through the high-speed interconnect

network 22. The processor 202 may be a central processing unit (central processing unit, CPU) in

the storage apparatus 20. The processor 202 may be implemented in at least one hardware form of

digital signal processor (digital signal processing, DSP), an FPGA, and a programmable logic array

(programmable logic array, PLA).5

[0169] In some possible embodiments, the storage device may be a centralized controlled

storage device. Specifically, the storage device may include one or more controllers, and may

control the hard disk through the controller. In addition, the storage device may further include

one or more cascading boards. The cascading board may be configured to cascade different hard

disks in the storage device. The cascading board may be connected to the hard disk and the10

controller. For example, referring to FIG. 5, the storage device may be of a dual-controller

architecture. The dual-controller architecture means that there are two controllers in the storage

device. For example, in FIG. 5, the system 1 may include two controllers: a controller 1 and a

controller 2. For another example, referring to FIG. 6, the storage device may be of a four-

controller architecture. The four-controller architecture means that there are four controllers in the15

storage device. For example, in FIG. 6, the system 1 may include four controllers: a controller 1,

a controller 2, a controller 3, and a controller 4.

[0170] If the storage device is a centralized controlled storage device, an AI apparatus may be

disposed inside the controller. In this case, the controller may further provide AI computing power

in addition to implementing an original function of controlling the hard disk. If the storage device20

includes a plurality of controllers, an AI apparatus may be disposed in each controller; or an AI

apparatus may be disposed in some controllers, and no AI apparatus is disposed in the other

controllers. This is not limited in this embodiment.

[0171] The memory 203 is configured to cache service data. Optionally, with a function of

supporting pass-through between the AI memory 210 and the memory 203, the memory 203 may25

also be configured to cache an AI parameter. The memory 203 is configured to cache the service

data and/or the AI parameter. When the processor 202, the AI computing power unit 212, or the

AI processor 213 needs to use the service data and/or the AI parameter, the processor 202, the AI

computing power unit 212, or the AI processor 213 may directly invoke the service data and/or

the AI parameter from the memory 203, to avoid repeated access, thereby reducing a waiting time30

of the processor 202, the AI computing power unit 212, or the AI processor 213, and improving
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computing efficiency. For example, the memory 203 may be a high-speed cache. The memory 203

may include a high-speed random access memory, or may include a nonvolatile memory, for

example, at least one magnetic disk storage device, a flash memory device, or a universal flash

storage (universal flash storage, UFS).

[0172] The AI apparatus 21 includes the AI processor 213. The AI processor 213 may be5

connected to the AI memory 210 through the high-speed interconnect network 22. The AI

processor 213 may be a CPU, and the AI processor 213 may be configured to perform management

and resource scheduling. In an example embodiment, the AI processor 213 may run an operating

system or an application program.

[0173] The AI processor 213 is disposed in the AI apparatus 21, so that an AI computing task10

and a non-AI computing task can be allocated to different processors for execution. The AI

computing power unit 212 executes the AI computing task, and the AI processor 213 executes the

non-AI computing task, to implement computing task load sharing, thereby prevent computing

power from being occupied when the AI computing power unit 213 executes the non-AI

computing task. In some embodiments, the storage device may further use the AI processor 201 to15

share computing tasks of the processor 202. For example, the processor 202 may send a task of

obtaining the service data from the hard disk to the AI processor 201, and the AI processor 201

may execute the task of obtaining the service data from the hard disk, and send the obtained service

data to the AI processor 201. In addition, performance advantages of different processors can be

used. For example, due to an advantage of a CPU in performing logic control, the CPU is used as20

the AI processor 213 to perform resource scheduling and management. Due to an advantage of a

GPU or an NPU in performing a floating-point operation and parallel computing, the GPU or the

NPU is used as the AI computing power unit 212 to perform model training or other AI computing,

to improve overall AI computing efficiency and help AI acceleration. In addition, this can prevent

an AI computing process from being interfered with by a resource scheduling management process,25

improve overall AI computing efficiency, and help AI acceleration.

[0174] Optionally, the processor 202 is further configured to obtain a segment of memory

space from the memory 203 through division and reserve the segment of memory space for the AI

apparatus 21.

[0175] Optionally, the AI processor 213 is configured to: when an available capacity of the AI30

memory 210 reaches a preset threshold, send a memory application request to the processor 202.
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The processor 202 is configured to obtain a segment of memory space from the memory 203

through division based on the memory application request and reserve the segment of memory

space for the AI apparatus 21.

[0176] Optionally, the available capacity of the AI memory 210 is determined by a specified

batchsize.5

[0177] Optionally, the AI processor 213 is configured to: divide a computing task into at least

two subtasks, and send a first subtask in the at least two subtasks to the processor 202. The

processor 202 is further configured to: execute the first subtask, and send a computing result to the

AI processor 213. This optional manner may be applied to a plurality of cases. For example, when

it is determined that computing power of the AI processor 213 is insufficient, the AI processor10

may execute the optional manner.

[0178] Optionally, the storage apparatus 20 may include the second network interface 204.

The second network interface 204 is configured to perform network communication, the second

network interface 204 may be a network interface card. The second network interface 204 may be

connected to the AI apparatus 21, the processor 202, and the memory 203 through the high-speed15

interconnect network 22.

[0179] Optionally, the storage apparatus 20 may include a service interface 205.

[0180] In some possible embodiments, the storage apparatus 20 may be configured to: load

the operating system to the AI apparatus 21, and start the AI apparatus 21 through the operating

system. Specifically, the storage apparatus 20 may store an image file of the operating system. If20

the storage apparatus 20 needs to start the AI apparatus 21, the storage apparatus 20 may send the

image file of the operating system to the AI apparatus 21 through the high-speed interconnect

network 22, and load the image file of the operating system to the AI memory 210 in the AI

apparatus 21. The operating system runs based on the image file of the operating system, to start

the AI apparatus 21. The operating system may be LINUX™, UNIX™, WINDOWS™, or the like.25

[0181] The storage apparatus 20 loads the operating system to the AI apparatus 21, and the

operating system may not need to be installed in the AI apparatus 21, so as to prevent the operating

system from occupying storage space of the AI apparatus 21, thereby ensuring a storage capacity

of the AI apparatus 21. Particularly, if the storage apparatus 20 includes a plurality of AI

apparatuses 21, operating systems of the plurality of AI apparatuses 21 are usually the same.30

Therefore, the storage apparatus 20 may load the same operating system to the AI apparatuses 21
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in batches, to start the AI apparatuses 21 in batches. In this way, a same operating system can be

prevented from occupying storage space of all the AI apparatuses 21 because the same operating

system is installed on all the AI apparatuses 21, thereby saving storage space of all the AI

apparatuses 21, and improving storage efficiency. In addition, a batch startup manner can improve

startup efficiency of the plurality of AI apparatuses 21.5

[0182] Optionally, the AI apparatus 21 may further include a nonvolatile storage medium. All

or some of steps of the following method embodiments may be implemented in a form of a

computer software product. The computer software product may be stored in the nonvolatile

storage medium in the AI apparatus 21 or the AI memory 210 described above. The computer

software product includes one or more instructions for enabling the AI apparatus 21 to perform all10

or some of the steps.

[0183] Optionally, the AI apparatus 21 and the storage apparatus 20 may be integrated together

and sold or used as a set of products. The AI apparatus 21 and the storage apparatus 20 are not

separated from each other. In some other possible embodiments, the AI apparatus 21 may

alternatively be sold as an independent product and used together with the storage apparatus 20.15

For example, the AI apparatus 21 may be inserted into a high-speed interconnect bus of the storage

device 2, or removed from a high-speed interconnect bus of the storage device 2, to implement

contact with or separation from the storage apparatus 20.

[0184] It should be understood that the storage device 2 shown in FIG. 2 may include more or

fewer components. For example, there may be one component, or there may be dozens or hundreds20

of components or more components. For example, the AI apparatus 21 may include a plurality of

AI computing power units 212. Quantities of components in the storage device 2 are not limited

in this embodiment.

[0185] It should be understood that the structure shown in this embodiment does not constitute

a specific limitation on the storage device 2. In some other embodiments of this application, the25

storage device 2 may include more or fewer components than those shown in FIG. 2, or combine

two or more components in FIG. 2, or split one component in FIG. 2 into two or more nodes, or

arrange two or more components in FIG. 2 at different locations.

[0186] The distributed storage system and the storage device provided in the embodiments of

this application are described above, and method procedures applied to the distributed storage30

system and the storage device are described below by using an example.
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[0187] FIG. 7 is a flowchart of a data processing method according to an embodiment of this

application. The method may be applied to a storage device. The storage device may be any storage

device shown in FIG. 1 or FIG. 2. The method includes the following steps.

[0188] S71: A processor in the storage device stores service data in a hard disk.

[0189] For example, a client may send the service data to the storage device, and the storage5

device may receive the service data from the client and write the service data into the hard disk, to

store the service data in the hard disk.

[0190] S72: An AI apparatus in the storage device sends a data obtaining request to the

processor in the storage device to obtain the service data, and performs AI computing on the

service data.10

[0191] Optionally, a computing resource of the processor and a computing resource of the AI

apparatus in the storage device may constitute a resource pool. The storage device may schedule

a resource in the resource pool to process AI computing. Overall AI computing power of the

storage device can be increased through collaboration of computing power of the processor and

computing power of the AI apparatus, thereby accelerating AI computing.15

[0192] The AI computing process may be but is not limited to one or more of the following

cases (1) and (2).

[0193] (1) Model training

[0194] Specifically, the storage device may perform model training on a sample set through

the computing resource of the processor and the computing resource of the AI apparatus in the20

storage device, to obtain an AI model. For example, the AI model may be a neural network model.

For example, an image recognition model may be obtained through sample image training, and the

image recognition model may be but is not limited to a convolutional neural network

(convolutional neural networks, CNN), or certainly may be another CNN-based neural network

such as a region CNN (region-CNN, R-CNN), a fast R-CNN (fast R-CNN), or a faster R-CNN25

(faster R-CNN), or a single shot multibox detector (single shot multibox detector, SSD). For

another example, the AI apparatus may obtain a semantic recognition model through sample text

training, and the semantic recognition model may be but is not limited to a recurrent neural network

(recurrent neural networks, RNN). For another example, the AI apparatus may obtain a speech

recognition model through sample speech training.30

[0195] (2) Inference and prediction
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[0196] Specifically, the storage device may input to-be-identified service data into a trained

AI model, and perform service data inference through the AI model, the computing resource of the

processor, and the computing resource of the AI apparatus, to obtain an identification result of the

service data. For example, a to-be-recognized image may be input into the image recognition

model, and an image recognition result is output. The image recognition result may be but is not5

limited to one or more of an image category, an image feature, or a location of an object in the

image. The image category may indicate a specific object included in the image. For example, in

a facial recognition scenario, the image recognition model is a facial recognition model, and the

image category may be a face category. In a scene recognition scenario, the image recognition

model is a scene recognition model, and the image category may be a scene category, for example,10

a ceiling, a lawn, or the ground. In a character recognition scenario, the image recognition model

is a character recognition model, and the image category may be a character category. The image

feature may be but is not limited to a one-dimensional feature value, a two-dimensional feature

map, a three-dimensional feature cube, or a higher-dimensional tensor. The location of the object

in the image may be represented by coordinates of a bounding box (bounding box) in which the15

object is located. For another example, a to-be-recognized text may be input into the semantic

recognition model, and a semantic recognition result is output. For another example, a to-be-

recognized speech may be input into the speech recognition model, and a speech recognition result

is output.

[0197] The processor and the AI apparatus are disposed in the storage device provided in this20

embodiment, so that the storage device can provide an AI computing capability through the AI

apparatus and provide a service data storage capability through the processor, thereby

implementing convergence of storage and AI computing power. An AI parameter and the service

data are transmitted inside the storage device through a high-speed interconnect network without

a need of being forwarded through an external network. Therefore, a path for transmitting the25

service data and the AI parameter is greatly shortened, and the service data can be loaded nearby,

thereby accelerating loading. In addition, the AI apparatus can borrow a computing resource of the

processor to process the service data, so that computing power of the AI apparatus is increased,

thereby accelerating AI computing.

[0198] In the embodiment in FIG. 7, the AI apparatus may specifically obtain the service data30

in a plurality of implementations. An embodiment in FIG. 8, an embodiment in FIG. 9, and an
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embodiment in FIG. 10 are used as examples for description below.

[0199] In some embodiments, the AI apparatus can obtain the service data from the storage

device nearby. An implementation of obtaining the service data nearby is described below by using

the embodiment in FIG. 8 and the embodiment in FIG. 9 as examples.

[0200] For example, FIG. 8 is a flowchart of a data processing method according to an5

embodiment of this application. A procedure in which the AI apparatus obtains the service data

nearby may include the following steps.

[0201] S81: An AI processor sends a first data obtaining request to the processor.

[0202] The AI processor may generate the first data obtaining request, and send the first data

obtaining request to the processor through a high-speed interconnect network. The first data10

obtaining request is used to request the service data stored in the hard disk. The first data obtaining

request may carry an identifier of the service data. The identifier of the service data may be an ID

of the service data.

[0203] S82: In response to the first data obtaining request, the processor obtains the service

data from the hard disk, and sends the service data to the AI apparatus.15

[0204] The processor may receive the first data obtaining request through the high-speed

interconnect network. The processor may parse the first data obtaining request to obtain the

identifier of the service data that is carried in the first data obtaining request. The processor may

determine an address of the service data in the hard disk based on the identifier of the service data.

The processor may access the hard disk based on the address of the service data, to obtain the20

service data stored in the hard disk. The processor may return the service data to the AI apparatus

through the high-speed interconnect network.

[0205] S83: The AI apparatus receives the service data sent by the processor, and performs AI

computing on the service data.

[0206] According to the method in which the AI apparatus obtains the service data nearby25

provided in this embodiment, the storage device includes the AI apparatus, the processor, and the

hard disk. Therefore, when the AI apparatus needs to obtain the service data, the AI apparatus

sends the data obtaining request to the processor. The processor in the storage device obtains the

service data from the hard disk, and sends the service data to the AI processor, so that the AI

processor can locally obtain the service data. This avoids communication overheads caused by30

requesting the service data from a remote storage device through a network, and shortens a delay
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of obtaining the service data.

[0207] The embodiment in FIG. 8 provides the procedure of obtaining the service data nearby.

In some other embodiments of this application, the service data may alternatively be obtained

nearby in another implementation. The embodiment in FIG. 9 is used as an example for description

below.5

[0208] FIG. 9 is a schematic diagram of a data processing method according to an embodiment

of this application. The procedure in which the AI apparatus obtains the service data nearby may

include the following steps.

[0209] S91: The AI apparatus sends a second data obtaining request to the processor.

[0210] When the AI apparatus needs to obtain the service data from the processor, the AI10

processor may generate the second data obtaining request, and send the second data obtaining

request to the processor through the high-speed interconnect network. The second data obtaining

request is used to request to obtain the service data. The second data obtaining request may carry

an identifier of the service data. The identifier of the service data may be an ID of the service data.

[0211] S92: The processor sends metadata of the service data to the AI apparatus in response15

to the second data obtaining request, where the metadata is used to indicate an address of the

service data.

[0212] The processor may parse the second data obtaining request to obtain the identifier of

the service data that is carried in the second data obtaining request, obtain the metadata of the

service data, and send the metadata of the service data to the AI processor through the high-speed20

interconnect network. The metadata is used to indicate the address of the service data, that is, a

storage location of the service data. For example, the metadata may indicate a start address of the

service data and a length of the service data, or the metadata may indicate a start address and an

end address of the service data.

[0213] FIG. 10 is a schematic diagram of interaction between the AI processor and the25

processor in the storage device.

[0214] Optionally, the processor may determine, based on the address of the service data,

whether the service data can be sent to the AI apparatus through DMA. If the service data can be

sent to the AI apparatus through DMA, the metadata of the service data is sent to the AI apparatus,

to trigger the method procedure provided in the embodiment in FIG. 9. In addition, the processor30

may determine whether the service data can be sent to the AI apparatus through RDMA. If the
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service data can be sent to the AI apparatus through RDMA, the metadata of the service data is

sent to the AI apparatus, to trigger a method procedure provided in an embodiment in FIG. 12. In

addition, if the service data cannot be sent to the AI apparatus through DMA or RDMA, the service

data is loaded from the hard disk to a memory, and then the service data is transmitted from the

memory to an AI memory.5

[0215] S93: When the metadata indicates that the service data is located in the storage device,

the AI apparatus sends a first data access request to the hard disk.

[0216] The first data access request includes the metadata of the service data, and the first data

access request may be a DMA request. In an example embodiment, the AI processor in the AI

apparatus may determine the address of the service data based on the metadata of the service data,10

and determine whether the service data is located in the hard disk or another storage device. If

determining that the service data is located in the hard disk, the AI processor generates the first

data access request based on the metadata, and sends the first data access request to the hard disk

through the high-speed interconnect network.

[0217] S94: The hard disk obtains the service data based on the metadata, and writes the15

service data into the AI apparatus through DMA.

[0218] The hard disk may parse the first data access request to obtain the metadata carried in

the first data access request, determine the address of the service data based on the metadata, and

access the address to obtain the service data. A DMA path may be established between the hard

disk and the AI memory, and the hard disk may send the service data to the AI memory through20

the DMA path. The hard disk may be a smart disk. The hard disk may include a CPU, and the hard

disk may write the service data through the CPU in the hard disk.

[0219] For example, FIG. 11 is a schematic diagram of service data transmission according to

an embodiment of this application. It can be learned from FIG. 11 that the service data stored in

the hard disk can be transmitted to the AI memory through the high-speed interconnect network25

through DMA.

[0220] According to the method provided in this embodiment, DMA pass-through between the

AI apparatus and the hard disk can be implemented. The DMA path is established between the AI

apparatus and the hard disk, so that the AI apparatus and the hard disk can quickly exchange the

service data with each other through the DMA path. This accelerates service data loading by the30

AI apparatus, increases an amount of service data that can be simultaneously processed by the AI
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apparatus, reduces communication overheads for transmitting an AI parameter between AI

apparatuses, and accelerates AI training.

[0221] In some other embodiments, the AI apparatus can obtain the service data from another

storage device. A method for obtaining the service data from the another storage device is

described below by using the embodiment in FIG. 12 as an example. Specifically, referring to FIG.5

12, an embodiment of this application provides a data processing method. The method may be

applied to a storage device. The storage device may be any storage device shown in FIG. 1 or FIG.

2. The method includes the following steps.

[0222] S1201: The AI apparatus sends a third data obtaining request to the processor.

[0223] S1202: The processor sends metadata of the service data to the AI apparatus in response10

to the third data obtaining request.

[0224] S1203: When the metadata indicates that the service data is located in another storage

device, the AI apparatus sends a second data access request to the another storage device.

[0225] The AI processor may determine an address of the service data based on the metadata

of the service data, and determine, based on the address of the service data, whether the service15

data is locally stored or is stored in the another storage device. If determining that the service data

is stored in the another storage device, the AI processor generates the second data access request,

and sends the second data access request to a first network interface. The first network interface

may send the second data access request to the another storage device. The second data access

request may include the metadata of the service data. The second data access request may be an20

RDMA request. The second data access request may include a destination address in the AI

memory in the storage device, to indicate the another storage device to write the service data into

the destination address.

[0226] S1204: The another storage device sends the service data to the AI apparatus in

response to the second data access request.25

[0227] For example, the another storage device may write the service data into the AI memory

through RDMA. Specifically, the another storage device may parse the second data access request

to obtain the metadata of the service data that is carried in the second data access request, determine

the address of the service data based on the metadata of the service data, and access the address in

a storage medium to obtain the service data. In addition, the another storage device may establish30

an RDMA path between the another storage device and the AI memory in the AI apparatus based
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on the second data access request, and write the service data into the AI memory in the AI

apparatus through the RDMA path. Specifically, the another storage device may generate an

RDMA message based on the destination address and the service data in the AI memory, and send

the RDMA message to the AI apparatus. The RDMA message includes the service data and the

destination address in the AI memory. The first network interface in the AI apparatus may receive5

the RDMA message, and parse the RDMA message to obtain the service data and the destination

address in the AI memory that are carried in the RDMA message. The another storage device

accesses the AI memory through the high-speed interconnect network, and writes the service data

into the destination address in the AI memory.

[0228] For example, FIG. 13 is a schematic diagram of service data transmission according to10

an embodiment of this application. It can be learned from FIG. 13 that the service data stored in

the another storage device can be transmitted to the AI memory through the high-speed

interconnect network through RDMA.

[0229] In this optional manner, RDMA pass-through between the AI memory in the AI

apparatus and the another storage device is implemented, and the AI memory and the another15

storage device quickly exchange the service data with each other. This accelerates AI training.

[0230] Optionally, the AI apparatus may provide AI computing power through an AI

computing power unit. For example, referring to FIG. 14, an embodiment of this application

provides an AI computing processing method. The method may be applied to a storage device.

The storage device may be any storage device shown in FIG. 1 or FIG. 2. The method is executed20

by an AI computing power unit in the storage device, and includes the following steps.

[0231] S1401: The AI computing power unit obtains the service data from the AI memory.

[0232] The AI computing power unit may communicate with the AI memory through the high-

speed interconnect network. The AI computing power unit may access the AI memory through the

high-speed interconnect network, to obtain the service data cached in the AI memory.25

[0233] S1402: The AI computing power unit performs AI computing on the service data.

[0234] For details about AI computing, refer to step S72 in the embodiment in FIG. 7. Details

are not described herein again.

[0235] In this optional manner, the AI apparatus can provide the AI computing power through

the AI computing power unit, so as to prevent AI computing from occupying computing power of30

a storage apparatus, thereby preventing AI computing from severely affecting performance of the
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storage device.

[0236] Optionally, the memory and the AI memory in the storage device may implement

memory resource collaboration. The memory resource collaboration may be implemented in a

plurality of manners. An embodiment in FIG. 15 and an embodiment in FIG. 16 are used as

examples for description below.5

[0237] In some embodiments, the AI apparatus can borrow a memory in the storage apparatus

to perform AI computing. Referring to FIG. 15, an embodiment of this application provides a data

processing method. The method may be applied to the storage device. The storage device may be

the first storage device 10 or the second storage device 11 in the system 1 shown in FIG. 1, or may

be the storage device 2 shown in FIG. 2. Interaction bodies of the method include the AI processor10

in the storage device and the processor in the storage device. The method includes the following

steps.

[0238] S1501: The AI processor determines that an available capacity of the AI memory

reaches a preset threshold.

[0239] S1502: The AI processor sends a memory application request to the processor.15

[0240] The memory application request is used to borrow a memory of the processor. The

memory application request may carry a size of to-be-borrowed memory space. It can be

understood that the trigger condition specified in S1501 is merely an example. The AI processor

may alternatively send the memory application request to the processor in another case or in a case

in which there is no trigger condition.20

[0241] S1503: The processor obtains a segment of memory space from the memory through

division based on the memory application request and reserves the segment of memory space for

the AI processor.

[0242] S1504: The AI processor performs AI computing through the memory space of the

memory in the storage device.25

[0243] The AI processor may access, through a PCIe bus or a memory fabric, the memory

space reserved by the processor in the storage device, and perform AI computing through the

memory space of the memory and memory space of the AI memory. In an AI computing process,

fast exchange can be performed between the memory and the AI memory through DMA, PCIe, or

the memory fabric. Therefore, because larger memory space can increase an amount of data that30

can be processed by a single AI processor in one batch, overheads for parameter communication
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between different AI processors can be reduced, and AI training can be accelerated. In addition,

when the AI processor stops performing AI computing, and does not use the memory space of the

memory in the storage device, the AI processor may send a memory release request to the processor,

so that the processor releases the reserved memory space and returns the memory space to the

processor.5

[0244] In a related technology, GPU memory is fixed, and consequently there is frequently no

sufficient memory for AI computing. In this optional manner, the AI apparatus can borrow the

memory in the storage apparatus to perform AI computing, so that available memory space of the

AI apparatus is expanded, and the AI apparatus can perform AI computing in larger memory. This

improves AI computing efficiency.10

[0245] It should be noted that, under a trigger condition that the AI processor sends the

memory application request, a manner in which the processor in the storage device obtains the

memory space through division and reserves the memory space for the AI processor is only an

optional manner. In some other embodiments, the processor in the storage device may alternatively

obtain a segment of memory space from the memory through division and reserve the segment of15

memory space for the AI apparatus in another case. For example, the processor in the storage

device may actively obtain the memory space and reserve the memory space for the AI apparatus.

For example, when determining that the available capacity of the memory is greater than the preset

threshold, the processor in the storage device may obtain the memory space through division and

reserve the memory space for the AI apparatus. For another example, the processor in the storage20

device may monitor an available capacity of the AI memory, and when determining that the

available capacity of the AI memory reaches a preset threshold, the processor in the storage device

obtains memory space through division and reserves the memory space for the AI apparatus. It

should be understood that an application scenario in which the processor in the storage device

obtains memory space through division and reserves the memory space for the AI processor is not25

limited in this embodiment. In some embodiments, the processor in the storage device may obtain

memory space through division and reserve the memory space for the AI processor under any

preset condition.

[0246] Optionally, the available capacity of the AI memory is determined by a specified batch

size (batchsize). The batch size is an amount of data used for one time of training. Specifically, the30

AI processor may determine the available capacity of the AI memory based on the specified batch



46

size, in other words, determine a specific capacity of the AI memory that is required for performing

AI computing based on the specified batch size. The AI processor may compare the available

capacity of the AI memory with the preset threshold. If the available capacity of the AI memory

reaches the preset threshold, it indicates that the AI memory has insufficient memory space. In this

case, a procedure of borrowing the memory in the storage device is triggered.5

[0247] In this optional manner, the AI processor may perform training through the memory

space of the memory in the storage device. Therefore, because larger available memory space can

increase a batch size for AI training, an amount of service data that can be processed by the AI

apparatus in one batch can be increased, communication overheads for exchanging an AI

parameter between different AI apparatuses can be reduced, and AI training can be accelerated.10

Experiments show that, if AI training is performed only through the AI memory, a maximum batch

size is set to 256. However, in this manner, the batch size may be set to 32000. Therefore, the batch

size is significantly increased.

[0248] In some embodiments, in a process in which the storage device reads/writes an AI

parameter, the AI memory may be preferentially used, and then the memory in the storage device15

is used, to accelerate AI parameter read/write by taking advantage that the AI memory usually has

better performance than the memory in the storage device (for example, an access speed of the AI

memory may be faster than that of the memory). Specifically, the AI memory may serve as a first

level and the memory may serve as a second level, to perform layered AI parameter caching. A

priority of the first level is higher than a priority of the second level. In this manner, the memory20

and AI memory in the storage device are layered, and an AI parameter is preferentially cached in

the AI memory. In a possible implementation, a medium controller may establish a mapping

relationship between the AI memory and the memory in the storage device. If the AI memory

overflows, an AI parameter cached in the AI memory is stored in the memory in the storage device.

[0249] In some embodiments, the storage apparatus can borrow the memory in the AI25

apparatus to read/write the service data, to accelerate service data access or service data storage.

Referring to FIG. 16, an embodiment of this application provides a data processing method. The

method may be applied to the storage device. The storage device may be any storage device shown

in FIG. 1 or FIG. 2. The method includes the following steps.

[0250] S1601: The processor in the storage device determines that an available capacity of the30

memory in the storage device reaches a preset threshold.
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[0251] S1602: The processor in the storage device sends a memory application request to the

AI processor.

[0252] The memory application request is used to borrow an AI memory of the AI processor.

The memory application request may carry a size of to-be-borrowed memory space. It can be

understood that the trigger condition specified in S1111 is merely an example. The processor in5

the storage device may alternatively send the memory application request to the AI processor in

another case or in a case in which there is no trigger condition.

[0253] S1603: The AI processor obtains a segment of memory space from the AI memory

through division based on the memory application request and reserve the segment of memory

space for the processor in the storage device.10

[0254] S1604: The processor in the storage device performs AI computing through the

memory space of the AI memory.

[0255] The processor in the storage device may access, through a high-speed interconnect

network or a memory fabric, the memory space reserved by the AI processor, and read/write the

service data through the memory space of the AI memory and memory space of the memory. In a15

service data read/write process, fast exchange can be performed between the AI memory and

memory through DMA, the high-speed interconnect network, or the memory fabric. Therefore,

because larger memory space can increase an amount of data that can be processed by a single

processor in one batch, overheads for parameter communication between different processors can

be reduced, and service data read/write can be accelerated. In addition, when the processor in the20

storage device stops reading the service data or writing the service data, and does not use the

memory space of the AI memory, the processor may send a memory release request to the AI

processor, so that the AI processor releases the reserved memory space and returns the memory

space to the AI processor.

[0256] In an example application scenario, a user annotates a face image set, and needs to store25

the face image set in the storage device to subsequently perform AI training through the face image

set. In this case, the user may trigger the client, so that the client sends the face image set to the

storage device. After the storage device receives the face image set, the processor in the storage

device usually first caches the face image set into the memory, and then writes the face image set

in the memory into the hard disk, to implement persistent storage of the face image set. Because a30

data amount of the face image set is huge, a capacity of the memory in the storage device may not
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meet a requirement, and consequently the available capacity of the memory in the storage device

reaches the preset threshold. In this case, the processor in the storage device may perform step

S1601 to step S1604 to borrow memory space of the AI memory, and cache the face image set

through larger memory space, thereby accelerating storage of the face image set.

[0257] In a related technology, the capacity of the memory in the storage device is fixed, and5

consequently there is frequently no sufficient memory for storing the service data. In this optional

manner, the storage apparatus can borrow the AI memory in the AI apparatus to read/write the

service data, so that the available memory space of the storage apparatus is expanded, and the

storage apparatus can store the service data in larger memory. This reduces a service data

read/write time, and improves service data read/write efficiency.10

[0258] Optionally, the processor and the AI processor in the storage device may implement

computing power collaboration. The computing power collaboration may be implemented in a

plurality of manners. An embodiment in FIG. 17 and an embodiment in FIG. 18 are used as

examples for description below.

[0259] In some embodiments, the AI processor can borrow computing power of the processor15

in the storage device to process AI computing, to support collaboration between computing power

of the processor in the storage device and computing power of the AI processor. Referring to FIG.

17, an embodiment of this application provides a data processing method. The method may be

applied to the storage device. The storage device may be any storage device shown in FIG. 1 or

FIG. 2. The method includes the following steps.20

[0260] S1701: When it is determined that the computing power of the AI processor is

insufficient, the AI processor divides a computing task into at least two subtasks.

[0261] In a process in which the AI processor performs AI training and resource scheduling,

because the AI processor performs a computing operation, a CPU is occupied, and consequently

the computing power is insufficient. In this case, the AI processor may divide the computing task,25

to share the computing task through the processor.

[0262] S1702: The AI processor sends a first subtask in the at least two subtasks to the

processor in the storage device.

[0263] The first subtask is a task that is in the at least two subtasks and that is to be executed

by the processor in the storage device. The AI processor may send the first subtask through a high-30

speed interconnect network.
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[0264] S1703: The processor in the storage device executes the first subtask.

[0265] S1704: The processor in the storage device sends a computing result to the AI processor.

[0266] After completing the first subtask, the processor in the storage device may feed back

the computing result of the first subtask to the AI processor. The AI processor may receive the

computing result, and execute a next computing task based on the computing result, or schedule5

an AI computing power unit based on the computing result.

[0267] In this optional manner, when the computing power of the AI processor is insufficient,

the AI processor can borrow the computing power of the processor in the storage device to process

AI computing, to implement collaboration between the computing power of the AI processor and

the computing power of the processor in the storage device, and increase the computing power of10

the AI processor, thereby accelerating AI training.

[0268] In some embodiments, the processor in the storage device can borrow computing power

of the AI processor to read/write the service data, to accelerate service data access or service data

storage. Referring to FIG. 18, an embodiment of this application provides a data processing

method. The method may be applied to the storage device. The storage device may be any storage15

device shown in FIG. 1 or FIG. 2. The method includes the following steps.

[0269] S1811: When it is determined that the computing power of the processor in the storage

device is insufficient, the processor in the storage device divides a computing task into at least two

subtasks.

[0270] In a process in which the processor in the storage device processes the service data,20

because the processor performs a read operation or a write operation, a CPU is insufficient, and

consequently the computing power is insufficient. In this case, the processor in the storage device

may divide the computing task, to share the computing task through the AI processor.

[0271] S1812: The processor in the storage device sends a second subtask in the at least two

subtasks to the AI processor.25

[0272] The second subtask is a task that is in the at least two subtasks and that is to be executed

by the AI processor. For example, the second subtask may be obtaining the service data from the

hard disk. The processor may send the second subtask through a high-speed interconnect network.

[0273] S1813: The AI processor executes the second subtask.

[0274] S1814: The AI processor sends a computing result to the processor in the storage device.30

[0275] After completing the second subtask, the AI processor may feed back the computing
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result of the second subtask to the processor in the storage device. The processor in the storage

device may receive the computing result, and execute a next computing task based on the

computing result.

[0276] For example, if the second subtask is obtaining the service data from the hard disk,

after obtaining the service data from the hard disk, the AI processor may send the obtained service5

data to the processor in the storage device.

[0277] In this optional manner, when the computing power of the processor in the storage

device is insufficient, the processor in the storage device can borrow the computing power of the

AI processor to read/write the service data, to implement collaboration between the computing

power of the AI processor and the computing power of the processor in the storage device, and10

increase the computing power of the processor in the storage device, thereby accelerating service

data read/write.

[0278] In an optional embodiment, before the storage device processes AI computing, the

processor in the storage device may load an operating system to the AI apparatus, and the processor

in the storage device starts the AI apparatus through the operating system. In another optional15

embodiment, the AI apparatus may alternatively pre-store an operating system, and the processor

in the storage device may send a start instruction to the AI apparatus. The AI apparatus may receive

the start instruction, load the operating system in response to the start instruction, and run the

operating system, so that the AI apparatus is started. The processor may receive an AI computing

instruction from a terminal or an upper-layer application. The AI computing instruction is used to20

indicate the processor to perform AI computing. The processor may load the operating system to

the AI apparatus through trigger by the AI computing instruction. Certainly, the processor may

alternatively load the operating system to the AI apparatus on another occasion. This is not limited

in this embodiment.

[0279] The foregoing embodiments describe a method procedure in which a single storage25

device processes AI computing. In some embodiments of this application, a plurality of storage

devices in the distributed storage system may collaborate to perform AI computing, thereby

enhancing overall AI computing power. Details are described below.

[0280] FIG. 19 is a flowchart of a data processing method according to an embodiment of this

application. The method may be applied to the storage system shown in FIG. 1, and the method30

may be applied to the system 1 shown in FIG. 1. Interaction bodies of the method include a first
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storage device and a second storage device in the storage system. The method includes the

following steps.

[0281] S1901: A first AI apparatus in the first storage device and a second AI apparatus in the

second storage device transmit an AI parameter to each other through a first network.

[0282] In a process in which the first storage device and the second storage device process AI5

computing, the first storage device and the second storage device may exchange the AI parameter

with each other. Specifically, AI computing is usually performed based on a neural network model,

and a computing process based on the neural network model mainly includes two parts: a forward

propagation algorithm and a backward propagation algorithm (back propagation neural networks,

BP). The forward propagation algorithm is used to compute an output result of the neural network10

model. In a process of running the forward propagation algorithm, data is computed and

transmitted layer by layer in a direction from an input layer of the neural network model to one or

more hidden layers to an output layer, until the data is output from the output layer. The backward

propagation algorithm is used to reduce an error between an output result of the model and an

actual result. In a process of running the backward propagation algorithm, the neural network15

model is optimized by adjusting an AI parameter, for example, a weight of each neuron. In

conclusion, the running of the neural network model includes cyclic iteration of the forward

propagation algorithm and the backward propagation algorithm. In this process, the AI parameter

needs to be exchanged, so that the model can be continually optimized through AI parameter

adjustment.20

[0283] When the first AI apparatus obtains the AI parameter through computing, the first AI

apparatus may output the AI parameter through a first network interface. The first network may

receive the AI parameter from the first network interface in the first AI apparatus, and the first

network may send the received AI parameter to a first network interface in the second AI apparatus.

The second AI apparatus may receive the input AI parameter from the first network interface.25

[0284] Optionally, if the storage system further includes a host configured to process AI

computing, the first network may be used to transmit the AI parameter between the first storage

device, the second storage device, and the host.

[0285] S1902: A first storage apparatus in the first storage device and a second storage

apparatus in the second storage device transmit service data to each other through a second network.30

[0286] For example, FIG. 20 is a schematic diagram of data transmission according to an
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embodiment of this application. It can be learned from FIG. 20 that an AI parameter may be

transmitted between AI apparatuses in different storage devices through the first network, and

service data may be transmitted between storage apparatuses in different storage devices through

the second network.

[0287] According to the method provided in this embodiment, two storage devices exchange5

an AI parameter with each other through respective AI apparatuses through the first network, and

exchange service data with each other through respective storage apparatuses through the second

network, to collaboratively perform AI computing based on the AI parameter and the service data.

Storage capabilities and AI computing power of a plurality of storage devices are converged, so

that an overall storage capability and AI computing power of the system can be increased.10

[0288] Optionally, storage apparatuses may exchange service data with each other through the

first network. Specifically, referring to FIG. 21, an embodiment of this application provides a

service data transmission method. The method may be applied to the system 1 shown in FIG. 1.

Interaction bodies of the method include a first storage apparatus and a second storage apparatus.

The method includes the following steps.15

[0289] S2111: The first storage apparatus determines that a quantity of network resources of

the second network is less than a specified storage network resource threshold.

[0290] The first storage apparatus or a management apparatus may detect the quantity of

network resources of the second network of the first storage apparatus, determine whether the

quantity of network resources of the second network of the first storage apparatus is less than the20

specified storage network resource threshold, and if determining that the quantity of network

resources of the second network is less than the specified storage network resource threshold,

perform step S2112. In some embodiments, the first storage apparatus or a management apparatus

may further detect a quantity of network resources of the first network of the first AI apparatus

and a quantity of network resources of the first network of the second AI apparatus, and determine25

whether the quantity of network resources of the first network of the first AI apparatus and the

quantity of network resources of the first network of the second AI apparatus each are greater than

a specified AI network resource threshold. If it is determined that the quantity of network resources

of the second network is less than the specified storage network resource threshold, the quantity

of network resources of the first network of the first AI apparatus is greater than the specified AI30

network resource threshold, and the quantity of network resources of the first network of the



53

second AI apparatus is greater than the specified AI network resource threshold, it indicates that

network resources of the second network are currently insufficient but there are sufficient AI

network resources. In this case, step S2112 may be performed. In addition, it can be understood

that, even if there is no restrictive condition in S2111, the storage apparatuses may exchange the

service data with each other through the first network.5

[0291] S2112: Other service data is transmitted between the first storage apparatus and the

second storage apparatus through the first network.

[0292] For example, the first storage apparatus is a source device, and the second storage

apparatus is a destination device. A procedure of transmitting the other service data may include:

The first network interface in the first AI apparatus may access a hard disk in the first storage10

apparatus through a high-speed interconnect network, read the other service data from the hard

disk in the first storage apparatus, and send the other service data to the second storage device

through the first network. The first network interface in the second AI apparatus may receive the

other service data through the first network, and write the other service data into a memory in the

second storage apparatus through the high-speed interconnect network.15

[0293] In an example scenario, when the distributed storage system starts a job, and each

storage device loads service data for the first time, congestion occurs in the second network

because the storage device loads the service data through the second network. In this case, because

the AI apparatus has not started the job or has just started the job, the first network is usually idle

and therefore can be used.20

[0294] The first network is used to transmit the service data, to accelerate service data

transmission, so that the service data can be quickly loaded to each storage device through

collaboration between the first network and the second network.

[0295] In a related technology, the service data is usually transmitted only through the second

network. This is equivalent to that there is only one forwarding path of the second network. This25

optional manner can achieve at least the following effect: A new path is provided for the storage

apparatuses to exchange the service data with each other. When network resources of the second

network are insufficient, the first network is used to exchange the service data, and the first network

may be used as a newly added path for forwarding the service data. In this case, the service data

may be transmitted through the second network, or may be transmitted through the first network.30

This increases a network bandwidth for transmitting the service data, shortens a delay of
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exchanging the service data, accelerates service data exchange, and accelerates AI computing.

[0296] Optionally, memory pass-through between different storage devices may be

implemented through RDMA. Specifically, referring to FIG. 22, an embodiment of this application

provides a data processing method. The method may be applied to the system 1 shown in FIG. 1.

Interaction bodies of the method include a first AI apparatus in a first storage device and a second5

AI apparatus in a second storage device. The method includes the following steps.

[0297] S2211: The first AI apparatus sends a network resource request of the first network to

a second AI processor, and sends a memory RDMA access request to the second processor.

[0298] The network resource request of the first network is used to request to occupy some

network resources of the first network of the second AI apparatus to transmit service data. The10

memory RDMA access request is used to access a second memory through RDMA. The memory

RDMA access request may include a destination address of the second memory, to indicate that

the service data needs to be written into the destination address.

[0299] In an optional embodiment, a first AI processor in the first AI apparatus may generate

the network resource request of the first network and the memory RDMA access request, and send15

the network resource request of the first network and the memory RDMA access request to a first

network interface. The first network interface may send the network resource request of the first

network to the second AI processor, and send the memory RDMA access request to the second

processor. After receiving the network resource request of the first network, the second AI

processor may obtain some network resources of the first network through division and reserve20

the some network resources for the first AI apparatus. After the second AI processor receives the

memory RDMA access request, the second AI processor may generate a memory RDMA access

response, and return the memory RDMA access response to the first AI apparatus. The memory

RDMA access response carries a target address of the second memory, so that the first AI apparatus

writes the data into the target address of the second memory through RDMA. According to the25

foregoing procedure, an RDMA path between the second AI apparatus and the first AI apparatus

may be established.

[0300] S2212: The first AI apparatus reads the other service data from the first memory.

[0301] The first AI apparatus may include a first network interface. The first network interface

supports an RDMA function. The first network interface in the first AI apparatus may access the30

first memory through a high-speed interconnect network, and read the other service data from the
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first memory based on an address of the other service data in the first memory.

[0302] S2213: The first AI apparatus sends the other service data to the second AI apparatus

through the first network.

[0303] The first network interface in the first AI apparatus may send the read other service

data, and the other service data may be transmitted to the second AI apparatus through the first5

network.

[0304] S2214: The second AI apparatus writes the other service data into the second memory.

[0305] Specifically, the second AI apparatus may include a first network interface. The first

network interface supports an RDMA function. The first network interface in the second AI

apparatus may receive the other service data from the first AI apparatus. The first network interface10

in the second AI apparatus may write the other service data into the destination address of the

second memory through the high-speed interconnect network.

[0306] In addition, after the second AI apparatus completes a write operation on the other

service data, the first AI apparatus and the second AI apparatus may release an occupied network

resource of the first network, and a task of exchanging data between the first AI apparatus and the15

second AI apparatus is ended.

[0307] FIG. 23 is a schematic diagram of implementing data pass-through between different

memories through a first network. It can be learned from FIG. 23 that the first network can be used

as a new path for forwarding service data, and the service data cached in the first memory can be

directly transmitted to the second memory through the first network.20

[0308] In this optional manner, the service data can be exchanged between the first memory

and the second memory through RDMA. Therefore, processing overheads of the first processor

and the second processor can be avoided, and the service data directly arrives at the second

memory from the first memory, thereby accelerating service data exchange, and improving service

data exchange efficiency.25

[0309] The embodiment in FIG. 23 shows a procedure of implementing RDMA data pass-

through between memories in two storage devices through the first network. In some embodiments

of this application, RDMA data pass-through between a hard disk in a source storage device and a

memory in a destination storage device may also be implemented in a similar manner. The

following provides a specific description by using an embodiment in FIG. 24.30

[0310] Referring to FIG. 24, an embodiment of this application provides a data processing
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method. The method may be applied to the system 1 shown in FIG. 1. Interaction bodies of the

method include a first AI apparatus in a first storage device and a second AI apparatus in a second

storage device. The method includes the following steps.

[0311] S2411: The first AI apparatus sends a network resource request of the first network to

a second AI processor, and sends a memory RDMA access request to the second processor.5

[0312] S2412: The first AI apparatus reads the other service data from the hard disk in the first

storage apparatus.

[0313] The first network interface in the first AI apparatus may access the hard disk in the first

storage apparatus through a high-speed interconnect network, and read the other service data from

the hard disk in the first storage apparatus based on an address of the other service data in the hard10

disk in the first storage apparatus.

[0314] S2413: The first AI apparatus sends the other service data to the second AI apparatus

through the first network.

[0315] S2414: The second AI apparatus writes the other service data into the second memory.

[0316] FIG. 25 is a schematic diagram of implementing data pass-through between a hard disk15

and a memory in a storage device through a first network. It can be learned from FIG. 25 that the

first network can be used as a new path for forwarding service data. The service data stored in the

hard disk in the first storage apparatus can be directly transmitted to the second memory through

the first network through RDMA, thereby implementing data pass-through between a hard disk in

a source storage node and a memory in a target storage node.20

[0317] In this optional manner, the service data can be exchanged between the hard disk in the

first storage apparatus and the second memory through RDMA. Therefore, processing overheads

of the first processor and the second processor can be avoided, and the service data can directly

arrive at the second memory from the hard disk in the first storage apparatus, thereby accelerating

service data exchange, and improving service data exchange efficiency.25

[0318] Optionally, the AI apparatuses may exchange an AI parameter with each other through

a network resource of the second network. Specifically, another AI parameter is transmitted

between the first AI apparatus and the second AI apparatus through the second network.

[0319] This function may be triggered in a plurality of cases. For example, when a quantity of

network resources of the first network is less than a specified AI network resource threshold, the30

another AI parameter is transmitted between the first AI apparatus and the second AI apparatus
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through the second network. In addition, it can be understood that, even if there is no restrictive

condition that the quantity of network resources is less than the specified AI network resource

threshold, the another AI parameter may be transmitted between the first AI apparatus and the

second AI apparatus through the second network.

[0320] In an optional embodiment, the first AI apparatus, the second AI apparatus, or a5

management apparatus may detect the quantity of network resources of the first network,

determine whether the quantity of network resources of the first network is less than the specified

AI network resource threshold, and if the quantity of network resources of the first network is less

than the specified AI network resource threshold, transmit the another AI parameter through the

second network. The first AI apparatus, the second AI apparatus, or the management apparatus10

may further detect a quantity of network resources of the second network, determine whether the

quantity of network resources of the second network is greater than a specified storage network

resource threshold, and if the quantity of network resources of the first network is less than the

specified AI network resource threshold and the quantity of network resources of the second

network is greater than the specified storage network resource threshold, transmit the another AI15

parameter through the second network.

[0321] In an example application scenario, if all or most of the service data to be loaded by the

first AI apparatus is located in the first storage apparatus, the first AI apparatus can locally load

the service data nearby. This prevents a large quantity of operations of accessing a remote storage

device through the second network, so that local network resources of the second network are20

sufficient. However, because the first AI apparatus frequently exchanges the AI parameter with

the remote AI apparatus, network resources of the first network are insufficient. In this scenario,

relatively sufficient network resources of the second network may be used as a new path of the AI

parameter, thereby accelerating AI parameter exchange.

[0322] In this optional manner, a new path is provided for the AI apparatuses to exchange the25

AI parameter with each other. When network resources of the first network are insufficient, the

second network is used to exchange the AI parameter. This increases a network bandwidth for

transmitting the AI parameter, shortens a delay of exchanging the AI parameter, accelerates AI

parameter exchange, and accelerates AI computing.

[0323] Optionally, AI memory pass-through between different storage devices may be30

implemented through RDMA. Specifically, referring to FIG. 26, an embodiment of this application
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provides a data processing method. The method may be applied to the system 1 shown in FIG. 1.

Interaction bodies of the method include a first storage device and a second storage device. The

method includes the following steps.

[0324] S2601: The first AI processor sends a network resource request of the second network

to the second processor.5

[0325] The first AI processor may generate the network resource request of the second network,

and send the network resource request of the second network to a first network interface. The first

network interface may send the network resource request of the second network to the second

processor. The network resource request of the second network is used to request to occupy some

network resources of the second network of a second AI apparatus to transmit another AI parameter.10

The request of the second network may carry a destination address of the another AI parameter.

[0326] The network resource request of the second network may be a memory RDMA access

request. The network resource request of the second network is used to request to access a second

AI memory through RDMA. The destination address carried in the request of the second network

may be an address in the second AI memory. After receiving the request of the second network,15

the second processor may establish an RDMA path between a first AI memory and the second AI

memory.

[0327] S2602: The first AI processor obtains the another AI parameter from the first AI

memory.

[0328] S2603: The first AI processor transmits the another AI parameter to the second AI20

memory through the second network through RDMA.

[0329] The first AI processor may locally access the first AI memory to obtain the another AI

parameter, and send the another AI parameter to a first network interface in the first AI apparatus.

The first network interface in the first AI apparatus may send the another AI parameter to a first

network interface in the second AI apparatus. The first network interface in the second AI25

apparatus may receive the another AI parameter, and write the another AI parameter into the

second AI memory. In this process, the second AI processor in the second AI apparatus does not

need to participate through RDMA, thereby preventing a processing resource of the second AI

processor from being occupied, and improving forwarding performance.

[0330] FIG. 27 is a schematic diagram of implementing data pass-through between AI30

memories in two storage devices through a second network. It can be learned from FIG. 27 that
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the second network can be used as a new path for forwarding an AI parameter, and the AI

parameter of the first AI memory in the first storage device can be directly transmitted to the

second AI memory through a first network through RDMA, thereby implementing data pass-

through between a AI memory in a source storage device and a AI memory in a target storage

device.5

[0331] In this optional manner, the AI parameter can be exchanged between the first AI

memory and the second AI memory through RDMA. Therefore, processing overheads of the first

AI processor and the second AI processor can be avoided, and the AI parameter can directly arrive

at the second AI memory from the first AI memory, thereby accelerating AI parameter exchange,

and improving AI parameter exchange efficiency.10

[0332] Optionally, if an AI apparatus performs training by borrowing a memory in a storage

device, the memory in the storage device may cache an AI parameter. Memory pass-through

between different storage devices may be implemented through RDMA, and AI parameters cached

in memories in different storage devices may be exchanged through a second network. Specifically,

referring to FIG. 28, an embodiment of this application provides a service data transmission15

method. Interaction bodies of the method include a first storage device and a second storage device.

The method includes the following steps.

[0333] S2801: The first AI processor sends a network resource request of the second network

to the second processor.

[0334] S2802: The first AI processor obtains the another AI parameter from the first memory.20

[0335] The first AI processor may access the first memory through a high-speed interconnect

network, to obtain the another AI parameter cached in the first memory.

[0336] S2803: The first AI processor transmits the another AI parameter to the second memory

through the second network through RDMA.

[0337] FIG. 29 is a schematic diagram of implementing AI parameter pass-through between25

memories in two storage devices through a second network. It can be learned from FIG. 29 that

the second network can be used as a new path for forwarding an AI parameter, and the AI

parameter of the first memory in the first storage device can be directly transmitted to the second

memory through a first network through RDMA, thereby implementing AI parameter pass-through

between a memory in a source storage node and a memory in a target storage node.30

[0338] In this optional manner, the AI parameter can be exchanged between the first memory
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and the second memory through RDMA. Therefore, processing overheads of the first AI processor

and the second AI processor can be avoided, and the AI parameter can directly arrive at the second

memory from the first memory, thereby accelerating AI parameter exchange, and improving AI

parameter exchange efficiency.

[0339] Optionally, a storage device in which a dataset is located in the storage system may be5

scheduled by using the management apparatus to perform AI computing. For details, refer to the

following method embodiment.

[0340] FIG. 30 is a flowchart of a data processing method according to an embodiment of this

application. The method may be applied to the system 1 shown in FIG. 1. Interaction bodies of the

method include a management apparatus and a first storage device. The method includes the10

following steps.

[0341] S3001: The management apparatus receives a first job request.

[0342] The first job request is used to request to perform training based on a dataset. The

dataset includes service data. The first job request may include an identifier of the dataset. The

identifier of the dataset is used to indicate the dataset, for example, may be an ID or a name of the15

dataset. In some embodiments, a client may generate the first job request, and send the first job

request to the management apparatus. The management apparatus may receive the first job request

from the client. The first job request may be triggered by an input operation of the user. For

example, the client may display a graphical user interface. The user may enter the identifier of the

dataset in the graphical user interface, and the client may receive the entered identifier of the20

dataset to generate the first job request.

[0343] S3002: The management apparatus determines distribution of a to-be-trained dataset

based on the first job request.

[0344] The management apparatus may parse the first job request to obtain the identifier of

the dataset that is carried in the first job request, and query a mapping relationship between the25

identifier of the dataset and metadata of the dataset based on the identifier of the dataset, to obtain

the metadata of the dataset. The metadata of the dataset is used to indicate an address of the dataset.

The management apparatus may determine the distribution of the dataset based on the metadata of

the dataset. For example, the management apparatus may query a storage device in which each

piece of service data in the dataset is located, and generate a storage device list. The storage device30

list includes a device identifier. The device identifier is used to identify a target storage device.
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The target storage device stores some or all of the service data in the dataset. Optionally, there may

be a plurality of device identifiers in the storage device list, and a sequence of arranging the

plurality of device identifiers is used to indicate an amount of data that is of the dataset and that is

stored in a corresponding target storage device. For example, in the storage device list, a target

device corresponding to the first device identifier stores the largest amount of service data in the5

dataset, and a target device corresponding to the last device identifier in the storage device list

stores the smallest amount of service data in the dataset.

[0345] S3003: When determining that the service data is distributed on the first storage device,

the management apparatus sends a first computing request to the first storage device.

[0346] The first computing request is used to request the first AI apparatus to perform AI10

computing on the service data. The first computing request may include the identifier of the dataset,

and the identifier of the dataset is carried to indicate that the service data in the dataset needs to be

obtained. For example, if the distributed storage system includes N storage devices: a storage

device 1 to a storage device N, the dataset is distributed on the storage device 1, the storage device

2, and the storage device 3, and the management apparatus may select to perform AI computing15

on the storage device 1, the storage device 2, and the storage device 3, the management apparatus

sends the first computing request to an AI apparatus of each of the storage device 1, the storage

device 2, and the storage device 3, where N is a positive integer.

[0347] S3004: The first AI apparatus obtains the service data from the first storage apparatus

in the first storage device based on the first computing request.20

[0348] The first AI apparatus may parse the first computing request to obtain the identifier of

the dataset that is carried in the first computing request, determine an address of the dataset in the

first storage apparatus based on the identifier of the dataset, and access the first storage apparatus

through a high-speed interconnect network, to obtain all or some of the service data of the dataset

stored in the first storage apparatus.25

[0349] S3005: The first AI apparatus performs AI computing on the service data to obtain a

first computing result.

[0350] In this optional manner, the management apparatus selects the first storage device in

which the service data is located, to provide AI computing, and the first storage device may obtain

the service data through the first storage apparatus in the first storage device, to perform AI30

computing. This prevents the service data from moving across storage devices, avoids a delay
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caused by accessing another storage device to obtain the service data, shortens a delay of obtaining

the service data, and accelerates AI computing.

[0351] Optionally, the management apparatus may determine whether a running status of the

first storage device meets a specified condition. If the management apparatus determines that the

running status of the first storage device meets the specified condition, the management apparatus5

sends the first computing request to the first storage device.

[0352] The running status may include one or more of free space of a memory in a storage

device, free space of an AI memory, an occupation status of an AI computing power unit, an

occupation rate of an AI processor, an occupation rate of a processor in the storage device, and

network resource usage. The preset condition includes any one of the following conditions (1) to10

(5) and a combination thereof:

(1) whether the free space of the memory in the storage device is greater than a

specified space threshold;

(2) whether the free space of the AI memory is greater than a specified space threshold;

(3) whether the occupation rate of the AI processor is less than a specified occupation15

rate threshold;

(4) whether the occupation rate of the processor in the storage device is less than a

specified occupation rate threshold; and

(5) whether the network resource usage is less than a specified occupation rate

threshold.20

[0353] In this optional manner, it can be ensured that the selected first storage device is not

occupied currently and can provide AI computing power, so as to avoid problems that device

overheads are excessively high and an AI computing task cannot be completed in time because an

occupied storage device is selected to perform AI computing.

[0354] Optionally, if the storage device in which the dataset is located has been occupied, the25

management apparatus may schedule a storage device that is in the storage system and that is close

to the dataset to perform AI computing. Specifically, referring to FIG. 31, an embodiment of this

application provides a flowchart of a data processing method. The method may be applied to the

system 1 shown in FIG. 1. Interaction bodies of the method include a management apparatus, a

first storage device, and a second storage device. The method includes the following steps.30

[0355] S3101: The management apparatus receives a second job request.
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[0356] Step S3101 is similar to step S3001. Details are not described herein again.

[0357] S3102: The management apparatus determines distribution of a to-be-trained dataset

based on the second job request.

[0358] Step S3101 is similar to step S3002. Details are not described herein again.

[0359] S3103: When the other service data is distributed on the second storage device in the5

plurality of storage device, the management apparatus further determines whether a running status

of the second storage device meets a specified condition.

[0360] S3104: When the running status of the second storage device does not meet the

specified condition, the management apparatus sends a second computing request to the first

storage device, where a distance between the first storage device and the second storage device is10

less than a specified distance threshold.

[0361] In some embodiments, for each storage device in the distributed storage system, the

management apparatus may determine a running status of the storage device and a distance

between the storage device and the second storage device, and the management apparatus may

determine, in the distributed storage system based on the running status of each storage device and15

the distance between the storage device and the second storage device, a storage device whose

running status meets the specified condition and whose distance to the second storage device is

less than the specified distance threshold, to obtain the first storage device.

[0362] In a possible implementation, the management apparatus may determine the first

storage device through cost-based optimization (Cost-Based Optimization, CBO for short). For20

example, for each storage device in the distributed storage system, the management apparatus may

compute a cost value of the storage device based on the running status of the storage device, the

distance between the storage device and the second storage device, and an amount of data in a

second dataset stored in the storage device. The cost value indicates overheads of enabling the

storage device to perform AI computing. The management apparatus may select, based on the cost25

value of the storage device, a storage device whose cost value meets a specified condition to serve

as the first storage device. According to this algorithm, because a cost value of a storage device

closest to the dataset is small, the storage device closest to the dataset may be selected to start AI

computing. For example, a weight x1 and a weight y1 may be respectively assigned to a local

storage and a remote storage, where x1 is less than y1. For any storage device, if an amount of30

data that is of the second dataset and that is stored in the storage device is x, and an amount of data
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that is of the second dataset and that is not stored in the storage device is y, a weighted summation

is performed on x and y based on the weight x1 and the weight y1, and an obtained weighted sum

value is used as a cost value of the storage device. The storage devices are sorted in ascending

order of cost values. If n storage devices are required for AI computing, the first n storage devices

are selected from the sorting result as the first storage device. For example, a weight of locally5

loaded data may be set to 1, and a weight of remotely loaded data may be set to 10. If a specific

storage device stores 30% of the dataset, and the remaining 70% of the dataset is not stored in the

storage device, a cost value of the storage device is 30% x 1 + 70% x 10 = 7.3.

[0363] Optionally, after selecting the first storage device, the management apparatus may

output a recommendation list to the client. The recommendation list indicates that the management10

apparatus recommends a storage device that starts AI computing. The recommendation list may

include an identifier of the first storage device.

[0364] S3105: The first AI apparatus obtains the other service data from the second storage

device based on the second computing request.

[0365] S3106: The first AI apparatus performs AI computing on the other service data to15

obtain a second computing result.

[0366] In this optional manner, if the storage device in which the dataset is located has been

occupied, the management apparatus can select a storage apparatus that is close to the dataset, to

provide AI computing. This shortens a dataset transmission distance, and reduces cross-node

service data movements.20

[0367] The following describes an example of an application scenario of this embodiment of

this application.

[0368] With application of deep learning, a dataset including a large amount of data is usually

required for model training, to obtain a neural network through fitting. For example, FIG. 32 shows

a logical procedure of model training. The model training may include a model loading phase, a25

data loading phase, a parameter initialization phase, a forward propagation phase, a loss computing

phase, a backward propagation phase, a parameter update phase, and a weight saving phase.

Because a large amount of iterative training is required to obtain a model parameter, and iteration

may be performed for hundreds to tens of thousands times, a large amount of data needs to be

loaded to perform parameter update and exchange, and consequently model training is very time-30

consuming. It can be learned that fully using software resources and hardware resources,
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improving scheduling performance, and optimizing a data transmission path are very important

for model training.

[0369] According to the methods provided in the embodiments of this application, each phase

of model training can be optimized.

[0370] Specifically, in the model loading phase, the methods provided in the embodiments in5

FIG. 30 and FIG. 31 may be used to provide near-data AI training. Specifically, a near-data AI

apparatus may be selected as a training node based on an address of data required for model

training, to start training.

[0371] In the data loading phase, the methods provided in the embodiment in FIG. 7, the

embodiment in FIG. 8, the embodiment in FIG. 9, the embodiment in FIG. 12, and the embodiment10

in FIG. 14 may be used to shorten a service data transmission path, and perform a data read/write

operation based on near storage. In addition, high-speed interconnection between a memory and

an AI memory can be used to implement RDMA pass-through between the memory and the AI

memory.

[0372] In the forward propagation phase, the method provided in the embodiment in FIG. 1815

may be used to implement collaboration between computing power of a processor and computing

power of an AI processor based on the high-speed interconnect network, thereby accelerating AI

operator computing.

[0373] In the parameter update phase, the method provided in the embodiment in FIG. 26 and

the method provided in the embodiment in FIG. 28 may be used to implement an RDMA path20

between AI memories in different storage devices and an RDMA path between memories in

different storage devices, to transmit an AI parameter through the RDMA path, thereby

accelerating parameter exchange.

[0374] FIG. 33 is a logical architecture diagram of AI training according to an embodiment of

this application. A user may perform an operation on a client, and enter an AI training job. The25

client generates a request for indicating to perform the AI training job, to invoke a job to submit

an application programming interface (Application Programming Interface, API), and sends the

request to an AI job management service. After receiving the request, the AI job management

service parses the job carried in the request, and sends a resource request to the management

apparatus. After the management apparatus receives the resource request, a scheduler in the30

management apparatus selects an appropriate storage device from a managed bottom-layer
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physical resource pool, and starts a corresponding AI training job on an AI apparatus in the selected

storage device. Computing power of the AI apparatus in the selected storage device is occupied by

the AI training job. After the AI training job is completed, the compute resource is released.

[0375] All the foregoing optional technical solutions may be randomly combined to form

optional embodiments of this application. Details are not described herein again.5

[0376] All or some of the foregoing embodiments may be implemented by using software,

hardware, firmware, or any combination thereof. When the software is used to implement the

embodiments, all or some of the embodiments may be implemented in a form of a computer

program product. The computer program product includes one or more computer program

instructions. When the computer program instructions are loaded and executed on a computer, the10

procedures or functions according to the embodiments of this application are all or partially

generated. The computer may be a general-purpose computer, a special-purpose computer, a

computer network, or another programmable apparatus. The computer instruction may be stored

in a computer-readable storage medium or may be transmitted from a computer-readable storage

medium to another computer-readable storage medium. For example, the computer program15

instructions may be transmitted from a website, computer, server, or service data center to another

website, computer, server, or service data center in a wired or wireless manner. The computer-

readable storage medium may be any usable medium accessible by a computer, or a service data

storage device, such as a server or a service data center, integrating one or more usable media. The

usable medium may be a magnetic medium (for example, a floppy disk, a hard disk, or a magnetic20

tape), an optical medium (for example, a digital video disc (digital video disc, DVD), a

semiconductor medium (for example, a solid-state drive), or the like.

[0377] A person of ordinary skill in the art may be aware that, method steps and units described

in the embodiments disclosed in this specification may be implemented by electronic hardware,

computer software, or a combination thereof. To clearly describe interchangeability between the25

hardware and the software, the foregoing has generally described steps and compositions of the

embodiments according to functions. Whether the functions are performed by hardware or

software depends on particular applications and design constraints of the technical solutions. A

person of ordinary skill in the art may use different methods to implement the described functions

for each particular application, but it should not be considered that the implementation goes beyond30

the scope of this application.



67

[0378] It can be clearly understood by a person skilled in the art that, for the purpose of

convenient and brief description, for a detailed working process of the foregoing described system,

apparatus, and unit, refer to a corresponding process in the foregoing method embodiment. Details

are not described herein again.

[0379] In the several embodiments provided in this application, it should be understood that5

the disclosed system, apparatus, and method may be implemented in other manners. For example,

the foregoing described apparatus embodiment is merely an example. For example, the unit

division is merely logical function division and may be other division during actual

implementation. For example, a plurality of units or components may be combined or integrated

into another system, or some features may be ignored or not performed. In addition, the displayed10

or discussed mutual couplings, the direct couplings, or the communication connections may be

implemented through some interfaces, and indirect couplings or communication connections

between the apparatuses or the units may be connections in an electrical form, a mechanical form,

or another form.

[0380] The units described as separate parts may or may not be physically separate, and parts15

displayed as units may or may not be physical units, may be located in one position, or may be

distributed on a plurality of network units. Some or all of the units may be selected according to

actual requirements to achieve the objectives of the solutions of the embodiments in this

application.

[0381] In addition, function units in the embodiments of this application may be integrated20

into one processing unit, or each of the units may exist alone physically, or two or more units are

integrated into one unit. The integrated unit may be implemented in a form of hardware, or may

be implemented in a form of a software function unit.

[0382] When the integrated unit is implemented in a form of a software function unit and sold

or used as an independent product, the integrated unit may be stored in a computer-readable storage25

medium. Based on such an understanding, the technical solutions of this application essentially, or

the part contributing to the prior art, or all or some of the technical solutions may be implemented

in the form of a software product. The computer software product is stored in a storage medium

and includes several instructions for indicating a computer device (which may be a personal

computer, a server, or a network device) to perform all or some of the steps of the method described30

in the embodiments of this application. The foregoing storage medium includes any medium that
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can store program code, for example, a USB flash drive, a removable hard disk, a read-only

memory (read-only memory, ROM), a random access memory (random access memory, RAM), a

magnetic disk, or an optical disc.

[0383] The foregoing descriptions are merely specific implementations of this application, but

are not intended to limit the protection scope of this application. Any modification or replacement5

readily figured out by a person skilled in the art within the technical scope disclosed in this

application shall fall within the protection scope of this application. Therefore, the protection scope

of this application shall be subject to the protection scope of the claims.

[0384] All or some of the foregoing embodiments may be implemented by using software,

hardware, firmware, or any combination thereof. When the software is used to implement the10

embodiments, the embodiments may be implemented all or partially in a form of a computer

program product. The computer program product includes one or more computer program

instructions. When the computer program instructions are loaded and executed on a computer, the

procedures or functions according to the embodiments of this application are all or partially

generated. The computer may be a general-purpose computer, a special-purpose computer, a15

computer network, or another programmable apparatus. The computer instruction may be stored

in a computer-readable storage medium or may be transmitted from a computer-readable storage

medium to another computer-readable storage medium. For example, the computer program

instructions may be transmitted from a website, computer, server, or data center to another website,

computer, server, or data center in a wired or wireless manner. The computer-readable storage20

medium may be any usable medium accessible by a computer, or a data storage device, such as a

server or a data center, integrating one or more usable media. The usable medium may be a

magnetic medium (for example, a floppy disk, a hard disk, or a magnetic tape), an optical medium

(for example, a digital video disc (digital video disc, DVD), a semiconductor medium (for example,

a solid-state drive), or the like.25

[0385] A person of ordinary skill in the art may understand that all or some of the steps of the

embodiments may be implemented by hardware or a program instructing related hardware. The

program may be stored in a computer-readable storage medium. The mentioned storage medium

may be a read-only memory, a magnetic disk, an optical disc, or the like.

[0386] The foregoing descriptions are merely optional embodiments of this application, but30

are not intended to limit this application. Any modification, equivalent replacement, or
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improvement made without departing from the spirit and principle of this application should fall

within the protection scope of this application.
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CLAIMS 

1. A data processing method, wherein the method is applied to a distributed storage system, 

the distributed storage system comprises a plurality of storage devices, a first storage device in the 

plurality of storage devices comprises a first processor, a first hard disk, and a first artificial 

intelligence, AI, apparatus, the first AI apparatus communicates with the first processor through a 5 

high-speed interconnect network, wherein the first storage device comprises a memory and the 

first AI apparatus comprises an AI processor and an AI memory and the method comprises: 

receiving, by the first processor, service data, and storing the service data in the first hard disk; 

and 

sending, by the first AI apparatus, a data obtaining request to the first processor to obtain the 10 

service data, and performing AI computing on the service data;

wherein the data obtaining request comprises a third data obtaining request, and the obtaining, 

by the first processor, the service data comprises: 

sending, by the first processor, metadata of the service data to the first AI apparatus in 

response to the third data obtaining request, wherein the metadata is used to indicate an address of 15 

the service data; and

when the metadata indicates that the service data is located in a second storage device in the 

plurality of storage devices, sending, by the first AI apparatus, a second data access request to the 

second storage device, wherein the second data access request is a remote direct memory access, 

RDMA, request, and wherein the second data access request comprises the metadata; and receiving 20 

the service data that is sent by the second storage device in response to the second data access 

request; the method further comprising:

when an available capacity of the AI memory reaches a preset threshold, sending, by the AI 

processor, a memory application request to the first processor, wherein the available capacity of 

the AI memory is determined by a specified batch size, and the memory application request is used 25 

to request the first processor to obtain a segment of memory space form the memory through 

division and reserve the segment of memory space for the AI apparatus. 

2. The method according to claim 1, wherein the method further comprises: 

transmitting, by the second storage device, the service data to the first storage device through 30 
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a second network; and

transmitting an AI parameter to the first storage device through a first network, wherein the 

AI parameter is used to perform AI computing on the service data. 

3. The method according to claim 1 or claim 2, wherein the method further comprises: 5 

transmitting, by a second storage device in the plurality of storage devices, other service data 

to the first storage device through the first network; and transmitting another AI parameter through 

the second network, wherein the another AI parameter is used to perform AI computing on the 

other service data. 

10 

4. The method according to claim 1, wherein the distributed storage system further comprises 

a management apparatus, and the method further comprises: 

receiving, by the management apparatus, a first job request; determining distribution of a to-

be-trained dataset based on the first job request, wherein the dataset comprises the service data; 

and when determining that the service data is distributed on the first storage device, sending a first 15 

computing request to the first storage device, wherein the first computing request is used to request 

the first AI apparatus to perform AI computing on the service data. 

5. A distributed storage system, comprising a plurality of storage devices, a first storage 

device in the plurality of storage devices comprises a first processor, a first hard disk, and a first 20 

artificial intelligence, AI, apparatus, the first AI apparatus communicates with the first processor 

through a high-speed interconnect network, wherein the first storage device comprises a memory 

and the first AI apparatus comprises an AI processor and an AI memory,  

wherein the first AI apparatus is configured to send a third data obtaining request to the first 

processor to obtain service data,  25 

wherein the first processor is configured to send metadata of service data to the first AI 

apparatus in response to the third data obtaining request, wherein the metadata is used to indicate 

an address of the service data; and 

the first AI apparatus is configured to: 

send a second data access request to the second storage device when the metadata indicates 30 

that the service data is located in a second storage device in the plurality of storage devices, 
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wherein the second data access request is a remote direct memory access, RDMA, request, and 

wherein the second data access request comprises the metadata;

receive the service data that is sent by the second storage device in response to the second 

data access request;

and perform AI computing on the service data;5 

wherein the AI processor is configured to: when an available capacity of the AI memory 

reaches a preset threshold, send a memory application request to the first processor, wherein the 

available capacity of the AI memory is determined by a specified batch size, and the memory 

application request is used to request the first processor to obtain a segment of memory space from 

the memory through division and reserve the segment of memory space for the AI apparatus. 10 
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