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OPERATION ACCELERATOR

[0001] This application claims priority to Chinese Patent No. 201710553286.X,

filed with the Chinese Patent Office on July 7, 2017 and entitled "OPERATION

ACCELERATOR", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD5

[0002] This application relates to the field of data calculation technologies, and in

particular, to an operation accelerator.

BACKGROUND

[0003] Currently, a product of two matrices A and B may be calculated in either of

the following two manners:10

[0004] Manner 1: Calculation is performed by using a vector processor.

[0005] It is assumed that C=AB, and the vector processor can calculate M

elements at the same time. Referring to FIG. 1, the vector processor loads vectors

(including elements Ai1, Ai2, …, Ai(M–1), and AiM) in a row i of the matrix A to a source

register Reg0, and then loads vectors (including elements Bj1, Bj2, …, Bj(M–1), and BjM)15

in a row j of the matrix B to a register Reg1, to multiply corresponding elements in

Reg0 and Reg1; and finally, the vector processor completes an accumulate operation

by using an adder tree, and calculates data Cij in a row i and a column j of a matrix C.

After a plurality of calculations, the matrix C may be obtained.

[0006] Manner 2: To further increase a calculation speed, a multiplication operation20

of the matrices may be completed by using a two-dimensional computation array.

[0007] For example, the two-dimensional computation array may be an N*N

systolic array. An operation of multiplying one vector and one matrix may be completed

in each clock cycle by using one such systolic array.

[0008] In Manner 1, N^3 multiplication operations are required to complete a25

multiplication operation of two N*N matrices, and because the vector processor may

multiply the M elements in each clock cycle, duration required for completing one
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multiplication operation is N^3/M clock cycles. In Manner 2, N^3 multiplication

operations are required to complete a multiplication operation of two N*N matrices,

and because the systolic array has N^2 operation units, duration required for completing

one matrix operation is N^3/N^2=N clock cycles. In both Manner 1 and Manner 2, it

takes a long time to complete the multiplication operation of the N*N matrices.5

SUMMARY

[0009] Embodiments of this application provide an operation accelerator, to reduce

time for performing a multiplication operation on two N*N matrices.

[0010] To achieve the foregoing objective, the embodiments of this application

provide the following technical solutions:10

[0011] According to a first aspect, an operation accelerator is provided. The

operation accelerator includes: a first memory, configured to store a first matrix, where

the first matrix is an M*N matrix; a second memory, configured to store a second matrix,

where the second matrix is an N*K matrix; an operation circuit connected to the first

memory and the second memory, where the operation circuit includes a matrix15

multiplying circuit and an adder circuit; the matrix multiplying circuit includes M

operation groups including operation blocks, each operation group includes K operation

blocks, each operation block includes N operation units, the operation unit is provided

with two inputs that are respectively used to receive data sent by the first memory and

the second memory, and the operation unit multiplies the two pieces of data; and the20

adder circuit is configured to add calculation results of operation units belonging to a

same operation block to obtain a calculation result of each operation block; and a

controller connected to the operation circuit, where the controller is configured to

perform the following actions: respectively writing K column vectors of the second

matrix into the K operation blocks of each operation group, where a jth piece of data in25

a gth column of vectors of the second matrix is written into a jth operation unit in a gth

operation block in the K operation blocks; respectively sending M row vectors of the

first matrix to the M operation groups, where an ith row vector of the first matrix is sent

to an ith operation group in the M operation groups, and a jth operation unit in each

operation block in the ith operation group receives a jth piece of data in the ith row vector;30

so that each operation unit in the M operation groups performs a multiplication

operation on two pieces of data received by the operation unit, and the adder circuit
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adds calculation results of operation units in each operation block to obtain a third

matrix, where the third matrix is a product of the first matrix and the second matrix, an

element in a row i and a column g in the third matrix is a calculation result of a gth

operation block in the ith operation group, M, N, and K are integers greater than 0, i is

an integer greater than 0 and less than M+1, g is an integer greater than 0 and less than5

K+1, and j is an integer greater than 0 and less than N+1.

[0012] In the method provided in the first aspect, because the M operation groups

include M*N*K operation units, the operation accelerator may perform M*N*K

multiplication operations within one clock cycle. In this case, the operation accelerator

may calculate a product of an M*N matrix and an N*K matrix. Compared with the prior10

art, this method can greatly reduce time required by the matrix multiplication operation.

[0013] In a possible design, the adder circuit includes M*K adder trees, one adder

tree is corresponding to one operation block, the adder tree is connected to N operation

units in the corresponding operation block, and the adder tree is configured to add

calculation results of the N operation units connected to the adder tree.15

[0014] In this possible design, a composition structure of the adder circuit is

specifically provided.

[0015] In a possible design, the operation unit includes: a storage unit, configured

to store data written into the storage unit; and a multiplying circuit connected to the

storage unit, configured to calculate a product of received data and the data stored in20

the storage unit.

[0016] In this possible design, a composition structure of the operation unit is

specifically provided.

[0017] In a possible design, the operation unit includes a plurality of storage units,

a multiplying circuit, a first selection circuit connected to the plurality of storage units,25

and a second selection circuit connected to the plurality of storage units and the

multiplying circuit. The plurality of storage units are configured to store data; the first

selection circuit is configured to: before the multiplying circuit performs a

multiplication operation, select, from the plurality of storage units, a storage unit for

storing data used when the multiplying circuit performs the multiplication operation;30

the second selection circuit is configured to: when the multiplying circuit performs the

multiplication operation, select a storage unit for storing data used when the multiplying

circuit performs the multiplication operation; and the multiplying circuit is configured

to calculate a product of received data and the data stored in the storage unit selected
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by the second selection circuit.

[0018] In this possible design, the storage unit may be divided into two blocks

(block). When the operation unit includes a plurality of storage units, if the operation

unit performs a multiplication operation based on data in one block in one storage unit,

the controller may further write data into another storage unit in the plurality of storage5

units or another block in the storage unit that participates in the multiplication operation,

thereby improving work efficiency of the operation unit.

[0019] In a possible design, the first memory is connected to the operation circuit

by using a first bus, and a bit width of the first bus is Wi*N*M; the second memory is

connected to the operation circuit by using a second bus, and a bit width of the second10

bus is Wi*N; and Wi is a maximum bit width that is of input data and that is allowed by

the operation unit.

[0020] In a possible design, the operation accelerator further includes a storage unit

access controller connected to the first memory, the second memory, and the controller,

and the storage unit access controller is configured to: obtain, under control of the15

controller, the first matrix and the second matrix, save the first matrix to the first

memory, and save the second matrix to the second memory.

[0021] In a possible design, the operation accelerator further includes: a third

memory, configured to store source data of the first matrix; a storage unit access

controller connected to the first memory, the second memory, the third memory, and the20

controller, where the storage unit access controller is configured to: obtain, under

control of the controller, the source data of the first matrix and the second matrix, save

the source data of the first matrix to the third memory, and save the second matrix to

the second memory; and a vector calculation unit connected to the first memory, the

third memory, and the controller, where the vector calculation unit is configured to:25

convert, under control of the controller, the source data of the first matrix into the first

matrix, and save the first matrix to the first memory.

[0022] In this possible design, the operation accelerator further has a capability of

obtaining the first matrix by using the source data of the first matrix.

[0023] In a possible design, the third memory is connected to the operation circuit,30

and the third memory is further configured to store the third matrix.

[0024] In a possible design, the operation accelerator further includes an

accumulator connected to the operation circuit, the vector calculation unit, and the

controller, where the accumulator is configured to add elements at corresponding
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positions in the third matrix and a fourth matrix under control of the controller, to obtain

a fifth matrix; and the vector calculation unit is further configured to save the fifth

matrix to the third memory under control of the controller, where the third matrix is a

product of the first matrix and the second matrix, the first matrix includes a first part of

a first to-be-calculated matrix, the first part of the first to-be-calculated matrix is5

elements in 1st to Nth columns of the first to-be-calculated matrix, the second matrix is

a first part of a second to-be-calculated matrix, the first part of the second to-be-

calculated matrix is elements in 1st to Nth rows of the second to-be-calculated matrix,

the first to-be-calculated matrix includes M rows of elements, the second to-be-

calculated matrix includes K columns of elements, the fourth matrix is a product of a10

second part of the first to-be-calculated matrix and a second part of the second to-be-

calculated matrix, the second part of the first to-be-calculated matrix is a part other than

the first part in the first to-be-calculated matrix, and the second part of the second to-

be-calculated matrix is a part other than the first part in the second to-be-calculated

matrix.15

[0025] In a possible design, the operation accelerator further includes: an

instruction fetch buffer connected to the controller, and configured to store an

instruction used by the controller; and a bus interface unit connected to the instruction

fetch buffer, the storage unit access controller, and an external memory, used by the

instruction fetch buffer to obtain the instruction from the external memory, and further20

used by the storage unit access controller to obtain at least one of the source data of the

first matrix, the first matrix, and the second matrix from the external memory.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a schematic diagram of a process of calculating a product of two

matrices in the prior art;25

[0027] FIG. 2 is a schematic diagram of converting a convolution kernel into a

weight matrix in the prior art;

[0028] FIG. 3 is a schematic diagram of converting input data into an input matrix

in the prior art;

[0029] FIG. 4 is a schematic diagram of a method for performing a multiplication30

operation on two matrices in the prior art;

[0030] FIG. 5 is a schematic composition diagram of an operation accelerator
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according to an embodiment of the present invention;

[0031] FIG. 6 is a schematic composition diagram of an operation circuit according

to an embodiment of the present invention;

[0032] FIG. 7 is a schematic diagram of wiring in an operation circuit according to

an embodiment of the present invention;5

[0033] FIG. 8 is a schematic diagram of a column vector loaded in each operation

block according to an embodiment of the present invention;

[0034] FIG. 9 is a schematic diagram of data in an operation unit in each operation

group according to an embodiment of the present invention;

[0035] FIG. 10 is a schematic diagram of a row vector loaded in each operation10

block according to an embodiment of the present invention;

[0036] FIG. 11 is a schematic diagram of data in an operation unit in each operation

group according to an embodiment of the present invention;

[0037] FIG. 12 is a schematic diagram of data calculated by an operation unit in

each operation group according to an embodiment of the present invention;15

[0038] FIG. 13 is a schematic diagram of a relationship between an adder tree and

an operation block according to an embodiment of the present invention;

[0039] FIG. 14 is a schematic composition diagram of an operation unit according

to an embodiment of the present invention;

[0040] FIG. 15 is a schematic composition diagram of another operation unit20

according to an embodiment of the present invention;

[0041] FIG. 16 is a schematic composition diagram of another operation accelerator

according to an embodiment of the present invention;

[0042] FIG. 17 is a schematic composition diagram of still another operation

accelerator according to an embodiment of the present invention;25

[0043] FIG. 18 is a schematic diagram of a padding matrix according to an

embodiment of the present invention;

[0044] FIG. 19 is a schematic diagram of partitioned matrices according to an

embodiment of the present invention;

[0045] FIG. 20 is a flowchart in which a controller controls an operation accelerator30

to complete a matrix multiplication operation according to an embodiment of the

present invention; and

[0046] FIG. 21 is a flowchart in which a CPU controls an operation accelerator to

implement a matrix multiplication operation according to an embodiment of the present
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invention.

DESCRIPTION OF EMBODIMENTS

[0047] The following describes the technical solutions in the embodiments of this

application with reference to the accompanying drawings in the embodiments of this

application. In the description of this application, unless otherwise stated, "/" means or,5

for example, A/B may indicate A or B, and "a plurality of" means two or more.

[0048] An operation accelerator provided in the embodiments of the present

invention may be applied to fields such as machine learning, deep learning, and a

convolutional neural network, or may be applied to fields such as digital image

processing and digital signal processing, or may be applied to other fields related to a10

matrix multiplication operation.

[0049] In recent years, due to good performance of a convolutional neural network

in image classification, image recognition, audio recognition, and other related fields,

the convolutional neural network becomes a research and development hotspot in the

academic and industrial circles. The convolutional neural network mainly includes15

convolution and fully connected (fully connected, FC for short) operations. A

computation amount of the convolution operation can usually occupy more than 70%

of a computation amount of an entire network. The operation accelerator provided in

the embodiments of the present invention may perform the convolution operation and

the FC operation in the convolutional neural network.20

[0050] The convolution operation is not equivalent to the matrix multiplication

operation in the strict sense. However, the convolution operation may be converted into

the matrix multiplication operation through proper data adjustment. There are usually

a plurality of convolution kernels in the convolutional neural network. The convolution

kernel is three-dimensional and includes three dimensions of data. Directions x and y25

are length and width of the data, and a direction z may be considered as depth of the

data. The convolution kernels are actually filters (filter), and are mainly configured to

extract different features from images. Referring to FIG. 2, the convolution kernel is

substantially a combination of a series of weights. It is assumed that there are K

convolution kernels. N elements in the direction z at a same position in the K30

convolution kernels are extracted, and an N*K weight matrix (weight matrix) can be

obtained. The convolution kernels may be prestored in a memory of the operation
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accelerator in a form of a weight matrix based on a specification (to be specific, a row

quantity and a column quantity of the matrix that can be calculated by the operation

accelerator) of the operation accelerator, for calling when the operation accelerator

performs a matrix multiplication operation. In the embodiments of the present invention,

"*" indicates "multiplying".5

[0051] Referring to FIG. 3, based on a stride (stride) (in the embodiments of the

present invention, the stride is 1) of the convolution kernel, the operation accelerator

may extract N pieces of data of M input points in the direction z, that is, a total of M*N

pieces of data. An input matrix (input matrix) may be formed. The operation accelerator

needs to perform a multiplication operation on the input matrix and the weight matrix.10

[0052] The FC operation is substantially a multiplication operation of a vector and

a matrix. An input of the FC operation is a vector with 9216 elements, and 4096 points

need to be output in FC. In this case, to obtain a point output in FC, a point

multiplication operation needs to be performed on a vector with 9126 elements and

9216 weights; and to obtain all 4096 points, a point multiplication operation needs to15

be performed on the vector of 9216 and 9216x4096 weights.

[0053] FIG. 4 shows a calculation formula of a matrix C=A*B, where A is a matrix

with dimensions of M*N, and B is a matrix with dimensions of N*K. In the

embodiments of the present invention, M, N, and K are positive integers. To obtain one

piece of data in the matrix C through calculation, a point multiplication operation needs20

to be performed on data in a row vector in the matrix A and corresponding data in a

column vector in the matrix B, and then addition is performed. In other words, to obtain

one piece of data in the matrix C through calculation, N multiplication operations need

to be performed. In this case, to obtain the matrix C through calculation, M*N*K

multiplication operations need to be performed.25

[0054] An operation accelerator 50 is provided in an embodiment of the present

invention. As shown in FIG. 5, the operation accelerator 50 includes a first memory

501, a second memory 502, an operation circuit 503, and a controller 504. The operation

circuit 503 may perform data communication with the first memory 501 and the second

memory 502 by using a bus. The operation circuit 503 is configured to: extract matrix30

data from the first memory 501 and the second memory 502, and perform a

multiplication operation. The controller 504 is configured to control, according to a

preset program or instruction, the operation circuit 503 to complete the multiplication

operation.
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[0055] The first memory 501 is configured to store a first matrix, and the first

matrix is an M*N matrix. If a matrix A is the first matrix, an element in a row i and a

column j in the first matrix A may be denoted as Aij. The first memory 501 mentioned

in this embodiment of the present invention, and the second memory 502, a third

memory 506, and a storage unit that are mentioned below each may be a register, a5

random access memory (random access memory, RAM for short), a static random

access memory, a flash memory, or another readable and writable memory.

[0056] The second memory 502 is configured to store a second matrix, and the

second matrix is an N*K matrix. If a matrix B is the second matrix, an element in a row

j and a column g in the second matrix B may be denoted as Bjg.10

[0057] M, N, and K are integers greater than 0, i is an integer greater than 0 and

less than M+1, g is an integer greater than 0 and less than K+1, and j is an integer greater

than 0 and less than N+1. Any two parameters in M, N, and K may be equal, or all M,

N, and K may be equal.

[0058] As shown in FIG. 6, the operation circuit 503 may include one or more15

matrix multiplying circuits 5031 and one or more adder circuits 5032. One adder circuit

5032 may be corresponding to one matrix multiplying circuit 5031. One adder circuit

5032 may be alternatively corresponding to a plurality of matrix multiplying circuits

5031. The plurality of matrix multiplying circuits 5031 included in the operation circuit

503 may independently perform respective matrix multiplication operations. FIG. 6 is20

drawn by using an example in which the operation circuit 503 includes two matrix

multiplying circuits 5031. The matrix multiplying circuit 5031 includes M operation

groups including operation blocks, each operation group includes K operation blocks,

each operation block includes N operation units, the operation unit is provided with two

inputs that are respectively used to receive data sent by the first memory and the second25

memory, and the operation unit multiplies the two pieces of data together. The adder

circuit 5032 is configured to add calculation results of operation units belonging to a

same operation block to obtain a calculation result of each operation block.

[0059] The controller 504 may perform the following actions to calculate a product

of the first matrix and the second matrix:30

respectively writing K column vectors of the second matrix into the K

operation blocks of each operation group, where a jth piece of data in a gth column of

vectors of the second matrix is written into a jth operation unit in a gth operation block

in each operation group, and the operation circuit 503 may read, under control of the
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controller 504, data in the second matrix in the second memory 502 and buffer the data

in the second matrix into the K operation blocks of each operation group, or the

controller 504 may control the second memory 502 to write data in the second matrix

into the K operation blocks of each operation group in the operation circuit 503;

respectively sending M row vectors of the first matrix to the M operation5

groups, where an ith row vector of the first matrix is sent to an ith operation group in the

M operation groups, a jth operation unit in each operation block in the ith operation group

receives a jth piece of data in the ith row vector, and the operation circuit 503 may read,

under control of the controller 504, data in the first matrix in the first memory 501, or

the controller 504 may control the first memory 501 to send data in the first matrix to10

the M operation groups in the operation circuit 503; and

so that each operation unit in the M operation groups performs a

multiplication operation on two pieces of data received by the operation unit, and the

adder circuit 5032 adds calculation results of operation units in each operation block

to obtain a third matrix, where the third matrix is the product of the first matrix and the15

second matrix, an element in a row i and a column g in the third matrix is a calculation

result of a gth operation block in the ith operation group.

[0060] Optionally, the first memory 501 is connected to the operation circuit 503

by using a first bus, and a bit width of the first bus is Wi*N*M. The second memory

502 is connected to the operation circuit 503 by using a second bus, and a bit width of20

the second bus is Wi*N. Wi is a maximum bit width that is of input data and that is

allowed by the operation unit.

[0061] Specifically, Wi may be set based on a type of the input data of the operation

unit. For example, data of an int (integer) 8 type has a bit width of 8 bits, data of an fp

(floating point quantity) 16 type has a bit width of 16 bits, data of an fp32 type has a bit25

width of 32 bits, or the like. A bit width that is of output data and that is allowed by the

operation unit may be set based on a range of the calculation result of the operation unit,

or may be determined in another manner. For example, when the operation accelerator

50 is configured to calculate a product of an input matrix and a weight matrix, data in

the input matrix and data in the weight data are both of the int8 type, and an output30

result of the operation unit may also be set to the int8 type. In this case, the bit width of

the output data is equal to the bit width of the input data. Certainly, the output data of

the operation unit may be converted into the int16 type. In this case, the bit width of the

output data is 16 bits. In addition, the bit width of the output data may be alternatively
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designed based on another actual requirement.

[0062] Specifically, based on an arrangement manner of the operation blocks and

the operation units in the operation circuit 503 shown in FIG. 6, FIG. 7 is a schematic

diagram of specific wiring in the operation circuit 503.

[0063] It can be learned based on the foregoing embodiment that, the operation5

circuit 503 includes M*N*K operation units. Referring to FIG. 6 and FIG. 7, these

operation units are classified into M operation groups, each operation group includes

N*K operation units, the N*K operation units are arranged in K columns to form K

operation blocks, and each operation block includes N operation units.

[0064] Before formally performing the matrix multiplication operation, the10

operation accelerator 50 needs to load the data in the second matrix to the M operation

groups in advance. Because a same second matrix is used for all the operation groups,

the second memory 502 may load the data in the second matrices through broadcasting.

[0065] Referring to FIG. 7, there is a second bus whose bit width is Wi*N between

the operation circuit 503 and the second memory 502 (Wi is a maximum bit width that15

is of the input data and that is allowed by the operation unit, and N is a quantity of

operation units in one operation block, and in this case, a width of the second bus is

Wi*N), and the second bus is configured to: broadcast data, and perform column vector

broadcasting on one operation block in the M operation groups each time. Specifically,

one column vector in the second matrix may be duplicated in M copies first, and then20

the M copies of column vectors are broadcast to corresponding operation blocks in the

M operation groups. For a column vector loaded in each operation block, refer to FIG.

8. If the second memory 502 needs one cycle (the cycle may be a clock cycle that is set

based on a specific clock signal, or may be a processing cycle that is generated based

on another control signal) to broadcast one column vector, K cycles are required to25

complete broadcasting of all column vectors in the second matrix.

[0066] For example, based on the arrangement manner of the operation blocks in

the operation groups shown in FIG. 6, if the matrix B is the second matrix, it is assumed

that the second matrix B is:
























54535251

44434241

34333231

24232221

14131211

BBBB

BBBB

BBBB

BBBB

BBBB

B

. In this case, N=5, and K=4.

For data in the operation units after four column vectors in the second matrix B are30
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respectively written into four operation blocks in the four operation groups, refer to FIG.

9.

[0067] There is a first bus whose bit width is Wi*N*M between the operation circuit

503 and the first memory 501 (Wi is a maximum bit width that is of the input data and

that is allowed by the operation unit, N is a quantity of operation units in one operation5

block, and M is a quantity of operation groups, and in this case, a width of the first bus

is Wi*N*M), and the first bus is configured to send the data in the first matrix. A bit

width of data input into each operation group is Wi*N. Each operation group receives

one row vector in the first matrix, row vectors received by all operation blocks in each

operation group at the same time are the same, and row vectors received by the10

operation groups are different. Specifically, a row vector that is in the first matrix and

that is to be sent to an operation group may be duplicated in K copies in the operation

group, and the K copies of row vectors are respectively sent to K operation blocks in

the operation group. For a row vector loaded in each operation block, refer to FIG. 10.

Because operation units in one row in each operation group use same data, the first15

memory 501 may send data to the operation units through row broadcasting. Because

there are a total of M operation groups, a matrix whose dimensions are M*N may be

sent within one cycle.

[0068] For example, based on the arrangement manner of the operation blocks in

the operation groups shown in FIG. 6, if the matrix A is the first matrix, it is assumed20

that the first matrix A is:




















4544434241

3534333231

2524232221

1514131211

AAAAA

AAAAA

AAAAA

AAAAA

A

. In this case, M=4, and

N=5. For data in the operation units after four row vectors in the second matrix A are

respectively sent to the four operation groups, refer to FIG. 11. For the data calculated

by the operation units in the four operation groups, refer to FIG. 12. Calculation results

of the operation units in each operation block are added to obtain the product of the first25

matrix A and the second matrix B, namely, the third matrix C.

[0069] When the method provided in this embodiment of the present invention is

applied to a convolutional neural network, the first matrix may be an input matrix, and

the second matrix may be a weight matrix.

[0070] In the method provided in this embodiment of the present invention, because30

the M operation groups include M*N*K operation units, the operation accelerator may
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perform M*N*K multiplication operations within one clock cycle. In this case, the

operation accelerator 50 may calculate a product of an M*N matrix and an N*K matrix.

Compared with the prior art, this method can greatly reduce time required by the matrix

multiplication operation.

[0071] Optionally, when one matrix multiplying circuit 5031 is corresponding to5

one adder circuit 5032, the adder circuit 5032 includes M*K adder trees, one adder tree

is corresponding to one operation block, the adder tree is connected to N operation units

in the corresponding operation block, and the adder tree is configured to add calculation

results of the N operation units connected to the adder tree.

[0072] It should be noted that accumulate operations need to be performed for10

calculation results of all the N operation units in the operation block, so that a

calculation result of the operation block can be obtained. Accumulate operations may

be specifically performed on calculation results of all operation units in one operation

block by using adder trees shown in FIG. 13. The adder tree is substantially a

combination of a series of adders, and a connection manner is shown in FIG. 13. In this15

case, because the adder tree needs to add the calculation results of the N operation units,

a bit width of an output result of the adder tree is denoted by Wa, and Wa depends on a

range of the output result of the adder tree. If a bit width of a calculation result of each

operation unit is Wo, the output result of the operation blocks that is obtained after the

adder tree performs accumulation may exceed a maximum range that can be indicated20

by Wo. Therefore, a larger bit width usually needs to be used to indicate the output result

of the operation block. For example, a maximum bit width of the input data of the

operation unit is 8 bits, and a bit width of the output data of the adder tree may be set

to 32 bits.

[0073] Alternatively, one adder circuit 5032 may be corresponding to a plurality of25

matrix multiplying circuits 5031. In one case, one matrix multiplying circuit 5031 may

be corresponding to M*K adder trees, and the M*K adder trees corresponding to the

plurality of matrix multiplying circuits 5031 may be deployed in one adder circuit 5032.

Referring to FIG. 6, the adder circuit 5032 included in the operation circuit 503 shown

in FIG. 6 is corresponding to two matrix multiplying circuits 5031. In this case, the30

adder circuit 5032 includes 2*M*K adder trees, M*K of the 2*M*K adder trees are

configured to add calculation results output by operation units in M*K operation blocks

in one of the two matrix multiplying circuits 5031, the other M*K adder trees of the

2*M*K adder trees are configured to add calculation results output by operation units
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in M*K operation blocks in the other matrix multiplying circuit 5031 in the two matrix

multiplying circuits 5031.

[0074] In one case, referring to FIG. 14, the operation unit includes: a storage unit,

configured to store data written into the storage unit; and a multiplying circuit

connected to the storage unit, configured to calculate a product of received data and the5

data stored in the storage unit. Specifically, for ease of description, the data in the first

matrix in the operation unit is referred to as "first data", and the data in the second

matrix is referred to as second data. In this case, referring to FIG. 14, the storage unit

may be configured to store the second data. The multiplying circuit may further include

an interface configured to input the first data and the second data and output a10

calculation result. The storage unit may further include an interface configured to write

the second data.

[0075] In another case, referring to FIG. 15, the operation unit includes a plurality

of storage units (FIG. 15 is drawn by using an example in which the operation unit

includes two storage units), a multiplying circuit, a first selection circuit connected to15

the plurality of storage units, and a second selection circuit connected to the plurality

of storage units and the multiplying circuit.

[0076] The plurality of storage units are configured to store data.

[0077] The first selection circuit is configured to: before the multiplying circuit

performs a multiplication operation, select, from the plurality of storage units, a storage20

unit for storing data used when the multiplying circuit performs the multiplication

operation.

[0078] The second selection circuit is configured to: when the multiplying circuit

performs the multiplication operation, select a storage unit for storing data used when

the multiplying circuit performs the multiplication operation.25

[0079] The multiplying circuit is configured to calculate a product of received data

and the data stored in the storage unit selected by the second selection circuit.

[0080] Specifically, the plurality of storage units may store data in different

matrices. The first selection circuit may select a storage unit in which data in a matrix

is to be stored.30

[0081] The storage unit may be divided into two blocks (block). When the operation

unit includes a plurality of storage units, if the operation unit performs a multiplication

operation based on data in one block in one storage unit, the controller 504 may further

write data into another storage unit in the plurality of storage units or another block in
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the storage unit that participates in the multiplication operation, thereby improving

work efficiency of the operation unit.

[0082] Referring to FIG. 15, if the matrix multiplying circuit 5031 needs to

calculate the product of the first matrix A and the second matrix B, and further needs to

calculate a product of the first matrix A and a matrix D, the controller 504 may write5

data in both the second matrix B and the matrix D into the storage units of the operation

unit. The first selection circuit may choose to write second data 0 in the second matrix

B into a storage unit 0, and write second data 1 in the matrix D into a storage unit 1.

When the multiplying circuit performs a multiplication operation on the first data and

the second data 0, the second selection circuit chooses to output the second data 0 in10

the storage unit 0 to the multiplying circuit, and when the multiplying circuit performs

a multiplication operation on the first data and the second data 1, the second selection

circuit chooses to output the second data 1 in the storage unit 1 to the multiplying circuit.

[0083] In this case, each operation unit receives four inputs: the first data, the

second data, and two register selection signals. One register selection signal is used to15

control the first selection circuit to select, from the plurality of storage units before the

multiplying circuit performs a multiplication operation, a storage unit for storing data

used when the multiplying circuit performs the multiplication operation. The other

register selection signal is used to control the second selection circuit to select, when

the multiplying circuit performs a multiplication operation, a storage unit for storing20

data used when the multiplying circuit performs the multiplication operation.

[0084] Optionally, referring to FIG. 16, the operation accelerator 50 may further

include a storage unit access controller 505 connected to the first memory 501, the

second memory 502, and the controller 504.

[0085] The storage unit access controller 505 is configured to: obtain, under control25

of the controller 504, the first matrix and the second matrix, save the first matrix to the

first memory 501, and save the second matrix to the second memory 502.

[0086] The storage unit access controller 505 may be a direct memory access

controller 504 (Direct Memory Access Controller, DMAC for short) or a load/storage

unit.30

[0087] Optionally, referring to FIG. 16, the operation accelerator 50 may further

include:

a third memory 506, configured to store source data of the first matrix;

a storage unit access controller 505 connected to the first memory 501, the
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second memory 502, the third memory 506, and the controller 504, where the storage

unit access controller 505 is configured to: obtain, under control of the controller 504,

the source data of the first matrix and the second matrix, save the source data of the

first matrix to the third memory 506, and save the second matrix to the second memory

502; and5

a vector calculation unit (vector unit) 507 connected to the first memory 501,

the third memory 506, and the controller 504, where the vector calculation unit 507 is

configured to: convert, under control of the controller 504, the source data of the first

matrix into the first matrix, and save the first matrix to the first memory 501.

[0088] Specifically, in an application scenario, data obtained by the storage unit10

access controller 505 is not directly the first matrix. In this case, the storage unit access

controller 505 may save the obtained data (that is, the source data of the first matrix) to

the third memory 506. The vector calculation unit 507 may convert the source data of

the first matrix in the third memory 506 to obtain the first matrix.

[0089] For example, if the operation accelerator 50 requires the first matrix to be a15

5*4 matrix, and the source data of the first matrix to be a 4*4 matrix, the vector

calculation unit 507 may pad (padding) the source data of the first matrix with a row

vector in which all data is 0, to obtain the first matrix. For example, if the source data

of the first matrix is


















1974

5554

5452

1432

, the first matrix is






















0000

1974

5554

5452

1432

.

[0090] For another example, if the operation accelerator 50 requires the first matrix20

to be a 2*4 matrix, and the source data of the first matrix to be a 4*4 matrix, the vector

calculation unit 507 may determine, as the first matrix, a matrix including first two rows

of vectors in the source data of the first matrix. For example, if the source data of the

first matrix is


















1974

5554

5452

1432

, the first matrix is









5452

1432

.

[0091] In a case, referring to FIG. 17, the third memory 506 is connected to the25

operation circuit 503, and the third memory 506 is further configured to store the third

matrix. In this case, the third memory 506 may be further connected to the operation
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circuit 503 by using an accumulator 508 below. The operation circuit 503 may output

the calculation result to the accumulator 508. The accumulator 508 may save the third

matrix to the third memory.

[0092] In another case, referring to FIG. 16, the operation accelerator 50 further

includes an accumulator 508 connected to the operation circuit 503, the vector5

calculation unit 507, and the controller 504.

[0093] The accumulator 508 is configured to add elements at corresponding

positions in the third matrix and a fourth matrix under control of the controller 504, to

obtain a fifth matrix.

[0094] The vector calculation unit 507 is further configured to save the fifth matrix10

to the third memory 506 under control of the controller 504.

[0095] The third matrix is the product of the first matrix and the second matrix, the

first matrix includes a first part of a first to-be-calculated matrix, the first part of the

first to-be-calculated matrix is elements in 1st to Nth columns of the first to-be-calculated

matrix, the second matrix is a first part of a second to-be-calculated matrix, the first part15

of the second to-be-calculated matrix is elements in 1st to Nth rows of the second to-be-

calculated matrix, the first to-be-calculated matrix includes M rows of elements, the

second to-be-calculated matrix includes K columns of elements, the fourth matrix is a

product of a second part of the first to-be-calculated matrix and a second part of the

second to-be-calculated matrix, the second part of the first to-be-calculated matrix is a20

part other than the first part in the first to-be-calculated matrix, and the second part of

the second to-be-calculated matrix is a part other than the first part in the second to-be-

calculated matrix.

[0096] It should be noted that the operation accelerator 50 provided in this

embodiment of the present invention may calculate a product of an M*N matrix and an25

N*K matrix. However, in an actual operation, dimensions of a matrix that needs to be

calculated may be larger or smaller than M*N and N*K. When the dimensions of the

matrix that needs to be calculated are larger than M*N and N*K, each time the operation

accelerator 50 performs calculation, only a partial result of a final result of a product of

the two matrices that need to be calculated can be obtained, a plurality of loop iterations30

are further required, and partial results are added, so as to obtain the product of the two

matrices that need to be calculated.

[0097] Substantially, after the matrices that need to be calculated are transformed

to some extent, the operation accelerator 50 provided in this embodiment of the present
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invention may perform a multiplication operation on two matrices with any row

quantity and column quantity. A specific implementation is as follows:

[0098] If the operation accelerator 50 needs to calculate a product of a Q*R matrix

and an R*T matrix, the following two cases occur:

[0099] Case 1: Q is less than M, R is less than N, and T is less than K.5

[00100] In this case, the Q*R matrix may be reshaped to an M*N matrix through

padding, the R*T matrix may be reshaped to an N*K matrix through padding, and then

the operation accelerator 50 provided in this embodiment of the present invention is

used to perform a matrix multiplication operation. A specific padding method is to pad

with elements 0 around a matrix, so that the matrix changes to a matrix with a required10

row quantity and column quantity. For example, when M=N=8, FIG. 18 shows an

example of separately reshaping a 4*5 matrix and a 5*8 matrix to an 8*8 matrix through

padding.

[00101] Case 2: Q is greater than M, or R is greater than N, or T is greater than K.

[00102] In this case, when Q is greater than M or R is greater than N, the Q*R matrix15

needs to be partitioned into an M*N matrix, and before the partitioning, the Q*R matrix

needs to be reshaped, through padding, to a matrix whose row quantity is a multiple of

M and whose column quantity is a multiple of N. When R is greater than N or T is

greater than K, the R*T matrix needs to be partitioned into an N*K matrix, and before

the partitioning, the R*T matrix needs to be reshaped, through padding, to a matrix20

whose row quantity is a multiple of N and whose column quantity is a multiple of K.

[00103] It is assumed that the row quantity of the Q*R matrix is twice M, the column

quantity of the Q*R matrix is twice N, the row quantity of the R*T matrix is twice N,

and the column quantity of the R*T matrix is twice K. The Q*R matrix may be

partitioned into four M*N matrices, denoted as









11

11A

DC

B

, where A1, B1, C1, and D125

each are an M*N matrix. The R*T matrix may be partitioned into four N*K matrices,

denoted as









22

22

DC

BA

, where A2, B2, C2, and D2 each are an N*K matrix. A product

S of the Q*R matrix and the R*T matrix is































2D1D2B1C2121

21212121

22

22

11

11A

CDAC

DBBACBAA

DC

BA

DC

B

.
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[00104] The matrix S may be obtained by calculating a product of









11

11A

DC

B

and










22

22

DC

BA

. To calculate the product of









11

11A

DC

B

and









22

22

DC

BA

, eight

multiplication operations of the M*N matrix and the N*K matrix need to be completed.

The eight multiplication operations of the M*N matrix and the N*K matrix are 21AA ,

21CB , 21BA , 21DB , 21AC , 21CD , 2B1C , and 2D1D . The eight matrix5

multiplication operations may be completed by configuring eight matrix multiplying

circuits 5031 in the operation circuit 503, or may be completed by no more than eight

matrix multiplying circuits 5031 in the operation circuit 503. For example, two matrix

multiplying circuits 5031 each complete four matrix multiplication operations to

complete the eight matrix multiplication operations.10

[00105] After the eight matrix multiplication operations are completed, it can be

learned from S=






























2D1D2B1C2121

21212121

22

22

11

11A

CDAC

DBBACBAA

DC

BA

DC

B

that, 21AA

and 21CB are added to obtain an element in a first row and a first column of the matrix

S, 21BA and 21DB are added to obtain an element in the first row and a second

column of the matrix S, 21AC and 21CD are added to obtain an element in a second15

row and the first column of the matrix S, and 2B1C and 2D1D are added to obtain

an element in the second row and the second column of the matrix S. 21AA and

21CB are used as an example. 21AA and 21CB each are an M*K matrix. Therefore,

elements at corresponding positions in 21AA and 21CB are added, and then an

element in the first row and the first column of the matrix S (the row and the column of20

the matrix S herein are a row and a column indicated by














2D1D2B1C2121

21212121

CDAC

DBBACBAA

) can be obtained.

[00106] Specifically, a calculation result of a product of any two elements in










11

11A

DC

B

and









22

22

DC

BA

may be stored in the accumulator 508. The accumulator

508 performs an addition operation on calculation results to obtain the matrix S.25

[00107] That the Q*R matrix and the R*T matrix are partitioned into four matrices

is used as an example for description in the foregoing. Actually, the Q*R matrix and
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the R*T matrix may be partitioned into two, six, or eight matrices, or the like. A

calculation principle is the same as that described above. Details are not described

herein again.

[00108] For example, it is assumed that M=N=K=3 (in this case, because neither of

the row quantity and the column quantity of the matrix A is three, and neither of the5

row quantity and the column quantity of the matrix B is three, the matrix A is not the

first matrix, and the matrix B is not the second matrix). To calculate a product of a

matrix




















4544434241

3534333231

2524232221

1514131211

AAAAA

AAAAA

AAAAA

AAAAA

A

and a matrix
























54535251

44434241

34333231

24232221

14131211

BBBB

BBBB

BBBB

BBBB

BBBB

B

,

because the matrix A is a 4*5 matrix, the matrix A needs to be reshaped, through

padding, to a matrix 



























000000

000000

0AAAAA

0AAAAA

0AAAAA

0AAAAA

A
4544434241

3534333231

2524232221

1514131211

, and because the matrix B10

is a 5*4 matrix, the matrix B needs to be reshaped, through padding, to a matrix





























000000

00BBBB

00BBBB

00BBBB

00BBBB

00BBBB

B

54535251

44434241

34333231

24232221

14131211

.

[00109] Referring to FIG. 19, the matrix A and the matrix B may be separately

partitioned into four 3*3 matrices. In this case, eight multiplication operations of 3*3

matrices need to be performed to calculate the product of the matrix A and the matrix15

B. The eight multiplication operations of 3*3 matrices are: 21AA , 21CB , 21BA ,

21DB , 21AC , 21CD , 2B1C , and 2D1D . A calculation result of A1A2 is























333323321331323322321231313321321131

332323221321322322221221312321221121

331323121311321322121211311321121111

BABABABABABABABABA

BABABABABABABABABA

BABABABABABABABABA

,



21

and after the calculation result of A1A2 is obtained, the result is stored in the

accumulator 508. A calculation result of B1C2 is























0BABA0BABA0BABA

0BABA0BABA0BABA

0BABA0BABA0BABA

535343345253423451534134

535243245252422451524124

535143145251421451514114

, and after the

calculation result of B1C2 is obtained, the result is stored in the accumulator 508. The

accumulator 508 adds elements at corresponding positions in A1A2 and B1C2 to obtain5























535343343333233213315253423432332232123151534134313321321131

535243243323232213215252422432232222122151524124312321221121

535143143313231213115251421432132212121151514114311321121111

BABABABABABABABABABABABABABABA

BABABABABABABABABABABABABABABA

BABABABABABABABABABABABABABABA

,























535343343333233213315253423432332232123151534134313321321131

535243243323232213215252422432232222122151524124312321221121

535143143313231213115251421432132212121151514114311321121111

BABABABABABABABABABABABABABABA

BABABABABABABABABABABABABABABA

BABABABABABABABABABABABABABABA

namely, data in a common area of the first three rows and the first three columns of the

product of the matrix A and the matrix B. Data at other positions of the product of the

matrix A and the matrix B is calculated in the same way. Details are not described herein10

again.

[00110] The vector calculation unit 507 may include M*K operation units. The

vector calculation unit 507 may perform further processing such as vector

multiplication, vector addition, exponential operation, logarithm operation, or

magnitude comparison on data output by the accumulator 508 when necessary. For15

example, the vector calculation unit 507 may be specifically configured to perform

network calculation of a non-convolution/non-FC layer in the convolutional neural

network, such as pooling (pooling), batch normalization (batch normalization), or local

response normalization (local response normalization). It should be noted that referring

to FIG. 16, if the vector calculation unit 507 does not perform further processing on the20

data output by the accumulator 508, the accumulator 508 may directly save the fifth

matrix to the third memory 506.

[00111] Optionally, referring to FIG. 16 and FIG. 17, the operation accelerator 50

may further include:

an instruction fetch buffer (instruction fetch buffer) 509 connected to the25

controller 504, configured to store an instruction used by the controller 504; and

a bus interface unit 510 (Bus Interface Unit, BIU for short) connected to the

instruction fetch buffer 509, the storage unit access controller 505, and an external

memory, used by the instruction fetch buffer 509 to obtain the instruction from the
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external memory, and further used by the storage unit access controller 505 to obtain at

least one of the source data of the first matrix, the first matrix, and the second matrix

from the external memory.

[00112] Specifically, referring to FIG. 16 and FIG. 17, the operation accelerator 50

provided in this embodiment of the present invention may be used as a coprocessor5

mounted to a central processing unit (Central Processing Unit, CPU for short), and the

CPU allocates a calculation task to the operation accelerator 50. Specifically, the CPU

may store the first matrix, the second matrix, and the instruction in the external memory.

The operation accelerator 50 may complete a matrix multiplication operation by reading

the first matrix, the second matrix, and the instruction from the external memory. The10

external memory may be specifically a double data rate synchronous dynamic random

access memory (Double Data Rate Synchronous Dynamic Random Access Memory,

DDR for short) or another readable and writable memory. The external memory may

be a memory private to the operation accelerator 50. Specifically, the first memory 501,

the second memory 502, the third memory 506, and the instruction fetch buffer 509 are15

usually on-chip buffers (On-Chip Buffer).

[00113] For example, the operation accelerator 50 is applied to the convolutional

neural network. Referring to FIG. 20, a process in which the controller 504 in the

operation accelerator 50 controls the operation accelerator 50 to complete calculation

of the product of the weight matrix and the input matrix may specifically include the20

following steps.

[00114] 2001. The DMAC obtains the weight matrix from the DDR and writes the

weight matrix into the second memory 502.

[00115] 2002. The DMAC obtains the input matrix from the DDR and sends the

input matrix to the first memory 501.25

[00116] 2003. The operation circuit 503 reads the weight matrix from the second

memory 502, and respectively writes the K column vectors of the weight matrix into

the K operation blocks of each operation group.

[00117] 2004. The operation circuit 503 reads the input matrix from the first memory

501, and respectively sends the M row vectors in the input matrix to the M operation30

groups.

[00118] 2005. The operation circuit 503 performs a matrix multiplication calculation,

and outputs the third matrix.

[00119] The third matrix is the product of the weight matrix and the input matrix.
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[00120] 2006. The operation circuit 503 buffers the third matrix into the accumulator

508.

[00121] 2007. The accumulator 508 determines whether the third matrix is a final

result.

[00122] If yes, the process ends. If no, go back to step 2001.5

[00123] For specific implementations of the foregoing steps and related explanations,

refer to the descriptions above. Details are not described herein again. The operation

accelerator 50 needs to complete step 2001 to step 2004 before formally starting the

matrix multiplication operation. An execution sequence of step 2001 to step 2004 does

not need to be strictly subject to FIG. 20, and it only needs to be ensured that step 200310

is after step 2001, step 2004 is after step 2002, and step 2005 is after step 2004.

[00124] The operation accelerator 50 may be used as a coprocessor mounted to the

CPU. Therefore, a process in which the CPU controls the operation accelerator 50 to

implement the matrix multiplication operation is briefly described. As shown in FIG.

21, the process may specifically include the following steps.15

[00125] 2101. The CPU starts scheduling of a task.

[00126] The task is a matrix multiplication operation task.

[00127] 2102. The CPU prepares a weight matrix.

[00128] 2103. The CPU duplicates the weight matrix to the DDR.

[00129] 2104. The CPU prepares input data and an instruction.20

[00130] 2105. The CPU duplicates the input data and the instruction to the DDR.

[00131] 2106. The CPU puts the instruction into the instruction fetch buffer 509 in

the operation accelerator 50.

[00132] After this step, the CPU performs actions 2107 and 2108, and the operation

accelerator 50 performs actions 2109 to 2113.25

[00133] 2107. The CPU receives an interrupt.

[00134] The interrupt is an interrupt sent to the CPU after the operation accelerator

50 performs the matrix multiplication operation to obtain a calculation result and writes

the calculation result into the DDR, and the interrupt is used by the CPU to process the

calculation result.30

[00135] 2108. The CPU processes the interrupt.

[00136] If there is still input data, go back to step 2104. If there is no input data, the

process ends.

[00137] 2109. The operation accelerator 50 reads the instruction from the instruction
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fetch buffer 509.

[00138] 2110. The operation accelerator 50 starts task execution.

[00139] 2111. The operation accelerator 50 performs the matrix multiplication

operation according to the instruction.

[00140] 2112. The operation accelerator 50 writes a calculation result into the DDR.5

[00141] 2113. The operation accelerator 50 sends the interrupt to the CPU.

[00142] All or some of the foregoing embodiments may be implemented through

software, hardware, firmware, or any combination thereof. When a software program

is used to implement the embodiments, the embodiments may be implemented

completely or partially in a form of a computer program product. The computer10

program product includes one or more computer instructions. When the computer

program instructions are loaded and executed on the computer, the procedure or

functions according to the embodiments of this application are all or partially generated.

The computer may be a general-purpose computer, a dedicated computer, a computer

network, or another programmable apparatus. The computer instructions can be stored15

in a computer readable storage medium or transmitted from one computer readable

storage medium to another computer readable storage medium. For example, the

computer instructions can be transmitted from one website, computer, server, or data

center to another website, computer, server, or data center in a wired (for example, a

coaxial cable, a fiber optic, or a digital subscriber line (Digital Subscriber Line, DSL20

for short)) or wireless (for example, infrared, radio, or microwave) manner. The

computer-readable storage medium may be any usable medium accessible to 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 (such as a floppy

disk, a hard disk, or a magnetic tape), an optical medium (such as a DVD), a25

semiconductor medium (such as a solid state disk (Solid State Disk, SSD for short)), or

the like.

[00143] Although this application is described with reference to the embodiments,

in a process of implementing this application that claims protection, persons skilled in

the art may understand and implement another variation of the disclosed embodiments30

by viewing the accompanying drawings, disclosed content, and the accompanying

claims. In the claims, "comprising" (comprising) does not exclude another component

or another step, and "a" or "an" does not exclude a case of multiple. A single processor

or another unit may implement several functions enumerated in the claims. Some
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measures are recorded in dependent claims that are different from each other, but this

does not mean that these measures cannot be combined to produce a better effect.

[00144] Although this application is described with reference to specific features and

the embodiments thereof, apparently, various modifications and combinations may be

made to them without departing from the spirit and scope of this application.5

Correspondingly, the specification and accompanying drawings are merely example

description of this application defined by the accompanying claims, and is considered

as any of or all modifications, variations, combinations or equivalents that cover the

scope of this application. Apparently, a person skilled in the art can make various

modifications and variations to this application without departing from the spirit and10

scope of this application. This application is intended to cover these modifications and

variations of this application provided that they fall within the scope of protection

defined by the following claims and their equivalent technologies.
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CLAIMS

What is claimed is:

1. An operation accelerator, comprising:

a first memory, configured to store a first matrix, wherein the first matrix is an

M*N matrix;5

a second memory, configured to store a second matrix, wherein the second matrix

is an N*K matrix;

an operation circuit connected to the first memory and the second memory,

wherein the operation circuit comprises a matrix multiplying circuit and an adder circuit;

the matrix multiplying circuit comprises M operation groups consisting of operation10

blocks, each operation group comprises K operation blocks, each operation block

comprises N operation units, the operation unit is provided with two inputs that are

respectively used to receive data sent by the first memory and the second memory, and

the operation unit multiplies the two pieces of data; and the adder circuit is configured

to add calculation results of operation units belonging to a same operation block to15

obtain a calculation result of each operation block; and

a controller connected to the operation circuit, wherein the controller is configured

to perform the following actions:

respectively writing K column vectors of the second matrix into the K operation

blocks of each operation group, wherein a jth piece of data in a gth column of vectors of20

the second matrix is written into a jth operation unit in a gth operation block in the K

operation blocks;

respectively sending M row vectors of the first matrix to the M operation groups,

wherein an ith row vector of the first matrix is sent to an ith operation group in the M

operation groups, and a jth operation unit in each operation block in the ith operation25

group receives a jth piece of data in the ith row vector; and

so that each operation unit in the M operation groups performs a multiplication

operation on two pieces of data received by the operation unit, and the adder circuit

adds calculation results of operation units in each operation block to obtain a third

matrix, wherein the third matrix is a product of the first matrix and the second matrix,30

an element in a row i and a column g in the third matrix is a calculation result of a gth

operation block in the ith operation group, M, N, and K are integers greater than 0, i is
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an integer greater than 0 and less than M+1, g is an integer greater than 0 and less than

K+1, and j is an integer greater than 0 and less than N+1.

2. The operation accelerator according to claim 1, wherein the adder circuit

comprises M*K adder trees, one adder tree is corresponding to one operation block, the

adder tree is connected to N operation units in the corresponding operation block, and5

the adder tree is configured to add calculation results of the N operation units connected

to the adder tree.

3. The operation accelerator according to claim 1 or 2, wherein the operation unit

comprises:

a storage unit, configured to store data written into the storage unit; and10

a multiplying circuit connected to the storage unit, configured to calculate a

product of received data and the data stored in the storage unit.

4. The operation accelerator according to claim 1 or 2, wherein the operation unit

comprises a plurality of storage units, a multiplying circuit, a first selection circuit

connected to the plurality of storage units, and a second selection circuit connected to15

the plurality of storage units and the multiplying circuit, wherein the plurality of storage

units are configured to store data;

the first selection circuit is configured to: before the multiplying circuit performs

a multiplication operation, select, from the plurality of storage units, a storage unit for

storing data used when the multiplying circuit performs the multiplication operation;20

the second selection circuit is configured to: when the multiplying circuit performs

the multiplication operation, select a storage unit for storing data used when the

multiplying circuit performs the multiplication operation; and

the multiplying circuit is configured to calculate a product of received data and the

data stored in the storage unit selected by the second selection circuit.25

5. The operation accelerator according to any one of claims 1 to 4, wherein the

first memory is connected to the operation circuit by using a first bus, and a bit width

of the first bus is Wi*N*M; the second memory is connected to the operation circuit by

using a second bus, and a bit width of the second bus is Wi*N; and Wi is a maximum

bit width that is of input data and that is allowed by the operation unit.30

6. The operation accelerator according to any one of claims 1 to 5, wherein the

operation accelerator further comprises a storage unit access controller connected to the

first memory, the second memory, and the controller, wherein

the storage unit access controller is configured to: obtain, under control of the
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controller, the first matrix and the second matrix, save the first matrix to the first

memory, and save the second matrix to the second memory.

7. The operation accelerator according to any one of claims 1 to 5, wherein the

operation accelerator further comprises:

a third memory, configured to store source data of the first matrix;5

a storage unit access controller connected to the first memory, the second memory,

the third memory, and the controller, wherein the storage unit access controller is

configured to: obtain, under control of the controller, the source data of the first matrix

and the second matrix, save the source data of the first matrix to the third memory, and

save the second matrix to the second memory; and10

a vector calculation unit connected to the first memory, the third memory, and the

controller, wherein the vector calculation unit is configured to: convert, under control

of the controller, the source data of the first matrix into the first matrix, and save the

first matrix to the first memory.

8. The operation accelerator according to claim 7, wherein the third memory is15

connected to the operation circuit, and the third memory is further configured to store

the third matrix.

9. The operation accelerator according to claim 7, wherein the operation

accelerator further comprises an accumulator connected to the operation circuit, the

vector calculation unit, and the controller, wherein20

the accumulator is configured to add elements at corresponding positions in the

third matrix and a fourth matrix under control of the controller, to obtain a fifth matrix;

and

the vector calculation unit is further configured to save the fifth matrix to the third

memory under control of the controller, wherein25

the third matrix is the product of the first matrix and the second matrix, the first

matrix comprises a first part of a first to-be-calculated matrix, the first part of the first

to-be-calculated matrix is elements in 1st to Nth columns of the first to-be-calculated

matrix, the second matrix is a first part of a second to-be-calculated matrix, the first part

of the second to-be-calculated matrix is elements in 1st to Nth rows of the second to-be-30

calculated matrix, the first to-be-calculated matrix comprises M rows of elements, the

second to-be-calculated matrix comprises K columns of elements, the fourth matrix is

a product of a second part of the first to-be-calculated matrix and a second part of the

second to-be-calculated matrix, the second part of the first to-be-calculated matrix is a
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part other than the first part in the first to-be-calculated matrix, and the second part of

the second to-be-calculated matrix is a part other than the first part in the second to-be-

calculated matrix.

10. The operation accelerator according to any one of claims 1 to 9, wherein the

operation accelerator further comprises:5

an instruction fetch buffer connected to the controller, configured to store an

instruction used by the controller; and

a bus interface unit connected to the instruction fetch buffer, the storage unit access

controller, and an external memory, used by the instruction fetch buffer to obtain the

instruction from the external memory, and further used by the storage unit access10

controller to obtain at least one of the source data of the first matrix, the first matrix,

and the second matrix from the external memory.


