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FLOATING-POINT NUMBER MULTIPLICATION COMPUTATION
METHOD AND APPARATUS, AND ARITHMETIC LOGIC UNIT

[0001] This application claims priority to Chinese Patent Application No. 201911414534.8,
filed on December 31, 2019 and entitled "FLOATING-POINT NUMBER MULTIPLICATION
COMPUTATION METHOD AND APPARATUS, AND ARITHMETIC LOGIC UNIT", which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of data processing technologies, and in particular,
to a floating-point number multiplication computation method and apparatus, and an arithmetic
logic unit.

BACKGROUND

[0003] A floating-point number is an important digital format in a computer. The floating-point
number in the computer includes three parts: a sign, an exponent, and a mantissa. To meet different
requirements of different services for data precision, a processor of the computer usually needs to
have a capability of performing a multiplication operation on floating-point numbers with different
precision.

[0004] Currently, to meet multiplication requirements for floating-point numbers with
different precision, a plurality of independent multipliers are usually designed corresponding to
precision requirements. For example, if the processor needs to simultaneously support a half-
precision multiplication operation, a single-precision multiplication operation, and a double-
precision multiplication operation, at least three independent multipliers need to be designed in the
processor, so that the three independent multipliers respectively meet half-precision multiplication,
single-precision multiplication, and double-precision multiplication.

[0005] In a process of implementing this application, the inventor finds that the related
technology has at least the following problem:

[0006] A plurality of multipliers that separately support different precision are independently
designed in the processor. When a system only uses a multiplier of one type of the precision to

perform computation, a multiplier of a remaining type of precision is in an idle state, which
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extremely wastes computing resources.

SUMMARY

[0007] To resolve a problem of waste of computing resources in a related technology,
embodiments of this application provide a floating-point number multiplication computation
method and apparatus, and an arithmetic logic unit. The technical solutions are as follows.
[0008] According to a first aspect, a floating-point number multiplication computation method
is provided, and the method includes:

obtaining a plurality of to-be-computed first-precision floating-point numbers;

decomposing each to-be-computed first-precision floating-point number to obtain at
least two second-precision floating-point numbers, where precision of the second-precision
floating-point number is lower than precision of the first-precision floating-point number;

determining various combinations including two second-precision floating-point
numbers obtained by decomposing different first-precision floating-point numbers;

inputting the second-precision floating-point numbers in each combination into a
second-precision multiplier to obtain an intermediate computation result corresponding to each
combination; and

determining a computation result for the plurality of to-be-computed first-precision
floating-point numbers based on the intermediate computation result corresponding to each
combination.
[0009] In the solution shown in this embodiment of this application, a floating-point number
includes three parts: a sign, an exponent, and a mantissa. An integer is 1, and may be omitted from
representation of the floating-point number. A to-be-computed first-precision floating-point
number may be first decomposed. Herein, that the first-precision floating-point number is
decomposed is representing an integer and a mantissa of the first-precision floating-point number
by the sum of a plurality of second-precision floating-point numbers. Herein, precision of the
second-precision floating-point number needs to be lower than precision of first-precision. For
example, if the first-precision floating-point number is a single-precision floating-point number,
the second-precision floating-point number may be a half-precision floating-point number. For
another example, if the first-precision floating-point number is a double-precision floating-point
number, the second-precision floating-point number may be a single-precision floating-point
number or a half-precision floating-point number. For a second-precision floating-point number
obtained after decomposition, two second-precision floating-point numbers obtained by

decomposing different first-precision floating-point numbers may be combined, and then each
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obtained combination is input into the second-precision multiplier configured to compute
multiplication on second-precision floating-points. In this case, the second-precision multiplier
may output an intermediate computation result corresponding to each group of second-precision
floating-point numbers. Finally, a plurality of intermediate computation results may be processed
to obtain the computation result for the plurality of to-be-computed first-precision floating-point
numbers.
[0010] It may be learned that in the solution shown in this embodiment of this application, in
a process of computing multiplication on first-precision floating-point numbers, a first-precision
multiplier with relatively high precision does not need to be used, and only the second-precision
multiplier with relatively low precision needs to be used. In other words, in addition to normally
computing multiplication on second-precision floating-points, a processing unit in which only the
second-precision multiplier is deployed may further compute multiplication on first-precision
floating-point numbers with higher precision. In this way, computing resources can be effectively
used, and costs of separately deploying the first-precision multiplier can be saved.
[0011] In a possible implementation, after the decomposing each to-be-computed first-
precision floating-point number to obtain at least two second-precision floating-point numbers, the
method further includes:

determining an exponent bias value corresponding to each second-precision floating-
point number.
[0012] The determining a computation result for the plurality of to-be-computed first-precision
floating-point numbers based on the intermediate computation result corresponding to each
combination includes:

adjusting, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the intermediate computation result
corresponding to each combination, to obtain an adjusted intermediate computation result; and

performing a summation operation on the adjusted intermediate computation results
corresponding to all the combinations, to obtain the computation result for the plurality of first-
precision floating-point numbers.
[0013] In the solution shown in this embodiment of this application, when the first-precision
floating-point number is decomposed, mantissas with different bits of the first-precision floating-
point number need to be separately represented by using second-precision floating-point numbers.
In addition, the exponent bias value corresponding to each second-precision floating-point number
may be further obtained. The exponent bias value may include an exponent of the first-precision
floating-point number, and may further include a fixed exponent bias value that is of the mantissa
represented by the second-precision floating-point number and that is in the first-precision
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floating-point number. The fixed exponent bias value is described below.
[0014] For example, for a single-precision floating-point number 0 10000000
00000010100000100110011, a sign is "0", an exponent is "10000000", and a mantissa is
"00000010100000100110011". If a half-precision floating-point number needs to be used to
represent the 11% bit to the 21% bit "00001001100" in the mantissa, and a number that actually
needs to be represented is ""0.00000000000 0001001100", a fixed exponent bias value —11 may be
extracted.
[0015] Correspondingly, the exponent corresponding to the intermediate computation result
corresponding to each combination needs to be adjusted by using the exponent bias value
corresponding to the second-precision floating-point number. Finally, the adjusted intermediate
computation results may be input into an accumulator for accumulation computation to obtain a
final computation result.
[0016] In a possible implementation, the adjusting, based on the exponent bias value
corresponding to the second-precision floating-point number in each combination, an exponent of
the intermediate computation result corresponding to each combination, to obtain an adjusted
intermediate computation result includes:

adding the exponent of the intermediate computation result corresponding to each
combination of second-precision floating-point numbers and the exponent bias value
corresponding to the second-precision floating-point number in each combination, to obtain the
adjusted intermediate computation result.
[0017] In the solution shown in this embodiment of this application, each second-precision
floating-point number corresponds to an exponent bias value. After the intermediate result
obtained by using the second-precision multiplier is obtained, for the intermediate computation
result corresponding to each combination, an exponent bias value of each second-precision
floating-point number that does not participate in computation and the exponent of the
intermediate computation result need to be added to obtain an adjusted intermediate computation
result.
[0018] In a possible implementation, the intermediate computation result is a first-precision
intermediate computation result, and the computation result is a first-precision computation result.
[0019] In the solution shown in this embodiment of this application, for multiplication
computation on first-precision floating-point numbers, the first-precision computation result may
still be obtained, that is, precision is not reduced.
[0020] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision

floating-point number, the first-precision intermediate computation result is a single-precision
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intermediate computation result, the first-precision computation result is a single-precision
computation result, and the second-precision multiplier is a half-precision multiplier; or

the first-precision floating-point number is a double-precision floating-point number,
the second-precision floating-point number is a single-precision floating-point number, the first-
precision intermediate computation result is a double-precision intermediate computation result,
the first-precision computation result is a double-precision computation result, and the second-
precision multiplier is a single-precision multiplier.
[0021] In the solution shown in this embodiment of this application, a single-precision
computation result may be finally obtained for a to-be-computed single-precision floating-point
number by using a half-precision multiplier, and single-precision multiplication computation can
be implemented without using a single-precision multiplier, thereby saving computing resources.
A double-precision computation result may also be finally obtained for a to-be-computed double-
precision floating-point number by using a single-precision multiplier, and double-precision
multiplication computation can be implemented without using a double-precision multiplier,
thereby saving computing resources.
[0022] In a possible implementation, the inputting the second-precision floating-point
numbers in each combination into a second-precision multiplier to obtain an intermediate
computation result corresponding to each combination includes:

inputting the second-precision floating-point numbers in each combination into the
second-precision multiplier to obtain a first-precision intermediate computation result
corresponding to each combination, and performing format conversion on each first-precision
intermediate computation result to obtain a third-precision intermediate computation result
corresponding to each combination, where precision of the third-precision intermediate
computation result is higher than precision of the first-precision intermediate computation result.
[0023] The adjusting, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the intermediate computation result
corresponding to each combination, to obtain an adjusted intermediate computation result includes:

adjusting, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the third-precision intermediate
computation result corresponding to each combination, to obtain an adjusted third-precision
intermediate computation result.
[0024] The performing a summation operation on the adjusted intermediate computation
results corresponding to all the combinations, to obtain the computation result for the plurality of
first-precision floating-point numbers includes:

performing a summation operation on the adjusted third-precision intermediate
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computation results corresponding to all the combinations, to obtain a third-precision computation
result for the plurality of first-precision floating-point numbers.
[0025] In the solution shown in this embodiment of this application, for multiplication
computation on first-precision floating-point numbers, the third-precision computation result with
higher precision may be obtained.
[0026] In a possible implementation, the performing format conversion on each first-precision
intermediate result to obtain a third-precision intermediate computation result corresponding to
each combination of second-precision floating-point numbers includes:

performing zero padding processing on an exponent and a mantissa of each first-
precision intermediate result to obtain the third-precision intermediate computation result
corresponding to each combination.
[0027] In the solution shown in this embodiment of this application, only the first-precision
intermediate computation result can be obtained after the second-precision floating-point number
is processed by the second-precision multiplier. Therefore, if the third-precision computation result
with higher precision needs to be finally obtained, a format of the first-precision intermediate
computation result needs to be extended to the third-precision intermediate computation result. An
extension method may be that a zero is padded after a last bit in each of the exponent and the
mantissa.
[0028] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the third-precision intermediate computation result is a double-
precision intermediate computation result, the third-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[0029] In the solution shown in this embodiment of this application, a double-precision
computation result may be finally obtained for a to-be-computed single-precision floating-point
number by using a half-precision multiplier, and single-precision multiplication computation can
be implemented without using a single-precision multiplier, thereby saving computing resources.
[0030] In a possible implementation, the inputting the second-precision floating-point
numbers in each combination into a second-precision multiplier to obtain an intermediate
computation result corresponding to each combination includes:

inputting the second-precision floating-point numbers in each combination into the
second-precision multiplier to obtain a third-precision intermediate computation result
corresponding to each combination, and performing format conversion on each third-precision

intermediate computation result to obtain a first-precision intermediate computation result
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corresponding to each combination.
[0031] The adjusting, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the intermediate computation result
corresponding to each combination, to obtain an adjusted intermediate computation result includes:

adjusting, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the first-precision intermediate
computation result corresponding to each combination, to obtain an adjusted first-precision
intermediate computation result.
[0032] The performing a summation operation on the adjusted intermediate computation
results corresponding to all the groups of second-precision floating-point numbers, to obtain the
computation result for the plurality of first-precision floating-point numbers includes:

performing a summation operation on the adjusted first-precision intermediate
computation results corresponding to all the groups of second-precision floating-point numbers,
to obtain a first-precision computation result for the plurality of first-precision floating-point
numbers.
[0033] In the solution shown in this embodiment of this application, after the second-precision
floating-point number is processed by using the second-precision floating-point number multiplier,
the first-precision intermediate computation result may be unable to be directly obtained, but only
the third-precision intermediate computation result can be obtained. In this case, to ensure that
precision of a final computation result is still first precision, a format of the third-precision
intermediate computation result may be extended to obtain the first-precision intermediate result,
so that the first-precision computation result is finally obtained.
[0034] In a possible implementation, the first-precision floating-point number is a double-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the third-precision intermediate computation result is a single-precision
intermediate computation result, the first-precision intermediate computation result is a double-
precision intermediate computation result, the first-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[0035] In the solution shown in this embodiment of this application, a single-precision
intermediate computation result may be obtained for a to-be-computed double-precision floating-
point number by using a half-precision multiplier. After a format of the single-precision
intermediate computation result is adjusted, a double-precision computation result is finally
obtained. Multiplication computation on double-precision floating-point numbers can be
implemented without using a double-precision multiplier, thereby saving computing resources.

[0036] According to a second aspect, a floating-point number multiplication computation
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apparatus is provided, and the apparatus includes:

an obtaining module, configured to obtain a plurality of to-be-computed first-precision
floating-point numbers;

a decomposition module, configured to decompose each to-be-computed first-precision
floating-point number to obtain at least two second-precision floating-point numbers, where
precision of the second-precision floating-point number is lower than precision of the first-
precision floating-point number;

a combination module, configured to determine various combinations including two
second-precision floating-point numbers obtained by decomposing different first-precision
floating-point numbers;

an input module, configured to input the second-precision floating-point numbers in
each combination into a second-precision multiplier to obtain an intermediate computation result
corresponding to each combination; and

a determining module, configured to determine a computation result for the plurality
of to-be-computed first-precision floating-point numbers based on the intermediate computation
result corresponding to each combination.

[0037] In a possible implementation, the decomposition module is further configured to:
determine an exponent bias value corresponding to each second-precision floating-

point number.

[0038] The determining module is configured to:

adjust, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the intermediate computation result
corresponding to each combination, to obtain an adjusted intermediate computation result; and

perform a summation operation on the adjusted intermediate computation results
corresponding to all the combinations, to obtain the computation result for the plurality of first-
precision floating-point numbers.

[0039] In a possible implementation, the determining module is configured to:

add the exponent of the intermediate computation result corresponding to each
combination of second-precision floating-point numbers and the exponent bias value
corresponding to the second-precision floating-point number in each combination, to obtain the
adjusted intermediate computation result.

[0040] In a possible implementation, the intermediate computation result is a first-precision
intermediate computation result, and the computation result is a first-precision computation result.
[0041] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision

8



10

15

20

25

30

35

floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the first-precision computation result is a single-precision
computation result, and the second-precision multiplier is a half-precision multiplier; or

the first-precision floating-point number is a double-precision floating-point number,
the second-precision floating-point number is a single-precision floating-point number, the first-
precision intermediate computation result is a double-precision intermediate computation result,
the first-precision computation result is a double-precision computation result, and the second-
precision multiplier is a single-precision multiplier.
[0042] In a possible implementation, the input module is configured to:

input the second-precision floating-point numbers in each combination into the second-
precision multiplier to obtain a first-precision intermediate computation result corresponding to
each combination, and perform format conversion on each first-precision intermediate
computation result to obtain a third-precision intermediate computation result corresponding to
each combination, where precision of the third-precision intermediate computation result is higher
than precision of the first-precision intermediate computation result.
[0043] The determining module is configured to:

adjust, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the third-precision intermediate
computation result corresponding to each combination, to obtain an adjusted third-precision
intermediate computation result; and

perform a summation operation on the adjusted third-precision intermediate
computation results corresponding to all the combinations, to obtain a third-precision computation
result for the plurality of first-precision floating-point numbers.
[0044] In a possible implementation, the input module is configured to:

perform zero padding processing on an exponent and a mantissa of each first-precision
intermediate result to obtain the third-precision intermediate computation result corresponding to
each combination.
[0045] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the third-precision intermediate computation result is a double-
precision intermediate computation result, the third-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[0046] In a possible implementation, the input module is configured to:

input the second-precision floating-point numbers in each combination into the second-
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precision multiplier to obtain a third-precision intermediate computation result corresponding to
each combination, and perform format conversion on each third-precision intermediate
computation result to obtain a first-precision intermediate computation result corresponding to
each combination.
[0047] The determining module is configured to:

adjust, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the first-precision intermediate
computation result corresponding to each combination, to obtain an adjusted first-precision
intermediate computation result; and

perform a summation operation on the adjusted first-precision intermediate
computation results corresponding to all the groups of second-precision floating-point numbers,
to obtain a first-precision computation result for the plurality of first-precision floating-point
numbers.
[0048] In a possible implementation, the first-precision floating-point number is a double-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the third-precision intermediate computation result is a single-precision
intermediate computation result, the first-precision intermediate computation result is a double-
precision intermediate computation result, the first-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[0049] According to a third aspect, an arithmetic logic unit is provided, and the arithmetic
logic unit includes a floating-point number decomposition circuit, a second-precision multiplier,
an exponent adjustment circuit, and an accumulator.
[0050] The floating-point number decomposition circuit is configured to: decompose each
input to-be-computed first-precision floating-point number into at least two second-precision
floating-point numbers, and output, to the exponent adjustment circuit, an exponent bias value
corresponding to each second-precision floating-point number, where precision of the second-
precision floating-point number is lower than precision of the first-precision floating-point number.
[0051] The second-precision multiplier is configured to: receive a combination including two
second-precision floating-point numbers obtained by decomposing different first-precision
floating-point numbers, perform a multiplication operation on the second-precision floating-point
numbers in each combination, and output, to the exponent adjustment circuit, an intermediate
computation result corresponding to each combination.
[0052] The exponent adjustment circuit is configured to: adjust, based on the exponent bias
value corresponding to the second-precision floating-point number in each input combination, an

exponent of the intermediate computation result corresponding to each input combination; and
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output an adjusted intermediate computation result to the accumulator.
[0053] The accumulator is configured to: perform a summation operation on the adjusted
intermediate computation results corresponding to all the input combinations, and output a
computation result for the plurality of first-precision floating-point numbers.
[0054] In a possible implementation, the exponent adjustment circuit is configured to: add the
exponent bias value corresponding to the second-precision floating-point number in each input
combination and the exponent of the intermediate computation result corresponding to each input
combination, and output an adjusted intermediate computation result to the accumulator.
[0055] In a possible implementation, the intermediate computation result is a first-precision
intermediate computation result, and the computation result is a first-precision computation result.
[0056] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the first-precision computation result is a single-precision
computation result, and the second-precision multiplier is a half-precision multiplier; or

the first-precision floating-point number is a double-precision floating-point number,
the second-precision floating-point number is a single-precision floating-point number, the first-
precision intermediate computation result is a double-precision intermediate computation result,
the first-precision computation result is a double-precision computation result, and the second-
precision multiplier is a single-precision multiplier.
[0057] In a possible implementation, the arithmetic logic unit further includes a format
conversion circuit.
[0058] The second-precision multiplier is specifically configured to: perform a multiplication
operation on the second-precision floating-point numbers in each combination, and output, to the
format conversion circuit, a first-precision intermediate computation result corresponding to each
combination.
[0059] The format conversion circuit is configured to: perform format conversion on each
input first-precision intermediate computation result, and output, to the exponent adjustment
circuit, a third-precision intermediate computation result corresponding to each combination,
where precision of the third-precision intermediate computation result is higher than precision of
the first-precision intermediate computation result.
[0060] The exponent adjustment circuit is configured to: adjust, based on the exponent bias
value corresponding to the second-precision floating-point number in each input combination, an
exponent of the third-precision intermediate computation result corresponding to each input
combination; and output an adjusted third-precision intermediate computation result to the
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accumulator.
[0061] The accumulator is configured to: perform a summation operation on the adjusted third-
precision intermediate computation results corresponding to all the input combinations, and output
a third-precision computation result for the plurality of first-precision floating-point numbers.
[0062] In a possible implementation, the format conversion circuit is configured to:

perform zero padding processing on an exponent and a mantissa of each input first-
precision intermediate computation result, and output, to the exponent adjustment circuit, the third-
precision intermediate computation result corresponding to each combination.
[0063] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the third-precision intermediate computation result is a double-
precision intermediate computation result, the third-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[0064] In a possible implementation, the arithmetic logic unit further includes a format
conversion circuit.
[0065] The second-precision multiplier is configured to: perform a multiplication operation on
the second-precision floating-point numbers in each combination, and output, to the format
conversion circuit, a third-precision intermediate computation result corresponding to each
combination.
[0066] The format conversion circuit is configured to: perform format conversion on each
input third-precision intermediate computation result, and output, to the exponent adjustment
circuit, a first-precision intermediate computation result corresponding to each combination.
[0067] The exponent adjustment circuit is configured to: adjust, based on the exponent bias
value corresponding to the second-precision floating-point number in each input combination, an
exponent of the first-precision intermediate computation result corresponding to each input
combination; and output an adjusted first-precision intermediate computation result to the
accumulator.
[0068] The accumulator is configured to: perform a summation operation on the adjusted first-
precision intermediate computation results corresponding to all the input combinations, and output
a first-precision computation result for the plurality of first-precision floating-point numbers.
[0069] In a possible implementation, the first-precision floating-point number is a double-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the third-precision intermediate computation result is a single-precision
intermediate computation result, the first-precision intermediate computation result is a double-
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precision intermediate computation result, the first-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[0070] In a possible implementation, the arithmetic logic unit further includes a computation
mode switching circuit.

[0071] The computation mode switching circuit is configured to: when the computation mode
switching circuit is set to a second-precision floating-point number computation mode, set the
floating-point number decomposition circuit and the exponent adjustment circuit to be invalid.
[0072] The second-precision multiplier is configured to: receive a plurality of groups of to-be-
computed second-precision floating-point numbers that are input from the outside of the arithmetic
logic unit, perform a multiplication operation on each group of second-precision floating-point
numbers, and input an intermediate computation result corresponding to each group of to-be-
computed second-precision floating-point numbers.

[0073] The accumulator is configured to: perform a summation operation on the intermediate
computation results corresponding to all the input groups of to-be-computed second-precision
floating-point numbers, and output a computation result for the plurality of groups of to-be-
computed second-precision floating-point numbers.

[0074] According to a fourth aspect, an electronic device is provided, and the electronic device
includes a processor and a memory. The memory stores at least one instruction, and the instruction
is loaded and executed by the processor to implement the operation performed in the floating-point
number multiplication computation method according to the first aspect.

[0075] According to a fifth aspect, a processor is provided, and the processor includes the
arithmetic logic unit according to the third aspect.

[0076] According to a sixth aspect, a computer-readable storage medium is provided. The
computer-readable storage medium stores at least one instruction, and the instruction is loaded and
executed by a processor to implement the operation performed in the floating-point number
multiplication computation method according to the first aspect.

[0077] Beneficial effects of the technical solutions provided in the embodiments of this
application are as follows:

[0078] In the embodiments of this application, each to-be-computed first-precision floating-
point number is decomposed to obtain a plurality of second-precision floating-point numbers with
relatively low precision. Then, various combinations including two second-precision floating-
point numbers obtained by decomposing different first-precision floating-point numbers are input
into the second-precision multiplier, to obtain an intermediate computation result corresponding
to each combination. Finally, a computation result corresponding to the to-be-computed first-
precision floating-point number is determined based on the intermediate computation result
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corresponding to each combination. It may be learned that in the embodiments of this application,
a plurality of first-precision floating-point numbers with relatively high precision may be
computed by the second-precision multiplier with relatively low precision, and the first-precision
multiplier does not need to be used any longer. Therefore, the first-precision floating-point number
with relatively high precision may be computed in a device having only the second-precision
multiplier with relatively low precision, and the first-precision multiplier does not need to be
additionally designed, thereby effectively saving computing resources.

BRIEF DESCRIPTION OF DRAWINGS

[0079] FIG. 1 is a flowchart of a floating-point number multiplication computation method
according to an embodiment of this application;

[0080] FIG. 2 is a schematic diagram of composition of a floating-point number according to
an embodiment of this application;

[0081] FIG. 3 is a schematic diagram of composition of a floating-point number according to
an embodiment of this application;

[0082] FIG. 4 is a schematic diagram of composition of a floating-point number according to
an embodiment of this application;

[0083] FIG. 5 is a schematic diagram of inputting a second-precision floating-point number
into a second-precision multiplier according to an embodiment of this application;

[0084] FIG. 6 is a schematic diagram of inputting a second-precision floating-point number
into a second-precision multiplier according to an embodiment of this application;

[0085] FIG. 7 is a schematic diagram of a structure of a floating-point number multiplication
computation apparatus according to an embodiment of this application;

[0086] FIG. 8 is a schematic diagram of a structure of an electronic device according to an
embodiment of this application;

[0087] FIG. 9 is a flowchart of a floating-point number multiplication computation method
according to an embodiment of this application;

[0088] FIG. 10 is a flowchart of a floating-point number multiplication computation method
according to an embodiment of this application;

[0089] FIG. 11 is a flowchart of a floating-point number multiplication computation method
according to an embodiment of this application;

[0090] FIG. 12 is a schematic diagram of a structure of an arithmetic logic unit according to
an embodiment of this application;

[0091] FIG. 13 is a schematic diagram of a structure of an arithmetic logic unit according to
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an embodiment of this application; and
[0092] FIG. 14 is a schematic diagram of a structure of an arithmetic logic unit according to

an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0093] Embodiments of this application provide a floating-point number multiplication
computation method. The method may be implemented by an electronic device, and the electronic
device may be any device that needs to perform floating-point number computation. For example,
the electronic device may be a mobile terminal such as a mobile phone or a tablet computer, may
be a computer device such as a desktop computer or a notebook computer, or may be a server.
However, floating-point number computation may be related to many fields such as graphics
processing, astronomy, and medicine. In all the fields, when the foregoing type of electronic device
is used to perform floating-point number computation, the method provided in the embodiments
of this application can be used. A high-precision floating-point number is decomposed to obtain a
low-precision floating-point number, and then a low-precision multiplier is used to compute the
obtained low-precision floating-point number, to finally obtain a high-precision computation result.
Computation that only can be completed by a high-precision multiplier in a related technology can
be completed by using a low-precision multiplier without loss of precision.

[0094] Referring to FIG. 1, an embodiment of this application provides a floating-point
number multiplication computation method. A processing procedure of the method may include
the following steps.

[0095] Step 101: Obtain a plurality of to-be-computed first-precision floating-point numbers.
[0096] The plurality of to-be-computed first-precision floating-point numbers may be a group
of first-precision floating-point numbers on which a multiplication operation needs to be
performed. "The plurality of" may be two or more than two. In this embodiment of this application,
that "the plurality of" is two is used for description.

[0097] In implementation, a processor in a computer device may obtain the plurality of to-be-
computed first-precision floating-point numbers. The first-precision floating-point number may be
a single-precision floating-point number, a double-precision floating-point number, or the like.
[0098] Step 102: Decompose each to-be-computed first-precision floating-point number to
obtain at least two second-precision floating-point numbers, where precision of the second-
precision floating-point number is lower than precision of the first-precision floating-point number.
[0099] In implementation, each to-be-computed first-precision floating-point number may be

decomposed to obtain a plurality of second-precision floating-point numbers, and precision of the
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second-precision floating-point number is lower than precision of the first-precision floating-point
number. There are a plurality of possible cases for the first-precision floating-point number and
the second-precision floating-point number, and several cases are enumerated below: The first-
precision floating-point number may be a single-precision floating-point number (single-precision
floating-point format, FP32), and the second-precision floating-point number may be a half-
precision floating-point number (half-precision floating-point format, FP16). Alternatively, the
first-precision floating-point number may be a double-precision floating-point number (double-
precision floating-point format, FP64), and the second-precision floating-point number may be an
FP32 or may be an FP16. The foregoing several cases are separately described below.

[00100] Case 1: In a case in which the first-precision floating-point number is an FP32 and the
second-precision floating-point number is an FP16, that the FP32 is decomposed to obtain a
plurality of FP16s may have the following cases.

[00101] 1. One FP32 is decomposed to obtain three FP16s.

[00102]  Currently, composition of an FP32 in a standard format is shown in FIG. 2, and includes
a 1-bit (bit) sign, an 8-bit exponent (also referred to as an exponent), and a 23-bit mantissa. In
addition, there is an omitted 1-bit integer, and the omitted integer is 1. For an FP32 in a standard
format, there are totally 24 bits when the integer and the mantissa are added. Composition of an
FP16 in a standard format is shown in FIG. 3, and includes a 1-bit sign, a 5-bit exponent, and a
10-bit mantissa. In addition, there is an omitted 1-bit integer, and the omitted integer is 1. For an
FP16 in a standard format, there are totally 11 bits when the integer and the mantissa are added. If
an FP32 in a standard format needs to be decomposed to obtain an FP16 in a standard format, three
FP16s in a standard format are required.

[00103] The integer and the mantissa of the FP32 in a standard format may be divided into three
parts. A first part includes the integer and the first 10 bits of the mantissa, a second part includes
the 11 bit to the 21% bit of the mantissa, and a third part includes the 22" bit and the 23™ bit of
the mantissa. The three parts each are represented by an FP16 in a standard format. It should be
noted herein that when the 22" bit and the 23" of the mantissa in the third part are represented by
an FP16 in a standard format, nine zeros may be first padded after the 23" bit of the mantissa, that
is, the 22" bit and the 23" bit of the mantissa and the padded zeros are represented by an FP16 in
a standard format.

[00104] In addition, an exponent range of the FP16 is from —15 to 15, which may indicate that
a decimal point can move 15 bits to the left and can move 15 bits to the right. When the FP16 in a
standard format is used to represent the first part of the FP32, a fixed exponent bias value is 0;
when the FP16 in a standard format is used to represent the second part of the FP32, a fixed
exponent bias value is —11; and when the FP16 in a standard format is used to represent the third
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part of the FP32, a fixed exponent bias value is —22. It may be learned that when the third part is
represented, the corresponding fixed exponent bias value only exceeds the exponent range of the
FP16. Therefore, a corresponding fixed exponent bias value may be extracted for an exponent of
each FP16 in a standard format.

[00105] Therefore, an FP32 in a standard format may be represented as follows:

A =2"" Cap+2%a,+2%ay,) |, where A; is the FP32 in a standard format;
EA; isanexponentof Ai; ao, a;,and a, arethree FP16s in astandard format that are obtained
through decomposition; and S; is a smallest fixed exponent bias value. For the FP16 in a

standard format, S; =11,

[00106] In addition, a common exponent bias value may be extracted for exponents of all the
FP16s in a standard format. Therefore, an FP32 in a standard format may alternatively be

represented as follows:
Ay =247 (g +a)' +a,") , where a, a', and a,’ are three FP16s in a

standard format that are obtained through decomposition. In the foregoing two representation
methods, the FP16s obtained through decomposition have the following relationships:
ap=2"%a,, a;=a,",and a;=2%a,".

[00107] II. One FP32 is decomposed to obtain two FP16s.

[00108] To decrease a quantity of FP16s obtained through decomposition, a current FP16 in a
standard format may be adjusted. A mantissa of the FP16 is adjusted to 13 bits, and bit quantities
of a sign and an exponent remain unchanged. An adjusted FP16 may be referred to as an FP16 in
a non-standard format. In this case, there are totally 14 bits when an integer and a mantissa of the
FP16 in a non-standard format are added. Therefore, if a mantissa of an FP32 in a standard format
needs to be represented by using an FP16 in a non-standard format, only two FP16s in a non-
standard format are required.

[00109] An integer and a mantissa of an FP32 in a standard format are divided into two parts.
Afirst part includes the integer and the first 13 bits of the mantissa, and a second part includes the
14™ bit to the 23" bit. The two parts each are represented by an FP16 in a non-standard format.
[00110] It should be further noted herein that when the second part is represented by a non-
standard FP16, four zeros may be first padded after the 23™ bit of the mantissa, that is, the 14" bit
to the 23" bit of the mantissa and the padded zeros are represented by an FP16 in a non-standard
format. The same as Case 1, herein, a corresponding fixed exponent bias value may also be
extracted for each FP16 in a standard format.

[00111] Therefore, an FP32 in a standard format may alternatively be represented as follows:
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Ay=2"" (az+2%ay) , where Ay is the FP32 in a standard format; E A, is an
exponent of A,; a; and a4 are two FP16s in a non-standard format that are obtained through

decomposition; and S- is a fixed exponent bias value. For the FP16 in a non-standard format,
SQ = ].4 .

[00112] In addition, a common exponent bias value may be extracted for exponents of all the
FP16s in a standard format. Therefore, an FP32 in a standard format may alternatively be
represented as follows:

Ay =2"%"% (a4’ +a,) , where a;' and a, are two FP16s in a non-standard
format that are obtained through decomposition. In the foregoing two representation methods, the

FP16s obtained through decomposition have the following relationships: as =2 a5’ , and
ay=ay'.

[00113] Case 2: In a case in which the first-precision floating-point number is an FP64 and the
second-precision floating-point number is an FP32, that the FP64 is decomposed to obtain a
plurality of FP32s may have the following cases.

[00114] 1. One FP64 is decomposed to obtain three FP32s.

[00115] Currently, composition of an FP64 in a standard format is shown in FIG. 4, and includes
a 1-bit (bit) sign, an 11-bit exponent (also referred to as an exponent), and a 52-bit mantissa. In
addition, there is an omitted 1-bit integer, and the omitted integer is 1. For an FP64 in a standard
format, there are totally 53 bits when an integer and a mantissa are added. For the FP32 in a
standard format described above, there are totally 24 bits when an integer and a mantissa are added.
If an FP64 in a standard format needs to be decomposed to obtain an FP32 in a standard format,
three FP32s in a standard format are required.

[00116] The integer and the mantissa of the FP64 in a standard format may be divided into three
parts. A first part includes the integer and the first 23 bits of the mantissa, a second part includes
the 24" bit to the 47" bit of the mantissa, and a third part includes the 48™ bit to the 52" bit of the
mantissa. The three parts each are represented by an FP32 in a standard format.

[00117] It should be further noted herein that when the 47" bit to the 52" bit of the mantissa in
the third part are represented by an FP32 in a standard format, 18 zeros may be first padded after
the 23" bit of the mantissa, that is, the 47" bit to the 52" bit of the mantissa and the padded zeros
are represented by an FP32 in a standard format.

[00118] Therefore, an FP64 in a standard format may be represented as follows:
A3=2"% Cas+ag+a;) ,where Az isthe FP64 in a standard format; FAs isan
exponent of As; and as, a, and a; are three FP32s in a standard format that are obtained
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through decomposition.

[00119] II. One FP64 is decomposed to obtain two FP32s.

[00120] To decrease a quantity of FP32s obtained through decomposition, a current FP32 in a
standard format may be adjusted. A mantissa of the FP32 is adjusted to 26 bits, and bit quantities
of a sign and an exponent remain unchanged. An adjusted FP32 may be referred to as an FP32 in
a non-standard format. In this case, there are totally 27 bits when an integer and a mantissa of the
FP32 in a non-standard format are added. Therefore, if a mantissa of an FP64 in a standard format
needs to be represented by using an FP32 in a non-standard format, only two FP32s in a non-
standard format are required.

[00121] An integer and a mantissa of the FP64 in a standard format are divided into two parts.
Afirst part includes the integer and the first 26 bits of the mantissa, and a second part includes the
27" bit to the 53" bit. The two parts each are represented by an FP32 in a non-standard format.

[00122] Therefore, an FP64 in a standard format may alternatively be represented as follows:

A, =2"% (ag+a9) , where A, is the FP32 in a standard format; EA, is an

exponent of A,; and as and ay are two FP32s in a non-standard format that are obtained

through decomposition.

[00123] Case 3: In a case in which the first-precision floating-point number is an FP64 and the
second-precision floating-point number is an FP16, that the FP64 is decomposed to obtain a
plurality of FP16s may have the following cases.

[00124] 1. One FP64 is decomposed to obtain five FP16s.

[00125] For an FP64 in a standard format, there are totally 53 bits when an integer and a
mantissa are added. For the FP32 in a standard format described above, there are totally 24 bits
when an integer and a mantissa are added. If an FP64 in a standard format needs to be decomposed
to obtain an FP16 in a standard format, five FP16s in a standard format are required.

[00126] The integer and the mantissa of the FP64 in a standard format may be divided into five
parts. A first part includes the integer and the first 10 bits of the mantissa, a second part includes
the 11 bit to the 21 bit of the mantissa, a third part includes the 22" bit to the 32" bit of the
mantissa, a fourth part includes the 33" bit to the 43 bit of the mantissa, and a fifth part includes
the 44" bit to the 52" bit of the mantissa. The five parts each are represented by an FP64 in a
standard format. It should be further noted herein that when the 44" bit to the 52" bit of the
mantissa in the fifth part are represented by an FP16 in a standard format, two zeros may be first
padded after the 52" bit of the mantissa, that is, the 44™" bit to the 52" bit of the mantissa and the
padded zeros are represented by an FP16 in a standard format.

[00127] In addition, an exponent range of the FP16 is from —15 to 15, which may indicate that

a decimal point can move 15 bits to the left and can move 15 bits to the right. When the FP16 in a
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standard format is used to represent the first part of the FP64, a fixed exponent bias value is 0;
when the FP16 in a standard format is used to represent the second part of the FP64, a fixed
exponent bias value is —11; when the FP16 in a standard format is used to represent the third part
of the FP64, a fixed exponent bias value is —22; when the FP16 in a standard format is used to
represent the fourth part of the FP64, a fixed exponent bias value is —33; and when the FP16 in a
standard format is used to represent the fifth part of the FP64, a fixed exponent bias value is —44.
It may be learned that when the third part, the fourth part, and the fifth part are represented, the
corresponding fixed exponent bias value only exceeds the exponent range of the FP16. Therefore,
a corresponding fixed exponent bias value may be extracted for an exponent of each FP16 in a

standard format.

[00128] Therefore, an FP64 in a standard format may be represented as follows: As =
2% Cay+ 2 %ay +2 % ay, + 2% a3 +2 *ay) , where As is the FP64 in a standard
format; EAs is an exponent of As; ap, @i, a2, a3, and a4 are five FP16s in a standard
format that are obtained through composition; and S; is a smallest fixed exponent bias value.

For the FP16 in a standard format, S; =11

[00129] II. One FP64 is decomposed to obtain four FP16s.

[00130] Similarly, the FP64 may be decomposed to obtain the foregoing FP16 in a non-standard
format. If a mantissa of an FP64 in a standard format is represented by using an FP16 in a non-
standard format, only four FP16s in a non-standard format are required.

[00131] Aninteger and the mantissa of the FP64 in a standard format are divided into four parts.
Afirst part includes the integer and the first 13 bits of the mantissa, a second part includes the 14"
bit to the 27" bit, a third part includes the 28" bit to the 41% bit, and a fourth part includes the 42"
bit to the 52" bit.

[00132] It should be further noted herein that when the 42" bit to the 52" bit of the mantissa in
the fourth part are represented by an FP16 in a non-standard format, three zeros may be first padded
after the 52" bit of the mantissa, that is, the 42" bit to the 52" bit of the mantissa and the padded
zeros are represented by an FP16 in a standard format. In addition, an exponent range of the FP16
is from —15 to 15, which may indicate that a decimal point can move 15 bits to the left and can
move 15 bits to the right. When the FP16 in a non-standard format is used to represent the first
part of the FP64, a fixed exponent bias value is 0; when the FP16 in a non-standard format is used
to represent the second part of the FP64, a fixed exponent bias value is —14; when the FP16 in a
non-standard format is used to represent the third part of the FP64, a fixed exponent bias value is
—-28; and when the FP16 in a non-standard format is used to represent the fourth part of the FP64,
a fixed exponent bias value is —42. It may be learned that when the third part and the fourth part
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are represented, the corresponding fixed exponent bias value only exceeds the exponent range of
the FP16. Therefore, a corresponding fixed exponent bias value may be extracted for an exponent
of each FP16 in a non-standard format.

[00133] Therefore, an FP64 in a standard format may alternatively be represented as follows:

As=2""% Cays+ 2 %a15+ 2 a1, +2°%a5) , where Ag is the FP64 in a standard format;
EAg isanexponentof Ags; a5, ais, ai7,and aiz are four FP16s in a non-standard format that
are obtained through composition; and S» is a smallest fixed exponent bias value. For the FP16

in a standard format, S, =-14.

[00134] Step 103: Determine various combinations including two second-precision floating-
point numbers obtained by decomposing different first-precision floating-point numbers.

[00135] Inimplementation, every two of second-precision floating-point numbers obtained by
decomposing different first-precision floating-point numbers are combined. An example in which
two FP32s each are decomposed to obtain a plurality of FP16s, two FP64s each are decomposed
to obtain a plurality of FP32s, and two FP64s each are decomposed to obtain a plurality of FP16s
is used below for description.

[00136] Case 1: Two FP32s each are decomposed to obtain a plurality of FP16s.

[00137] 1. Two FP32s in a standard format each are decomposed to obtain three FP16s in a

standard format. The two FP32s are respectively A; and B;,where A; may be decomposed to
obtain ao, a1, and a»; and B; may be decomposed to obtain by, b, and b.. Therefore, there
may be the following combinations between ao, a1, a2, by, b1, and b2: aoby, aobi, aiby,
agby, a1by, axby, a1by, axby, and asb,.

[00138] II. Two FP32s in a standard format each are decomposed to obtain two FP16s in a non-

standard format. The two FP32s are respectively 4> and Bs, where A, may be decomposed to
obtain a3 and a,; and B> may be decomposed to obtain b; and bs. Therefore, there may be

the following combinations between as, a4, b3, and bs: asbs, asbs, asbs, and asb,.

[00139] Case 2: Two FP64s each are decomposed to obtain a plurality of FP32s.
[00140] I. Two FP64s in a standard format each are decomposed to obtain three FP32s in a

standard format. The two FP64s are respectively As and Bs, where A; may be decomposed to
obtain as, a, and a;; and B; may be decomposed to obtain b5, bs, and b;. Therefore, there
may be the following combinations between as, as, a7, bs, bs, and br: asbs, asbs, aebs,

asb;, agbs, arbs, agbr, arbg,and asb.
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[00141] 1. Two FP64s in a standard format each are decomposed to obtain two FP32s in a non-

standard format. The two FP64s are respectively A, and B;, where A, may be decomposed to
obtain as and ay; and Bs; may be decomposed to obtain bs and by. Therefore, there may be

the following combinations between as, ag, bs,and by: asbs, asby, agbs,and agby.

[00142] Case 3: Two FP64s each are decomposed to obtain a plurality of FP16s.

[00143] 1. Two FP64s in a standard format each are decomposed to obtain five FP16s in a

standard format. The two FP64s are respectively As and Bs, where A4s may be decomposed to
obtain @y, @, @15, a3, and ay; and Bs may be decomposed to obtain b, bii, bia, bis,
and by,. Therefore, there may be 25 combinations between ay, @i, G2, @3, i, by, bu,

blz, b13, and b14, such as a10b10, CLlobu, a11b10, a10b12, a11b11, alzblo, ..., and a1abiy .

Combination manners herein are the same as those in the foregoing, and are not enumerated one
by one herein.

[00144] II. Two FP64s in a standard format each are decomposed to obtain four FP16s in a non-

standard format. The two FP64s are respectively As and Bg, where As may be decomposed to
obtain a5, a6, a7, and ais; and Bs may be decomposed to obtain b5, bis, biz, and bs.
Therefore, there may be 16 combinations between a5, @5, @17, s, bis, bis, b1z, and bis,

such as aisbis, ai5bis, asbis, ..., and aisbis. Combination manners herein are the same as

those in the foregoing, and are not enumerated one by one herein.

[00145]  Step 104: Input the second-precision floating-point numbers in each combination into
a second-precision multiplier to obtain an intermediate computation result corresponding to each
combination.

[00146] In implementation, each obtained combination is input into the second-precision
multiplier for computation to obtain the intermediate computation result corresponding to the
combination. For different second-precision floating-point numbers, output intermediate
computation results also have different precision. For example, if the first-precision floating-point
number is an FP32, the intermediate computation result is an FP64; or if the first-precision
floating-point number is an FP16, the intermediate computation result is an FP32. A quantity of
second-precision multipliers may be the same as or may be different from a quantity of
combinations of second-precision floating-point numbers.

[00147] When the quantity of second-precision multipliers is the same as the quantity of
combinations of second-precision floating-point numbers, as shown in FIG. 5, two first-precision

floating-point numbers A and B each are decomposed to obtain two second-precision floating-

22



10

15

20

25

30

point numbers: Al and A0, and B1 and B0. Four combinations may be obtained for A1, A0, B1,
and BO, and there are four second-precision multipliers. Each combination of second-precision
floating-point numbers is input into a second-precision multiplier, that is, each combination
corresponds to a second-precision floating-point number.

[00148] When the quantity of second-precision multipliers is different from the quantity of
combinations of second-precision floating-point numbers, as shown in FIG. 6, two first-precision
floating-point numbers A and B each are decomposed to obtain two second-precision floating-
point numbers: Al and A0, and B1 and B0. Four combinations may be obtained for A1, A0, B1,
and B0, and there is only one second-precision multiplier. In this case, the four combinations of
second-precision floating-point numbers are sequentially input into the second-precision multiplier.
[00149] Step 105: Determine a computation result for the plurality of to-be-computed first-
precision floating-point numbers based on the intermediate computation result corresponding to
each combination.

[00150] In implementation, when the first-precision floating-point number is decomposed to
obtain the second-precision floating-point number, an exponent bias value corresponding to each
second-precision floating-point number may be further obtained. In several cases in which the to-
be-computed first-precision floating-point number is decomposed in step 102, exponent bias
values corresponding to the second-precision floating-point number are separately described below.
[00151] Case 1: The first-precision floating-point number is an FP32, and the second-precision
floating-point number is an FP16.

[00152] 1. One FP32 is decomposed to obtain three FP16s.

[00153] In this case, the FP32 may be represented as follows: A; =
254 (ao+ 2 %a, +2%a,) . Therefore, an exponent bias value corresponding to a, is EA;,
an exponent bias value corresponding to a; is FA;—S;, and an exponent bias value
corresponding to a» is EA; —285;. Alternatively, the FP32 may be represented as follows: A;
=247 g/ +a,' + ay') . Therefore, exponent bias values correspondingto a,’, a,',and a,’
eachare EA,—S;.

[00154] II. One FP32 is decomposed to obtain two FP16s.
[00155] In this case, the FP32 may be represented as follows: A; =2 (a5 +2%a,) .

Therefore, an exponent bias value corresponding to a3 is EA,, and an exponent bias value
corresponding to as is EA, —S,. Alternatively, the FP32 may be represented as follows: A»=

2547% (g4'+a,") . Therefore, exponent bias values corresponding to a;’ and a,’ each are
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EA2 _SQ.

[00156] Case 2: The first-precision floating-point number is an FP64, and the second-precision
floating-point number is an FP32.
[00157] 1. One FP64 is decomposed to obtain three FP32s.

[00158] In this case, the FP64 may be represented as follows: A3 =2"" (as+ ag+a;) .

Therefore, exponent bias values correspondingto as, a,and a; eachare EAs;.
[00159] II. One FP64 is decomposed to obtain two FP32s.
[00160]  In this case, the FP64 may be represented as follows: A,;=2°* (as+ ay) . Therefore,

exponent bias values corresponding to as and a, eachare EAj.

[00161] Case 3: In a case in which the first-precision floating-point number is an FP64 and the
second-precision floating-point number is an FP16, that the FP64 is decomposed to obtain a
plurality of FP16s may have the following cases.

[00162] 1. One FP64 is decomposed to obtain five FP16s.

[00163] In this case, the FP64 may be represented as follows: As
2% Cay+2 % ay +2 % a, + 2% a5 +2 % ay,) . Therefore, an exponent bias value
corresponding to a;, is EAs, an exponent bias value corresponding to ay is EAs— S, an
exponent bias value corresponding to a2 is EAs — 2S5, an exponent bias value corresponding
to a3 is FAs;—3S5;, and an exponent bias value corresponding to ai, is EA; —485;.

[00164] II. One FP64 is decomposed to obtain four FP16s.
[00165] In this case, the FP64 may be represented as follows: As =

25% Cays+2%a+ 2% a; + 2 *2a,5) . Therefore, an exponent bias value corresponding to
a5 is EAg, an exponent bias value corresponding to ais is EAg — So, an exponent bias value
corresponding to ai; is EAs—2S,, and an exponent bias value corresponding to a;s is
FEAg—35S;.

[00166] Correspondingly, for the intermediate computation result corresponding to each
combination, an exponent of the intermediate computation result corresponding to each
combination may be adjusted based on the exponent bias value corresponding to the second-
precision floating-point number in each combination, to obtain an adjusted intermediate
computation result. Then, the adjusted intermediate computation results are accumulated to obtain
a computation result. During accumulation herein, the adjusted intermediate computation results

may be input into an accumulator to obtain the computation result.
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[00167] When the exponent of the intermediate computation result is adjusted, the exponent of
the intermediate computation result corresponding to each combination of second-precision
floating-point numbers and the exponent bias value corresponding to the second-precision
floating-point number in each combination may be added to obtain the adjusted intermediate
computation result.

[00168] Ina possible implementation, a format of a second-precision intermediate computation
result that is output by the second-precision multiplier may be adjusted to finally obtain a
computation result with higher precision. Corresponding processing may be as follows: The
second-precision floating-point numbers in each combination are input into the second-precision
multiplier to obtain a first-precision intermediate computation result corresponding to each
combination of second-precision floating-point numbers, and format conversion is performed on
each first-precision intermediate computation result to obtain a third-precision intermediate
computation result corresponding to each combination of second-precision floating-point numbers,
where precision of the third-precision intermediate computation result is higher than precision of
the first-precision intermediate computation result. An exponent of the third-precision intermediate
computation result corresponding to each combination of second-precision floating-point numbers
is adjusted based on the exponent bias value corresponding to the second-precision floating-point
number in each combination, to obtain an adjusted third-precision intermediate computation result.
A summation operation is performed on the adjusted third-precision intermediate computation
results corresponding to all the groups of second-precision floating-point numbers, to obtain a
third-precision computation result for the plurality of first-precision floating-point numbers.
[00169] When format conversion is performed on the first-precision computation result, zero
padding processing may be performed on an exponent and a mantissa of each first-precision
intermediate result to obtain the third-precision intermediate computation result corresponding to
each combination of second-precision floating-point numbers.

[00170] For example, if the first-precision floating-point number is an FP32 and the second-
precision floating-point number is an FP16, the first-precision intermediate computation result that
is output by the second-precision multiplier is also an FP32. A format of the first-precision
intermediate computation result may be adjusted to the third-precision intermediate computation
result, and the third-precision intermediate computation result may be an FP64. To be specific,
three zeros are padded after an end bit of an exponent of the first-precision intermediate
computation result to extend a quantity of exponent bits from 8 bits to 11 bits, and the quantity of
exponent bits is the same as a quantity of exponent bits of the FP64. For a mantissa of the first-
precision intermediate computation result, 29 zeros are padded after an end bit to extend a quantity
of mantissa bits from 23 bits to 52 bits, and the quantity of mantissa bits is the same as a quantity
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of mantissa bits of the FP64.

[00171] Then, after the exponent of the third-precision intermediate computation result is
adjusted, the adjusted intermediate computation results are accumulated to obtain the third-
precision computation result. Similarly, during accumulation herein, the adjusted intermediate
computation results may be input into the accumulator to obtain the computation result.

[00172] Herein, to better reflect an overall procedure of the solution in the embodiments of this
application, multiplication computation on first-precision floating-point numbers A and B is used
as an example for description. FIG. 9 is a schematic flowchart of a floating-point number
multiplication computation method according to an embodiment of this application.

[00173] First-precision floating-point number decomposition logic is separately inputted for A
and B, to separately perform first-precision floating-point number decomposition on A and B, to
obtain second-precision floating-point numbers Al and A0 that correspond to A and exponent bias
values respectively corresponding to Al and A0, and obtain second-precision floating-point
numbers B1 and BO that correspond to B and exponent bias values respectively corresponding to
B1 and BO. The decomposition logic may be implemented by using a logic circuit of hardware.
For a specific decomposition method, refer to step 102.

[00174] Then, the second-precision floating-point numbers obtained by decomposing different
first-precision floating-point numbers are combined, and each obtained combination is input into
a second-precision multiplier to obtain an intermediate computation result corresponding to the
combination. For a specific combination method, refer to step 103. For a specific method for
computing the intermediate computation result, refer to step 104.

[00175] Further, exponent adjustment logic is executed for the intermediate computation result
corresponding to each combination, and an exponent of the intermediate computation result is
adjusted by using the exponent bias value corresponding to the second-precision floating-point
number in the combination, to obtain an adjusted intermediate computation result. For a specific
step, refer to the adjustment method in step 105. The foregoing exponent adjustment may be
performed by an exponent adjustment logic circuit.

[00176] Finally, the adjusted intermediate computation results corresponding to all the
combinations may be input into an accumulator for accumulation to obtain a final computation
result. For a specific step, refer to the method description in step 105. The accumulator is a
hardware accumulator circuit.

[00177] Similarly, to better reflect an overall procedure of the solution in the embodiments of
this application, multiplication computation on first-precision floating-point numbers A and B is
used as an example for description. FIG. 10 is a schematic flowchart of another floating-point
number multiplication computation method according to an embodiment of this application.
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[00178] First-precision floating-point number decomposition logic is separately inputted for A
and B, to separately perform first-precision floating-point number decomposition on A and B, to
obtain a plurality of second-precision floating-point numbers A3, A2, A1, and A0 that correspond
to A and exponent bias values respectively corresponding to A3, A2, Al, and AQ, and obtain a
plurality of second-precision floating-point numbers B3, B2, B1, and B0 that correspond to B and
exponent bias values respectively corresponding to B3, B2, B1, and BO. The decomposition logic
may be implemented by using a logic circuit of hardware. For a specific decomposition method,
refer to step 102.

[00179] Then, the second-precision floating-point numbers obtained by decomposing different
first-precision floating-point numbers are combined, and each obtained combination is input into
a second-precision multiplier to obtain a third-precision intermediate computation result
corresponding to the combination. For a specific combination method, refer to step 103. For a
specific method for computing the intermediate computation result, refer to step 104.

[00180] Further, format conversion logic is executed for the third-precision intermediate
computation result corresponding to each combination, to convert a format of the third-precision
intermediate computation result corresponding to each combination into a first-precision
intermediate computation result. For a specific step, refer to the format conversion method in step
105. The foregoing format conversion may be performed by a format conversion logic circuit.
[00181] Further, exponent adjustment logic is executed for the first-precision intermediate
computation result corresponding to each combination, and an exponent of the first-precision
intermediate computation result is adjusted by using the exponent bias value corresponding to the
second-precision floating-point number in the combination, to obtain an adjusted first-precision
intermediate computation result. For a specific step, refer to the adjustment method in step 105.
The foregoing exponent adjustment may be performed by an exponent adjustment logic circuit.
[00182] Finally, the adjusted first-precision intermediate computation results corresponding to
all the combinations may be input into an accumulator for accumulation to obtain a final first-
precision computation result. For a specific step, refer to the method description in step 105. The
accumulator is a hardware accumulator circuit.

[00183] Similarly, to better reflect an overall procedure of the solution in the embodiments of
this application, multiplication computation on first-precision floating-point numbers A and B is
used as an example for description. FIG. 11 is a schematic flowchart of another floating-point
number multiplication computation method according to an embodiment of this application.
[00184] First-precision floating-point number decomposition logic is separately inputted for A
and B, to separately perform first-precision floating-point number decomposition on A and B, to
obtain a plurality of second-precision floating-point numbers Al and AO that correspond to A and
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exponent bias values respectively corresponding to Al and AQ, and obtain a plurality of second-
precision floating-point numbers B1 and BO that correspond to B and exponent bias values
respectively corresponding to B1 and BO. The decomposition logic may be implemented by using
a logic circuit of hardware. For a specific decomposition method, refer to step 102.

[00185] Then, the second-precision floating-point numbers obtained by decomposing different
first-precision floating-point numbers are combined, and each obtained combination is input into
a second-precision multiplier to obtain a first-precision intermediate computation result
corresponding to the combination. For a specific combination method, refer to step 103. For a
specific method for computing the intermediate computation result, refer to step 104.

[00186] Further, format conversion logic is executed for the first-precision intermediate
computation result corresponding to each combination, to convert a format of the first-precision
intermediate computation result corresponding to each combination into a third-precision
intermediate computation result. For a specific step, refer to the format conversion method in step
105. The foregoing format conversion may be performed by a format conversion logic circuit.
[00187] Further, exponent adjustment logic is executed for the third-precision intermediate
computation result corresponding to each combination, and an exponent of the third-precision
intermediate computation result is adjusted by using the exponent bias value corresponding to the
second-precision floating-point number in the combination, to obtain an adjusted third-precision
intermediate computation result. For a specific step, refer to the adjustment method in step 105.
The foregoing exponent adjustment may be performed by an exponent adjustment logic circuit.
[00188] Finally, the adjusted third-precision intermediate computation results corresponding to
all the combinations may be input into an accumulator for accumulation to obtain a final third-
precision computation result. For a specific step, refer to the method description in step 105. The
accumulator is a hardware accumulator circuit.

[00189] In addition, it should be further noted that the floating-point number computation
method provided in the embodiments of this application may be used to compute a floating-point
number whose precision is higher than or equal to second precision. Herein, the second precision
refers to precision of a floating-point number whose computation is supported by the second-
precision multiplier.

[00190] For example, the second-precision multiplier is a half-precision multiplier, that is,
precision of a floating-point number whose computation is supported is half precision. Therefore,
in the embodiments of this application, computation of a half-precision floating-point number, a
single-precision floating-point number, a double-precision floating-point number, and a floating-
point number with higher precision can be implemented. It may be understood that for computation
of a half-precision floating-point number, the half-precision floating-point number does not need
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to be decomposed, and it is only required to input a to-be-computed half-precision floating-point
number into a half-precision multiplier. However, computation of a single-precision floating-point
number and a floating-point number with higher precision may be implemented by using the
foregoing floating-point number multiplication computation method.

[00191] In the embodiments of this application, a plurality of first-precision floating-point
numbers with relatively high precision may be computed by the second-precision multiplier with
relatively low precision, and a first-precision multiplier does not need to be used any longer.
Therefore, the first-precision floating-point number with relatively high precision may be
computed in a device having only the second-precision multiplier with relatively low precision,
and the first-precision multiplier does not need to be additionally designed, thereby effectively
saving computing resources.

[00192] Based on the same technical concept, an embodiment of this application further
provides a floating-point number multiplication computation apparatus. As shown in FIG. 7, the
apparatus includes an obtaining module 710, a decomposition module 720, a combination module
730, an input module 740, and a determining module 750.

[00193] The obtaining module 710 is configured to obtain a plurality of to-be-computed first-
precision floating-point numbers, and may specifically implement the obtaining function in step
201 and another implicit step.

[00194] The decomposition module 720 is configured to decompose each to-be-computed first-
precision floating-point number to obtain at least two second-precision floating-point numbers,
and may specifically implement the decomposition function in step 202 and another implicit step,
where precision of the second-precision floating-point number is lower than precision of the first-
precision floating-point number.

[00195] The combination module 730 is configured to determine various combinations
including two second-precision floating-point numbers obtained by decomposing different first-
precision floating-point numbers, and may specifically implement the combination function in step
203 and another implicit step.

[00196] The input module 740 is configured to input the second-precision floating-point
numbers in each combination into a second-precision multiplier to obtain an intermediate
computation result corresponding to each combination, and may specifically implement the input
function in step 204 and another implicit step.

[00197] The determining module 750 is configured to determine a computation result for the
plurality of to-be-computed first-precision floating-point numbers based on the intermediate
computation result corresponding to each combination, and may specifically implement the

determining function in step 205 and another implicit step.
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[00198] In a possible implementation, the decomposition module 720 is further configured to:

determine an exponent bias value corresponding to each second-precision floating-
point number.
[00199] The determining module 750 is configured to:

adjust, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the intermediate computation result
corresponding to each combination, to obtain an adjusted intermediate computation result; and

perform a summation operation on the adjusted intermediate computation results
corresponding to all the combinations, to obtain the computation result for the plurality of first-
precision floating-point numbers.
[00200] In a possible implementation, the determining module 750 is configured to:

add the exponent of the intermediate computation result corresponding to each
combination of second-precision floating-point numbers and the exponent bias value
corresponding to the second-precision floating-point number in each combination, to obtain the
adjusted intermediate computation result.
[00201] In a possible implementation, the intermediate computation result is a first-precision
intermediate computation result, and the computation result is a first-precision computation result.
[00202] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the first-precision computation result is a single-precision
computation result, and the second-precision multiplier is a half-precision multiplier; or

the first-precision floating-point number is a double-precision floating-point number,
the second-precision floating-point number is a single-precision floating-point number, the first-
precision intermediate computation result is a double-precision intermediate computation result,
the first-precision computation result is a double-precision computation result, and the second-
precision multiplier is a single-precision multiplier.
[00203] In a possible implementation, the input module 740 is configured to:

input the second-precision floating-point numbers in each combination into the second-
precision multiplier to obtain a first-precision intermediate computation result corresponding to
each combination, and perform format conversion on each first-precision intermediate
computation result to obtain a third-precision intermediate computation result corresponding to
each combination, where precision of the third-precision intermediate computation result is higher
than precision of the first-precision intermediate computation result.
[00204] The determining module 750 is configured to:

30



10

15

20

25

30

35

adjust, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the third-precision intermediate
computation result corresponding to each combination, to obtain an adjusted third-precision
intermediate computation result; and

perform a summation operation on the adjusted third-precision intermediate
computation results corresponding to all the combinations, to obtain a third-precision computation
result for the plurality of first-precision floating-point numbers.
[00205] In a possible implementation, the input module 740 is configured to:

perform zero padding processing on an exponent and a mantissa of each first-precision
intermediate result to obtain the third-precision intermediate computation result corresponding to
each combination of second-precision floating-point numbers.
[00206] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the third-precision intermediate computation result is a double-
precision intermediate computation result, the third-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[00207] Ina possible implementation, the input module 740 is configured to:

input the second-precision floating-point numbers in each combination into the second-
precision multiplier to obtain a third-precision intermediate computation result corresponding to
each combination, and perform format conversion on each third-precision intermediate
computation result to obtain a first-precision intermediate computation result corresponding to
each combination.
[00208] The determining module 750 is configured to:

adjust, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the first-precision intermediate
computation result corresponding to each combination, to obtain an adjusted first-precision
intermediate computation result; and

perform a summation operation on the adjusted first-precision intermediate
computation results corresponding to all the groups of second-precision floating-point numbers,
to obtain a first-precision computation result for the plurality of first-precision floating-point
numbers.
[00209] In a possible implementation, the first-precision floating-point number is a double-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the third-precision intermediate computation result is a single-precision
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intermediate computation result, the first-precision intermediate computation result is a double-
precision intermediate computation result, the first-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[00210] It should be noted that the foregoing modules may be implemented by a processor, or
may be implemented by a processor together with a memory, or may be implemented by executing
a program instruction in a memory by a processor.

[00211] It should be noted that division of the foregoing functional modules is only described
as an example during floating-point number computation by the floating-point number
multiplication computation apparatus provided in the foregoing embodiments. In actual
application, the foregoing functions may be allocated, based on a requirement, to be implemented
by different functional modules, to be specific, an internal structure of the electronic device is
divided into different functional modules to implement all or some of the functions described
above. In addition, the floating-point number multiplication computation apparatus provided in
the foregoing embodiment and the floating-point number multiplication computation method
embodiment belong to a same concept. For a specific implementation process of the apparatus,
refer to the method embodiment. Details are not described herein again.

[00212] Based on the same technical concept, an embodiment of this application further
provides an arithmetic logic unit. The arithmetic logic unit is a hardware computation unit in a
processor. As shown in FIG. 12, the arithmetic logic unit includes a floating-point number
decomposition circuit, a second-precision multiplier, an exponent adjustment circuit, and an
accumulator.

[00213] The floating-point number decomposition circuit is configured to: decompose each
input to-be-computed first-precision floating-point number into at least two second-precision
floating-point numbers, and output, to the exponent adjustment circuit, an exponent bias value
corresponding to each second-precision floating-point number, where precision of the second-
precision floating-point number is lower than precision of the first-precision floating-point number.
The plurality of first-precision floating-point numbers may be successively input into the floating-
point number decomposition circuit for decomposition computation, or a plurality of floating-point
number decomposition circuits may separately provide decomposition computation for one first-
precision floating-point number.

[00214] The second-precision multiplier is configured to: receive a combination including two
second-precision floating-point numbers obtained by decomposing different first-precision
floating-point numbers, perform a multiplication operation on the second-precision floating-point
numbers in each combination, and output, to the exponent adjustment circuit, an intermediate

computation result corresponding to each combination.
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[00215] The exponent adjustment circuit is configured to: adjust, based on the exponent bias
value corresponding to the second-precision floating-point number in each input combination, an
exponent of the intermediate computation result corresponding to each input combination; and
output an adjusted intermediate computation result to the accumulator.
[00216] The accumulator is configured to: perform a summation operation on the adjusted
intermediate computation results corresponding to all the input combinations, and output a
computation result for the plurality of first-precision floating-point numbers.
[00217] Ina possible implementation, the exponent adjustment circuit is configured to: add the
exponent bias value corresponding to the second-precision floating-point number in each input
combination and the exponent of the intermediate computation result corresponding to each input
combination, and output an adjusted intermediate computation result to the accumulator.
[00218] In a possible implementation, the intermediate computation result is a first-precision
intermediate computation result, and the computation result is a first-precision computation result.
[00219] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the first-precision computation result is a single-precision
computation result, and the second-precision multiplier is a half-precision multiplier; or

the first-precision floating-point number is a double-precision floating-point number,
the second-precision floating-point number is a single-precision floating-point number, the first-
precision intermediate computation result is a double-precision intermediate computation result,
the first-precision computation result is a double-precision computation result, and the second-
precision multiplier is a single-precision multiplier.
[00220] In a possible implementation, the arithmetic logic unit further includes a format
conversion circuit.
[00221] The second-precision multiplier is specifically configured to: perform a multiplication
operation on the second-precision floating-point numbers in each combination, and output, to the
format conversion circuit, a first-precision intermediate computation result corresponding to each
combination.
[00222] The format conversion circuit is configured to: perform format conversion on each
input first-precision intermediate computation result, and output, to the exponent adjustment
circuit, a third-precision intermediate computation result corresponding to each combination,
where precision of the third-precision intermediate computation result is higher than precision of
the first-precision intermediate computation result.

[00223] The exponent adjustment circuit is configured to: adjust, based on the exponent bias
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value corresponding to the second-precision floating-point number in each input combination, an
exponent of the third-precision intermediate computation result corresponding to each input
combination; and output an adjusted third-precision intermediate computation result to the
accumulator.
[00224]  The accumulator is configured to: perform a summation operation on the adjusted third-
precision intermediate computation results corresponding to all the input combinations, and output
a third-precision computation result for the plurality of first-precision floating-point numbers.
[00225] In a possible implementation, the format conversion circuit is configured to:

perform zero padding processing on an exponent and a mantissa of each input first-
precision intermediate computation result, and output, to the exponent adjustment circuit, the third-
precision intermediate computation result corresponding to each combination.
[00226] In a possible implementation, the first-precision floating-point number is a single-
precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the first-precision intermediate computation result is a single-precision
intermediate computation result, the third-precision intermediate computation result is a double-
precision intermediate computation result, the third-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[00227] In a possible implementation, the arithmetic logic unit further includes a format
conversion circuit.
[00228] The second-precision multiplier is configured to: perform a multiplication operation on
the second-precision floating-point numbers in each combination, and output, to the format
conversion circuit, a third-precision intermediate computation result corresponding to each
combination.
[00229] The format conversion circuit is configured to: perform format conversion on each
input third-precision intermediate computation result, and output, to the exponent adjustment
circuit, a first-precision intermediate computation result corresponding to each combination.
[00230] The exponent adjustment circuit is configured to: adjust, based on the exponent bias
value corresponding to the second-precision floating-point number in each input combination, an
exponent of the first-precision intermediate computation result corresponding to each input
combination; and output an adjusted first-precision intermediate computation result to the
accumulator.
[00231] The accumulator is configured to: perform a summation operation on the adjusted first-
precision intermediate computation results corresponding to all the input combinations, and output
a first-precision computation result for the plurality of first-precision floating-point numbers.
[00232] In a possible implementation, the first-precision floating-point number is a double-
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precision floating-point number, the second-precision floating-point number is a half-precision
floating-point number, the third-precision intermediate computation result is a single-precision
intermediate computation result, the first-precision intermediate computation result is a double-
precision intermediate computation result, the first-precision computation result is a double-
precision computation result, and the second-precision multiplier is a half-precision multiplier.
[00233] In a possible implementation, the arithmetic logic unit further includes a computation
mode switching circuit.

[00234] The computation mode switching circuit is configured to: when the computation mode
switching circuit is set to a second-precision floating-point number computation mode, set the
floating-point number decomposition circuit and the exponent adjustment circuit to be invalid.
[00235] The second-precision multiplier is configured to: receive a plurality of groups of to-be-
computed second-precision floating-point numbers that are input from the outside of the arithmetic
logic unit, perform a multiplication operation on each group of second-precision floating-point
numbers, and input an intermediate computation result corresponding to each group of to-be-
computed second-precision floating-point numbers.

[00236] The accumulator is configured to: perform a summation operation on the intermediate
computation results corresponding to all the input groups of to-be-computed second-precision
floating-point numbers, and output a computation result for the plurality of groups of to-be-
computed second-precision floating-point numbers.

[00237] As shown in FIG. 14, the arithmetic logic unit may further support mode switching,
that is, switching between a first-precision floating-point number operation mode and a second-
precision floating-point number operation mode. In the first-precision floating-point number
operation mode, a multiplication operation on the first-precision floating-point number may be
implemented by using the floating-point number decomposition circuit, the second-precision
multiplier, the format conversion circuit, the exponent adjustment circuit, and the accumulator. In
the second-precision floating-point number operation mode, the floating-point number
decomposition circuit, the format conversion circuit, and the exponent adjustment circuit may be
enabled to be invalid, and only the second-precision multiplier and the accumulator are used. A
plurality of groups of to-be-computed second-precision floating-point numbers are directly input
into the second-precision multiplier, intermediate computation results corresponding to the
plurality of groups of to-be-computed second-precision floating-point numbers are output, and
then the intermediate computation results are input into the accumulator for an accumulation
operation to obtain a computation result corresponding to the plurality of groups of to-be-
computed second-precision floating-point numbers.

[00238] It should be noted herein that the logical operation unit provided in the foregoing
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embodiment and the floating-point number multiplication computation method embodiment
belong to a same concept. For a specific implementation process of the logical operation unit, refer
to the method embodiment. Details are not described herein again.

[00239] Referring to FIG. 8, an embodiment of this application provides an electronic device.
The electronic device 800 includes at least one processor 801, a bus system 802, and a memory
803.

[00240] The processor 801 may be a general-purpose central processing unit (central processing
unit, CPU), a network processor (network processor, NP), a graphics processing unit (graphics
processing unit), a microprocessor, an application-specific integrated circuit (application-specific
integrated circuit, ASIC), or one or more integrated circuits configured to control program
execution of the solutions in this application.

[00241] The bus system 802 may include a path to transmit information between the foregoing
components.

[00242] The memory 803 may be a read-only memory (read-only memory, ROM) or another
type of static storage device capable of storing static information and instructions, or a random
access memory (random access memory, RAM) or another type of dynamic storage device capable
of storing information and instructions, or may be an electrically erasable programmable read-only
memory (electrically erasable programmable read-only memory, EEPROM), a compact disc read-
only memory (compact disc read-only memory, CD-ROM) or another compact disc storage, an
optical disc storage (including a compressed optical disc, a laser disc, an optical disc, a digital
versatile disc, a Blu-ray disc, and the like), a magnetic disk storage medium or another magnetic
storage device, or any other medium capable of including or storing expected program code in a
form of an instruction or a data structure and capable of being accessed by a computer. However,
the memory 803 is not limited thereto. The memory may exist independently, and is connected to
the processor by using the bus. Alternatively, the memory may be integrated with the processor.
[00243] The memory 803 is configured to store application program code for performing the
solutions of this application, and execution is controlled by the processor 801. The processor 801
is configured to execute the application program code stored in the memory 803, to implement the
floating-point number computation method provided in this application.

[00244] During specific implementation, in an embodiment, the processor 801 may include one
or more CPUs.

[00245] 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 computer-readable storage
medium may include a read-only memory, a magnetic disk, an optical disc, or the like.
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[00246] The foregoing description is merely an embodiment of this application, but is not
intended to limit this application. Any modification, equivalent replacement, or improvement
made without departing from the spirit and principle of this application shall fall within the

protection scope of this application.
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What is claimed is:

1. An arithmetic logic unit in a processor, wherein the arithmetic logic unit comprises a
floating-point number decomposition circuit, a second-precision multiplier, and an accumulator;

the floating-point number decomposition circuit is configured to decompose each input to-
be-computed first-precision floating-point number into at least two second-precision floating-point
numbers, wherein precision of the second-precision floating-point number is lower than precision
of the first-precision floating-point number;

the second-precision multiplier is configured to: receive a combination comprising two
second-precision floating-point numbers obtained by decomposing different first-precision
floating-point numbers, perform a multiplication operation on the second-precision floating-point
numbers in each combination, and output an intermediate computation result corresponding to
each combination; and

the accumulator is configured to perform an operation to obtain a computation result for the
plurality of to-be-computed first-precision floating-point numbers based on the intermediate
computation result corresponding to each combination.

2. The arithmetic logic unit according to claim 1, wherein the operation is a summation
operation.

3. The arithmetic logic unit according to claim 1 or 2, wherein the arithmetic logic unit further
comprises an exponent adjustment circuit;

the floating-point number decomposition circuit is further configured to output, to the
exponent adjustment circuit, an exponent bias value corresponding to each second-precision
floating-point number;

the second-precision multiplier is further configured to output, to the exponent adjustment
circuit, the intermediate computation result corresponding to each combination; and

the exponent adjustment circuit is configured to: adjust, based on the exponent bias value
corresponding to the second-precision floating-point number in each input combination, an
exponent of the intermediate computation result corresponding to each input combination; and
output an adjusted intermediate computation result to the accumulator.

4. The arithmetic logic unit according to claim 3, wherein the exponent adjustment circuit is
configured to: add the exponent bias value corresponding to the second-precision floating-point
number in each input combination and the exponent of the intermediate computation result
corresponding to each input combination, and output the adjusted intermediate computation result

to the accumulator.
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5. The arithmetic logic unit according to claim 3, wherein the intermediate computation result
is a first-precision intermediate computation result, and the computation result is a first-precision
computation result.

6. The arithmetic logic unit according to claim 5, wherein the first-precision floating-point
number is a single-precision floating-point number, the second-precision floating-point number is
a half-precision floating-point number, the first-precision intermediate computation result is a
single-precision intermediate computation result, the first-precision computation result is a single-
precision computation result, and the second-precision multiplier is a half-precision multiplier; or

the first-precision floating-point number is a double-precision floating-point number, the
second-precision floating-point number is a single-precision floating-point number, the first-
precision intermediate computation result is a double-precision intermediate computation result,
the first-precision computation result is a double-precision computation result, and the second-
precision multiplier is a single-precision multiplier.

7. The arithmetic logic unit according to claim 3, wherein the arithmetic logic unit further
comprises a format conversion circuit;

the second-precision multiplier is specifically configured to: perform a multiplication
operation on the second-precision floating-point numbers in each combination, and output, to the
format conversion circuit, a first-precision intermediate computation result corresponding to each
combination;

the format conversion circuit is configured to: perform format conversion on each input first-
precision intermediate computation result, and output, to the exponent adjustment circuit, a third-
precision intermediate computation result corresponding to each combination, wherein precision
of the third-precision intermediate computation result is higher than precision of the first-precision
intermediate computation result;

the exponent adjustment circuit is configured to: adjust, based on the exponent bias value
corresponding to the second-precision floating-point number in each input combination, an
exponent of the third-precision intermediate computation result corresponding to each input
combination; and output an adjusted third-precision intermediate computation result to the
accumulator; and

the accumulator is configured to: perform a summation operation on the adjusted third-
precision intermediate computation results corresponding to all the input combinations, and output
a third-precision computation result for the plurality of first-precision floating-point numbers.

8. The arithmetic logic unit according to claim 7, wherein the format conversion circuit is
configured to:

perform zero padding processing on an exponent and a mantissa of each input first-precision
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intermediate computation result, and output, to the exponent adjustment circuit, the third-precision
intermediate computation result corresponding to each combination.

9. The arithmetic logic unit according to claim 7 or 8, wherein the first-precision floating-
point number is a single-precision floating-point number, the second-precision floating-point
number is a half-precision floating-point number, the first-precision intermediate computation
result is a single-precision intermediate computation result, the third-precision intermediate
computation result is a double-precision intermediate computation result, the third-precision
computation result is a double-precision computation result, and the second-precision multiplier
is a half-precision multiplier.

10. The arithmetic logic unit according to claim 3, wherein the arithmetic logic unit further
comprises a format conversion circuit;

the second-precision multiplier is configured to: perform a multiplication operation on the
second-precision floating-point numbers in each combination, and output, to the format conversion
circuit, a third-precision intermediate computation result corresponding to each combination;

the format conversion circuit is configured to: perform format conversion on each input third-
precision intermediate computation result, and output, to the exponent adjustment circuit, a first-
precision intermediate computation result corresponding to each combination;

the exponent adjustment circuit is configured to: adjust, based on the exponent bias value
corresponding to the second-precision floating-point number in each input combination, an
exponent of the first-precision intermediate computation result corresponding to each input
combination; and output an adjusted first-precision intermediate computation result to the
accumulator; and

the accumulator is configured to: perform a summation operation on the adjusted first-
precision intermediate computation results corresponding to all the input combinations, and output
a first-precision computation result for the plurality of first-precision floating-point numbers.

11. The arithmetic logic unit according to claim 10, wherein the first-precision floating-point
number is a double-precision floating-point number, the second-precision floating-point number
is a half-precision floating-point number, the third-precision intermediate computation result is a
single-precision intermediate computation result, the first-precision intermediate computation
result is a double-precision intermediate computation result, the first-precision computation result
is a double-precision computation result, and the second-precision multiplier is a half-precision
multiplier.

12. The arithmetic logic unit according to any one of claims 1 to 11, wherein the arithmetic
logic unit further comprises a computation mode switching circuit;

the computation mode switching circuit is configured to: when the computation mode
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switching circuit is set to a second-precision floating-point number computation mode, set the
floating-point number decomposition circuit and the exponent adjustment circuit to be invalid;

the second-precision multiplier is configured to: receive a plurality of groups of to-be-
computed second-precision floating-point numbers that are input from the outside of the arithmetic
logic unit, perform a multiplication operation on each group of second-precision floating-point
numbers, and input an intermediate computation result corresponding to each group of to-be-
computed second-precision floating-point numbers; and

the accumulator is configured to: perform a summation operation on the intermediate
computation results corresponding to all the input groups of to-be-computed second-precision
floating-point numbers, and output a computation result for the plurality of groups of to-be-
computed second-precision floating-point numbers.

13. A floating-point number multiplication computation method, wherein the method
comprises:

obtaining a plurality of to-be-computed first-precision floating-point numbers;

decomposing each to-be-computed first-precision floating-point number to obtain at least two
second-precision floating-point numbers, wherein precision of the second-precision floating-point
number is lower than precision of the first-precision floating-point number;

determining various combinations comprising two second-precision floating-point numbers
obtained by decomposing different first-precision floating-point numbers;

inputting the second-precision floating-point numbers in each combination into a second-
precision multiplier to obtain an intermediate computation result corresponding to each
combination; and

determining a computation result for the plurality of to-be-computed first-precision floating-
point numbers based on the intermediate computation result corresponding to each combination.

14. The method according to claim 13, after the decomposing each to-be-computed first-
precision floating-point number to obtain at least two second-precision floating-point numbers,
further comprising:

determining an exponent bias value corresponding to each second-precision floating-point
number; and

the determining a computation result for the plurality of to-be-computed first-precision
floating-point numbers based on the intermediate computation result corresponding to each
combination comprises:

adjusting, based on the exponent bias value corresponding to the second-precision floating-
point number in each combination, an exponent of the intermediate computation result

corresponding to each combination, to obtain an adjusted intermediate computation result; and
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performing a summation operation on the adjusted intermediate computation results
corresponding to all the combinations, to obtain the computation result for the plurality of first-
precision floating-point numbers.

15. The method according to claim 14, wherein the adjusting, based on the exponent bias
value corresponding to the second-precision floating-point number in each combination, an
exponent of the intermediate computation result corresponding to each combination, to obtain an
adjusted intermediate computation result comprises:

adding the exponent of the intermediate computation result corresponding to each
combination of second-precision floating-point numbers and the exponent bias value
corresponding to the second-precision floating-point number in each combination, to obtain the
adjusted intermediate computation result.

16. The method according to claim 13, wherein the intermediate computation result is a first-
precision intermediate computation result, and the computation result is a first-precision
computation result.

17. The method according to claim 14, wherein

the inputting the second-precision floating-point numbers in each combination into a second-
precision multiplier to obtain an intermediate computation result corresponding to each
combination comprises:

inputting the second-precision floating-point numbers in each combination into the second-
precision multiplier to obtain a first-precision intermediate computation result corresponding to
each combination, and performing format conversion on each first-precision intermediate
computation result to obtain a third-precision intermediate computation result corresponding to
each combination, wherein precision of the third-precision intermediate computation result is
higher than precision of the first-precision intermediate computation result;

the adjusting, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the intermediate computation result
corresponding to each combination, to obtain an adjusted intermediate computation result
comprises:

adjusting, based on the exponent bias value corresponding to the second-precision floating-
point number in each combination, an exponent of the third-precision intermediate computation
result corresponding to each combination, to obtain an adjusted third-precision intermediate
computation result; and

the performing a summation operation on the adjusted intermediate computation results
corresponding to all the combinations, to obtain the computation result for the plurality of first-

precision floating-point numbers comprises:
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performing a summation operation on the adjusted third-precision intermediate computation
results corresponding to all the combinations, to obtain a third-precision computation result for the
plurality of first-precision floating-point numbers.

18. The method according to claim 17, wherein the performing format conversion on each
first-precision intermediate result to obtain a third-precision intermediate computation result
corresponding to each combination comprises:

performing zero padding processing on an exponent and a mantissa of each first-precision
intermediate result to obtain the third-precision intermediate computation result corresponding to
each combination of second-precision floating-point numbers.

19. The method according to claim 14, wherein the inputting the second-precision floating-
point numbers in each combination into a second-precision multiplier to obtain an intermediate
computation result corresponding to each combination comprises:

inputting the second-precision floating-point numbers in each combination into the second-
precision multiplier to obtain a third-precision intermediate computation result corresponding to
each combination, and performing format conversion on each third-precision intermediate
computation result to obtain a first-precision intermediate computation result corresponding to
each combination;

the adjusting, based on the exponent bias value corresponding to the second-precision
floating-point number in each combination, an exponent of the intermediate computation result
corresponding to each combination, to obtain an adjusted intermediate computation result
comprises:

adjusting, based on the exponent bias value corresponding to the second-precision floating-
point number in each combination, an exponent of the first-precision intermediate computation
result corresponding to each combination, to obtain an adjusted first-precision intermediate
computation result; and

the performing a summation operation on the adjusted intermediate computation results
corresponding to all the groups of second-precision floating-point numbers, to obtain the
computation result for the plurality of first-precision floating-point numbers comprises:

performing a summation operation on the adjusted first-precision intermediate computation
results corresponding to all the groups of second-precision floating-point numbers, to obtain a
first-precision computation result for the plurality of first-precision floating-point numbers.

20. A floating-point number multiplication computation apparatus, wherein the apparatus
comprises:

an obtaining module, configured to obtain a plurality of to-be-computed first-precision

floating-point numbers;
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a decomposition module, configured to decompose each to-be-computed first-precision
floating-point number to obtain at least two second-precision floating-point numbers, wherein
precision of the second-precision floating-point number is lower than precision of the first-
precision floating-point number;

a combination module, configured to determine various combinations comprising two
second-precision floating-point numbers obtained by decomposing different first-precision
floating-point numbers;

an input module, configured to input the second-precision floating-point numbers in each
combination into a second-precision multiplier to obtain an intermediate computation result
corresponding to each combination; and

a determining module, configured to determine a computation result for the plurality of to-
be-computed first-precision floating-point numbers based on the intermediate computation result
corresponding to each combination.

21. The apparatus according to claim 20, wherein the decomposition module is further
configured to:

determine an exponent bias value corresponding to each second-precision floating-point
number; and

the determining module is configured to:

adjust, based on the exponent bias value corresponding to the second-precision floating-point
number in each combination, an exponent of the intermediate computation result corresponding to
each combination, to obtain an adjusted intermediate computation result; and

perform a summation operation on the adjusted intermediate computation results
corresponding to all the combinations, to obtain the computation result for the plurality of first-
precision floating-point numbers.

22. The apparatus according to claim 21, wherein the determining module is configured to:

add the exponent of the intermediate computation result corresponding to each combination
of second-precision floating-point numbers and the exponent bias value corresponding to the
second-precision floating-point number in each combination, to obtain the adjusted intermediate
computation result.

23. The apparatus according to claim 20, wherein the intermediate computation result is a
first-precision intermediate computation result, and the computation result is a first-precision
computation result.

24. The apparatus according to claim 21, wherein the input module is configured to:

input the second-precision floating-point numbers in each combination into the second-

precision multiplier to obtain a first-precision intermediate computation result corresponding to
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each combination, and perform format conversion on each first-precision intermediate
computation result to obtain a third-precision intermediate computation result corresponding to
each combination, wherein precision of the third-precision intermediate computation result is
higher than precision of the first-precision intermediate computation result; and

the determining module is configured to:

adjust, based on the exponent bias value corresponding to the second-precision floating-point
number in each combination, an exponent of the third-precision intermediate computation result
corresponding to each combination, to obtain an adjusted third-precision intermediate computation
result; and

perform a summation operation on the adjusted third-precision intermediate computation
results corresponding to all the combinations, to obtain a third-precision computation result for the
plurality of first-precision floating-point numbers.

25. The apparatus according to claim 24, wherein the input module is configured to:

perform zero padding processing on an exponent and a mantissa of each first-precision
intermediate result to obtain the third-precision intermediate computation result corresponding to
each combination.

26. The apparatus according to claim 21, wherein the input module is configured to:

input the second-precision floating-point numbers in each combination into the second-
precision multiplier to obtain a third-precision intermediate computation result corresponding to
each combination, and perform format conversion on each third-precision intermediate
computation result to obtain a first-precision intermediate computation result corresponding to
each combination; and

the determining module is configured to:

adjust, based on the exponent bias value corresponding to the second-precision floating-point
number in each combination, an exponent of the first-precision intermediate computation result
corresponding to each combination, to obtain an adjusted first-precision intermediate computation
result; and

perform a summation operation on the adjusted first-precision intermediate computation
results corresponding to all the groups of second-precision floating-point numbers, to obtain a
first-precision computation result for the plurality of first-precision floating-point numbers.

27. An electronic device, wherein the electronic device comprises a processor and a memory,
the memory stores at least one instruction, and the instruction is loaded and executed by the
processor to implement an operation performed in the floating-point number multiplication

computation method according to any one of claims 13 to 19.
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28. A processor, wherein the processor comprises the arithmetic logic unit according to claims
1to 12.
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