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EQUALIZATION TRAINING METHOD AND APPARATUS, AND
SYSTEM

TECHNICAL FIELD

[0001] This application relates to the field of chip technologies, and in particular, to an

equalization training method and apparatus, and a system.

BACKGROUND

[0002] A peripheral component interconnect express (PCle) is a computer expansion bus
standard. A PCle bus is usually used in a processor that needs to perform high-speed data
transmission, for example, a computer system, a server, a memory, or a mobile phone, to connect
to a peripheral device. PCle specifies that a communications system (for example, link negotiation
between a master chip and a slave chip) first performs link negotiation after being powered on,
and establishes a high-speed link only after negotiation succeeds, to transmit and receive service
data. From PCle 3.0, during link negotiation, an equalization training mechanism is provided to
compensate for a signal quality problem caused by a link loss.

[0003] The equalization training mechanism includes a total of four phases: an equalization
training phase 1 to an equalization training phase 4 (Phase 0 to Phase 3). Currently, a fixed
equalization timeout period is specified in each phase of equalization training. For example, a
maximum time limit of equalization timeout periods specified in Phase 2 and Phase 3 is usually
32 ms. If equalization training is not completed within a specified equalization timeout period, the
communications system triggers timeout, and announces a link equalization failure.

[0004] However, with a rapid increase in a communication rate, when communication
transmission is performed on a higher-speed link, the communications system requires a more
complex equalization circuit structure and a larger quantity of equalization parameters. In other
words, in this case, in a phase of equalization training, it needs to take more time to determine an
equalization parameter, even far more than an equalization timeout period whose maximum time

limit is 32 ms and that is currently specified in a PCle protocol. Therefore, when communication
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transmission is performed on a higher-speed link, a link negotiation success rate is low.
[0005] In conclusion, a current equalization training method is not flexible enough, and cannot

be applied to negotiation on the higher-speed link.

SUMMARY

[0006] This application provides an equalization training method, to perform equalization
training more flexibly, and improve a high-speed link negotiation success rate. Further, this
application further provides an apparatus and a system for performing the method, and a chip used
in performing the method.
[0007] According to a first aspect, an embodiment of this application provides an equalization
training method, and the method includes the following steps:

obtaining a training rate of each of a master chip and a slave chip in a target phase of
equalization training, where the target phase is a third phase or a fourth phase; and determining a
target rate threshold interval within which the training rate in the target phase falls, determining,
based on a correspondence between N+1 rate threshold intervals and N+1 equalization timeout
periods, a target equalization timeout period corresponding to the target rate threshold interval,
and configuring the target equalization timeout period as an equalization timeout period in the
target phase, where N rate thresholds are predetermined, N is an integer greater than or equal to 0,
and a longer rate threshold interval corresponds to a longer equalization timeout period, where
equalization training in the target phase is performed on the master chip and the slave chip within
the equalization timeout period in the target phase.
[0008] Based on this solution, in this embodiment of this application, an equalization timeout
period used for equalization training can be flexibly configured for each phase of equalization
training, so that the configured equalization timeout period better conforms to a training rate
currently used for negotiation. It is learned that in each phase of equalization, if an equalization
operation of a chip cannot be completed within the equalization timeout period, the chip exits
equalization, resulting in a failure of link negotiation between the chip and a peer chip. However,
in this application, an equalization timeout period configured in a phase of equalization training is
determined based on a training rate in the phase of equalization training. Therefore, plenty of

equalization timeout periods are configured in the phase of equalization training, so that it can be
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better ensured that an operation in the phase of equalization training is smoothly completed and
the chip does not exit equalization training due to insufficient time. Therefore, according to the
method provided in this application, a link negotiation success rate can be improved to some extent.
[0009] It should be noted that when the chip is a master chip, the peer chip is a slave chip, and
when the chip is a slave chip, the peer chip is a master chip.

[0010] Optionally, the master chip and the slave chip are connected to each other through a
PCle bus or a cache coherent interconnect for accelerators (CCIX) bus. It can be learned that the
equalization training method provided in this embodiment is applied to a processor system in
which the PCle bus or the CCIX bus is used.

[0011] Optionally, in the processor system to which the PCle bus is applied, the master chip is
a root complex (RC) or a switch chip, and the slave chip is an endpoint device (endpoint)
independent of the master chip. It should be learned that, the switch chip may be a master chip in
some cases, or may be a slave chip in other cases.

[0012] With reference to the first aspect, in a possible implementation, when the target rate
threshold interval is a threshold interval including a minimum rate in the N+1 rate threshold
intervals, the target equalization timeout period is a forward compatible equalization timeout
period.

[0013] Based on this solution, in this embodiment of this application, when it is determined
that the target rate threshold interval within which the training rate in the target phase falls is a
minimum threshold interval, the target equalization timeout period is set to the forward compatible
equalization timeout period. There is no need to search, based on the correspondence between the
N+1 rate threshold intervals and the N+1 equalization timeout periods, for the equalization timeout
period corresponding to the training rate in the target phase, thereby better reducing system
overheads.

[0014] For example, a forward compatible equalization timeout period specified in PCle 3.0
to PCle 5.0 is 32 ms.

[0015] With reference to the first aspect, in a possible implementation, the correspondence
between the N+1 rate threshold intervals and the N+1 equalization timeout periods is prestored in
a register of the master chip or in a register of the slave chip.

[0016] Based on this solution, the correspondence between the N+1 rate threshold intervals
and the N+1 equalization timeout periods is prestored in the register of the master chip or in the
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register of the slave chip, so that the correspondence between the N+1 rate threshold intervals and
the N+1 equalization timeout periods may be directly read from a register of a corresponding chip
for use, to save time.
[0017] With reference to the first aspect, in a possible implementation, before the obtaining a
training rate of each of a master chip and a slave chip in a target phase of equalization training, it
is determined not to use a fast equalization training mode. The fast equalization training mode is
a mode in which initial parameters of the master chip and the slave chip in a target phase of a
current round of equalization training are separately configured based on a sending parameter and
a receiving parameter in a target phase of a previous round of equalization training.
[0018] Based on this solution, this embodiment of this application further provides the fast
equalization training mode. To be specific, if the fast equalization training mode is selected before
the target phase of the current round of equalization training, the sending parameter and the
receiving parameter in the target phase of the previous round of equalization training are separately
configured as the initial parameters of the master chip and the slave chip in the target phase of the
current round of equalization training. The equalization training method is optimized. In addition,
because the fast equalization training mode is used, complexity of obtaining an equalization
parameter can be effectively reduced, and time for obtaining the equalization parameter can be
effectively shortened, thereby better ensuring that the operation in the phase of equalization
training is smoothly completed and the chips do not exit the operation due to insufficient time. The
link negotiation success rate is improved to some extent.
[0019] With reference to the first aspect, in a possible implementation, after equalization
training in the target phase of the current round of equalization training is completed, an
equalization parameter of the master chip in the target phase of the current round of equalization
training is stored in a register of the master chip, and an equalization parameter of the slave chip
in the target phase of the current round of equalization training is stored in a register of the slave
chip; or

equalization parameters of the master chip and the slave chip in the target phase of the
current round of equalization training are stored in a register of the master chip; or equalization
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training are stored in a register of the slave chip.
[0020] Based on this solution, after equalization training in the target phase of the current
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round of equalization training is completed, the equalization parameter of the master chip in the
target phase of the current round of equalization training is stored, and the equalization parameter
of the slave chip in the target phase of the current round of equalization training is stored. Therefore,
in a target phase of a next round of equalization training, the sending parameter and the receiving
parameter that are prestored by the master chip and the slave chip may be directly obtained, to
determine the initial parameters, thereby saving time.
[0021] With reference to the first aspect, in a possible implementation, before it is determined
not to use the fast equalization training mode, a negotiation sequence that is of the master chip and
the slave chip and that is used for the target phase of equalization training is obtained; and that a
bit value specified in the negotiation sequence corresponds to a non-fast equalization training
mode is determined based on a correspondence between a bit value specified in the negotiation
sequence and an equalization training mode.
[0022] Based on this solution, this embodiment of this application provides a method for
determining whether to use an equalization training mode. To be specific, whether to use an
equalization training mode is determined based on the bit value specified in the negotiation
sequence used for the target phase of equalization training, to optimize an equalization training
method.
[0023] According to a second aspect, an embodiment of this application further provides an
equalization training method, and the method includes the following steps:

determining whether to use a fast equalization training mode; when it is determined to
use the fast equalization training mode, obtaining a sending parameter and a receiving parameter
of each of a master chip and a slave chip in a target phase of a previous round of equalization
training, and respectively configuring the sending parameter and the receiving parameter as initial
parameters of the master chip and the slave chip in a target phase of a current round of equalization
training, where a target phase of equalization training is a third phase or a fourth phase of the
equalization training; obtaining a forward compatible equalization timeout period in the target
phase of equalization training, and configuring the forward compatible equalization timeout period
as an equalization timeout period in the target phase of the current round of equalization training;
and performing, within the equalization timeout period in the target phase of the current round of
equalization training, equalization training by using the initial parameters of the master chip and
the slave chip in the target phase of the current round of equalization training.
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[0024] Based on this solution, in this embodiment of this application, in the target phase of the
current equalization training, the sending parameter and the receiving parameter of each of the
master chip and the slave chip in the target phase of the previous round of equalization training
are obtained, and the sending parameter and the receiving parameter are respectively configured
as initial parameters of the master chip and the slave chip in the target phase of the current round
of equalization training. The equalization training method is optimized, to help obtain an
equalization parameter in a phase of the current round of equalization training more quickly. There
is greater applicability and higher efficiency. In addition, because the fast equalization training
mode is used, complexity of obtaining the equalization parameter can be effectively reduced, and
time for obtaining the equalization parameter can be effectively shortened, thereby better ensuring
that an operation in the phase of equalization training is smoothly completed and the chips do not
exit the operation due to insufficient time. A link negotiation success rate is improved to some
extent.

[0025] It should be noted that when the chip is a master chip, the peer chip is a slave chip, and
when the chip is a slave chip, the peer chip is a master chip.

[0026] Optionally, the master chip and the slave chip are connected to each other through a
PCle bus or a CCIX bus. It can be learned that the equalization training method provided in this
embodiment is applied to a processor system in which the PCle bus or the CCIX bus is used.
[0027] Optionally, in the processor system to which the PCle bus is applied, the master chip is
a root complex (RC,) or a switch chip, and the slave chip is an endpoint device (endpoint)
independent of the master chip. It should be learned that, the switch chip may be a master chip in
some cases, or may be a slave chip in other cases.

[0028] With reference to the second aspect, in a possible implementation, the fast equalization
training mode is a mode in which the initial parameters of the master chip and the slave chip in the
target phase of the current round of equalization training are separately configured based on the
sending parameter and the receiving parameter in the target phase of the previous round of
equalization training. Based on this solution, this embodiment of this application further provides
the fast equalization training mode. To be specific, after it is determined to use the fast equalization
training mode, the initial parameters of the master chip and the slave chip in the target phase of
the current round of equalization training are separately configured based on the sending parameter
and the receiving parameter in the target phase of the previous round of equalization training. The
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equalization training method is optimized, to help obtain the equalization parameter in the phase
of the current round of equalization training more quickly.
[0029] With reference to the second aspect, in a possible implementation, after equalization
training in the target phase of the current round of equalization training is completed, an
equalization parameter of the master chip in the target phase of the current round of equalization
training is stored in a register of the master chip, and an equalization parameter of the slave chip
in the target phase of the current round of equalization training is stored in a register of the slave
chip; or

equalization parameters of the master chip and the slave chip in the target phase of the
current round of equalization training are stored in a register of the master chip; or equalization
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training are stored in a register of the slave chip.
[0030] Based on this solution, after equalization training in the target phase of the current
round of equalization training is completed, the equalization parameter of the master chip in the
target phase of the current round of equalization training is stored, and the equalization parameter
of the slave chip in the target phase of the current round of equalization training is stored. Therefore,
in a target phase of a next round of equalization training, the sending parameter and the receiving
parameter that are prestored by the master chip and the slave chip may be directly obtained, to
determine the initial parameters, thereby saving time.
[0031] With reference to the second aspect, in a possible implementation, before it is
determined to use the fast equalization training mode, a negotiation sequence that is of the master
chip and the slave chip and that is used for the target phase of equalization training is obtained;
and that a bit value specified in the negotiation sequence corresponds to a non-fast equalization
training mode is determined based on a correspondence between a bit value specified in the
negotiation sequence and an equalization training mode.
[0032] Based on this solution, this embodiment of this application provides a method for
determining whether to use an equalization training mode. To be specific, whether to use an
equalization training mode is determined based on the bit value specified in the negotiation
sequence used for the target phase of equalization training, to optimize an equalization training
method.
[0033] According to a third aspect, this application provides an equalization training apparatus.
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The apparatus is configured to perform the method according to any one of the first aspect or the
implementations of the first aspect. The apparatus includes a transceiver and a manager.

[0034] The transceiver is configured to obtain a training rate of each of a master chip and a
slave chip in a target phase of equalization training, where the target phase is a third phase or a
fourth phase. Correspondingly, the manager is configured to: determine a target rate threshold
interval within which the training rate in the target phase falls, determine, based on a
correspondence between N+1 rate threshold intervals and N+1 equalization timeout periods, a
target equalization timeout period corresponding to the target rate threshold interval, and configure
the target equalization timeout period as an equalization timeout period in the target phase, where
N rate thresholds are predetermined, N is an integer greater than or equal to 0, and a longer rate
threshold interval corresponds to a longer equalization timeout period, where equalization training
in the target phase is performed on the master chip and the slave chip within the equalization
timeout period in the target phase.

[0035] The apparatus provided in this embodiment can be used to implement the equalization
training method according to any one of the first aspect or the possible implementations of the first
aspect. It can be learned that when the apparatus provided in this embodiment is used, the master
chip has plenty of equalization timeout periods in the third phase of the equalization, and
correspondingly, the master chip does not exit an equalization operation in the third phase due to
insufficient time; and the slave chip also has plenty of equalization timeout periods in the fourth
phase of the equalization, and correspondingly, the slave chip does not exit an equalization
operation in the fourth phase due to insufficient time. Therefore, according to the apparatus
provided in this embodiment, a probability that a chip exits an equalization operation due to
insufficient equalization timeout periods can be reduced to some extent, to effectively improve the
link negotiation success rate.

[0036] With reference to the third aspect, in a possible implementation, when the target rate
threshold interval is a threshold interval including a minimum rate in the N+1 rate threshold
intervals, the target equalization timeout period is a forward compatible equalization timeout
period.

[0037] For beneficial effects of this solution, refer to beneficial effects corresponding to a
related implementation of the first aspect, and details are not described herein again.

[0038] As described above, a forward compatible equalization timeout period of PCle 3.0 to
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PCle 5.0 is 32 ms.

[0039] With reference to the third aspect, in a possible implementation, the correspondence
between the N+1 rate threshold intervals and the N+1 equalization timeout periods is prestored in
a register of the master chip or in a register of the slave chip.

[0040] With reference to the third aspect, in a possible implementation, before the training rate
of each of the master chip and the slave chip in the target phase of equalization training is obtained,
the manager is further configured to determine not to use a fast equalization training mode. The
fast equalization training mode is a mode in which initial parameters of the master chip and the
slave chip in a target phase of a current round of equalization training are separately configured
based on a sending parameter and a receiving parameter in a target phase of a previous round of
equalization training.

[0041] For beneficial effects of this solution, refer to beneficial effects corresponding to a
related implementation of the first aspect, and details are not described herein again.

[0042] With reference to the third aspect, in a possible implementation, after equalization
training in the target phase of the current round of equalization training is completed, the manager
is further configured to: store, in a register of the master chip, an equalization parameter of the
master chip in the target phase of the current round of equalization training, and store, in a register
of the slave chip, an equalization parameter of the slave chip in the target phase of the current
round of equalization training; or store, in a register of the master chip, equalization parameters of
the master chip and the slave chip in the target phase of the current round of equalization training;
or store, in a register of the slave chip, equalization parameters of the master chip and the slave
chip in the target phase of the current round of equalization training.

[0043] With reference to the third aspect, in a possible implementation, the transceiver is
further configured to: obtain a negotiation sequence that is of the master chip and the slave chip
and that is used for the target phase of equalization training; and determine, based on a
correspondence between a bit value specified in the negotiation sequence and an equalization
training mode, that a bit value specified in the negotiation sequence corresponds to a non-fast
equalization training mode.

[0044] For beneficial effects of this solution, refer to beneficial effects corresponding to a
related implementation of the first aspect, and details are not described herein again.

[0045] According to a fourth aspect, this application provides an equalization training
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apparatus. The apparatus is configured to perform the method according to any one of the second
aspect or the implementations of the second aspect. The apparatus includes a transceiver and a
manager.

[0046] The manager is configured to determine whether to use a fast equalization training
mode.

[0047] The transceiver is configured to: when it is determined to use the fast equalization
training mode, obtain a sending parameter and a receiving parameter of each of a master chip and
a slave chip in a target phase of a previous round of equalization training.

[0048] The manager is further configured to respectively configure the sending parameter and
the receiving parameter as initial parameters of the master chip and the slave chip in a target phase
of a current round of equalization training, where a target phase of equalization training is a third
phase or a fourth phase of the equalization training.

[0049] The transceiver is further configured to obtain a forward compatible equalization
timeout period in the target phase of equalization training.

[0050] The manager is further configured to configure the forward compatible equalization
timeout period as an equalization timeout period in the target phase of the current round of
equalization training.

[0051] The manager is further configured to perform, within the equalization timeout period
in the target phase of the current round of equalization training, equalization training by using the
initial parameters of the master chip and the slave chip in the target phase of the current round of
equalization training.

[0052] The apparatus provided in this embodiment can be used to implement the equalization
training method according to any one of the second aspect or the possible implementations of the
second aspect. It can be learned that, according to the apparatus provided in this embodiment, the
initial parameters of the master chip and the slave chip in the target phase of the current round of
equalization training can be configured more quickly. The equalization training method is
optimized, to help obtain an equalization parameter in a phase of the current round of equalization
training more quickly. There is greater applicability and higher efficiency. In addition, a probability
of exiting due to insufficient time in the target phase of equalization training is effectively reduced,
and a link negotiation success rate is improved.

[0053] With reference to the fourth aspect, in a possible implementation, after equalization
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training in the target phase of the current round of equalization training is completed, the manager
is further configured to: store, in a register of the master chip, an equalization parameter of the
master chip in the target phase of the current round of equalization training, and store, in a register
of the slave chip, an equalization parameter of the slave chip in the target phase of the current
round of equalization training; or store, in a register of the master chip, equalization parameters of
the master chip and the slave chip in the target phase of the current round of equalization training;
or store, in a register of the slave chip, equalization parameters of the master chip and the slave
chip in the target phase of the current round of equalization training.

[0054] For beneficial effects of this solution, refer to beneficial effects corresponding to a
related implementation of the second aspect, and details are not described herein again.

[0055] With reference to the fourth aspect, in a possible implementation, before it is
determined to use the fast equalization training mode, the transceiver is further configured to obtain
a negotiation sequence that is of the master chip and the slave chip and that is used for the target
phase of equalization training; and the manager is further configured to determine, based on a
correspondence between a bit value specified in the negotiation sequence and an equalization
training mode, that a bit value specified in the negotiation sequence corresponds to a non-fast
equalization training mode.

[0056] For beneficial effects of this solution, refer to beneficial effects corresponding to a
related implementation of the second aspect, and details are not described herein again.

[0057] According to a fifth aspect, this application provides another equalization training
apparatus. The apparatus is also configured to perform the equalization training method according
to any one of the first aspect or the implementations of the first aspect. The apparatus includes an
obtaining unit, a determining unit, and a configuration unit.

[0058] The obtaining unit is configured to obtain a training rate of each of a master chip and a
slave chip in a target phase of equalization training, where the target phase is a third phase or a
fourth phase.

[0059] The determining unit is configured to: determine a target rate threshold interval within
which the training rate in the target phase falls, and determine, based on a correspondence between
N+1 rate threshold intervals and N+1 equalization timeout periods, a target equalization timeout
period corresponding to the target rate threshold interval.

[0060] The configuration unit is configured to: configure the target equalization timeout period
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as an equalization timeout period in the target phase, where
[0061] N rate thresholds are predetermined, N is an integer greater than or equal to 0, and a
longer rate threshold interval corresponds to a longer equalization timeout period, where
equalization training in the target phase is performed on the master chip and the slave
chip within the equalization timeout period in the target phase.
[0062] The apparatus provided in this embodiment is configured to perform the method
according to any one of the first aspect or the possible implementations of the first aspect. When
the apparatus provided in this embodiment is used, the master chip has plenty of equalization
timeout periods in the third phase of the equalization, and correspondingly, the master chip does
not exit an equalization operation in the third phase due to insufficient time; and the slave chip
also has plenty of equalization timeout periods in the fourth phase of equalization, and
correspondingly, the slave chip does not exit an equalization operation in the fourth phase due to
insufficient time. Therefore, according to the apparatus provided in this embodiment, a probability
that a chip exits an equalization operation due to insufficient equalization timeout periods can be
reduced to some extent, to effectively improve a link negotiation success rate.
[0063] With reference to the fifth aspect, in a possible implementation, when the target rate
threshold interval is a threshold interval including a minimum rate in the N+1 rate threshold
intervals, the target equalization timeout period is a forward compatible equalization timeout
period.
[0064] With reference to the fifth aspect, in a possible implementation, the correspondence
between the N+1 rate threshold intervals and the N+1 equalization timeout periods is prestored in
a register of the master chip or in a register of the slave chip.
[0065] With reference to the fifth aspect, in a possible implementation, before the training rate
of each of the master chip and the slave chip in the target phase of equalization training is obtained,
the determining unit is further configured to determine not to use a fast equalization training mode.
The fast equalization training mode is a mode in which initial parameters of the master chip and
the slave chip in a target phase of a current round of equalization training are separately configured
based on a sending parameter and a receiving parameter in a target phase of a previous round of
equalization training.
[0066] With reference to the fifth aspect, in a possible implementation, the obtaining unit is
further configured to: after equalization training in the target phase of the current round of
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equalization training is completed, store, in a register of the master chip, an equalization parameter
of the master chip in the target phase of the current round of equalization training, and store, in a
register of the slave chip, an equalization parameter of the slave chip in the target phase of the
current round of equalization training; or store, in a register of the master chip, equalization
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training; or store, in a register of the slave chip, equalization parameters of the master
chip and the slave chip in the target phase of the current round of equalization training.

[0067] With reference to the fifth aspect, in a possible implementation, the obtaining unit is
further configured to obtain a negotiation sequence that is of the master chip and the slave chip
and that is used for the target phase of equalization training; and the determining unit is further
configured to determine, based on a correspondence between a bit value specified in the
negotiation sequence and an equalization training mode, that a bit value specified in the negotiation
sequence corresponds to a non-fast equalization training mode.

[0068] According to a sixth aspect, this application provides another equalization training
apparatus. The apparatus is also configured to perform the equalization training method according
to any one of the second aspect or the implementations of the second aspect. The apparatus
includes an obtaining unit, a determining unit, and a configuration unit.

[0069] The determining unit is configured to determine whether to use a fast equalization
training mode.

[0070] The obtaining unit is configured to: when it is determined to use the fast equalization
training mode, obtain a sending parameter and a receiving parameter of each of a master chip and
a slave chip in a target phase of a previous round of equalization training.

[0071] The configuration unit is configured to respectively configure the sending parameter
and the receiving parameter as initial parameters of the master chip and the slave chip in a target
phase of a current round of equalization training, where a target phase of equalization training is a
third phase or a fourth phase of the equalization training.

[0072] The obtaining unit is further configured to obtain a forward compatible equalization
timeout period in the target phase of equalization training.

[0073] The configuration unit is further configured to: configure the forward compatible
equalization timeout period as an equalization timeout period in the target phase of the current
round of equalization training; and perform, within the equalization timeout period in the target
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phase of the current round of equalization training, equalization training by using the initial
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training.

[0074] The apparatus provided in this embodiment is configured to perform the method
according to any one of the second aspect or the possible implementations of the second aspect.
According to the apparatus provided in this embodiment, the initial parameters in the target phase
of the current round of equalization training can be configured for the master chip and the slave
chip more quickly. The equalization training method is optimized, to help obtain an equalization
parameter in a phase of the current round of equalization training more quickly. There is greater
applicability and higher efficiency. In addition, a probability of exiting due to insufficient time in
the target phase of equalization training is effectively reduced, and a link negotiation success rate
IS improved.

[0075] With reference to the sixth aspect, in a possible implementation, the obtaining unit is
further configured to: after equalization training in the target phase of the current round of
equalization training is completed, store, in a register of the master chip, an equalization parameter
of the master chip in the target phase of the current round of equalization training, and store, in a
register of the slave chip, an equalization parameter of the slave chip in the target phase of the
current round of equalization training; or store, in a register of the master chip, equalization
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training; or store, in a register of the slave chip, equalization parameters of the master
chip and the slave chip in the target phase of the current round of equalization training.

[0076] With reference to the sixth aspect, in a possible implementation, before it is determined
to use the fast equalization training mode, the obtaining unit is further configured to obtain a
negotiation sequence that is of the master chip and the slave chip and that is used for the target
phase of equalization training; and the determining unit is further configured to determine, based
on a correspondence between a bit value specified in the negotiation sequence and an equalization
training mode, that a bit value specified in the negotiation sequence corresponds to a non-fast
equalization training mode.

[0077] According to a seventh aspect, this application provides still another equalization
training apparatus. The apparatus is also configured to perform the equalization training method
according to any one of the first aspect or the implementations of the first aspect. The apparatus
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includes a central processing unit (CPU) and a memory. The CPU is configured to execute code
stored in the memory, to implement functions of the apparatus described in this embodiment.
[0078] The memory is configured to store a correspondence between N+1 rate threshold
intervals and N+1 equalization timeout periods. Correspondingly, the CPU is configured to obtain
a training rate of each of a master chip and a slave chip in a target phase of equalization training.
The target phase is a third phase or a fourth phase.

[0079] The CPU is further configured to: determine a target rate threshold interval within
which the training rate in the target phase falls, determine, based on the correspondence between
the N+1 rate threshold intervals and the N+1 equalization timeout periods, a target equalization
timeout period corresponding to the target rate threshold interval, and configure the target
equalization timeout period as an equalization timeout period in the target phase, where N rate
thresholds are predetermined, N is an integer greater than or equal to 0, and a longer rate threshold
interval corresponds to a longer equalization timeout period, where equalization training in the
target phase is performed on the master chip and the slave chip within the equalization timeout
period in the target phase.

[0080] Similar to the apparatuses described in the foregoing implementations, according to the
apparatus described in this embodiment, a probability that a system exits an equalization operation
due to insufficient equalization timeout periods, and consequently, a link negotiation failure is
caused can be reduced to some extent.

[0081] According to an eighth aspect, this application provides still another equalization
training apparatus. The apparatus is also configured to perform the equalization training method
according to any one of the second aspect or the implementations of the second aspect. The
apparatus includes a central processing unit (CPU) and a memory. The CPU is configured to
execute code stored in the memory, to implement functions of the apparatus described in this
embodiment.

[0082] The memory is configured to store an equalization parameter in a target phase of a
previous round of equalization training. Correspondingly, the CPU is configured to: determine
whether to use a fast equalization training mode, and when determining to use the fast equalization
training mode, obtain a sending parameter and a receiving parameter of each of a master chip and
a slave chip in the target phase of the previous round of equalization training, and respectively
configure the sending parameter and the receiving parameter as initial parameters of the master
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chip and the slave chip in a target phase of a current round of equalization training, where a target
phase of equalization training is a third phase or a fourth phase of the equalization training.
[0083] The CPU is further configured to: obtain a forward compatible equalization timeout
period in the target phase of equalization training, and configure the forward compatible
equalization timeout period as an equalization timeout period in the target phase of the current
round of equalization training; and perform, within the equalization timeout period in the target
phase of the current round of equalization training, equalization training by using the initial
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training.
[0084] Similar to the apparatuses described in the foregoing implementations, according to the
apparatus described in this embodiment, a probability that a system exits an equalization operation
due to insufficient equalization timeout periods, and consequently, a link negotiation failure is
caused can be reduced to some extent.
[0085] According to a ninth aspect, this application provides a chip. The chip may be the
master chip or the slave chip mentioned in any one of the first aspect or the implementations of
the first aspect, any one of the third aspect or the implementations of the third aspect, or any one
of the fifth aspect or the implementations of the fifth aspect. The chip includes a register, a
transceiver, and a manager.
[0086] The register is configured to store a correspondence between N+1 rate threshold
intervals and N+1 equalization timeout periods.
[0087] The transceiver is configured to obtain a training rate of each of a master chip and a
slave chip in a target phase of equalization training. The target phase is a third phase or a fourth
phase.
[0088] The manager is configured to: determine a target rate threshold interval within which
the training rate in the target phase falls, determine, based on the correspondence between the N+1
rate threshold intervals and the N+1 equalization timeout periods, a target equalization timeout
period corresponding to the target rate threshold interval, and configure the target equalization
timeout period as an equalization timeout period in the target phase, where N rate thresholds are
predetermined, N is an integer greater than or equal to 0, and a longer rate threshold interval
corresponds to a longer equalization timeout period, where

equalization training in the target phase is performed on the master chip and the slave
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chip within the equalization timeout period in the target phase.

[0089] The method according to any one of the first aspect or the possible implementations of
the first aspect can be implemented by applying the chip according to this embodiment, thereby
reducing a risk of a link negotiation failure that occurs because a system exits an equalization
operation because of equalization timeout period insufficiency.

[0090] With reference to the ninth aspect, in a possible implementation, the register is further
configured to store a forward compatible equalization timeout period.

[0091] With reference to the ninth aspect, in the possible implementation, the register is further
configured to store an equalization parameter in a target phase of a current round of equalization
training.

[0092] Further, in this embodiment of this application, the chip has a function of enabling and
disabling a part of an equalization circuit. When a fast equalization process is required, a part of
the equalization circuit is disabled. For example, a DFE or a part of a CTLE is disabled, to shorten
equalization time. The chip in this embodiment of this application is provided with management
software, or is a state machine that meets a standard.

[0093] According to a tenth aspect, this application provides a chip. The chip may be the
master chip or the slave chip mentioned in any one of the second aspect or the implementations of
the second aspect, any one of the fourth aspect or the implementations of the fourth aspect, or any
one of the sixth aspect or the implementations of the sixth aspect. The chip includes a register, a
transceiver, and a manager.

[0094] The register is configured to store an equalization parameter in a target phase of a
current round of equalization training of the chip.

[0095] The manager is configured to determine whether to use a fast equalization training
mode.

[0096] The transceiver is configured to: when it is determined to use the fast equalization
training mode, obtain a sending parameter and a receiving parameter of each of a master chip and
a slave chip in a target phase of a previous round of equalization training.

[0097] The manager is further configured to respectively configure the sending parameter and
the receiving parameter as initial parameters of the master chip and the slave chip in a target phase
of a current round of equalization training, where a target phase of equalization training is a third
phase or a fourth phase of the equalization training.
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[0098] The transceiver is further configured to obtain a forward compatible equalization
timeout period in the target phase of equalization training.

[0099] The manager is further configured to: configure the forward compatible equalization
timeout period as an equalization timeout period in the target phase of the current round of
equalization training; and perform, within the equalization timeout period in the target phase of
the current round of equalization training, equalization training by using the initial parameters of
the master chip and the slave chip in the target phase of the current round of equalization training.
[00100] The method according to any one of the second aspect or the possible implementations
of the second aspect can be implemented by applying the chip according to this embodiment,
thereby reducing a risk of a link negotiation failure that occurs because a system exits an
equalization operation because of equalization timeout period insufficiency.

[00101] With reference to the tenth aspect, in a possible implementation, the register is further
configured to store the equalization parameter in the target phase of the current round of
equalization training.

[00102]  With reference to the tenth aspect, in the possible implementation, the register is further
configured to store a correspondence between N+1 rate threshold intervals and N+1 equalization
timeout periods.

[00103] Further, in this embodiment of this application, the chip has a function of enabling and
disabling a part of an equalization circuit. When a fast equalization process is required, a part of
the equalization circuit is disabled. For example, a DFE or a part of a CTLE is disabled, to shorten
equalization time. The chip in this embodiment of this application is provided with management
software, or is a state machine that meets a standard.

[00104] According to an eleventh aspect, this application further provides a communications
system. The communications system includes system software, a master chip, and a slave chip.
The master chip and the slave chip are connected by using a bus or a CCIX bus.

[00105] The system software is configured to: obtain a training rate of each of a master chip
and a slave chip in a target phase of equalization training, where the target phase is a third phase
or a fourth phase; and determine a target rate threshold interval within which the training rate in
the target phase falls, determine, based on a correspondence between N+1 rate threshold intervals
and N+1 equalization timeout periods, a target equalization timeout period corresponding to the
target rate threshold interval, and configure the target equalization timeout period as an
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equalization timeout period in the target phase, where N rate thresholds are predetermined, N is an
integer greater than or equal to 0, and a longer rate threshold interval corresponds to a longer
equalization timeout period, where equalization training in the target phase is performed on the
master chip and the slave chip within the equalization timeout period in the target phase.

[00106] The apparatus provided in this embodiment can be used to implement the equalization
training method according to any one of the first aspect or the possible implementations of the first
aspect. It can be learned that when the apparatus provided in this embodiment is used, the master
chip has plenty of equalization timeout periods in the third phase of the equalization, and
correspondingly, the master chip does not exit an equalization operation in the third phase due to
insufficient time; and the slave chip also has plenty of equalization timeout periods in the fourth
phase of the equalization, and correspondingly, the slave chip does not exit an equalization
operation in the fourth phase due to insufficient time. Therefore, according to the apparatus
provided in this embodiment, a probability that the chips exit an equalization operation due to
insufficient equalization timeout periods can be reduced to some extent, to effectively improve the
link negotiation success rate.

[00107]  With reference to the eleventh aspect, in a possible implementation, when the target
rate threshold interval is a threshold interval including a minimum rate in the N+1 rate threshold
intervals, the target equalization timeout period is a forward compatible equalization timeout
period.

[00108]  With reference to the eleventh aspect, in a possible implementation, the correspondence
between the N+1 rate threshold intervals and the N+1 equalization timeout periods is prestored in
a register of the master chip or in a register of the slave chip.

[00109]  With reference to the eleventh aspect, in a possible implementation, before the training
rate of each of the master chip and the slave chip in the target phase of equalization training is
obtained, the system software is further configured to determine not to use a fast equalization
training mode. The fast equalization training mode is a mode in which initial parameters of the
master chip and the slave chip in a target phase of a current round of equalization training are
separately configured based on a sending parameter and a receiving parameter in a target phase of
a previous round of equalization training.

[00110]  With reference to the eleventh aspect, in a possible implementation, after equalization
training in the target phase of the current round of equalization training is completed, the system
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software is further configured to: store, in a register of the master chip, an equalization parameter
of the master chip in the target phase of the current round of equalization training, and store, in a
register of the slave chip, an equalization parameter of the slave chip in the target phase of the
current round of equalization training; or store, in a register of the master chip, equalization
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training; or store, in a register of the slave chip, equalization parameters of the master
chip and the slave chip in the target phase of the current round of equalization training.

[00111] With reference to the eleventh aspect, in a possible implementation, the system
software is further configured to: obtain a negotiation sequence that is of the master chip and the
slave chip and that is used for the target phase of equalization training; and determine, based on a
correspondence between a bit value specified in the negotiation sequence and an equalization
training mode, that a bit value specified in the negotiation sequence corresponds to a non-fast
equalization training mode.

[00112] It should be noted that for beneficial effects of the eleventh aspect or the possible
implementations of the eleventh aspect, refer to beneficial effects of the foregoing associated
embodiments. Because of high similarity, details are not described herein again.

[00113] According to a twelfth aspect, this application further provides a communications
system. The communications system includes system software, a master chip, and a slave chip.
The master chip and the slave chip are connected by using a bus or a CCIX bus.

[00114] The system software is configured to: determine whether to use a fast equalization
training mode; when it is determined to use the fast equalization training mode, obtain a sending
parameter and a receiving parameter of each of a master chip and a slave chip in a target phase of
a previous round of equalization training, and respectively configure the sending parameter and
the receiving parameter as initial parameters of the master chip and the slave chip in a target phase
of a current round of equalization training, where a target phase of equalization training is a third
phase or a fourth phase of the equalization training; obtain a forward compatible equalization
timeout period in the target phase of equalization training, and configure the forward compatible
equalization timeout period as an equalization timeout period in the target phase of the current
round of equalization training; and perform, within the equalization timeout period in the target
phase of the current round of equalization training, equalization training by using the initial
parameters of the master chip and the slave chip in the target phase of the current round of
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equalization training.

[00115] The apparatus provided in this embodiment can be used to implement the equalization
training method according to any one of the second aspect or the possible implementations of the
second aspect. It can be learned that, according to the apparatus provided in this embodiment, the
initial parameters of the master chip and the slave chip in the target phase of the current round of
equalization training can be configured more quickly. The equalization training method is
optimized, to help obtain an equalization parameter in a phase of the current round of equalization
training more quickly. There is greater applicability and higher efficiency. In addition, a probability
of exiting due to insufficient time in the target phase of equalization training is effectively reduced,
and a link negotiation success rate is improved.

[00116] With reference to the twelfth aspect, in a possible implementation, after equalization
training in the target phase of the current round of equalization training is completed, the system
software is further configured to: store, in a register of the master chip, an equalization parameter
of the master chip in the target phase of the current round of equalization training, and store, in a
register of the slave chip, an equalization parameter of the slave chip in the target phase of the
current round of equalization training; or store, in a register of the master chip, equalization
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training; or store, in a register of the slave chip, equalization parameters of the master
chip and the slave chip in the target phase of the current round of equalization training.

[00117] With reference to the twelfth aspect, in a possible implementation, before it is
determined to use the fast equalization training mode, the system software is further configured to:
obtain a negotiation sequence that is of the master chip and the slave chip and that is used for the
target phase of equalization training; and determine, based on a correspondence between a bit
value specified in the negotiation sequence and an equalization training mode, that a bit value
specified in the negotiation sequence corresponds to a non-fast equalization training mode.
[00118] It should be noted that for beneficial effects of the twelfth aspect or the possible
implementations of the twelfth aspect, refer to beneficial effects of the foregoing associated
embodiments. Because of high similarity, details are not described herein again.

[00119] According to a thirteenth aspect, an embodiment of this application provides a
computer program product. The computer program product includes computer program code.
When the computer program code is run by a unit module, a transceiver, or a manager of an
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equalization training apparatus, the apparatus is enabled to perform any method according to any
one of the first aspect, the second aspect, and the implementations of the first aspect and the second
aspect.

[00120] According to a fourteenth aspect, an embodiment of this application provides a
computer-readable storage medium. The computer-readable storage medium stores a program, and
the program enables an equalization timeout period training apparatus (for example, a master chip;
for another example, a slave chip) to perform any method according to any one of the first aspect,

the second aspect, and the implementations of the first aspect and the second aspect.

BRIEF DESCRIPTION OF DRAWINGS

[00121] FIG. 1is aschematic diagram of variable-speed equalization training according to this
application;

[00122] FIG. 2 is a schematic diagram of an equalization circuit according to this application;
[00123] FIG. 3 is a schematic diagram of a system architecture according to an embodiment of
this application;

[00124] FIG. 4 is a schematic diagram of a signal channel between an RC and a graphics card
according to this application;

[00125] FIG. 5 s a flowchart of link establishment specified in a PCle standard,;

[00126] FIG. 6 is a schematic diagram of a scenario according to an embodiment of this
application;

[00127] FIG. 7 is a schematic diagram of a first scenario in which a first equalization timeout
period is determined according to an embodiment of this application;

[00128] FIG. 8isaschematic diagram of a second scenario in which a first equalization timeout
period is determined according to an embodiment of this application;

[00129] FIG. 9 is a schematic flowchart of a first equalization training method according to an
embodiment of this application;

[00130] FIG. 10 is a schematic diagram of a second equalization training method according to
an embodiment of this application;

[00131] FIG. 11 is a schematic diagram of a third equalization training method according to an

embodiment of this application;
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[00132] FIG. 12 is a schematic diagram of a first equalization training apparatus according to
this application;

[00133] FIG. 13 is a schematic diagram of a second equalization training apparatus according
to this application;

[00134] FIG. 14 is a schematic diagram of still another equalization training apparatus
according to this application;

[00135] FIG. 15 is a schematic diagram of a structure of a chip according to this application;
and

[00136] FIG. 16 is a schematic diagram of a structure of a communications system according

to this application.

DESCRIPTION OF EMBODIMENTS

[00137] The following describes this application in detail with reference to the accompanying
drawings in the specification.

[00138] PCle is a computer expansion bus standard. A PCle bus is usually used in a processor
that needs to perform high-speed data transmission, for example, a computer system, a server, a
memory, or a mobile phone, to connect to a peripheral device. From PCle 3.0, in PCle, a sending
and receiving equalization circuit is used to resolve a signal quality problem. In addition, an
equalization training mechanism is defined. As shown in FIG. 1, the equalization training
mechanism includes a total of four phases: Phase 0 to Phase 3. Phase 2 is mainly a process in
which a master chip adjusts a sending parameter of a slave chip, and the master chip adjusts a
receiving parameter of the master chip correspondingly, expecting that a link reaches a stable state
in which a bit error rate is less than 10E—12 required in a protocol. Phase 3 is mainly a process in
which the slave chip adjusts a sending parameter of the master chip and a receiving parameter of
the slave chip. In other words, Phase 2 and Phase 3 are mainly respectively used for parameter
training of an equalization circuit of a transmit end and a receive end, to ensure that a proper
equalization circuit parameter is found. For example, in a block diagram of an equalization circuit
shown in FIG. 2, a value of an equalization parameter may be represented as a value C—1/C0/C+1.
[00139] In addition, during PCle equalization training, a fixed equalization timeout period is

specified in each phase of a current round of equalization training. For example, as shown in FIG.
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1, a maximum time limit of an equalization timeout period specified in Phase 2 and Phase 3 is
usually 32 ms. If the equalization training is not completed within the specified equalization
timeout period, timeout is triggered, and a link equalization failure is announced.

[00140] As a PCle rate is continuously increased, a PCle transmission rate is increased from
2.5G in PCle 1.0 to 64 Gbps in PCle 6.0. With advancement of science and technology, a higher
rate is to be used subsequently. During higher-speed transmission, a transmit end and a receive end
of a chip require a more complex equalization circuit structure and a large quantity of equalization
parameters.

[00141] Therefore, in a phase of equalization training, it needs to take more time to determine
an equalization parameter, even from a millisecond (ms) level to a second (s) level, far more than
a maximum time requirement of 32 ms currently required in a PCle protocol. However, in this
case, when communication transmission is performed on a higher-speed link, a link negotiation
success rate is low.

[00142] The following solutions are currently provided to resolve the foregoing problem:
[00143] An equalization timeout period is configured based on a link loss. To be specific, the
link loss is divided into different loss types such as long reach (LR) and short reach (short reach,
SR). During equalization training, the link loss types are determined, and based on a requirement
of different link loss types for an equalization timeout period, equalization timeout periods in Phase
2 and Phase 3 of equalization training are configured to have different values.

[00144] However, determining a link loss type is a complex problem. In addition, when the
equalization timeout period is configured based on the link loss type, a constraint range is broad,
and adjustment cannot be performed more flexibly for equalization training for a same loss type
and different rates.

[00145] To resolve the foregoing problem, an embodiment of this application provides an
equalization training method. A technical solution in this embodiment of this application may be
applied to various bus processing systems, for example, a processor system to which a PCle bus
is applied (which may also be briefly referred to as a "PCle system™), and a processor system to
which a CCIX bus is applied (which may also be briefly referred to as a "CCIX system").
[00146] For ease of understanding the embodiments of this application, a PCle system is only
used as an example to describe the solutions used in this application in detail below. It should be
learned that the CCIX system also has a same or similar feature. For details, refer to the following
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description about the PCle system below to understand the CCIX system applied. Therefore,
details are not described again.

[00147] FIG. 3 shows a processor system to which a PCle bus is applied. The system includes
a root complex (RC), a switch chip (switch), a PCle-to-PCI bridge, and the like.

[00148] Specifically, the RC is also referred to as a root controller of the system, and is usually
integrated into a central processing unit (CPU). The RC usually has a plurality of ports. The RC
may be connected to one component through each of the plurality of ports. The plurality of ports
may include a plurality of ports (briefly referred to as PCle ports) that are configured to be
connected to a PCle bus. The RC may be connected to one endpoint through one PCle port.
Naturally, the RC and the endpoint are connected to each other by using the PCle bus. It should be
noted that, as shown in FIG. 3, the endpoint may be a graphics card, a network adapter, a fibre
channel card, a switch, an application-specific integrated circuit (ASIC), or the like. In the
processor system shown in FIG. 1, the RC and a DDR are connected to each other by using a DDR
bus. Therefore, a port on the RC connected to the DDR is not a PCle port. Therefore, all or some
of the plurality of ports of the RC are PCle ports.

[00149] The switch is configured to perform link expansion on the RC. Specifically, the switch
and the RC are connected to each other by using the PCle bus. In addition, the switch has a plurality
of ports, and the switch may be connected to an EP through one port by using the PCle bus.
Therefore, the RC may be connected to a plurality of endpoints through one port based on the
switch. As shown in FIG. 3, the switch has three ports, and through any one of the three ports, the
switch may be connected to one ASIC through the PCle bus.

[00150] The PCle-to-PCI bridge is used for bridging, and is used to implement conversion
between a PCle bus and a PCI bus, to be compatible with an original endpoint that supports the
PCI bus. As shown in FIG. 3, one end of a PCle-to-PCI bridge is connected to the switch by using
the PCle bus, and the other end is connected to the PCI bus. Further, FIG. 3 further shows a
plurality of PCI slots that support a PCI bus standard. A chip or a card inserted into the PCI slot
can be connected to the PCle-to-PCI bridge by using the PCI bus, and is further connected to the
CPU by using the switch.

[00151] It should be noted that the RC and the endpoint may be directly connected through the
PCle bus, or may be connected through the PCle bus and a connector. As shown in FIG. 4, the RC
and the graphics card are connected to each other successively by using a PCle bus, a connector,
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a PCle bus, a connector, and a PCle bus. It should be learned that lengths of the plurality of PCle
buses located between the RC and the endpoint may be the same, or may be different.

[00152] For ease of understanding, the "system” mentioned a plurality of times in this
application is described herein. The system described in this application is a system to which a
PCle/CCIX bus is applied (referred to as a "PCle/CCIX" system for short). The PCle/CCIX system
may include one central processing unit CPU and a peripheral device of the CPU. At least one of
channels between the CPU and the peripheral device of the CPU uses the PCle/CCIX bus. The
PCle/CCIX system may alternatively include a plurality of CPUs and peripheral devices of the
CPUs. At least one of channels between the plurality of CPUs uses the PCle/CCIX bus, or at least
one of channels between one of the plurality of CPUs and a peripheral device uses the PCle/CCIX
bus.

[00153] FIG. 5 is a flowchart of a PCle system from power-on to communication connection
establishment. It is specified in a PCle standard that after being powered on or reset, a link state
machine in a master chip controls a link to sequentially enter the following phases: detection ->
polling -> configuration -> linkup -> recovery. Specifically, in the detection phase, the
master chip detects whether a slave chip is in position. After it is detected that a slave chip is
present, the master chip enters the polling phase, to perform bit locking and determine a training
rate, or perform bit locking and determine a training mode (in other words, whether to use a fast
equalization training mode). Then, the configuration phase is entered, to determine a link
bandwidth and a link number, and perform channel-to-channel phase compensation and the like.
After configuration is completed, the system enters the linkup phase; in this phase, the link runs to
linkup at a low speed, that is, the master chip and the slave chip establish a connection. Then, a
system enters the recovery phase, to configure an equalization timeout period and change a rate.
After the rate is changed and increased to a high rate, the system returns to a connected state, to
implement service data transmission.

[00154] It should be noted that the master chip in this application is a chip that includes a
downstream port (DSP). Sometimes, the master chip is also briefly referred to as a downstream
port. The slave chip in this application is a chip that includes an upstream port (USP). Sometimes,
the slave chip is also briefly referred to as an upstream port.

[00155] Further, it may be learned with reference to FIG. 3 that in this application, the master
chip may be an RC, or may be a switch chip (switch). When the master chip is an RC, the slave
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chip may be an endpoint device (endpoint), or may be a switch chip (switch). When the master
chip is a switch chip, the slave chip may be an endpoint device. The endpoint device may be a
graphics card, a network adapter, an optical channel card, a storage card, a switch chip, or the like.
[00156] For example, in this embodiment of this application, that chips having a processing
function are selected as a sending terminal device and a receiving terminal device is used as an
example, and a specific scenario of this embodiment of this application is described in detail. The
scenario includes a PCle link and chips at both ends of the link. A chip at one end includes a
downstream port (DSP), and a chip at the other end includes an upstream port (USP). As shown in
FIG. 6, the chip including the DSP may be a CPU (including a root complex part), a switch chip
(switch), and a retimer, and the chip including the USP may be a PCle node (an FC card, IB, or
the like), a switch chip (switch), a retimer, and the like.

[00157] It should be noted that an operation regarding the equalization time is performed
between the master chip and the slave chip. In this application, the master chip and the slave chip
may be located in a same processor system, or may be located in different processor systems. The
master chip and the slave chip are connected to each other through a PCle/CCIX bus. The RC in
FIG. 3 is corresponding to the master chip, and the endpoint in FIG. 1 is corresponding to the slave
chip.

[00158] It should be noted that, in this embodiment of this application, an operation of
configuring an equalization timeout period may be implemented in different phases, may be
implemented in a recovery phase, or may be implemented after a chip is powered on and before a
PCle/CCIX state machine is started.

[00159] For example, in a calibration phase of a power-on chip, system software configures
registers of chip function modules at both ends of the link, for example, through interfaces such as
an 12C interface and a JTAG interface, to complete the operation. Alternatively, in a link
negotiation phase, the chips at both ends complete the operation through negotiation by using a
TS sequence. Alternatively, the link is initialized at a low rate (for example, 2.5G), completes
configuration via an in-band channel, and is changed to a high rate through negotiation.

[00160] A system architecture and a service scenario that are described in the embodiments of
this application are intended to describe the technical solutions in the embodiments of this
application more clearly, and do not constitute a limitation on the technical solutions provided in
the embodiments of this application. A person of ordinary skill in the art may be aware that: With
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evolution of the system architecture and emergence of new service scenarios, the technical
solutions provided in the embodiments of this application are also applicable to similar technical
problems. It should be understood that FIG. 3 to FIG. 6 are merely example simplified schematic
diagrams for ease of understanding. The system may further include another apparatus, another
structure, or the like, which is not shown in FIG. 3 to FIG. 6.

[00161] First, some terms in the embodiments of this application are for ease of understanding.
[00162] (1) A"PCle bus" in the embodiments of this application is a high-speed serial computer
expansion bus standard.

[00163] PCle is high-speed serial point-to-point dual-channel high-bandwidth transmission. A
connected device is allocated with exclusive channel bandwidth but does not share bus bandwidth.
The connected device mainly supports functions such as active power management, error reporting,
end-to-end reliability transmission, hot plugging, and quality of service (QoS). The PCle bus has
a higher transmission rate than a PCI bus.

[00164] It should be noted that the PCle bus in the embodiments of this application may be
applied to both an internal interconnection and an external interconnection.

[00165] (2) A "CCIX bus" in the embodiments of this application has a same physical
architecture as the PCle bus, and the physical architecture includes an electrical sub-block and a
logical sub-block. The CCIX bus supports a transmission rate of PCle 1.0, PCle 2.0, PCle 3.0, and
PCle 4.0.

[00166] It should be noted that the CCIX bus in the embodiments of this application may be
applied to both an internal interconnection and an external interconnection.

[00167] (3) In the embodiments of this application, a "state machine™ includes a state register
and a combinational logic circuit, can perform state transition based on a preset state and a control
signal, and is a control center that coordinates a related signal action and completes a specific
operation.

[00168] (4) In the embodiments of this application, "equalization training™ is a technology in
which in a communications system, a transmission signal in the communications system is
distorted due to existence of various noise and interference; in other words, a channel is a non-
ideal channel, and these characteristics of the channel are compensated for and corrected.

[00169] (5) In the embodiments of this application, an "equalization timeout period" is a
maximum time limit in a phase of equalization training. To be specific, if equalization training is
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not completed within a specified equalization timeout period, timeout is triggered, and a link
equalization failure is announced.

[00170] In the embodiments of this application, a term "at least one™ means one or more, and
"a plurality of" means two or more. And/or describes an association relationship between
associated objects, and indicates that three relationships may exist. For example, A and/or B may
indicate the following cases: A exists alone, both A and B exist, and B exists alone, where A and
B may be singular or plural. The character "/ generally indicates an "or" relationship between the
associated objects. The term "at least one (one piece) of the following™ or a similar expression
thereof means any combination of these items, including any combination of a singular item (piece)
or plural items (pieces). For example, at least one item (piece) of a, b, or ¢ may indicate: a, b, ¢, a
and b,aand c, bandc, or a, b, and c, where a, b, and ¢ may be singular or plural.

[00171] Unless otherwise stated, ordinal numbers such as "first” and "second" mentioned in the
embodiments of this application are intended to distinguish a plurality of objects, rather than limit
an order, a time sequence, priorities, or importance degrees of the plurality of objects.

[00172] In addition, the terms "include/comprise” and "have" in the embodiments of this
application, the claims, and the accompanying drawings are not exclusive. For example, a process,
method, system, product, or device including a series of steps or modules is not limited to the listed
steps or modules, and may further include a step or module that is not listed.

[00173] 1. According to description of content such as the foregoing application scenario, an
embodiment of this application provides a first equalization training method.

[00174] In the equalization training method provided in this embodiment of this application, a
target phase of equalization training is a third phase or a fourth phase. In other words, a target
equalization timeout period required in two Phase 2 and/or Phase 3 is configured in the
equalization training method provided in this embodiment of this application.

[00175] In addition, before the first equalization training method in this application is
performed, the following configuration further needs to be performed on a PCle system.

[00176] First, a correspondence between N+1 rate threshold intervals and N+1 equalization
timeout periods needs to be established and stored in the PCle system, as shown in FIG. 7 or FIG.
8.

[00177] Optionally, when a phase of equalization training is an equalization training phase 3,
the correspondence between the N+1 rate threshold intervals and the N+1 equalization timeout
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periods is prestored in a register of a master chip. When the phase of equalization training is an
equalization training phase 4, the correspondence between the N+1 rate threshold intervals and the
N+1 equalization timeout periods is prestored in a register of a slave chip.

[00178] It should be noted that after the correspondence between the N+1 rate threshold
intervals and the N+1 equalization timeout periods is stored in the PCle system, none of power-
on, power-off, and reset of the system causes loss of the correspondence between the N+1 rate
threshold intervals and the N+1 equalization timeout periods. Optionally, the correspondence
between the N+1 rate threshold intervals and the N+1 equalization timeout periods is stored in a
memory in the PCle system.

[00179] Further, for specific steps of the first equalization training method, refer to steps in FIG.
9.

[00180] S900: Obtain a training rate of each of a master chip and a slave chip in a target phase
of equalization training.

[00181] In an optional manner in this embodiment of this application, the training rate in the
target phase of equalization training is obtained in the following manner:

[00182] Inthis embodiment of this application, a negotiation sequence that is of the master chip
and the slave chip and that is used for the target phase of equalization training is obtained, and the
training rate in the target phase of equalization training is determined based on a first specific bit
value in the negotiation sequence. The first specific bit value indicates rate information of training
that needs to be performed.

[00183] Specifically, after the first specific bit value is obtained, the training rate in a target
phase of to-be-performed equalization training is determined based on a correspondence between
the first specific bit value and a training rate, for example, the training rate is V.

[00184] For example, PCle 5.0 is used as an example. It is assumed that the first specific bit
value used to indicate the training rate is last two bits in the negotiation sequence. The
correspondence between a bit value and a training rate is shown in Table 1.

[00185] For example, if the first specific bit value is 01, it is determined that the training rate at

which equalization training is to be performed is 16 GT/s.

30



10

15

20

25

Table 1 Correspondence between a bit value and a training rate

Bit value Training rate
00b 8.0GTI/s
10b 16.0 GT/s
01b 32.0 GT/s
11b Reserved

[00186] The correspondence between a bit value and a training rate shown in Table 1 is
prestored in a memory of a PCle/CCIX system. Specifically, the memory may be a flash memory,
an electrically erasable programmable read-only memory (EEPROM), or the like.

[00187] S901: Determine a target equalization timeout period corresponding to the training rate.
[00188] The target equalization timeout period represents a maximum time limit for obtaining
an equalization parameter in the target phase of equalization training.

[00189] In an optional manner in this embodiment of this application, a target rate threshold
interval within which the training rate in the target phase falls is determined, and a target
equalization timeout period corresponding to the target rate threshold interval is determined based
on a correspondence between N+1 rate threshold intervals and N+1 equalization timeout periods.
N rate thresholds are predetermined, N is an integer greater than or equal to 0, and a longer rate
threshold interval corresponds to a longer equalization timeout period.

[00190] Further, in this embodiment of this application, a search for the target equalization
timeout period is separately described in detail based on a value of N.

[00191] Value case 1: N = 2. To be specific, there is currently one rate threshold, and there are
two rate threshold intervals.

[00192] Specifically, the rate threshold interval within which the training rate falls is determined
based on the obtained training rate. For example, the training rate is V. When there is one rate
threshold, for example, the rate threshold Va, the corresponding target equalization timeout period
is determined based on a rate threshold interval within which the obtained training rate V falls.
[00193] For example, as shown in FIG. 7, there is currently one rate threshold, namely, Va.
Therefore, there are currently two rate threshold intervals, to be specific, a rate threshold interval
1 used to indicate that the training rate is less than the rate threshold Va, and a rate threshold

interval 2 used to indicate that the training rate is greater than or equal to the rate threshold Va.
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[00194] It is assumed that a target equalization timeout period corresponding to the rate
threshold interval 1 is 32 ms, and a target equalization timeout period corresponding to the rate
threshold interval 2 is 50 ms.

[00195] Further, the obtained training rate V is compared with the rate threshold Va, to
determine a rate threshold interval within which the training rate falls.

[00196] It is assumed that if V > Va, the training rate falls within the rate threshold interval 2.
In this case, the target equalization timeout period corresponding to the training rate is 50 ms.
Similarly, if V < Va, the training rate falls within the rate threshold interval 1. In this case, the
target equalization timeout period corresponding to the training rate is 32 ms.

[00197] In addition, in an optional manner in this embodiment of this application, to reduce
system overheads caused by searching for the target equalization timeout period in an unnecessary
case, before S901 is performed, the obtained training rate is further compared with a specified
minimum rate threshold. The minimum rate threshold is used to determine whether to continue to
use a forward compatible equalization timeout period as a configured equalization timeout period.
[00198] Specifically, if it is determined that the training rate is greater than or equal to the
minimum rate threshold, or if it is determined that the training rate is greater than the minimum
rate threshold, S901 is performed. On the contrary, if it is determined that the training rate is less
than or equal to the minimum rate threshold, or if it is determined that the training rate is less than
the minimum rate threshold, it is determined that the target equalization timeout period is the
forward compatible equalization timeout period. For example, equalization training is directly
performed based on the forward compatible equalization timeout period of 32 ms.

[00199] Further, in this embodiment of this application, before S901 is performed, it is
determined that the forward compatible equalization timeout period does not continue to be used
as the target equalization timeout period. When the equalization timeout period, namely, the target
equalization timeout period, needs to be reselected, there is a scenario of the value case 1. The rate
threshold Va is the minimum rate threshold. In this case, it may be directly determined that the
training rate V falls within the rate threshold interval 2, and corresponding first duration is 50 ms.
[00200] Value case 2: N > 2. To be specific, there are currently at least two rate thresholds, and
there are at least three rate threshold intervals.

[00201] Specifically, the rate threshold interval within which the training rate falls is determined
based on the obtained training rate. For example, the training rate is V. When there are at least two
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rate thresholds, a corresponding target equalization timeout period is determined based on a rate
threshold interval within which the obtained training rate value V falls.

[00202] For example, as shown in FIG. 8, there are currently at least two rate thresholds, for
example, a first rate threshold Va, a second rate threshold Vb, ..., and an (N—1)" rate threshold
Vn—1. Therefore, there are currently at least three rate threshold intervals, to be specific, a rate
threshold interval 1 used to indicate that the training rate is less than the rate threshold Va, a rate
threshold interval 2 used to indicate that the training rate is greater than or equal to the rate
threshold Va and less than the rate threshold Vb, ..., and a rate threshold interval Vn used to
indicate that the training rate is greater than or equal to a rate threshold Vn—2 and less than the rate
threshold Vn—1.

[00203] It is assumed that a target equalization timeout period corresponding to the rate
threshold interval 1 is 32 ms, a target equalization timeout period corresponding to the rate
threshold interval 2 is 50 ms, ..., and a target equalization timeout period corresponding to the rate
threshold interval Vn is 100 ms.

[00204] Further, a specific rate threshold interval within which the training rate falls is
determined based on the obtained training rate V.

[00205] Itis assumed that if Va <V <Vb, the training rate falls within the rate threshold interval
2. In this case, the target equalization timeout period corresponding to the training rate is 50 ms.
Similarly, if V < Va, the training rate falls within the rate threshold interval 1. In this case, the
target equalization timeout period corresponding to the training rate is 32 ms. Similarly, if Vn—1
<V, the training rate falls within the rate threshold interval Vn. In this case, the target equalization
timeout period corresponding to the training rate is 100 ms.

[00206] In addition, in an optional manner in this embodiment of this application, to reduce
system overheads caused by searching for the target equalization timeout period in an unnecessary
case, before S901 is performed, the obtained training rate is further compared with a specified
minimum rate threshold. The minimum rate threshold is used to determine whether to continue to
use a forward compatible equalization timeout period as a configured equalization timeout period.
[00207] Further, in this embodiment of this application, before S901 is performed, it is
determined that the forward compatible equalization timeout period does not continue to be used
as a configured equalization timeout period. When the equalization timeout period, namely, the
target equalization timeout period, needs to be reselected, there is a scenario of the value case 2.
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The rate threshold Va is the minimum rate threshold. In this case, when the target equalization
timeout period is determined, there is no need to compare the training rate \V with the rate threshold
Va.

[00208] S902: Configure an equalization timeout period of the master chip and the slave chip
in a phase of equalization training based on the target equalization timeout period.

[00209] Further, if an equalization parameter that satisfies link stability requirements is found
within the target equalization timeout period, it is determined that a current round of equalization
training succeeds, and communication is performed based on the training rate; or if an equalization
parameter that satisfies link stability requirements is not found within the target equalization
timeout period, it is determined that a current round of equalization training fails.

[00210] It should be learned that after the foregoing equalization timeout period configuration
is completed, a link state machine completes link establishment according to a process shown in
FIG. 5, in accordance with a negotiation procedure stipulated in a PCle bus standard.

[00211] 2. According to description of content such as the foregoing application scenario, an
embodiment of this application provides a second equalization training method.

[00212] Before the second equalization training method in this application is performed, the
following configuration further needs to be performed on a PCle system.

[00213] First, a sending parameter and a receiving parameter in a target phase of a previous
round of equalization training need to be created and stored in the PCle system.

[00214] Optionally, after equalization training in the target phase of the previous round of
equalization training is completed, an equalization parameter of a master chip in a target phase of
acurrent round of equalization training is stored in a register of the master chip, and an equalization
parameter of a slave chip in a target phase of a current round of equalization training is stored in a
register of the slave chip; or equalization parameters of the master chip and the slave chip in a
target phase of a current round of equalization training are stored in a register of the master chip;
or equalization parameters of the master chip and the slave chip in a target phase of a current round
of equalization training are stored in a register of the slave chip.

[00215] It should be noted that, after the sending parameter and the receiving parameter in the
target phase of the previous round of equalization training are stored in the PCle system, none of
power-on, power-off, and reset of the system causes loss of the sending parameter and the receiving
parameter in the target phase of the previous round of equalization training. Specifically, the
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sending parameter and the receiving parameter in the target phase of the previous round of
equalization training are stored in a memory in the PCle system.

[00216] Further, for specific steps of the second equalization training method, refer to steps in
FIG. 10.

[00217] S1000: Determine to use a fast equalization training mode in a target phase of a current
round of equalization training.

[00218] The fast equalization training mode is a mode in which the initial parameters of a master
chip and a slave chip in the target phase of the current round of equalization training are separately
configured based on a sending parameter and a receiving parameter in a target phase of a previous
round of equalization training.

[00219] S1001: Obtain the sending parameter and the receiving parameter of each of the master
chip and the slave chip in the target phase of the previous round of equalization training.

[00220] In this embodiment of this application, after the target phase of the previous round of
equalization training is successfully performed, an equalization parameter (to be specific, the
sending parameter and the receiving parameter) obtained in the target phase of the previous round
of equalization training is recorded. For example, the equalization parameter obtained in the
previous round is a second equalization parameter, to directly invoke the second equalization
parameter in the target phase of the current round of equalization training to determine a target
equalization parameter of the current round.

[00221] S1002: Respectively configure the sending parameter and the receiving parameter as
initial parameters of the master chip and the slave chip in the target phase of the current round of
equalization training.

[00222] In this embodiment of this application, a target equalization parameter in the target
phase of the current round of equalization training is the initial parameter or is further determined
based on the initial parameter.

[00223] Inasame running environment, there is a slight difference between a target equalization
parameter in the target phase of the previous round of equalization training and the target
equalization parameter in the target phase of the current round of equalization training. Therefore,
when the target phase of the current round of equalization training is performed, the target
equalization parameter of the previous round is directly used as the target equalization parameter
of the current round, to effectively reduce time for determining the target equalization parameter.
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Alternatively, the target equalization parameter of the current round is determined based on the
target equalization parameter of the previous round, so that a rough range of the target equalization
parameter of the current round can be better learned, to help quickly determine the target
equalization parameter of the current round, and reduce the time for determining the target
equalization parameter.

[00224] S1003: Obtain a forward compatible equalization timeout period in a target phase of
equalization training, and configure the forward compatible equalization timeout period as an
equalization timeout period in the target phase of the current round of equalization training.
[00225] S1004: Perform, within the equalization timeout period in the target phase of the
current round of equalization training, equalization training by using the initial parameters of the
master chip and the slave chip in the target phase of the current round of equalization training.
[00226] Further, if a first equalization parameter is found within the equalization timeout period
configured in a phase of the current round of equalization training, it is determined that the current
equalization training succeeds; or if a first equalization parameter is not found within the
equalization timeout period configured in a phase of the current round of equalization training, it
is determined that the current round of equalization training fails.

[00227] 3. Further, in this embodiment of this application, the solution in FIG. 9 and the solution
in FIG. 10 may be used in combination with each other in an actual equalization training process.
To be specific, before S900 in FIG. 9 is performed, it is determined whether to enable a fast training
mode. For details, refer to steps in FIG. 11. For brief description, for configuration content of this
part and details of an execution process, refer to description of the foregoing content. Details are
not described herein again.

[00228] S1100: In a process of current equalization training, determine whether to use a fast
equalization training mode, and if it is determined to use the fast equalization training mode,
perform S1101, or if it is determined not to use the fast equalization training mode, perform S1102.
[00229] In an optional manner in this embodiment of this application, whether to use the fast
equalization training mode is determined in the following manner:

[00230] In this embodiment of this application, a negotiation sequence that is of a master chip
and a slave chip and that is used for a target phase of equalization training is obtained, and whether
to use the fast equalization training mode is determined based on a second specific bit value in the
negotiation sequence. The second specific bit value indicates whether to use the fast equalization
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training mode.

[00231] For example, it is assumed that the second specific bit value used to indicate whether
to use the fast equalization training mode as the first bit in the negotiation sequence. A
correspondence between a bit value and an equalization training mode is shown in Table 2.
[00232] For example, when the first specific bit value is 0, it indicates not to use (disable) the
fast equalization training mode, and when the first specific bit value is 1, it indicates to use (enable)

the fast equalization training mode.

Table 2 Correspondence between a bit value and an equalization training mode

Bit value Equalization training mode
Ob Not to use a fast equalization training mode
1b Use a fast equalization training mode

[00233] It should be noted that, a plurality of bits may also be used for representation in this
embodiment of this application. For example, two bits are used to indicate whether to use the fast
equalization training mode, and a bit used to indicate whether to use the fast equalization training
mode is the first two bits in the negotiation sequence. Optionally, 00 indicates "disable™, and 01
indicates "enable".

[00234] S1101: Obtain a sending parameter and a receiving parameter of each of the master
chip and the slave chip in a target phase of a previous round of equalization training, and continue
to perform S1103.

[00235] S1102: Obtain a training rate of each of the master chip and the slave chip in a phase
of equalization training, and continue to perform S1104.

[00236] S1103: Respectively configure the sending parameter and the receiving parameter as
initial parameters of the master chip and the slave chip in a target phase of a current round of
equalization training, and continue to perform S1106.

[00237] S1104: Determine a target equalization timeout period corresponding to the training
rate, and continue to perform S1105.

[00238] S1105: Configure the target equalization timeout period as an equalization timeout
period in the target phase, where equalization training in the target phase is performed on the

master chip and the slave chip within the equalization timeout period in the target phase.
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[00239] S1106: Obtain a forward compatible equalization timeout period in a target phase of
equalization training, and configure the forward compatible equalization timeout period as an
equalization timeout period in the target phase of the current round of equalization training.
[00240] S1107: Perform, within the equalization timeout period in the target phase of the current
round of equalization training, equalization training by using the initial parameters of the master
chip and the slave chip in the target phase of the current round of equalization training.

[00241] It should be noted that, in this embodiment of this application, a combination manner
of FIG. 9 and FIG. 10 is not limited to the manner described in FIG. 11, and may be flexibly
adjusted based on actual application. For example, after it is determined to use the fast equalization
training mode, the target equalization timeout period may still be determined based on the training
rate used to perform the target phase of equalization training, to perform equalization training
based on the target equalization timeout period and the obtained initial parameter.

[00242] Further, in this embodiment of this application, after equalization training is completed
in any one of the foregoing manners in FIG. 9 to FIG. 11, a default configuration is restored.
[00243] 4. This application further provides an equalization training apparatus. The apparatus
may be configured to perform the foregoing first equalization training method and/or the foregoing
second equalization training method. Therefore, for the apparatus described in this embodiment,
refer to related limitations and descriptions in the foregoing method embodiments. For brevity, a
same or similar part is not described in this embodiment. It should be noted that the apparatus in
this embodiment may be a system management chip.

[00244] FIG. 12 shows an equalization training apparatus 1200 provided in this embodiment.
The apparatus 1200 includes a transceiver 1201 and a manager 1202.

[00245] When the equalization training apparatus is configured to perform the first equalization
training method provided above, details are as follows:

[00246]  Specifically, the transceiver 1201 is configured to obtain a training rate of each of a
master chip and a slave chip in a target phase of equalization training. The target phase is a third
phase or a fourth phase. Correspondingly, the manager 1202 is configured to: determine a target
rate threshold interval within which the training rate in the target phase falls, determine, based on
a correspondence between N+1 rate threshold intervals and N+1 equalization timeout periods, a
target equalization timeout period corresponding to the target rate threshold interval, and configure
the target equalization timeout period as an equalization timeout period in the target phase, where
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N rate thresholds are predetermined, N is an integer greater than or equal to 0, and a longer rate
threshold interval corresponds to a longer equalization timeout period, where equalization training
in the target phase is performed on the master chip and the slave chip within the equalization
timeout period in the target phase.

[00247] In an embodiment of this application, when the target rate threshold interval is a
threshold interval including a minimum rate in the N+1 rate threshold intervals, the manager 1202
determines the target equalization timeout period as a forward compatible equalization timeout
period.

[00248] In another embodiment of this application, the correspondence between the N+1 rate
threshold intervals and the N+1 equalization timeout periods is prestored in a register of the master
chip or in a register of the slave chip.

[00249] In still another embodiment of this application, before the training rate of each of the
master chip and the slave chip in the target phase of equalization training is obtained, the manager
1202 is further configured to determine not to use a fast equalization training mode. The fast
equalization training mode is a mode in which initial parameters of the master chip and the slave
chip in a target phase of a current round of equalization training are separately configured based
on a sending parameter and a receiving parameter in a target phase of a previous round of
equalization training.

[00250] In still another embodiment of this application, after equalization training in a target
phase of a current round of equalization training is completed, the manager 1202 is further
configured to: store, in a register of the master chip, an equalization parameter of the master chip
in the target phase of the current round of equalization training, and store, in a register of the slave
chip, an equalization parameter of the slave chip in the target phase of the current round of
equalization training; or store, in a register of the master chip, equalization parameters of the
master chip and the slave chip in the target phase of the current round of equalization training; or
store, in a register of the slave chip, equalization parameters of the master chip and the slave chip
in the target phase of the current round of equalization training.

[00251] Instill another embodiment of this application, the manager 1202 is further configured
to: obtain a negotiation sequence that is of the master chip and the slave chip and that is used for
the target phase of equalization training; and determine, based on a correspondence between a bit
value specified in the negotiation sequence and an equalization training mode, that a bit value
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specified in the negotiation sequence corresponds to a non-fast equalization training mode.
[00252] When the equalization training apparatus is configured to perform the second
equalization training method provided above, details are as follows:

[00253] Specifically, the manager 1202 is configured to determine whether to use a fast
equalization training mode. Correspondingly, the transceiver 1201 is configured to: when it is
determined to use the fast equalization training mode, obtain a sending parameter and a receiving
parameter of each of a master chip and a slave chip in a target phase of a previous round of
equalization training.

[00254] The manager is further configured to respectively configure the sending parameter and
the receiving parameter as initial parameters of the master chip and the slave chip in a target phase
of a current round of equalization training, where a target phase of equalization training is a third
phase or a fourth phase of the equalization training. The transceiver is further configured to obtain
a forward compatible equalization timeout period in the target phase of equalization training. The
manager is further configured to configure the forward compatible equalization timeout period as
an equalization timeout period in the target phase of the current round of equalization training. The
manager is further configured to perform, within the equalization timeout period in the target phase
of the current round of equalization training, equalization training by using the initial parameters
of the master chip and the slave chip in the target phase of the current round of equalization training.
[00255] In an embodiment of this application, after equalization training in the target phase of
the current round of equalization training is completed, the manager 1202 is further configured to:
store, in a register of the master chip, an equalization parameter of the master chip in the target
phase of the current round of equalization training, and store, in a register of the slave chip, an
equalization parameter of the slave chip in the target phase of the current round of equalization
training; or store, in a register of the master chip, equalization parameters of the master chip and
the slave chip in the target phase of the current round of equalization training; or store, in a register
of the slave chip, equalization parameters of the master chip and the slave chip in the target phase
of the current round of equalization training.

[00256] Inanembodiment of this application, before it is determined to use the fast equalization
training mode, the transceiver 1201 is further configured to obtain a negotiation sequence that is
of the master chip and the slave chip and that is used for the target phase of equalization training;
and the manager 1202 is further configured to determine, based on a correspondence between a bit
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value specified in the negotiation sequence and an equalization training mode, that a bit value
specified in the negotiation sequence corresponds to a non-fast equalization training mode.
[00257] 5. This application further provides a second equalization training apparatus. The
apparatus may also be configured to perform the foregoing first equalization training method for
configuring an equalization timeout period and/or the foregoing second equalization training
method. Therefore, for the apparatus in this embodiment, refer to related limitations and
descriptions in the foregoing method embodiments. It should be noted that the apparatus in this
embodiment may be a BIOS.

[00258] FIG. 13 shows an equalization training apparatus 1300 provided in this embodiment.
The apparatus includes an obtaining unit 1301, a determining unit 1302, and a configuration unit
1303.

[00259] When the equalization training apparatus is configured to perform the first equalization
training method provided above, details are as follows:

[00260] The obtaining unit 1301 is configured to obtain a training rate of each of a master chip
and a slave chip in a target phase of equalization training, where the target phase is a third phase
or a fourth phase.

[00261] Correspondingly, the determining unit 1302 is configured to: determine a target rate
threshold interval within which the training rate in the target phase falls, and determine, based on
a correspondence between N+1 rate threshold intervals and N+1 equalization timeout periods, a
target equalization timeout period corresponding to the target rate threshold interval.

[00262] Further, the configuration unit 1303 is configured to: configure the target equalization
timeout period as an equalization timeout period in the target phase, where N rate thresholds are
predetermined, N is an integer greater than or equal to 0, and a longer rate threshold interval
corresponds to a longer equalization timeout period, where equalization training in the target phase
is performed on the master chip and the slave chip within the equalization timeout period in the
target phase. In an embodiment of this application, when the target rate threshold interval is a
threshold interval including a minimum rate in the N+1 rate threshold intervals, the target
equalization timeout period is a forward compatible equalization timeout period.

[00263] Inanother embodiment of this application, before the training rate of each of the master
chip and the slave chip in the target phase of equalization training is obtained, the determining unit
1302 is further configured to determine not to use a fast equalization training mode. The fast
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equalization training mode is a mode in which initial parameters of the master chip and the slave
chip in a target phase of a current round of equalization training are separately configured based
on a sending parameter and a receiving parameter in a target phase of a previous round of
equalization training.

[00264] In still another embodiment of this application, the obtaining unit 1301 is further
configured to: after equalization training in a target phase of a current round of equalization
training is completed, store, in a register of the master chip, an equalization parameter of the master
chip in the target phase of the current round of equalization training, and store, in a register of the
slave chip, an equalization parameter of the slave chip in the target phase of the current round of
equalization training; or store, in a register of the master chip, equalization parameters of the
master chip and the slave chip in the target phase of the current round of equalization training; or
store, in a register of the slave chip, equalization parameters of the master chip and the slave chip
in the target phase of the current round of equalization training.

[00265] In still another embodiment of this application, the obtaining unit 1301 is further
configured to obtain a negotiation sequence that is of the master chip and the slave chip and that
is used for the target phase of equalization training; and the determining unit is further configured
to determine, based on a correspondence between a bit value specified in the negotiation sequence
and an equalization training mode, that a bit value specified in the negotiation sequence
corresponds to a non-fast equalization training mode.

[00266] When the equalization training apparatus is configured to perform the second
equalization training method provided above, details are as follows:

[00267] The determining unit 1302 is configured to determine whether to use a fast equalization
training mode.

[00268] Correspondingly, the obtaining unit 1301 is configured to: when it is determined to use
the fast equalization training mode, obtain a sending parameter and a receiving parameter of each
of a master chip and a slave chip in a target phase of a previous round of equalization training.
[00269] The configuration unit 1303 is configured to respectively configure the sending
parameter and the receiving parameter as initial parameters of the master chip and the slave chip
in a target phase of a current round of equalization training, where a target phase of equalization
training is a third phase or a fourth phase of the equalization training.

[00270] Further, the obtaining unit 1301 is further configured to obtain a forward compatible
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equalization timeout period in the target phase of equalization training.

[00271] The configuration unit 1303 is further configured to: configure the forward compatible
equalization timeout period as an equalization timeout period in the target phase of the current
round of equalization training; and perform, within the equalization timeout period in the target
phase of the current round of equalization training, equalization training by using the initial
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training.

[00272] In still another embodiment of this application, the obtaining unit 1301 is further
configured to: after equalization training in a target phase of a current round of equalization
training is completed, store, in a register of the master chip, an equalization parameter of the master
chip in the target phase of the current round of equalization training, and store, in a register of the
slave chip, an equalization parameter of the slave chip in the target phase of the current round of
equalization training; or store, in a register of the master chip, equalization parameters of the
master chip and the slave chip in the target phase of the current round of equalization training; or
store, in a register of the slave chip, equalization parameters of the master chip and the slave chip
in the target phase of the current round of equalization training.

[00273] In still another embodiment of this application, before it is determined to use the fast
equalization training mode, the obtaining unit 1301 is further configured to obtain a negotiation
sequence that is of the master chip and the slave chip and that is used for the target phase of
equalization training; and the determining unit 1302 is further configured to determine, based on
a correspondence between a bit value specified in the negotiation sequence and an equalization
training mode, that a bit value specified in the negotiation sequence corresponds to a non-fast
equalization training mode.

[00274] 6. This application further provides a third equalization training apparatus. The
apparatus may also be configured to perform the foregoing first equalization training method for
configuring an equalization timeout period and/or the foregoing second equalization training
method. Correspondingly, for the apparatus, refer to related limitations in the foregoing method
embodiments. A same or similar part is not described again in this embodiment.

[00275] FIG. 14 shows an equalization training apparatus 1400 provided in this embodiment.
The apparatus 1400 includes a central processing unit 1401 and a memory 1402. The memory
1402 is configured to store code, and the CPU 1401 is configured to execute the code stored in the

43



10

15

20

25

30

memory 1402, to implement a function of the apparatus in this embodiment. It should be
understood that the CPU is a CPU of a processor system to which a PCle bus is applied.

[00276] When the equalization training apparatus is configured to perform the first equalization
training method provided above, details are as follows:

[00277]  Specifically, the memory 1402 is further configured to store a correspondence between
N+1 rate threshold intervals and N+1 equalization timeout periods. The CPU 1401 is configured
to obtain a training rate of each of a master chip and a slave chip in a target phase of equalization
training. The target phase is a third phase or a fourth phase.

[00278] The CPU 1401 is further configured to: determine a target rate threshold interval within
which the training rate in the target phase falls, determine, based on the correspondence between
the N+1 rate threshold intervals and the N+1 equalization timeout periods, a target equalization
timeout period corresponding to the target rate threshold interval, and configure the target
equalization timeout period as an equalization timeout period in the target phase, where N rate
thresholds are predetermined, N is an integer greater than or equal to 0, and a longer rate threshold
interval corresponds to a longer equalization timeout period, where equalization training in the
target phase is performed on the master chip and the slave chip within the equalization timeout
period in the target phase.

[00279] In an embodiment of this application, the correspondence between the N+1 rate
threshold intervals and the N+1 equalization timeout periods is prestored in a register of the master
chip or in a register of the slave chip.

[00280] Inanother embodiment of this application, before the training rate of each of the master
chip and the slave chip in the target phase of equalization training is obtained, the CPU 1401 is
further configured to determine not to use a fast equalization training mode. The fast equalization
training mode is a mode in which initial parameters of the master chip and the slave chip in a target
phase of a current round of equalization training are separately configured based on a sending
parameter and a receiving parameter in a target phase of a previous round of equalization training.
[00281] In still another embodiment of this application, after equalization training in a target
phase of a current round of equalization training is completed, the CPU 1401 is further configured
to: store, in a register of the master chip, an equalization parameter of the master chip in the target
phase of the current round of equalization training, and store, in a register of the slave chip, an
equalization parameter of the slave chip in the target phase of the current round of equalization
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training; or store, in a register of the master chip, equalization parameters of the master chip and
the slave chip in the target phase of the current round of equalization training; or store, in a register
of the slave chip, equalization parameters of the master chip and the slave chip in the target phase
of the current round of equalization training.

[00282] Instill another embodiment of this application, the CPU 1401 is further configured to:
obtain a negotiation sequence that is of the master chip and the slave chip and that is used for the
target phase of equalization training; and determine, based on a correspondence between a bit
value specified in the negotiation sequence and an equalization training mode, that a bit value
specified in the negotiation sequence corresponds to a non-fast equalization training mode.
[00283] When the equalization training apparatus is configured to perform the second
equalization training method provided above, details are as follows:

[00284]  Specifically, the memory 1402 is further configured to store an equalization parameter
in a target phase of a previous round of equalization training. The CPU 1401 is configured to:
determine whether to use a fast equalization training mode, and when determining to use the fast
equalization training mode, obtain a sending parameter and a receiving parameter of each of a
master chip and a slave chip in the target phase of the previous round of equalization training, and
respectively configure the sending parameter and the receiving parameter as initial parameters of
the master chip and the slave chip in a target phase of a current round of equalization training,
where a target phase of equalization training is a third phase or a fourth phase of the equalization
training.

[00285] The CPU 1401 is further configured to: obtain a forward compatible equalization
timeout period in the target phase of equalization training, and configure the forward compatible
equalization timeout period as an equalization timeout period in the target phase of the current
round of equalization training; and perform, within the equalization timeout period in the target
phase of the current round of equalization training, equalization training by using the initial
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training.

[00286] In an embodiment of this application, after equalization training in a target phase of a
current round of equalization training is completed, the CPU 1401 is further configured to: store,
in a register of the master chip, an equalization parameter of the master chip in the target phase of
the current round of equalization training, and store, in a register of the slave chip, an equalization
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parameter of the slave chip in the target phase of the current round of equalization training; or
store, in a register of the master chip, equalization parameters of the master chip and the slave chip
in the target phase of the current round of equalization training; or store, in a register of the slave
chip, equalization parameters of the master chip and the slave chip in the target phase of the current
round of equalization training.
[00287] Inanembodiment of this application, before it is determined to use the fast equalization
training mode, the CPU 1401 is further configured to: obtain a negotiation sequence that is of the
master chip and the slave chip and that is used for the target phase of equalization training; and
determine, based on a correspondence between a bit value specified in the negotiation sequence
and an equalization training mode, that a bit value specified in the negotiation sequence
corresponds to a non-fast equalization training mode.
[00288] 7. This application further provides a chip. The chip is the master chip or the slave chip
described in the foregoing embodiments. FIG. 15 shows a chip 1500 provided in this application.
The chip 1500 includes a register 1501, a transceiver 1502, and a manager 1503.
[00289] When the chip is configured to perform the first equalization training method provided
above, details are as follows:
[00290] The register 1501 is configured to store a correspondence between N+1 rate threshold
intervals and N+1 equalization timeout periods.
[00291] The transceiver 1502 is configured to obtain a training rate of each of a master chip and
a slave chip in a target phase of equalization training. The target phase is a third phase or a fourth
phase.
[00292] The manager 1503 is configured to: determine a target rate threshold interval within
which the training rate in the target phase falls, determine, based on the correspondence between
the N+1 rate threshold intervals and the N+1 equalization timeout periods, a target equalization
timeout period corresponding to the target rate threshold interval, and configure the target
equalization timeout period as an equalization timeout period in the target phase, where N rate
thresholds are predetermined, N is an integer greater than or equal to 0, and a longer rate threshold
interval corresponds to a longer equalization timeout period, where

equalization training in the target phase is performed on the master chip and the slave
chip within the equalization timeout period in the target phase.
[00293] When the chip is configured to perform the second equalization training method
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provided above, details are as follows:

[00294] The register 1501 is configured to store an equalization parameter in a target phase of
a current round of equalization training of the chip.

[00295] The manager 1503 is configured to determine whether to use a fast equalization training
mode.

[00296] The transceiver 1502 is configured to: when it is determined to use the fast equalization
training mode, obtain a sending parameter and a receiving parameter of each of a master chip and
a slave chip in a target phase of a previous round of equalization training.

[00297] The manager 1503 is further configured to respectively configure the sending
parameter and the receiving parameter as initial parameters of the master chip and the slave chip
in a target phase of a current round of equalization training, where a target phase of equalization
training is a third phase or a fourth phase of the equalization training.

[00298] The transceiver 1502 is further configured to obtain a forward compatible equalization
timeout period in the target phase of equalization training.

[00299] The manager 1503 is further configured to: configure the forward compatible
equalization timeout period as an equalization timeout period in the target phase of the current
round of equalization training; and perform, within the equalization timeout period in the target
phase of the current round of equalization training, equalization training by using the initial
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training.

[00300] Further, in this embodiment of this application, the chip has a function of enabling and
disabling a part of an equalization circuit. When a fast equalization process is required, a part of
the equalization circuit is disabled. For example, a DFE or a part of a CTLE is disabled, to shorten
equalization time. The chip in this embodiment of this application is provided with management
software, or is a state machine that meets a standard.

[00301] 8. FIG. 16 shows a communications system 1600 provided in this application. The
communications system 1600 includes system software 1601, a master chip 1603, and a slave chip
1604. The master chip 1603 and the slave chip 1604 are connected to each other by using a
PCle/CCIX bus. It should be noted that the system software 1601 may be a BIOS.

[00302] When the communications system is configured to perform the first equalization
training method provided above, details are as follows:
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[00303] Specifically, the system software 1601 is configured to: obtain a training rate of each
of a master chip and a slave chip in a target phase of equalization training, where the target phase
is a third phase or a fourth phase; determine a target rate threshold interval within which the
training rate in the target phase falls, determine, based on a correspondence between N+1 rate
threshold intervals and N+1 equalization timeout periods, a target equalization timeout period
corresponding to the target rate threshold interval, and configure the target equalization timeout
period as an equalization timeout period in the target phase, where N rate thresholds are
predetermined, N is an integer greater than or equal to 0, and a longer rate threshold interval
corresponds to a longer equalization timeout period, where equalization training in the target phase
is performed on the master chip and the slave chip within the equalization timeout period in the
target phase.

[00304] Itshould be noted that the communications system may further include a memory 1602.
The memory 1602 is configured to store the correspondence between the N+1 rate threshold
intervals and the N+1 equalization timeout periods.

[00305] Further, the memory 1602 is further configured to store an equalization parameter in a
target phase of a current round of equalization training. In an embodiment of this application, when
the target rate threshold interval is a threshold interval including a minimum rate in the N+1 rate
threshold intervals, the target equalization timeout period is a forward compatible equalization
timeout period.

[00306] In an embodiment of this application, the correspondence between the N+1 rate
threshold intervals and the N+1 equalization timeout periods is prestored in a register of the master
chip or in a register of the slave chip.

[00307] Inanembodiment of this application, before the training rate of each of the master chip
and the slave chip in the target phase of equalization training is obtained, the system software 1601
is further configured to determine not to use a fast equalization training mode. The fast equalization
training mode is a mode in which initial parameters of the master chip and the slave chip in a target
phase of a current round of equalization training are separately configured based on a sending
parameter and a receiving parameter in a target phase of a previous round of equalization training.
[00308] In an embodiment of this application, after equalization training in a target phase of a
current round of equalization training is completed, the system software 1601 is further configured
to: store, in a register of the master chip, an equalization parameter of the master chip in the target
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phase of the current round of equalization training, and store, in a register of the slave chip, an
equalization parameter of the slave chip in the target phase of the current round of equalization
training; or store, in a register of the master chip, equalization parameters of the master chip and
the slave chip in the target phase of the current round of equalization training; or store, in a register
of the slave chip, equalization parameters of the master chip and the slave chip in the target phase
of the current round of equalization training.

[00309] In an embodiment of this application, the system software 1601 is further configured
to: obtain a negotiation sequence that is of the master chip and the slave chip and that is used for
the target phase of equalization training; and determine, based on a correspondence between a bit
value specified in the negotiation sequence and an equalization training mode, that a bit value
specified in the negotiation sequence corresponds to a non-fast equalization training mode.
[00310] When the communications system is configured to perform the second equalization
training method provided above, details are as follows:

[00311] Specifically, the system software 1601 is configured to: determine whether to use a fast
equalization training mode; when it is determined to use the fast equalization training mode, obtain
a sending parameter and a receiving parameter of each of a master chip and a slave chip in a target
phase of a previous round of equalization training, and respectively configure the sending
parameter and the receiving parameter as initial parameters of the master chip and the slave chip
in a target phase of a current round of equalization training, where a target phase of equalization
training is a third phase or a fourth phase of the equalization training; obtain a forward compatible
equalization timeout period in the target phase of equalization training, and configure the forward
compatible equalization timeout period as an equalization timeout period in the target phase of the
current round of equalization training; and perform, within the equalization timeout period in the
target phase of the current round of equalization training, equalization training by using the initial
parameters of the master chip and the slave chip in the target phase of the current round of
equalization training.

[00312] Itshould be noted that the communications system may further include a memory 1602.
The memory 1602 is configured to store an equalization parameter in a target phase of a previous
round of equalization training.

[00313] Further, the memory 1602 is further configured to store an equalization parameter in
the target phase of the current round of equalization training.
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[00314] Further, the memory 1602 is configured to store a correspondence between N+1 rate
threshold intervals and N+1 equalization timeout periods.

[00315] In an embodiment of this application, after equalization training in a target phase of a
current round of equalization training is completed, the system software 1601 is further configured
to: store, in a register of the master chip, an equalization parameter of the master chip in the target
phase of the current round of equalization training, and store, in a register of the slave chip, an
equalization parameter of the slave chip in the target phase of the current round of equalization
training; or store, in a register of the master chip, equalization parameters of the master chip and
the slave chip in the target phase of the current round of equalization training; or store, in a register
of the slave chip, equalization parameters of the master chip and the slave chip in the target phase
of the current round of equalization training.

[00316] Inanembodiment of this application, before it is determined to use the fast equalization
training mode, the system software 1601 is further configured to: obtain a negotiation sequence
that is of the master chip and the slave chip and that is used for the target phase of equalization
training; and determine, based on a correspondence between a bit value specified in the negotiation
sequence and an equalization training mode, that a bit value specified in the negotiation sequence
corresponds to a non-fast equalization training mode.

[00317] It should be noted that, for the foregoing apparatus, chip, and communications system,
refer to the related descriptions in the method embodiment. Because of singularity of subjects
protected by this application, descriptions of these subjects have a plurality of same or similar parts.
For brevity, in this application file, the method embodiments are comprehensively and fully
described, and all the other embodiments are relatively briefly described.

[00318] In some possible implementations, aspects of the equalization training method
provided in the embodiments of this application may alternatively be implemented in a form of a
program product, and the program product includes program code. When the program code is run
on a computer device, the program code is used to enable the computer device to perform the steps
in the equalization training method described in this specification according to various example
implementations of this application.

[00319] The program product may be any combination of one or more readable media. The
readable medium may be a readable signal medium or a readable storage medium. For example,
the readable storage medium may be, but is not limited to, an electrical, magnetic, optical,
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electromagnetic, infrared, or semiconductor system, apparatus or device, or any combination
thereof. More specific examples (non-exhaustive list) of the readable storage medium in this
embodiment of this application include: an electrical connection having one or more conducting
wires, a portable disk, a hard disk, a random access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM or flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an optical storage device, a magnetic
storage device, or any appropriate combination thereof.

[00320] A program product for equalization training in an implementation of this application
may use a portable compact disc read-only memory (CD-ROM) and include program code, and
may run on a server device. However, the program product in this application is not limited thereto.
In this specification, the readable storage medium may be any tangible medium including or
storing a program. The program may be transmitted as a message, or used by or in combination
with an apparatus or a device.

[00321] The readable signal medium may include a data signal propagated in a baseband or as
a part of a carrier, where the data signal carries readable program code. The propagated data signal
may be in a plurality of forms, including but not limited to an electromagnetic signal, an optical
signal, or any appropriate combination thereof. The readable signal medium may alternatively be
any readable medium other than the readable storage medium. The readable medium may send,
propagate, or transmit a program used by or in combination with a periodic network action system,
apparatus, or device.

[00322] The program code included in the readable medium may be transmitted by using any
appropriate medium, including but not limited to a wireless medium, a wired medium, an optical
cable, an RF medium, or any appropriate combination thereof.

[00323] The program code used to execute the operations of this application may be written in
any combination of one or more program design languages. The program design languages include
object-oriented program design languages such as Java and C++, and further include a
conventional procedural program design language such as a "C" language or a similar program
design language. The program code may be completely executed on a user's computing device,
partially executed on user equipment, executed as an independent software package, partially
executed on a user's computing device and partially executed on a remote computing device, or
completely executed on a remote computing device or server. When the program code is executed
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on the remote computing device, the remote computing device may be connected to the user's
computing device by using any type of network, including a local area network (LAN) or a wide
area network (WAN), or may be connected to an external computing device.

[00324] For the equalization training method, the embodiments of this application further
provide a computing device readable storage medium, so that content is not lost after a power
failure. The storage medium stores a software program, including program code. When the
program code is run on a computing device, and when the software program is read and executed
by one or more processors, any solution of performing training in an equalization timeout period
in the embodiments of this application may be implemented.

[00325] The foregoing describes this application with reference to the block diagrams and/or
flowcharts of the method, the apparatus (system), and/or the computer program product in the
embodiments of this application. It should be understood that a block of the block diagrams and/or
flowcharts and a combination of blocks in the block diagrams and/or flowcharts, can be
implemented by using computer program instructions. These computer program instructions may
be provided to a processor of a general-purpose computer, a processor of a special-purpose
computer, or another programmable data processing apparatus to produce a machine, so that the
instructions executed by the processor of the computer or the another programmable data
processing apparatus create a method for implementing a specific function/action in a block in the
block diagrams and/or flowcharts.

[00326] Correspondingly, this application may alternatively be implemented by using hardware
and/or software (including firmware, resident software, microcode, and the like). Still further, this
application may be in a form of a computer program product on a computer-usable or computer-
readable storage medium. The computer program product has computer-usable or computer-
readable program code implemented in the medium, so that the computer-usable or computer-
readable medium is used by an instruction execution system or used in combination with an
instruction execution system. In the context of this application, the computer-usable or computer-
readable medium may be any medium, and may include, store, communicate, transmit, or transfer
a program, for use by an instruction execution system, apparatus, or device or used in combination
with an instruction execution system, apparatus, or device.

[00327] Although this application is described with reference to specific features and the
embodiments thereof, it is clear that various modifications and combinations may be made to them
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without departing from the scope of this application. Correspondingly, the specification and
accompanying drawings are merely example description of this application defined by the
appended claims, and is considered as any of or all modifications, variations, combinations or
equivalents that cover the scope of this application. It is clear that a person skilled in the art can
make various modifications and variations to this application without departing from the scope of
this application. This application is intended to cover these modifications and variations of this
application provided that they fall within the scope of the claims of this application and their

equivalent technologies.
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CLAIMS

1. An equalization training method, comprising:

obtaining (900) a training rate of each of a master chip (1603) and a slave chip (1604) in a
target phase of equalization training, wherein the target phase is a third phase or a fourth phase;
and

determining a target rate threshold interval within which the training rate in the target phase
falls, determining (901), based on a correspondence between N+1 rate threshold intervals and
N+1 equalization timeout periods, a target equalization timeout period corresponding to the target
rate threshold interval, and configuring (902) the target equalization timeout period as an
equalization timeout period in the target phase, wherein N rate thresholds are predetermined, N is
an integer greater than 0, and each (N+1)-th rate threshold interval is larger than a N-th rate
threshold interval, and an equalization timeout period corresponding to the (N+1)-th rate threshold
interval is larger than the equalization timeout period corresponding to the N-th rate threshold
interval; and wherein

equalization training in the target phase is performed on the master chip (1603) and the slave
chip (1604) within the equalization timeout period in the target phase.

2. The method according to claim 1, wherein when the target rate threshold interval is a
threshold interval comprising a minimum rate in the N+1 rate threshold intervals, the target
equalization timeout period is a forward compatible equalization timeout period.

3. The method according to claim 1, wherein the correspondence between the N+1 rate
threshold intervals and the N+1 equalization timeout periods is prestored in a register of the master
chip (1603) or in a register of the slave chip (1604).

4. The method according to any one of claims 1 to 3, wherein the master chip (1603) and the
slave chip (1604) are connected through a peripheral component interconnect express, PCle, bus
or a cache coherent interconnect for accelerators, CCIX, bus, the master chip (1603) is a root
complex or a switch chip, and the slave chip (1604) is an endpoint device independent of the
master chip (1603).

5. An equalization training apparatus (1200), comprising:

a transceiver (1201), configured to obtain a training rate of each of a master chip (1603) and
a slave chip (1604) in a target phase of equalization training, wherein the target phase is a third
phase or a fourth phase; and

a manager (1202), configured to: determine a target rate threshold interval within which the

training rate in the target phase falls, determine, based on a correspondence between N+1 rate
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threshold intervals and N+1 equalization timeout periods, a target equalization timeout period
corresponding to the target rate threshold interval, and configure the target equalization timeout
period as an equalization timeout period in the target phase, wherein N rate thresholds are
predetermined, N is an integer greater than 0, and each (N+1)-th rate threshold interval is larger
than a N-th rate threshold interval, and an equalization timeout period corresponding to the (N+1)-
th rate threshold interval is larger than the equalization timeout period corresponding to the N-th
rate threshold interval, wherein equalization training in the target phase is performed on the master
chip (1603) and the slave chip (1604) within the equalization timeout period in the target phase.

6. The apparatus (1200) according to claim 5, wherein when the target rate threshold interval
is a threshold interval comprising a minimum rate in the N+1 rate threshold intervals, the target
equalization timeout period is a forward compatible equalization timeout period.

7. The apparatus (1200) according to claim 5, wherein the correspondence between the N+1
rate threshold intervals and the N+1 equalization timeout periods is prestored in a register of the
master chip (1603) or in a register of the slave chip (1604).

8. The apparatus (1200) according to any one of claims 5 to 7, wherein the master chip (1603)
and the slave chip (1604) are connected through a peripheral component interconnect express,
PCle, bus or a cache coherent interconnect for accelerators, CCIX),bus, the master chip (1603) is
a root complex or a switch chip, and the slave chip (1604) is an endpoint device independent of
the master chip (1603).

9. The apparatus(1200) according to any one of claims 5 to 8, beinga chip (1500), the chip
(1500) being the master chip (1603) or the slave chip (1604).

10. A communications system (1600), comprising system software (1601), a master chip
(1603), and a slave chip (1604), wherein the master chip (1603) and the slave chip (1604) are
connected to each other through a peripheral component interconnect express, PCle, bus or a
cache coherent interconnect for accelerators, CCIX, bus; and

the system software (1601) is configured to perform the method according to claims 1 to 4.
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