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Method and Apparatus of Processing Retransmission Request in

Distributed Computing

Cross Reference to Related Patent Application

This application claims foreign priority to Chinese Patent Application No.
201510032434.4 filed on January 22, 2015, entitled “Method and Apparatus of Processing
Retransmission Request in Distributed Computing”, which is hereby incorporated by

reference in its entirety.

Technical Field
The present disclosure relates to the field of computers, and in particular, to the

technology of processing a retransmission request in distributed computing.

Background

In distributed computing, an intensive computation task may sometimes need to be
divided into a plurality of subtasks, and each subtask is distributed to a plurality of
computation nodes for processing. After the computation nodes complete the processing,
computation results of the subtasks are fed back and summarized as a final computation
result. An execution condition of the intensive computation task depends on an execution
time of the slowest subtask. If an execution time of a subtask is much longer than that of
other subtasks, a throughput and a request response time of the entire distributed system
will be affected, which is known as a long tail phenomenon in distributed computing.

Currently, existing technologies mainly adopt a simple task retransmission approach to
compensate an impact of a long tail associated with time consumption of an overall
computation task for the long tail phenomenon. However, in practice, a redistributed task
often cannot be quickly completed at this point, and thereby such simple task

retransmission cannot effectively relieve the long tail phenomenon in distributed computing.
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Summary

This Summary is provided to introduce a selection of concepts in a simplified form that
are further described below in the Detailed Description. This Summary is not intended to
identify all key features or essential features of the claimed subject matter, nor is it intended
to be used alone as an aid in determining the scope of the claimed subject matter. The term
“techniques,” for instance, may refer to device(s), system(s), method(s) and/or
computer-readable instructions as permitted by the context above and throughout the
present disclosure.

An objective of the present disclosure is to provide a method and an apparatus for
processing a retransmission request in distributed computing.

According to an aspect of the present disclosure, a method for processing a
retransmission request in distributed computing is provided, which may include obtaining a
retransmission request to be processed in distributed computing, wherein the distributed
computing involves at least one data copy and each data copy includes one or more copy
partitions; determining a target copy partition corresponding to the retransmission request
based on respective partition response time information of the copy partitions; and
transmitting the retransmission request to the target copy partition.

According to another aspect of the present disclosure, an apparatus for processing a
retransmission request in distributed computing is further provided, which may include a
first apparatus used for obtaining a retransmission request to be processed in distributed
computing, wherein the distributed computing involves at least one data copy and each data
copy includes one or more copy partitions; a second apparatus used for determining a target
copy partition corresponding to the retransmission request based on respective partition
response time information of the copy partitions; and a third apparatus used for
transmitting the retransmission request to the target copy partition.

As compared with existing technologies, the present disclosure distinguishes each
partition from one another using a respective partition response time of each copy partition,
thereby determining a target copy partition corresponding to a retransmission request,
which can preferentially select a copy with a better response time in retransmission, and
reduce a response time of the retransmission request and decrease an overall load of a
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cluster. Furthermore, the present disclosure introduces predetermination of retransmission.
The retransmission request is transmitted to the target copy partition only when the
retransmission request satisfies a condition for request retransmission. In application
scenarios such as heavy-load clusters and skewed partitions, a retransmission request may
be abandoned because the latest response time of a partition requested for retransmission
has been relatively long, thus avoiding potentially useless retransmission to reduce an actual
load of the cluster. In addition, with respect to an initial transmission request to be
processed in distributed computing, the present disclosure may further select a copy
partition corresponding to the initial transmission request based on information of a
respective partition response speed of each copy partition, i.e., select an relatively optimal
partition for the request at issue when the request is transmitted for the first time, thereby

reducing the probability of retransmission to the greatest extent at a source level.

Description of the Drawings

By reading a detailed description of non-limiting embodiments in view of accompanying
drawings as follows, other characteristics, objectives and advantages of the present
disclosure will become clearer.

FIG. 1 shows a schematic diagram of an apparatus for processing a retransmission
request in distributed computing according to an aspect of the present disclosure.

FIG. 2 shows a schematic diagram of an apparatus for processing a retransmission
request in distributed computing according to an exemplary embodiment of the present
disclosure.

FIG. 3 shows a flowchart of a method for processing a retransmission request in
distributed computing according to another aspect of the present disclosure.

FIG. 4 shows a flowchart of a method for processing a retransmission request in
distributed computing according to an exemplary embodiment of the present disclosure.

FIG. 5 shows a diagram of a technical effect comparison between an exemplary
embodiment of the present disclosure and existing technologies.

FIG. 6 shows a diagram of the example apparatuses as described in FIGS. 1 and 2 in

more details.
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Same or similar labels in the accompanying drawings represent the same or similar

components.

Detailed Description

The present disclosure will be further described in detail hereinafter in combination
with the accompanying drawings.

In a typical configuration for the present disclosure, a terminal, an apparatus and a
trusted party of a service network each include one or more processors (CPUs), 1/O
interfaces, network interfaces, and memory.

The memory may include a form of computer-readable media, e.g., a hon-permanent
storage device, random-access memory (RAM) and/or a nonvolatile internal storage, such as
read-only memory (ROM) or flash RAM. The memory is an example of computer-readable
media. The memory may include one or more program units and program data.

The computer-readable media may include a permanent or non-permanent type, a
removable or non-removable media, which may achieve storage of information using any
method or technology. The information may include a computer-readable instruction, a
data structure, a program module or other data. Examples of computer storage media
include, but not limited to, phase-change memory (PRAM), static random access memory
(SRAM), dynamic random access memory (DRAM), other types of random-access memory
(RAM), read-only memory (ROM), electronically erasable programmable read-only memory
(EEPROM), quick flash memory or other internal storage technology, compact disk read-only
memory (CD-ROM), digital versatile disc (DVD) or other optical storage, magnetic cassette
tape, magnetic disk storage or other magnetic storage devices, or any other
non-transmission media, which may be used to store information that may be accessed by a
computing device. As defined herein, the computer-readable media does not include
transitory media, such as modulated data signals and carrier waves.

FIG. 1 shows a schematic diagram of an apparatus 100 for processing a retransmission
request in distributed computing according to an aspect of the present disclosure. In
implementations, the apparatus 100 may include a first apparatus 101, a second

apparatus 102 and a third apparatus 103.
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The first apparatus 101 is used for acquiring a retransmission request to be processed in
distributed computing, wherein the distributed computing relates to at least one data copy
and each data copy includes one or more copy partitions; the second apparatus 102 is used
for determining a target copy partition corresponding to the retransmission request based
on partition response time information of the copy partitions; and the third apparatus 103 is
used for transmitting the retransmission request to the target copy partition.

Specifically, the first apparatus 101 of the apparatus 100 acquires a retransmission
request to be processed in distributed computing. The distributed computing involves at
least one data copy and each data copy includes one or more copy partitions. In distributed
computing, solving a task request issued by a user often needs a huge amount of computing
capability. In this case, such complex parent request is divided into a plurality of child
requests. The plurality of child requests are then separately sent by a server to a plurality of
computation nodes of a distributed cluster for processing. All computation results are
returned and summarized after the processing is completed by the computation nodes.
Multiple copies of data may exist in the distributed cluster. Each copy of data includes a
complete set of data that is needed in distributed computing. Each copy of data is further
divided into multiple copy partitions. Each copy partition includes partial data in a
corresponding copy of data. In implementations, partitions corresponding to each copy of
data are divided consistently. For example, data copy 1 and data copy 2 may exist in the
system simultaneously. The two copies of data are respectively divided into M partitions,
and data distributed in corresponding partitions are the same. For example, a partition 1 of
the data copy 1 and a partition 1 of the data copy 2 are consistent, a partition 2 of the data
copy 1 and a partition 2 of the data copy 2 are consistent, and so on. The distributed cluster
may be formed by a plurality of servers. Each server is a computation node, which may store
one or more pieces of partition data. Respective devices corresponding to partitions of data
copy may be located in a same device room or may be deployed across multiple device
rooms. Devices corresponding to multiple data copies may also be simultaneously deployed
in a single device room.

Some common problems in a distributed cluster, such as cross-room network delay,
device transient fault, device hardware difference and data fragmentation unevenness, etc.,
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may cause an imbalance in response times of computation nodes. At this point, a child
request for which a response is not made timely is defined as a long-tail request, i.e., a
retransmission request to be processed. The retransmission request to be processed can be
acquired based on a defined ratio time, i.e., retransmitting a task needs to be initiated when
the target request exceeds a predefined ratio time. Alternatively, a determination may be
made as to whether to start to retransmit the task when results are returned by a certain
proportion of partitions. For example, a parent request is divided into 100 target child
requests, which correspond to 100 partitions. When 30% of partitions return requested
results and the remaining requests are still in a process of execution, a determination may
be made to start to retransmit the remaining tasks which are still in the process of execution
to acquire retransmission requests.

The second apparatus 102 of the apparatus 100 determines a target copy partition
corresponding to the retransmission request based on the information of respective
partition response times of the copy partitions. Based on redundant copy partitions in the
system, a copy partition may be reselected for transmitting the retransmission request. Such
copy partition has corresponding data information that is needed by the retransmission
request. In implementations, the division of partitions corresponding to each data copy is
consistent. Therefore, the retransmission request is able to match with a corresponding
partition of each copy. Generally, a difference exists between the same partitions of different
copies in terms of a response condition with respect to a same retransmission request. For
example, two copy partitions may exist for a retransmission request A at the same time. A
partition 3 of a copy 1 and a partition 3 of a copy 2 both include requested data
corresponding to the retransmission request A. However, due to reasons such as data load at
this point, differences among devices corresponding to the two copy partitions or an
existence of failure on a device corresponding to one of the copy partitions, actual
request-response effects of the two copy partitions with respect to the retransmission
request A may be different. In order to complete the entire computation more effectively, a
copy partition having a better response effect may be preferentially selected as a target copy
partition of the retransmission request A. In implementations, the target copy partition
corresponding to the retransmission request is determined based on the information of
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respective partition response times of the copy partitions. Information of a partition
response time may include partition information which is acquired through analysis and
computation based on data such as response times of past requests and real-time requests
received by an associated partition. Generally, the copy partition with the better response
effect may be selected by comparing the information of the respective partition response
times of the copy partitions with one another. In implementations, in distributed computing,
each copy partition may accept a large number of different data requests in each period of
time. As such, a data load of the partition continuously changes. Thus, information of a
partition response time of each copy partition cannot stay unchanged and needs to be
updated in real time. In the present disclosure, the past requests or real-time requests based
on which an update is performed include an initial transmission request and a
retransmission request of a certain data request. Furthermore, the system may set up an
update period such as, after every time interval T, to update corresponding partition
response time information. Additionally or alternatively, corresponding partition response
time information may also be updated based on response times of the real-time requests.
Additionally or alternatively, more reasonable partition response time information may be
acquired by performing a weight calculation to the response times of the past requests and
the real-time requests. Furthermore, when a corresponding target copy partition needs to
be selected for a retransmission request, a screening may be performed based on
information of a respective partition response time corresponding to each copy partition at
this point to acquire a final target copy partition.

One skilled in the art should understand that the above approach of determining a
target copy partition corresponding to a retransmission request based on information of
respective partition response times of copy partitions is used for an exemplary purpose.
Other existing or later available methods of determining a target copy partition
corresponding to a retransmission request, if applicable to the present disclosure, shall also
be included in the scope of protection of the present disclosure, and are incorporated herein
by reference.

The third apparatus 103 of the apparatus 100 transmits the retransmission request to
the target copy partition. Upon determining the target copy partition corresponding to the

7



10

15

20

25

WO 2016/118773 PCT/US2016/014364

retransmission request, the requested task may be further retransmitted to a new copy
partition and wait for information returned by the new copy partition. In the present
disclosure, the distributed computing may include real-time computation and non-real-time
computation. Particularly, when the distributed computing is non-real-time computation, an
order of magnitude associated with a time for performing the task is relatively large, which
may be, for example, minutes, hours, or even longer. If a result of a first retransmission is not
ideal at this point, a second retransmission, a third retransmission, etc., may be continuously
performed according to the present disclosure within an allowable range of performance
overhead. In addition, a predetermination for retransmission may be carried out for the
target copy partition before sending a retransmission request. A purpose thereof is to
abandon useless retransmission and to reduce an overall actual load of a cluster in scenarios
such as occurrences of heavy-load clusters and skewed partitions.

In existing technologies, a retransmission request is sent to different copies with the
same probability for the long tail phenomenon. At this point, retransmitting a task is based
on two premises: one is that a retransmission request is responded more preferentially than
the original request by default assumption; and the other is that the performance overhead
caused by the retransmission request is low, which does not affect other requests in normal
processing. However, in real computation, such premises are not always established. For
example, when the entire cluster is in a heavy-load state, a relatively long time still needs to
be taken to respond to a retransmission request if a device which accepts the retransmission
request is already in the heavy-load state. At this point, the retransmission cannot improve
the cluster’s response time but increases the burden of the cluster. For another example, if a
data partition on which a computation task depends is skewed, such as unevenness in data
partitioning, a skew in data access and the like, at this point, response times of
corresponding partitions in all copies for a retransmission request are long, thus failing to
facilitate task retransmission. Furthermore, if a copy corresponding to a computation task is
skewed due to reasons such as time delay differences in network accesses, differences in
devices, hardware faults and the like, equivalent copies including the same data in the

distributed cluster may also have differences in response times even though the load is the



10

15

20

25

30

WO 2016/118773 PCT/US2016/014364

same. These scenarios cause obvious deficiencies in the applicability of the existing
technologies, which cannot solve the long tail problem.

Compared with the existing technologies, the present disclosure distinguishes
individual partitions according to partition response times of the copy partitions to
determine a target copy partition corresponding to a retransmission request, thus enabling a
better selection of a copy with a better response time in retransmission, and reducing a
response time of the retransmission request and an overall load of a cluster to optimize an
overall distributed computing.

In implementations, the third apparatus 103 of the apparatus 100 may include a first
unit 104 and a second unit 105. The first unit 104 detects whether the retransmission
request satisfies a request retransmission condition. The second unit 105 sends the
retransmission request to the target copy partition in response to the retransmission request
satisfying the request retransmission condition.

In implementations, with respect to the obtained retransmission request, an optimal
target copy partition corresponding to the retransmission request is determined based on
the respective partition response time of each copy partition. However, sometimes, the
cluster computation may not be optimized in reality when the retransmission is completed
in the target copy partition. For example, when the entire cluster is in the heavy-load state
or when the data partition on which the computation task depends is skewed such as an
unevenness in data partitioning, a skew in data accesses, etc., partition response times in all
the copies for the corresponding retransmission request are relatively long, which fails to
facilitate task retransmission. In this case, abandoning the retransmission request may be
selected to avoid possible useless retransmission and thus reduce an actual load of the
cluster. In implementations, a corresponding request retransmission condition may be set up
based on an overload situation that potentially exists for a copy partition corresponding to
the task request. The first unit 104 of the third apparatus 103 may detect whether the
retransmission request satisfies the set request transmission condition. If the request
retransmission condition is not satisfied, an overload protection is activated, i.e., a
determination is made that the corresponding target copy partition is overloaded, and the
retransmission is abandoned. If the retransmission request satisfies the request
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retransmission condition, a determination is made to perform an operation for the
retransmission, and the second unit 105 sends the retransmission request to the target copy
partition.

In implementations, the first unit 104 may determine whether the retransmission
request satisfies the request retransmission condition based on partition response time
information of the target copy partition and a maximum timeout time corresponding to the
retransmission request.

By way of example and not limitation, a determination of whether the retransmission
request satisfies the request retransmission condition may be made based on information of
a partition response time of the target copy partition corresponding to the retransmission
request and a maximum timeout time corresponding to the retransmission request in the
target copy partition. A maximum timeout time corresponds to the maximum time allowed
by a request to wait for a response in a partition. In implementations, in distributed
computing, maximum timeout times corresponding to child requests from the same parent
request are consistent, and child requests from different parent requests may correspond to
different maximum timeout times. A difference between the set maximum timeout times
may be based on a difference between sources corresponding to task requests. A
predetermination may be made for the retransmission request based on the maximum
timeout time corresponding to the retransmission request and the information of the
partition response time of the target copy partition. For example, if the maximum timeout
time corresponding to the retransmission request in the copy partition is T, and the
information of the partition response time for the current target copy partition is score, a
determination may be made that the request retransmission condition is not satisfied and
the overload protection is activated when score < Txa (a is a floating-point number between
0 and 1). For example, when a is 0.5, if the partition response time information, score, is
smaller than half of the request maximum timeout time of the copy partition at this point,
for example, this indicates that a longer time may be needed to respond to the request that
is sent to the target copy partition due to the heavy load of a device corresponding to the

target copy partition, and the retransmission may be abandoned in this case. Otherwise, this
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may indicate that the request retransmission condition is satisfied and therefore the
retransmission request may be sent to the target copy partition.

One skilled in the art should understand that the above approach of determining
whether a retransmission request satisfies a request retransmission condition is used for an
exemplary purpose only. Other existing or future methods of determining whether a
retransmission request satisfies a request retransmission condition, if applicable to the
present disclosure, shall also be included in the scope of protection of the present disclosure,
and are incorporated herein by reference.

FIG. 2 shows a schematic diagram of an apparatus 200 for processing a retransmission
request in distributed computing according to an exemplary embodiment of the present
disclosure. In implementations, the apparatus 200 may further include a fourth
apparatus 204. The exemplary embodiment is described in detail herein with reference to
FIG. 2. In implementations, a first apparatus 201 of the apparatus 200 obtains a
retransmission request to be processed in distributed computing. The distributed computing
involves at least one data copy, and each data copy includes one or more copy partitions. A
second apparatus 202 determines a target copy partition corresponding to the
retransmission request based on respective partition response time information of the copy
partitions. A third apparatus 203 sends the retransmission request to the target copy
partition. The fourth apparatus 204 determines respective partition response speed
information of the copy partitions based on respective past partition response time
information and/or respective current partition response time information of the copy
partitions. The second apparatus 202 determines the target copy partition corresponding to
the retransmission request based on the respective partition response speed information of
the copy partitions. The first apparatus 201, the second apparatus 202 and the third
apparatus 203 of the apparatus 200 are the same or substantially same as corresponding
apparatuses shown in FIG. 1, and thus are not redundantly described herein.

The fourth apparatus 204 determines the respective partition response speed
information of the copy partitions based on past partition response time information and/or
current partition response time information of the copy partitions. The second
apparatus 202 determines the target copy partition corresponding to the retransmission
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request based on the respective partition response speed information of the copy partitions.
In implementations, the respective partition response speed information of the copy
partitions is determined based on the partition response time information, and the target
copy partition is then determined based on the respective partition response speed
information. In implementations, the partition response speed information may be current
partition response speed information. The partition response speed information may
correspond to a variety of forms. For example, at a current time T1, if a partition y of a copy
X responds to a certain current request Q1, and the time at which the partition y returns a
response to the request Q1 is t1, current partition response time information D1 of the
partition y of the copy x is determined based on the response return time tl1 of the
request Q1. At this point, the current partition response time information D1 of the
partition y of the copy x may be used as current partition response speed information of the
copy partition. For another example, based on the above example, after the current
partition response time information D1 of the partition y of the copy x is known, if the
partition y of the copy x has made a response to a current request QO at a previous time TO
in the past, and the time at which the partition y has returned the response to the
request QO is t0, past partition response time information DO of the partition y of the copy x
is determined based on the response return time t0 of the request QO corresponding to the
time TO. Furthermore, the past partition response time information DO corresponds to past
partition response speed information EO. In this case, a weighting calculation may
performed based on the past partition response speed information EO and the current
partition response time information D1 to obtain current partition response speed
information E1. An example algorithm may include:

E1=[EOx b+ D1x(2-b)]/2(bisa floating-point number between 0 and 1, e.g., 0.8)

The partition response speed information is acquired via the weighting calculation
based on the past partition response speed information and the current partition response
time information. Performing a data smoothing processing through the weighting calculation
is able to reduce the influence of the past partition response time information, and
emphasize the influence of the latest partition response time information. The partition
response speed information may reflect a difference between various copy partitions that
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process task requests, and partition response speed information of each partition may also
be updated periodically or in real time to make the data to be more reasonable.
Furthermore, the second apparatus 102 of the apparatus 100 determines the target copy
partition corresponding to the retransmission request based on the current partition
response speed information of the copy partition.

In implementations, the second apparatus 202 may include a third unit 205 and a
fourth unit 206. The third unit 205 determines one or more candidate copy partitions
according to the retransmission request. The fourth unit 206 determines the target copy
partition corresponding to the retransmission request based on respective partition
response speed information of the candidate copy partitions.

By way of example and not limitation, the third unit 205 of the second apparatus 202
may determine one or more candidate copy partitions according to the retransmission
request. A plurality of candidate copy partitions are determined first. The candidate copy
partitions need to include target data that is requested by the retransmission request. Each
set of data copy includes a complete set of data needed for computation in the distributed
cluster. Each data copy is divided into a plurality of partitions. Standards for dividing
individual data copies into partitions may be the same or different. For example, data copy 1
may be divided into n partitions, and data copy 2 may be divided into m partitions. If an
initial transmission request corresponding to a retransmission request is transmitted to a
nlth partition of the data copy 1, and data that is requested is data W, corresponding
candidate copy partition(s) in the data copy 2 isfare corresponding partition(s) including the
data W among the m partitions. In implementations, standards for dividing individual data
copies are the same in the distributed cluster. Therefore, candidate copy partitions can be
quickly determined. For example, n and m are equal in the above example, and data of
partitions located in the same positions is also consistent, i.e., data in the n1™" partition of
the data copy 1 and data in the m1™ partition of the data copy 2 are distributed consistently.
In this case, if an initial transmission request is a request transmitted to a k™ partition of a
certain data copy, candidate copy partitions corresponding to a retransmission request are

kth partitions of other copies.
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The fourth unit 206 of the second apparatus 202 determines the target copy partition
corresponding to the retransmission request based on the respective partition response
speed information of the candidate copy partitions. Here, each data copy may have copy
response speed information that is different from each other due to conditions such as past
data load unevenness, cross-room network delay, device transient fault and device hardware
difference, etc. Such type of difference is directly reflected in partitions corresponding to
each copy. Furthermore, even though the partitions of each copy are divided consistently,
same copy partitions in different data copies, such as a'" partition of the data copy 1 and a®
partition of the data copy 2 may still have a difference in respective partition response speed
information. Accordingly, a final target copy partition corresponding to the retransmission
request may be selected based on such difference. A number of ways of determining a
target copy partition corresponding to a retransmission request may exist. For example,
information of an overall copy response speed of a copy may first be obtained based on
information of a respective partition response speed of each copy partition, and information
of a respective copy response speed corresponding to each data copy is compared with one
another to select a target copy. A specific target copy partition corresponding to the
retransmission request in the target copy is then selected accordingly. For another example,
in implementations, partition response speed information which reflects differences among
data copies may be directly adopted to select a target copy partition corresponding to a
retransmission request, wherein the differences among the copies may also be indirectly
reflected in respective partition response speed information of each copy partition.

In implementations, the fourth unit 206 may accumulate respective partition response
speed information of first i number of candidate copy partitions until a ratio between an
accumulated sum thereof and a sum of partition response speed information of all of the
candidate copy partitions is greater than a random number within an interval (0, 1), and
uses an it candidate copy partition as the target copy partition corresponding to the
retransmission request.

In implementations, a method of determining a target copy partition corresponding to
a retransmission request may include further determining a plurality of candidate copy
partitions based on the obtained retransmission request and obtaining current information
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of a respective partition response speed corresponding to each candidate copy partition. An
example algorithm for selecting a target copy partition based on this solution may include:
partition M. sum_score = copy 1.partition M.score + copy 2.partition M.score + ...
copy n.partition M.score
rand = a random floating-point number that is generated between 0 and 1
for cycle from copy 1.partition M to copy n.partition M
partition M.accumulate = copy 1.partition M.score + copy 2.partition M.score +...
copy i.partition M.score
if rand < partition M.accumulate / partition M. sum_score
return: select partition i
end of cycle

select partition n (no selection is made in the above cycle)

Data information corresponding to the retransmission request exists in copy
partitions M and information of a respective partition response speed of each candidate
copy is marked as score. Copy 1, copy 2 ... copy n are n candidate copies and all the copies
correspond to the partitions M with a same data distribution. Copy 1.partition M.score,
copy 2.partition M.score ... copy n.partition M.score are information of respective partition
response  speeds corresponding to individual candidate copy partitions.
Partition M. sum_score is a sum of the information of the respective partition response
speeds of all of the candidate copy partitions. First, partition response speed information of
the first i number of candidate copy partitions is accumulated. When the partition response
speed information of the first i number of candidate copy partitions is accumulated, the it
candidate copy partition is selected as the target copy partition corresponding to the
retransmission request when a ratio between an accumulated value of the partition
response speed information and a sum of partition response speed information of all of the
candidate copy partitions is greater than a random number in an internal (0, 1). If no copy
partition is selected at the end of the cycle, the n™ copy partition is used as the target copy
partition corresponding to the retransmission request. The better the partition response
speed information corresponding to a candidate copy partition is, i.e., the greater the value
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of the score is, the greater the probability of selecting the corresponding copy partition as
the target partition is.

One skilled in the art should understand that the above method of determining a target
copy partition corresponding to a retransmission request is used for an exemplary purpose
only. Other existing or future methods of determining a target copy partition corresponding
to the retransmission request, if applicable to the present disclosure shall also be included in
the scope of protection of the present disclosure, and are incorporated herein by reference.

In implementations, the random number may be generated in real time.

In implementations, a random number in an interval (0, 1) may be generated in real
time, i.e., generated in real time when the target copy partition is selected. The target copy
partition is selected based on the random number that is generated in real time and
according to a certain probability. Although the probability that a candidate copy partition is
selected as the target copy partition is higher if partition response speed information
corresponding thereto is better, some partitions with lower partition response speed
information may still be selected. Such method of not strictly selecting a partition with the
best partition response speed information allows a smoothing processing to be performed
on data. Two reasons may exist, One is that partition response speed information of each
partition reflects a condition of the respective partition at the time when the partition
response speed information was calculated, which cannot fully and accurately represent the
latest condition of the respective partition when a retransmission request is performed
currently. For example, partition response speed information corresponding to a certain
partition may not be desirable due to a device fault, but an operating performance may be
currently better than those of other partitions because the device is back to a normal state.
Such a change may not be reflected in the partition response speed information
corresponding to the partition timely. In this case, the partition is not selected if a selection
is totally based on the partition response speed information corresponding thereto, thus
failing to take advantage of the performance of the restored device corresponding to the
partition. Therefore, a candidate copy partition which has unsatisfactory partition response
speed information but has a better actual performance may be selected evenly through a
random number generated in real time. The other reason is to avoid large fluctuation of the
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partition response speed information corresponding to the candidate copy partitions. If a
target copy partition is selected strictly according to partition response speed information, a
partition with better partition response speed information may accept a large number of
requests in a period of time, especially in case of a volume of requests, or even in a flash.
The corresponding load may thus quickly increases, and thereby a partition response speed
corresponding to such partition is quickly decreased. In this case, subsequent requests may
quickly shift to another partition with better partition response speed information. So, each
partition is selected in a backward jump mode, resulting in a poor stability and failing to
facilitate an overall performance of the cluster.

In implementations, the apparatus 200 may further include a seventh apparatus 207
and an eighth apparatus 208. The seventh apparatus 207 receives a corresponding
requested response result. The eighth apparatus 208 updates the partition response speed
information of the corresponding copy partition according to a response time of the
requested response result.

Specifically, in distributed computing, partition response speed information
corresponding to a copy partition may be updated in real time. In implementations, partition
response speed information of a copy partition may be updated based on each requested
response result returned by the copy partition. The requested response result received by
the seventh apparatus may correspond to an initial transmission request or a retransmission
request of a requested task which arrives at a corresponding partition. For example, in the
present disclosure, when a retransmission task is completed for a target retransmission
request in a partition v of a copy u and requested information is returned, at this point, a
request response result of the partition v of the copy u that corresponds to the
retransmission request is received at a response time t. Information of a partition response
speed of the corresponding copy partition may then be updated based on the response
time t.

One skilled in the art should understand that the above response time for a request
response result is used for an exemplary purpose only. Other existing or potentially available

forms of request response results, if applicable to the present disclosure, shall also be
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included in the scope of protection of the present disclosure, and are incorporated herein by
reference.

In implementations, the eighth apparatus 208 may determine request surplus time
information of the corresponding copy partition according to the response time of the
request response result and a request maximum timeout time of the corresponding copy
partition, and updates the partition response speed information of the corresponding copy
partition according to the request surplus time information.

In implementations, the eighth apparatus 208 may update the partition response speed
information corresponding to the copy partition, which needs multiple pieces of data
information: the first piece being a time at which the copy partition to be updated makes a
response to the task request and which is received by the seventh apparatus 207, and the
second piece being a request maximum timeout time corresponding to the task request in
the copy partition to be updated. For example, a request response result corresponding to a
retransmission request of a partition v of a copy u is response time t. Meanwhile, the
retransmission request corresponds to a request maximum timeout time in a copy partition,
and the request maximum timeout time corresponds to the maximum time in which the
request is allowed to wait for a response in the partition. Further, request surplus time
information of the corresponding copy partition is determined based on the response time
of the request response result in the copy partition and the corresponding request
maximum timeout time. For example, a request response result corresponding to a
retransmission request of a partition v of a copy u is response time t, and a request
maximum timeout time of the retransmission request in the partition v is Tm3. In
implementations, request surplus time information of the copy partition is Tm3-t. For a copy
partition, if a maximum timeout time of a request is closer to a response time of a response
result of the request, i.e., a surplus time is shorter, urgent requests may not be accepted
subsequently. On the contrary, if the request surplus time is longer, corresponding partition
response speed information is better. Moreover, the partition response speed information of
the copy partition may be updated based on the surplus time. For example, request surplus
time information corresponding to a current request may be directly used as partition
response speed information of the copy partition for update. Additionally or alternatively, a
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weighting calculation may also be performed for current corresponding request surplus time
information and past request surplus time information acquired through calculation for the
copy partition, and a result of the weighting calculation is set as the updated partition
response speed information. As such, this smoothing processing is able to enhance the
influence of the latest data.

In addition, for a request maximum timeout time corresponding to each copy partition,
a response time of a parent request depends on an execution time of the slowest subtask in
distributed computing. Thus, a request maximum timeout time that is determined for a
parent request is also applicable to each corresponding child request. For example, if a
maximum timeout time corresponding to a parent request 1 is Tm, a maximum timeout time
for all corresponding child requests is Tm. When the child requests are first transmitted or
retransmitted to individual copy partitions, a request maximum timeout time of the
corresponding copy partitions is Tm. A request maximum timeout time may be determined
based on different request types and past requested data information. For example, for
requests made to the same data in a copy partition, a request Y1 is a request from a buyer of
a transaction, and a request Y2 is a request from a seller of the transaction. In this case, a
request maximum timeout time for the corresponding copy partition may be a maximum
timeout time Tm1 of the request Y1 when this request is received, or a maximum timeout
time Tm2 of the request Y2 when this request is received. Tm1 and Tm2 may be different.

In implementations, the apparatus 200 may further include a fifth apparatus 209 and a
sixth apparatus 210. The fifth apparatus 209 obtains an initial transmission request to be
processed in distributed computing. The sixth apparatus 210 determines a copy partition
corresponding to the initial transmission request based on the respective partition response
speed information of the copy partitions, and sends the initial transmission request to the
copy partition corresponding to the initial transmission request.

Specifically, in actual distributed computing, the method described in the present
disclosure is able to optimize retransmission of a task request to preferentially select a copy
with a better response time. Furthermore, for an initial transmission request of each child
request corresponding to a parent request, a copy partition corresponding to the initial
transmission request may also be determined based on known partition response speed
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information of individual copy partitions, and the initial transmission request is sent to the
copy partition corresponding to the initial transmission request. As compared with existing
solutions, the number of times of retransmission can be fundamentally reduced, which
effectively reduces requests that need to be retransmitted subsequently due to long
response times and reduces the actual load of a cluster. Details of a process of operations is
identical or similar to that of selecting a corresponding target copy partition for a
retransmission request, which is not redundantly described herein.

FIG. 3 shows a flowchart of a method 300 for processing a retransmission request in
distributed computing according to another aspect of the present disclosure.

At S301, the apparatus 100 obtains a retransmission request to be processed in
distributed computing. The distributed computing involves at least one data copy and each
data copy includes one or more copy partitions. At S302, the apparatus 100 determines a
target copy partition corresponding to the retransmission request based on respective
partition response time information of the copy partitions. At S303, the apparatus 100
transmits the retransmission request to the target copy partition.

In implementations, at S301, the apparatus 100 obtains a retransmission request to be
processed in distributed computing. The distributed computing involves at least one data
copy and each data copy includes one or more copy partitions. In distributed computing,
solving a task request issued by a user often needs a huge amount of computing capability.
In this case, such complex parent request is divided into a plurality of child requests. The
plurality of child requests are then separately sent by a server to a plurality of computation
nodes of a distributed cluster for processing. All computation results are returned and
summarized after the processing is completed by the computation nodes. Multiple copies of
data may exist in the distributed cluster. Each copy of data includes a complete set of data
that is needed in distributed computing. Each copy of data is further divided into multiple
copy partitions. Each copy partition includes partial data in a corresponding copy of data. In
implementations, partitions corresponding to each copy of data are divided consistently. For
example, data copy 1 and data copy 2 may exist in the system simultaneously. The two
copies of data are respectively divided into M partitions, and data distributed in
corresponding partitions are the same. For example, a partition 1 of the data copy 1 and a
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partition 1 of the data copy 2 are consistent, a partition 2 of the data copy 1 and a
partition 2 of the data copy 2 are consistent, and so on. The distributed cluster may be
formed by a plurality of servers. Each server is a computation node, which may store one or
more pieces of partition data. Respective devices corresponding to partitions of data copy
may be located in a same device room or may be deployed across multiple device rooms.
Devices corresponding to multiple data copies may also be simultaneously deployed in a
single device room.

Some common problems in a distributed cluster, such as cross-room network delay,
device transient fault, device hardware difference and data fragmentation unevenness, etc.,
may cause an imbalance in response times of computation nodes. At this point, a child
request for which a response is not made timely is defined as a long-tail request, i.e., a
retransmission request to be processed. The retransmission request to be processed can be
acquired based on a defined ratio time, i.e., retransmitting a task needs to be initiated when
the target request exceeds a predefined ratio time. Alternatively, a determination may be
made as to whether to start to retransmit the task when results are returned by a certain
proportion of partitions. For example, a parent request is divided into 100 target child
requests, which correspond to 100 partitions. When 30% of partitions return requested
results and the remaining requests are still in a process of execution, a determination may
be made to start to retransmit the remaining tasks which are still in the process of execution
to acquire retransmission requests.

At S302, the apparatus 100 determines a target copy partition corresponding to the
retransmission request based on the information of respective partition response times of
the copy partitions. Based on redundant copy partitions in the system, a copy partition may
be reselected for transmitting the retransmission request. Such copy partition has
corresponding data information that is needed by the retransmission request. In
implementations, the division of partitions corresponding to each data copy is consistent.
Therefore, the retransmission request is able to match with a corresponding partition of
each copy. Generally, a difference exists between the same partitions of different copies in
terms of a response condition with respect to a same retransmission request. For example,
two copy partitions may exist for a retransmission request A at the same time. A partition 3
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of a copy 1 and a partition 3 of a copy 2 both include requested data corresponding to the
retransmission request A. However, due to reasons such as data load at this point,
differences among devices corresponding to the two copy partitions or an existence of
failure on a device corresponding to one of the copy partitions, actual request-response
effects of the two copy partitions with respect to the retransmission request A may be
different. In order to complete the entire computation more effectively, a copy partition
having a better response effect may be preferentially selected as a target copy partition of
the retransmission request A. In implementations, the target copy partition corresponding to
the retransmission request is determined based on the information of respective partition
response times of the copy partitions. Information of a partition response time may include
partition information which is acquired through analysis and computation based on data
such as response times of past requests and real-time requests received by an associated
partition. Generally, the copy partition with the better response effect may be selected by
comparing the information of the respective partition response times of the copy partitions
with one another. In implementations, in distributed computing, each copy partition may
accept a large number of different data requests in each period of time. As such, a data load
of the partition continuously changes. Thus, information of a partition response time of each
copy partition cannot stay unchanged and needs to be updated in real time. In the present
disclosure, the past requests or real-time requests based on which an update is performed
include an initial transmission request and a retransmission request of a certain data request.
Furthermore, the system may set up an update period such as, after every time interval T, to
update corresponding partition response time information. Additionally or alternatively,
corresponding partition response time information may also be updated based on response
times of the real-time requests. Additionally or alternatively, more reasonable partition
response time information may be acquired by performing a weight calculation to the
response times of the past requests and the real-time requests. Furthermore, when a
corresponding target copy partition needs to be selected for a retransmission request, a
screening may be performed based on information of a respective partition response time

corresponding to each copy partition at this point to acquire a final target copy partition.
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One skilled in the art should understand that the above approach of determining a
target copy partition corresponding to a retransmission request based on information of
respective partition response times of copy partitions is used for an exemplary purpose.
Other existing or later available methods of determining a target copy partition
corresponding to a retransmission request, if applicable to the present disclosure, shall also
be included in the scope of protection of the present disclosure, and are incorporated herein
by reference.

At S303, the apparatus 100 transmits the retransmission request to the target copy
partition. Upon determining the target copy partition corresponding to the retransmission
request, the requested task may be further retransmitted to a new copy partition and wait
for information returned by the new copy partition. In the present disclosure, the distributed
computing may include real-time computation and non-real-time computation. Particularly,
when the distributed computing is non-real-time computation, an order of magnitude
associated with a time for performing the task is relatively large, which may be, for example,
minutes, hours, or even longer. If a result of a first retransmission is not ideal at this point, a
second retransmission, a third retransmission, etc., may be continuously performed
according to the present disclosure within an allowable range of performance overhead. In
addition, a predetermination for retransmission may be carried out for the target copy
partition before sending a retransmission request. A purpose thereof is to abandon useless
retransmission and to reduce an overall actual load of a cluster in scenarios such as
occurrences of heavy-load clusters and skewed partitions.

In existing technologies, a retransmission request is sent to different copies with the
same probability for the long tail phenomenon. At this point, retransmitting a task is based
on two premises: one is that a retransmission request is responded more preferentially than
the original request by default assumption; and the other is that the performance overhead
caused by the retransmission request is low, which does not affect other requests in normal
processing. However, in real computation, such premises are not always established. For
example, when the entire cluster is in a heavy-load state, a relatively long time still needs to
be taken to respond to a retransmission request if a device which accepts the retransmission
request is already in the heavy-load state. At this point, the retransmission cannot improve
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the cluster’s response time but increases the burden of the cluster. For another example, if a
data partition on which a computation task depends is skewed, such as unevenness in data
partitioning, a skew in data access and the like, at this point, response times of
corresponding partitions in all copies for a retransmission request are long, thus failing to
facilitate task retransmission. Furthermore, if a copy corresponding to a computation task is
skewed due to reasons such as time delay differences in network accesses, differences in
devices, hardware faults and the like, equivalent copies including the same data in the
distributed cluster may also have differences in response times even though the load is the
same. These scenarios cause obvious deficiencies in the applicability of the existing
technologies, which cannot solve the long tail problem.

Compared with the existing technologies, the present disclosure distinguishes
individual partitions according to partition response times of the copy partitions to
determine a target copy partition corresponding to a retransmission request, thus enabling a
better selection of a copy with a better response time in retransmission, and reducing a
response time of the retransmission request and an overall load of a cluster to optimize an
overall distributed computing.

In implementations, the method block S303 of the method may include S3031 and
S3032. At S3031, the apparatus 100 detects whether the retransmission request satisfies a
request retransmission condition. At S3032, the apparatus 100 transmits the retransmission
request to the target copy partition in response to the retransmission request satisfying the
request retransmission condition.

In implementations, with respect to the obtained retransmission request, an optimal
target copy partition corresponding to the retransmission request is determined based on
the respective partition response time of each copy partition. However, sometimes, the
cluster computation may not be optimized in reality when the retransmission is completed
in the target copy partition. For example, when the entire cluster is in the heavy-load state
or when the data partition on which the computation task depends is skewed such as an
unevenness in data partitioning, a skew in data accesses, etc., partition response times in all
the copies for the corresponding retransmission request are relatively long, which fails to
facilitate task retransmission. In this case, abandoning the retransmission request may be
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selected to avoid possible useless retransmission and thus reduce an actual load of the
cluster. In implementations, a corresponding request retransmission condition may be set up
based on an overload situation that potentially exists for a copy partition corresponding to
the task request. At S3031, the apparatus 100 may detect whether the retransmission
request satisfies the set request transmission condition. If the request retransmission
condition is not satisfied, an overload protection is activated, i.e., a determination is made
that the corresponding target copy partition is overloaded, and the retransmission is
abandoned at S3033. If the retransmission request satisfies the request retransmission
condition, a determination is made to perform an operation for the retransmission, and the
apparatus 100 sends the retransmission request to the target copy partition at S3032.

In implementations, at S3031, the apparatus 100 may determine whether the
retransmission request satisfies the request retransmission condition based on partition
response time information of the target copy partition and a maximum timeout time
corresponding to the retransmission request.

By way of example and not limitation, a determination of whether the retransmission
request satisfies the request retransmission condition may be made based on information of
a partition response time of the target copy partition corresponding to the retransmission
request and a maximum timeout time corresponding to the retransmission request in the
target copy partition. A maximum timeout time corresponds to the maximum time allowed
by a request to wait for a response in a partition. In implementations, in distributed
computing, maximum timeout times corresponding to child requests from the same parent
request are consistent, and child requests from different parent requests may correspond to
different maximum timeout times. A difference between the set maximum timeout times
may be based on a difference between sources corresponding to task requests. A
predetermination may be made for the retransmission request based on the maximum
timeout time corresponding to the retransmission request and the information of the
partition response time of the target copy partition. For example, if the maximum timeout
time corresponding to the retransmission request in the copy partition is T, and the
information of the partition response time for the current target copy partition is score, a
determination may be made that the request retransmission condition is not satisfied and
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the overload protection is activated when score < Txa (a is a floating-point number
between 0 and 1). For example, when a is 0.5, if the partition response time information,
score, is smaller than half of the request maximum timeout time of the copy partition at this
point, for example, this indicates that a longer time may be needed to respond to the
request that is sent to the target copy partition due to the heavy load of a device
corresponding to the target copy partition, and the retransmission may be abandoned in this
case. Otherwise, this may indicate that the request retransmission condition is satisfied and
therefore the retransmission request may be sent to the target copy partition.

One skilled in the art should understand that the above approach of determining
whether a retransmission request satisfies a request retransmission condition is used for an
exemplary purpose only. Other existing or future methods of determining whether a
retransmission request satisfies a request retransmission condition, if applicable to the
present disclosure, shall also be included in the scope of protection of the present disclosure,
and are incorporated herein by reference.

FIG. 4 shows a flowchart of a method 400 for processing a retransmission request in
distributed computing according to an exemplary embodiment of the present disclosure.
The method 400 further includes S404. The exemplary embodiment is described in detail
herein with reference to FIG. 4. Specifically, at S401, the apparatus 100 obtains a
retransmission request to be processed in distributed computing. The distributed computing
involves at least one data copy and each data copy includes one or more copy partitions.
At S402, the apparatus 100 determines a target copy partition corresponding to the
retransmission request based on respective partition response time information of the copy
partitions. At S403, the apparatus 100 transmits the retransmission request to the target
copy partition. At S404, the apparatus 100 determines respective partition response speed
information of the copy partitions based on respective past partition response time
information and/or respective current partition response time information of the copy
partitions. At S402, the apparatus 100 determines the target copy partition corresponding to
the retransmission request based on the respective partition response speed information of

the copy partitions. The method blocks S401, S402 and S403 are the same or substantially
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the same as the corresponding method blocks shown in FIG. 3, and thus are not redundantly
described herein, and are incorporated herein by reference.

At S404, the apparatus 100 determines the respective partition response speed
information of the copy partitions based on past partition response time information and/or
current partition response time information of the copy partitions. At S402, the
apparatus 100 determines the target copy partition corresponding to the retransmission
request based on the respective partition response speed information of the copy partitions.
In implementations, the respective partition response speed information of the copy
partitions is determined based on the partition response time information, and the target
copy partition is then determined based on the respective partition response speed
information. In implementations, the partition response speed information may be current
partition response speed information. The partition response speed information may
correspond to a variety of forms. For example, at a current time T1, if a partition y of a
copy x responds to a certain current request Q1, and the time at which the partition y
returns a response to the request Q1 is t1, current partition response time information D1 of
the partition y of the copy x is determined based on the response return time t1 of the
request Q1. At this point, the current partition response time information D1 of the
partition y of the copy x may be used as current partition response speed information of the
copy partition. For another example, based on the above example, after the current
partition response time information D1 of the partition y of the copy x is known, if the
partition y of the copy x has made a response to a current request QO at a previous time TO
in the past, and the time at which the partition y has returned the response to the
request QO is t0, past partition response time information DO of the partition y of the copy x
is determined based on the response return time t0 of the request QO corresponding to the
time TO. Furthermore, the past partition response time information DO corresponds to past
partition response speed information EO. In this case, a weighting calculation may
performed based on the past partition response speed information EO and the current
partition response time information D1 to obtain current partition response speed
information E1. An example algorithm may include:

E1=[EOx b+ D1x(2-b)]/2(bisa floating-point number between 0 and 1, e.g., 0.8)
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The partition response speed information is acquired via the weighting calculation
based on the past partition response speed information and the current partition response
time information. Performing a data smoothing processing through the weighting calculation
is able to reduce the influence of the past partition response time information, and
emphasize the influence of the latest partition response time information. The partition
response speed information may reflect a difference between various copy partitions that
process task requests, and partition response speed information of each partition may also
be updated periodically or in real time to make the data to be more reasonable.
Furthermore, at S402, the apparatus 100 determines the target copy partition
corresponding to the retransmission request based on the current partition response speed
information of the copy partition.

In implementations, the method block S402 may include S4021 and S4022. At 54021,
the apparatus 100 determines one or more candidate copy partitions according to the
retransmission request. At S4022, the apparatus 100 determines the target copy partition
corresponding to the retransmission request based on respective partition response speed
information of the candidate copy partitions.

By way of example and not limitation, at S4021, the apparatus 100 may determine one
or more candidate copy partitions according to the retransmission request. A plurality of
candidate copy partitions are determined first. The candidate copy partitions need to
include target data that is requested by the retransmission request. Each set of data copy
includes a complete set of data needed for computation in the distributed cluster. Each data
copy is divided into a plurality of partitions. Standards for dividing individual data copies into
partitions may be the same or different. For example, data copy 1 may be divided into n
partitions, and data copy 2 may be divided into m partitions. If an initial transmission
request corresponding to a retransmission request is transmitted to a n1™ partition of the
data copy 1, and data that is requested is data W, corresponding candidate copy partition(s)
in the data copy 2 is/are corresponding partition(s) including the data W among the m
partitions. In implementations, standards for dividing individual data copies are the same in
the distributed cluster. Therefore, candidate copy partitions can be quickly determined. For
example, nand m are equal in the above example, and data of partitions located in the same
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positions is also consistent, i.e., data in the n1™ partition of the data copy 1 and data in
the m1™ partition of the data copy 2 are distributed consistently. In this case, if an initial
transmission request is a request transmitted to a k' partition of a certain data copy,
candidate copy partitions corresponding to a retransmission request are k™ partitions of
other copies.

At S4022, the apparatus 100 may determine the target copy partition corresponding to
the retransmission request based on the respective partition response speed information of
the candidate copy partitions. Here, each data copy may have copy response speed
information that is different from each other due to conditions such as past data load
unevenness, cross-room network delay, device transient fault and device hardware
difference, etc. Such type of difference is directly reflected in partitions corresponding to
each copy. Furthermore, even though the partitions of each copy are divided consistently,
same copy partitions in different data copies, such as a" partition of the data copy 1 and a™
partition of the data copy 2 may still have a difference in respective partition response speed
information. Accordingly, a final target copy partition corresponding to the retransmission
request may be selected based on such difference. A number of ways of determining a
target copy partition corresponding to a retransmission request may exist. For example,
information of an overall copy response speed of a copy may first be obtained based on
information of a respective partition response speed of each copy partition, and information
of a respective copy response speed corresponding to each data copy is compared with one
another to select a target copy. A specific target copy partition corresponding to the
retransmission request in the target copy is then selected accordingly. For another example,
in implementations, partition response speed information which reflects differences among
data copies may be directly adopted to select a target copy partition corresponding to a
retransmission request, wherein the differences among the copies may also be indirectly
reflected in respective partition response speed information of each copy partition.

In implementations, at S4022, the apparatus 100 may accumulate respective partition
response speed information of first i number of candidate copy partitions until a ratio
between an accumulated sum thereof and a sum of partition response speed information of
all of the candidate copy partitions is greater than a random number within an interval (0, 1),
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and uses an i candidate copy partition as the target copy partition corresponding to the
retransmission request.
In implementations, a method of determining a target copy partition corresponding to
a retransmission request may include further determining a plurality of candidate copy
partitions based on the obtained retransmission request and obtaining current information
of a respective partition response speed corresponding to each candidate copy partition. An
example algorithm for selecting a target copy partition based on this solution may include:
partition M. sum_score = copy 1.partition M.score + copy 2.partition M.score + ...
copy n.partition M.score
rand = a random floating-point number that is generated between 0 and 1
for cycle from copy 1.partition M to copy n.partition M
partition M.accumulate = copy 1.partition M.score + copy 2.partition M.score +...
copy i.partition M.score
if rand < partition M.accumulate / partition M. sum_score
return: select partition i
end of cycle

select partition n (no selection is made in the above cycle)

Data information corresponding to the retransmission request exists in copy
partitions M and information of a respective partition response speed of each candidate
copy is marked as score. Copy 1, copy 2 ... copy n are n candidate copies and all the copies
correspond to the partitions M with a same data distribution. Copy 1.partition M.score,
copy 2.partition M.score ... copy n.partition M.score are information of respective partition
response  speeds corresponding to individual candidate copy partitions.
Partition M. sum_score is a sum of the information of the respective partition response
speeds of all of the candidate copy partitions. First, partition response speed information of
the first i number of candidate copy partitions is accumulated. When the partition response
speed information of the first i number of candidate copy partitions is accumulated, the it
candidate copy partition is selected as the target copy partition corresponding to the
retransmission request when a ratio between an accumulated value of the partition
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response speed information and a sum of partition response speed information of all of the
candidate copy partitions is greater than a random number in an internal (0, 1). If no copy
partition is selected at the end of the cycle, the n" copy partition is used as the target copy
partition corresponding to the retransmission request. The better the partition response
speed information corresponding to a candidate copy partition is, i.e., the greater the value
of the score is, the greater the probability of selecting the corresponding copy partition as
the target partition is.

One skilled in the art should understand that the above method of determining a target
copy partition corresponding to a retransmission request is used for an exemplary purpose
only. Other existing or future methods of determining a target copy partition corresponding
to the retransmission request, if applicable to the present disclosure shall also be included in
the scope of protection of the present disclosure, and are incorporated herein by reference.

In implementations, the random number may be generated in real time.

For example, the random number is generated in real time.

In implementations, a random number in an interval (0, 1) may be generated in real
time, i.e., generated in real time when the target copy partition is selected. The target copy
partition is selected based on the random number that is generated in real time and
according to a certain probability. Although the probability that a candidate copy partition is
selected as the target copy partition is higher if partition response speed information
corresponding thereto is better, some partitions with lower partition response speed
information may still be selected. Such method of not strictly selecting a partition with the
best partition response speed information allows a smoothing processing to be performed
on data. Two reasons may exist, One is that partition response speed information of each
partition reflects a condition of the respective partition at the time when the partition
response speed information was calculated, which cannot fully and accurately represent the
latest condition of the respective partition when a retransmission request is performed
currently. For example, partition response speed information corresponding to a certain
partition may not be desirable due to a device fault, but an operating performance may be
currently better than those of other partitions because the device is back to a normal state.
Such a change may not be reflected in the partition response speed information
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corresponding to the partition timely. In this case, the partition is not selected if a selection
is totally based on the partition response speed information corresponding thereto, thus
failing to take advantage of the performance of the restored device corresponding to the
partition. Therefore, a candidate copy partition which has unsatisfactory partition response
speed information but has a better actual performance may be selected evenly through a
random number generated in real time. The other reason is to avoid large fluctuation of the
partition response speed information corresponding to the candidate copy partitions. If a
target copy partition is selected strictly according to partition response speed information, a
partition with better partition response speed information may accept a large number of
requests in a period of time, especially in case of a volume of requests, or even in a flash.
The corresponding load may thus quickly increases, and thereby a partition response speed
corresponding to such partition is quickly decreased. In this case, subsequent requests may
quickly shift to another partition with better partition response speed information. So, each
partition is selected in a backward jump mode, resulting in a poor stability and failing to
facilitate an overall performance of the cluster.

In implementations, the method 400 may further include S407 and S408. At S407, the
apparatus 100 receives a corresponding request response result. At S408, the apparatus 100
updates the partition response speed information of the corresponding copy partition
according to a response time of the request response result.

Specifically, in distributed computing, partition response speed information
corresponding to a copy partition may be updated in real time. In implementations, partition
response speed information of a copy partition may be updated based on each requested
response result returned by the copy partition. At S408, the requested response result
received by the apparatus 100 may correspond to an initial transmission request or a
retransmission request of a requested task which arrives at a corresponding partition. For
example, in the present disclosure, when a retransmission task is completed for a target
retransmission request in a partition v of a copy u and requested information is returned, at
this point, a request response result of the partition v of the copy u that corresponds to the

retransmission request is received at a response time t. Information of a partition response
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speed of the corresponding copy partition may then be updated based on the response
time t.

One skilled in the art should understand that the above response time for a request
response result is used for an exemplary purpose only. Other existing or potentially available
forms of request response results, if applicable to the present disclosure, shall also be
included in the scope of protection of the present disclosure, and are incorporated herein by
reference.

In implementations, at S408, the apparatus 100 may determine request surplus time
information of the corresponding copy partition according to the response time of the
request response result and a request maximum timeout time of the corresponding copy
partition, and updates the partition response speed information of the corresponding copy
partition according to the request surplus time information.

In implementations, at S408, the apparatus 100 may update the partition response
speed information corresponding to the copy partition, which needs multiple pieces of data
information: the first piece being a time at which the copy partition to be updated makes a
response to the task request and which is received by the apparatus 100, and the second
piece being a request maximum timeout time corresponding to the task request in the copy
partition to be updated. For example, a request response result corresponding to a
retransmission request of a partition v of a copy u is response time t. Meanwhile, the
retransmission request corresponds to a request maximum timeout time in a copy partition,
and the request maximum timeout time corresponds to the maximum time in which the
request is allowed to wait for a response in the partition. Further, request surplus time
information of the corresponding copy partition is determined based on the response time
of the request response result in the copy partition and the corresponding request
maximum timeout time. For example, a request response result corresponding to a
retransmission request of a partition v of a copy u is response time t, and a request
maximum timeout time of the retransmission request in the partition v is Tm3. In
implementations, request surplus time information of the copy partition is Tm3-t. For a copy
partition, if a maximum timeout time of a request is closer to a response time of a response
result of the request, i.e., a surplus time is shorter, urgent requests may not be accepted
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subsequently. On the contrary, if the request surplus time is longer, corresponding partition
response speed information is better. Moreover, the partition response speed information of
the copy partition may be updated based on the surplus time. For example, request surplus
time information corresponding to a current request may be directly used as partition
response speed information of the copy partition for update. Additionally or alternatively, a
weighting calculation may also be performed for current corresponding request surplus time
information and past request surplus time information acquired through calculation for the
copy partition, and a result of the weighting calculation is set as the updated partition
response speed information. As such, this smoothing processing is able to enhance the
influence of the latest data.

In addition, for a request maximum timeout time corresponding to each copy partition,
a response time of a parent request depends on an execution time of the slowest subtask in
distributed computing. Thus, a request maximum timeout time that is determined for a
parent request is also applicable to each corresponding child request. For example, if a
maximum timeout time corresponding to a parent request 1 is Tm, a maximum timeout time
for all corresponding child requests is Tm. When the child requests are first transmitted or
retransmitted to individual copy partitions, a request maximum timeout time of the
corresponding copy partitions is Tm. A request maximum timeout time may be determined
based on different request types and past requested data information. For example, for
requests made to the same data in a copy partition, a request Y1 is a request from a buyer of
a transaction, and a request Y2 is a request from a seller of the transaction. In this case, a
request maximum timeout time for the corresponding copy partition may be a maximum
timeout time Tm1 of the request Y1 when this request is received, or a maximum timeout
time Tm2 of the request Y2 when this request is received. Tm1 and Tm2 may be different.

In implementations, the method 400 may further include S405 and S406. At S405, the
apparatus 100 obtains an initial transmission request to be processed in distributed
computing. At S406, the apparatus 100 determines a copy partition corresponding to the
initial transmission request based on the respective partition response speed information of
the copy partitions, and transmits the initial transmission request to the copy partition
corresponding to the initial transmission request.
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Specifically, in actual distributed computing, the method described in the present
disclosure is able to optimize retransmission of a task request to preferentially select a copy
with a better response time. Furthermore, for an initial transmission request of each child
request corresponding to a parent request, a copy partition corresponding to the initial
transmission request may also be determined based on known partition response speed
information of individual copy partitions, and the initial transmission request is sent to the
copy partition corresponding to the initial transmission request. As compared with existing
solutions, the number of times of retransmission can be fundamentally reduced, which
effectively reduces requests that need to be retransmitted subsequently due to long
response times and reduces the actual load of a cluster. Details of a process of operations is
identical or similar to that of selecting a corresponding target copy partition for a
retransmission request, which is not redundantly described herein.

FIG. 5 shows a diagram illustrating a comparison of technical effects between an
exemplary embodiment of the present disclosure and existing technologies.

By way of example and not limitation, based on a model of a long tail application
scenario therein, this figure shows respective times at which a distributed cluster makes a
response to a task request using different techniques. The shorter the response time is, the
better the technical effect is. As compared with a processing condition having no long tail,
the long tail optimization in the existing technologies causes a reduction in response times
of the cluster by 13%. With the same processing condition having no long tail, the technical
solution of the present disclosure causes a reduction in the response times of the cluster by
40%, and an overall performance thereof is improved significantly as compared to the
existing technologies. In addition, respective variances of response times of computation
nodes are further compared. By adopting this solution, a variance of the response times of
the computation nodes is decreased by 73%-82%. This decrease in the variance indicates a
trend in balancing of response times of individual computation nodes. In other words, an
overall load of a cluster is balanced and optimized using the present disclosure, and the
effects are remarkable.

FIG. 6 shows an example apparatus 600, such as the apparatuses 100-103, 200-204, as
described in FIGS. 1-4 in more detail. In implementations, the apparatus 600 may include
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one or more processors 602, an input/output (I/O) interface 604, a network interface 606,
and memory 608.

The memory 608 may include a form of computer-readable media. By way of example
and not limitation, the memory 608 is an example of computer-readable media. In
implementations, the memory 608 may include one or more program units 610 and
program data 612.

Apparently, for one skilled in the art, the present disclosure is not limited to the details
of the exemplary embodiments, and the present disclosure can be implemented in other
specific forms without departing from the spirit or features of the present disclosure.
Therefore, the embodiments should be considered as exemplary and non-limiting in all
different aspects. The scope of the present disclosure is defined by the appended claims
rather than the specification. Hence, all variations which fall into the spirit and scope of
equivalents of the appended claims are included in the present disclosure. Furthermore,
labels of the accompanying drawings in the claims shall not be considered as limitations to
the claims at issue. In addition, a term “include” does not exclude other units or method
blocks. A singular form does not exclude a plural form. Units or apparatuses in apparatus
claims may also be implemented by a single unit or apparatus through software or hardware.
Terms such as “first”, “second” and the like are used for indicating names rather than a

particular order.
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Claims
What is claimed is:
1. A method comprising:
obtaining a retransmission request to be processed in distributed computing;
determining a target copy partition corresponding to the retransmission request based
at least in part on respective partition response times of copy partitions in the distributed
computing; and

sending the retransmission request to the target copy partition.

2. The method of claim 1, wherein sending the retransmission request to the target
copy partition comprises:

detecting whether the retransmission request satisfies a request retransmission
condition; and

sending the retransmission request to the target copy partition in response to the

retransmission request satisfying the request retransmission condition.

3. The method of claim 2, wherein detecting whether the retransmission request
satisfies the request retransmission condition comprises determining whether the
retransmission request satisfies the request retransmission condition based at least in part
on a partition response time of the target copy partition and a maximum timeout time

corresponding to the retransmission request.

4. The method of claim 1, further comprising determining respective partition response
speed information of the copy partitions based at least in part on respective past partition
response times and/or respective current partition response times of the copy partitions,
wherein determining the target copy partition comprises determining the target copy
partition corresponding to the retransmission request based at least in part on the

respective partition response speed information of the copy partitions.

37



10

15

20

25

WO 2016/118773 PCT/US2016/014364

5. The method of claim 4, wherein determining the target copy partition comprises:

determining a plurality of candidate copy partitions according to the retransmission
request; and

determining the target copy partition corresponding to the retransmission request
based on corresponding partition response speed information of the plurality of candidate

copy partitions.

6. The method of claim 5, wherein determining the target copy partition comprises:

accumulating partition response speed information of a subset of the plurality of
candidate copy partitions until a ratio between an accumulated sum of the subset of the
plurality of candidate copy partitions and a sum of partition response speed information of
the plurality of candidate copy partitions is greater than a random number; and

setting a last candidate copy partition of the subset of the plurality of candidate copy

partitions as the target copy partition corresponding to the retransmission request.

7. The method of claim 4, further comprising:

obtaining an initial transmission request to be processed in the distributed computing;
and

determining a copy partition corresponding to the initial transmission request based at
least in part on the respective partition response speed information of the copy partitions;
and

sending the initial transmission request to the copy partition corresponding to the

initial transmission request.

8. The method of claim 4, further comprising:
receiving a response result corresponding to the retransmission request; and
updating partition response speed information of the target copy partition based at

least in part on a response time of the response result.
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9. The method of claim 8, wherein updating the partition response speed information
of the target copy partition comprises:

determining request surplus time information of the target copy partition according to
the response time of the response result and a request maximum timeout time of the target
copy partition; and

updating the partition response speed information of the target copy partition based

on the request surplus time information.

10. A system comprising:

onhe or more processors;

memory;

a first apparatus stored in the memory and executable by the one or more processors
to obtain a retransmission request to be processed in distributed computing;

a second apparatus stored in the memory and executable by the one or more
processors to determine a target copy partition corresponding to the retransmission request
based at least in part on respective partition response times of copy partitions in the
distributed computing; and

a third apparatus stored in the memory and executable by the one or more processors

to transmit the retransmission request to the target copy partition.

11. The system of claim 10, wherein the third apparatus further detects whether the
retransmission request satisfies a request retransmission condition, and transmits the
retransmission request to the target copy partition in response to the retransmission request

satisfying the request retransmission condition.

12. The system of claim 11, wherein the third apparatus determines whether the
retransmission request satisfies the request retransmission condition based at least in part
on a partition response time of the target copy partition and a maximum timeout time

corresponding to the retransmission request.
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13. The system of claim 11, further comprising a fourth apparatus to determine
respective partition response speeds of the copy partitions based at least in part on
respective past partition response times and/or respective current partition response times
of the copy partitions, wherein the second apparatus determines the target copy partition
corresponding to the retransmission request based on the respective partition response

speeds of the copy partitions.

14. The system of claim 13, wherein the second apparatus further determines a
plurality of candidate copy partitions according to the retransmission request, and
determines the target copy partition corresponding to the retransmission request based on

corresponding partition response speeds of the plurality of candidate copy partitions.

15. The system of claim 14, wherein the second apparatus further accumulates
partition response speed information of a subset of the plurality of candidate copy partitions
until a ratio between an accumulated sum of the subset of the plurality of candidate copy
partitions and a sum of partition response speed information of the plurality of candidate
copy partitions is greater than a random number, and sets a last candidate copy partition of
the subset of the plurality of candidate copy partitions as the target copy partition

corresponding to the retransmission request.

16. The system of claim 13, further comprising:

a fifth apparatus to obtain an initial transmission request to be processed in the
distributed computing; and

a sixth apparatus to determine a copy partition corresponding to the initial
transmission request based at least in part on the respective partition response speeds of
the copy partitions, and sends the initial transmission request to the copy partition

corresponding to the initial transmission request.
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17. The system of claim 13, further comprising:

a seventh apparatus used to receive a response result corresponding to the
retransmission request; and

an eighth apparatus to determine request surplus time information of the target copy
partition according to a response time of the response result and a request maximum
timeout time of the target copy partition, and to update partition response speed
information of the target copy partition based at least in part on the request surplus time

information.

18. One or more computer-readable media storing executable instructions that, when
executed by one or more processors, cause the one or more processors to perform acts
comprising:

obtaining a retransmission request to be processed in distributed computing;

determining a target copy partition corresponding to the retransmission request based
at least in part on respective partition response times of copy partitions in the distributed
computing; and

sending the retransmission request to the target copy partition.

19. The one or more computer-readable media of claim 18, wherein sending the
retransmission request to the target copy partition comprises:

detecting whether the retransmission request satisfies a request retransmission
condition; and

sending the retransmission request to the target copy partition in response to the

retransmission request satisfying the request retransmission condition.

20. The one or more computer-readable media of claim 18, the acts further comprising
determining respective partition response speed information of the copy partitions based at
least in part on respective past partition response times and/or respective current partition
response times of the copy partitions, wherein determining the target copy partition

comprises determining the target copy partition corresponding to the retransmission
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request based at least in part on the respective partition response speed information of the

copy partitions.
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