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(57) Abstract: The embodiments of the present invention provide a method and a
device for multi-cluster management. The method includes acquiring historical
operating data of multiple clusters; determining future demand information of the
multiple clusters based on the historical operating data; and determining cluster
configuration information of the multiple clusters based on the future demand in-
formation. Compared with other solutions, the embodiments of the present inven-
tion obtain future demand information of the multiple clusters by processing and
analyzing acquired historical operating data of the multiple clusters, and determ-
ine cluster configuration information of the multiple clusters based on the future
demand information. Based on the cluster configuration information, the embodi-
ments can, in a cross-regional multi-cluster and large-scale data processing envir-
onment, realize reasonable distribution and configuration of multi-cluster re-
sources, achieve balancing and optimization of global resources, and can also, in
the case that resource conditions between the clusters permit, efficiently imple -
ment cross-cluster data access.
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MULTI-CLUSTER MANAGEMENT METHOD AND DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to Chinese Patent Application No. 201510158697.X filed on

April 3, 2015, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[001]  The embodiments of the present invention relate to the field of computers, and in

particular, to a multi-cluster management technology.

BACKGROUND

[002] In the prior art, on one hand, the management of cluster resources has been
generally limited to corresponding resource scheduling and resource quota determination with
respect to resources inside a single cluster. However, the resource balancing problem brought
about by frequent resource scheduling based on resource dependence between business units in
multi-cluster environments has not been adequately addressed. On the other hand, although it is
feasible to replicate cross-cluster data access objects in a manner that provides cluster
collaboration, such methods generally perform data selection and collaborative replication
between clusters only when a service needs to access data. Due to a lack of data analysis and
prediction on related historical tasks in multiple clusters, it is often impossible to meet the
requirements of daily production tasks at run time, and further such methods do not solve the
resource balancing problem corresponding to overall resource distribution and resource usage

between multiple clusters. A better solution is required for multi-cluster management.

SUMMARY OF THE INVENTION

[003] Embodiments of the present invention provide a method and a device for
multi-cluster management.

[004]  According to one embodiment of the present invention, a multi-cluster management
method is provided, including: acquiring historical operating data of multiple clusters of a
multi-cluster system; determining future demand information of the multiple clusters based on

the historical operating data; and determining cluster configuration information of the multiple
1
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clusters based on the future demand information.

[005]  According to another embodiment of the present invention, a multi-cluster
management device is further provided, including: a first apparatus configured for acquiring
historical operating data of multiple clusters of a multi-cluster system; a second apparatus
configured for determining future demand information of the multiple clusters based on the
historical operating data; and a third apparatus configured for determining cluster configuration
information of the multiple clusters based on the future demand information.

[006] The embodiments of the present invention obtain future demand information of
multiple clusters by processing and analyzing acquired historical operating data from the
multiple clusters, and determine cluster configuration information for the multiple clusters based
on the future demand information. Based on the cluster configuration information, an
embodiment of the present invention operates within in a cross-regional multi-cluster and
large-scale data processing environment, and can realize reasonable distribution and
configuration of multi-cluster resources. The embodiments can further achieve balancing and
optimization of global resources, and can also, in the case that resource conditions between the
clusters permit, efficiently implement cross-cluster data access. Further, in a multi-cluster
environment, business units can be adjusted such that resource quota rules inside a single cluster
are satisfied while the data access bandwidth between the clusters is reduced, thereby saving
cluster resources on the whole and forming a resource-balanced cluster layout. Furthermore,
based on the obtained business distribution information in the multiple clusters, data replication
configuration is carried out for cross-cluster data access, so that cross-cluster data access can be
realized efficiently in the case that resource conditions inside the clusters and between the

clusters permit.

DESCRIPTION OF THE DRAWINGS

[007]  Other features, objectives and advantages of the present invention will become
more evident by reading the detailed description of non-limited embodiments made with
reference to the following accompanying drawings:

[008] Fig. 1 is a schematic device diagram depicting an exemplary multi-cluster
management device according to one embodiment of the present invention;

[009] Fig. 2 is a schematic device diagram depicting an exemplary multi-cluster
management device according to one preferred embodiment of the present invention;

[0010] Fig. 3 is a schematic device diagram depicting an exemplary multi-cluster

management device according to another preferred embodiment of the present invention;
2
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[0011] Fig. 4 is a flow chart depicting an exemplary multi-cluster management method
according to another aspect of the present invention;

[0012] Fig. 5 is a flow chart depicting a computer implemented multi-cluster management
method according to one preferred embodiment of the present invention; and

[0013] Fig. 6 is a flow chart depicting a computer implemented multi-cluster management
method according to another preferred embodiment of the present invention.

[0014] The same or similar reference signs in the drawings represent the same or similar

components.

DETAILED DESCRIPTION

[0015] The embodiments of the present invention are further described below in detail with
reference to the accompanying drawings.

[0016] In a typical configuration of an embodiment of the present invention, a terminal, a
device of a service network and a trusted party all include one or more central processing units
(CPUs), an input/output interface, a network interface and a memory.

[0017] The memory may include a volatile memory, a random access memory (RAM)
and/or a non-volatile memory (and other forms) in a computer readable medium, for example, a
read only memory (ROM) or a flash RAM. The memory is an example of the computer
readable medium.

[0018] The computer readable medium includes non-volatile and volatile, removable and
non-removable media, and can use any method or technology to store information. The
information may be a computer readable instruction, a data structure, and a module of a program
or other data. Examples of storage mediums of a computer include, but are not limited to, a
phase change RAM (PRAM), a static random access memory (SRAM), a dynamic random
access memory (DRAM), other types of RAMs, an ROM, an electrically erasable programmable
read-only memory (EEPROM), a flash memory or other memory technologies, a compact disc
read-only memory (CD-ROM), a digital versatile disc (DVD) or other optical storage, a cassette
tape, a tape disk storage or other magnetic storage devices, or any other non-transmission
mediums, which can be used for storing computer accessible information. According to the
definition herein, the computer readable medium does not include transitory media, for example,
a modulated data signal and a carrier.

[0019] Fig. 1 is a schematic device diagram depicting a multi-cluster management device
according to one embodiment of the present invention. The multi-cluster management device 1

includes a first apparatus 11, a second apparatus 12 and a third apparatus 13.
3
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[0020] The first apparatus 11 acquires historical operating data of the multiple clusters; the
second apparatus 12 determines future demand information of the multiple clusters based on the
historical operating data; and the third apparatus 13 determines cluster configuration information
of the multiple clusters based on the future demand information.

[0021] Specifically, the first apparatus 11 acquires historical operating data associated with
the multiple clusters. As a general rule, the data processing that corresponds to a relatively
independent service may be completed independently by a business unit. Data processing of a
complete business can be based on a data dependence relationships between respective business
units in one cluster, and in such case, the data processing is completed through both data sharing
and data exchange between multiple business units in the cluster. In such case, a related data
processing task consumes data resources of the cluster, for example, storage, computing and
other resources of the cluster. In a cross-regional multi-cluster environment, however, more
complicated business processing is carried out whereby network connectivity between the
clusters will also consume network bandwidth and other resources between the clusters.

[0022] Herein, the historical operating data includes operating data corresponding to
various data processing tasks completed in the multiple clusters within a given time period.
Herein, the data unit that carries out the data processing tasks may include a cluster, a business
unit, a data item, and a data item partition (portion) or other different dimensions. In an
embodiment of the present invention, the data item may include a storage set of data, for
example, a table in a database. The data item partition may include dividing the data item in
accordance with a certain rule, with the purpose of facilitating fragmentation processing on the
data, thereby reducing the data processing volume. In the business unit, a variety of data may
be layered in accordance with a certain paradigm, and the respective business units can perform
data access operations based on data items in specific levels of the paradigm, e.g., hierarchcy.
Corresponding thereto, the historical operating data includes, but is not limited to: 1) metadata of
the business unit, the data item and the data item partition; 2) storage occupancy of the business
unit, the data item and the data item partition; 3) a running log of a data processing task; 4)
inter-cluster network bandwidth usage amount; 5) storage and computing quota data of the
clusters and the business unit; 6) inter-cluster available bandwidth quota data, etc.

[0023] In the embodiments of the present invention, the metadata includes attributes,
features and other basic descriptive data of the business unit, the data item and the data item
partition. Information about the running log (of the data processing task) mainly includes a
business unit corresponding to the data processing task, task start and end time, input and output
data items and corresponding data item partition, input and output data volume, occupied

4
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computing unit, etc. By accessing the running log, a requester can determine computing
occupancy of the business unit, the data item and the data item partition. The various kinds of
quota data, for example, quota data corresponding to the aforementioned storage, computing,
bandwidth and so on, may be static over a period of time, and may also be varied and adjusted
based on actual needs. For the historical operating data, (especially data information with a
higher varying frequency, for example, the storage occupancy of the business unit, the data item
and the data item partition, the inter-cluster network bandwidth usage amount, the running log of
the data processing task, etc.) data sampling may be periodically carried out.

[0024] Tt is appreciated that the historical operating data of the multiple clusters may be
acquired indirectly through a third-party storage device or database system. Preferably, it is also
feasible to directly collect the historical operating data based on a certain data processing
platform. In the embodiments of the present invention, the data processing platform includes a
computer system platform that uses distributed storage, distributed computing and other
technologies to provide large-scale data processing. For example, each module in the data
processing platform includes a running log collecting function, and a unified log management
system gathers logs together for unified storage. For example, the data processing platform may
gather and store the metadata in a timed snapshot manner.

[0025] Next, the second apparatus 12 determines future demand information of the
multiple clusters based on the historical operating data.

[0026] Specifically, based on the acquired existing historical operating data, by analyzing
data processing situations inside each cluster, and between the clusters in the multiple clusters, it
is feasible to determine actual occupation situations of various kinds of resources corresponding
to each data item, each business unit and even each cluster of the multiple clusters. Based on the
obtained actual resource occupation information, it is also feasible to further determine mutual
data call situations and mutual independence relationships between the data items, between the
business units and even between the clusters. Based on growth prediction that is determined from
the historical operating data, it is feasible to predict future resource demand information for the
multiple clusters in a future period of time. Herein, preferably, the future demand information is
used as a basis for subsequently determining cluster configuration information for the multiple
clusters, to thereby perform robust management of the multiple clusters.

[0027] Preferably, the second apparatus 12 of the multi-cluster management device 1
includes a third unit (not shown) and a fourth unit (not shown). The third unit performs data
processing on the historical operating data and the fourth unit determines future demand
information of the multiple clusters based on results of the data processing.

5
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[0028] Specifically, data processing is performed on the historical operating data by use of
the third unit. For example, it is feasible to process the acquired historical operating data through
conversion, combination, connection and other computational methods. For example, processing
of computing resources used (occupied) by the data processing task is given as an example. To
compute occupation situations of computing resources on each cluster of the multiple clusters,
then t minutes may be taken as an exemplary sampling cycle. The occupation situations of
computing resources in each cluster are obtained by generating statistics on the sum total of
computing units occupied by all the data processing tasks in each cluster of the multiple clusters
at each sampling time over one day, for instance. At this point, the conversion method includes:
dividing the one day into 1440/t sampling points, traversing the acquired data processing tasks,
and if a certain data processing task covers the sampling point at a certain time, adding the data
processing task to a data processing task set corresponding to the sampling point at that time.
The connection method includes: (by taking the business unit as a condition), if the data
processing task makes a data connection with a business unit, then the data processing task runs
in a cluster corresponding to the business unit. The combination method includes: at each
sampling time, accumulating computing units occupied by various data processing tasks running
in the same cluster, to obtain computing resource occupancy of the cluster at each sampling time.

[0029] Tt is appreciated that for different types of historical operating data, corresponding
processing methods may vary. Even for the same type of historical operating data, it is also
feasible to process data in different processing methods according to various needs.

[0030] Herein, those skilled in the art will understand that processing through conversion,
combination, connection, and other methods described above are exemplary. Embodiments
herein may include other well known processing methods for processing the historical operating
data.

[0031] Next, the fourth unit determines future demand information of the multiple clusters
based on results of the data processing. Herein, the results of the data processing include
resource index data having multiple dimensions, and in the solution, the multiple dimensions
include a data item, a business unit, a cluster or a time (and other dimensions), wherein the time
dimension is orthogonal to the data item, the business unit, the cluster and the other dimensions.
The resource index data includes storage resource occupancy, computing resource occupancy,
mutual data dependency, inter-cluster replicated data volume, inter-cluster directly-accessed data
volume, etc. Herein, each dimension may correspond to several resource index data respectively,
wherein each dimension may use the same resource index data, for example, and all may
generate statistics on the storage resource occupancy, the computing resource occupancy and the

6
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mutual data dependency.

[0032] In addition, the type of the resource index data corresponding to each dimension
may also be different from one another, especially for some types of resource index data that can
only be taken into account in a particular dimension, for example, inter-cluster replicated data
volume, and inter-cluster directly-accessed data volume, etc. Herein, the result of the data
processing further includes cluster resource quota index data, for example, inter-cluster data
access weight, based on inter-cluster available bandwidth quota data, where the weight is set for
data access between the clusters. For example, the greater the available bandwidth is between
two clusters, the greater is the corresponding data access weight. At this point, data information
acquired based on the historical operating data (for example, the storage and computing quota
data of the cluster and the business unit, and the inter-cluster available bandwidth quota data) is
processed into corresponding cluster resource quota index data through certain processing, and
which can embody restrictions and differences based on various resources inside the existing
clusters and between multiple clusters. This provides a basis of data for subsequent operations.
Herein, embodiments further perform predictions on future resource usage situations of the
multiple clusters based on the results of the data processing.

[0033] Herein, those skilled in the art will understand that the index data in the multiple
dimensions and the cluster resource quota index data are exemplary. Embodiments may include
other well known data processing results.

[0034] More preferably, the fourth unit obtains resource index data corresponding to the
multiple clusters through the data processing; and based on the resource index data, the fourth
unit advantageously determines future demand information of the multiple clusters through index
prediction.

[0035] Specifically, herein, preferably, future demand information of the multiple clusters
is determined through index prediction. By processing the historical operating data, it is
feasible to obtain the resource index data of multiple dimensions, and based on the specific
resource index data, it is further feasible to predict resource demands in different dimensions for
a future time. For example, it is possible to predict storage resource occupancy of a certain
cluster within one month in the future, or to compute resource occupancy in each time interval
for each day, etc. A specific index prediction method includes at first, setting up a certain data
computing model based on the resource index data obtained after processing and in combination
with a certain data mining method. Herein, the data mining method includes, but is not limited
to, linear regression, or seasonal regression prediction based on a time series, and other methods.
Then, obtaining future demand information corresponding to the corresponding resource index

5
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based on the data computing model in combination with a corresponding parameter value. By
taking predicting future storage resource occupancy of a business unit as an example, and based
on the storage resource occupation information acquired everyday by the data processing
platform, upon processing, it is feasible to obtain storage resource occupancy for each day in a
past time period, for example, T months. If the number of days is taken as a variable, x, and the
storage resource occupancy is taken as a variable, y, to carry out linear regression modeling, a
y=f(x) function can be obtained. Then, in accordance with embodiments of the present
invention, it is feasible to predict storage resource occupancy of the business unit after N days
based on the data computing models.

[0036] Herein, those skilled in the art should understand that determining future demand
information of the multiple clusters through index prediction based on the resource index data is
exemplary. Other well known methods for determining future demand information of the
multiple clusters can be used.

[0037] Next, the third apparatus 13 of the multi-cluster management device 1 determines
cluster configuration information of the multiple clusters based on the future demand
information. The cluster configuration information includes business distribution information in
the multiple clusters and/or data replication configuration information between the multiple
clusters. Herein, the business distribution information in the multiple clusters includes
deployment information of various business units and data items in each cluster. The business
distribution information in the multiple clusters further includes setting information regarding
various cluster resources. Herein, it is feasible to arrange the business distribution information in
the multiple clusters based on the future demand information, which, generally, is aimed at
satisfying future demands of the multiple clusters for resources in accordance with the
determined business distribution information. In addition, in the case data access across clusters,
if data is directly read remotely, data access can be greatly affected by factors such as network
bandwidth, delay and jitter. This is especially true if two clusters are across a farther distance,
then such adverse effects are more evident. Therefore, preferably, by opportunistically
replicating the data to be accessed across clusters in advance of the cluster sending an access
request, herein, based on the future demand information, it is feasible to predetermine: 1) what
data needs to be backed up; and 2) how the data is backed up. This leads to determining more
reasonable data replication configuration information of a multi-clusterware.

[0038] Herein, the cluster configuration information may only include any one of the
multiple kinds of cluster configuration information, and may also include multiple ones of the
multiple kinds of cluster configuration information at the same time. Further, preferably, in

8
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subsequent multi-cluster management, it is feasible to perform corresponding management in
combination with multiple kinds of cluster configuration information at the same time. For
example, business distribution information of the multiple clusters may be determined based on
the future demand information. Data replication configuration information between the
multiple clusters may be further determined based on the future demand information in
combination with the business distribution information of the multiple clusters.

[0039] Herein, the embodiments of the present invention obtain future demand information
of the multiple clusters by processing and analyzing acquired historical operating data of
multiple clusters, and determine cluster configuration information of the multiple clusters based
on the future demand information. Based on the cluster configuration information,
embodiments of the present invention can, in a cross-regional multi-cluster and large-scale data
processing environment, realize reasonable distribution and configuration for multi-cluster
resources, and achieve balancing and optimization of global resources. Embodiments can also,
in the case that resource conditions between the clusters permit, efficiently realize cross-cluster
data access to a robust extent.

[0040] Preferably, the multi-cluster management device 1 further includes a fourth
apparatus (not shown), which manages the multiple clusters according to the cluster
configuration information.

[0041] Specifically, it is feasible to correspondingly manage the multiple clusters based on
the determined cluster configuration information for the multiple clusters. For example, based on
the determined new business distribution information in the multiple clusters, business
distribution in the multiple clusters can be adjusted. For another example, based on the data
replication configuration information between the multiple clusters, data to be accessed can be
backed up in advance opportunistically for future possible cross-cluster data accesses. Herein,
preferably, by calling corresponding interfaces on the data processing platform to output the
determined various kinds of cluster configuration information (for example, business distribution
information in the multiple clusters, data replication configuration information between the
multiple clusters and so on) the following items regarding multiple clusters can be adjusted:
resources; business distribution; cross-cluster data replication configuration; and the like.

[0042] Preferably, the cluster configuration information includes at least one of the
following: business distribution information in the multiple clusters; and data replication
configuration information between the multiple clusters.

[0043] Specifically, the business distribution information in the multiple clusters includes
deployment information regarding various business units and data items in each cluster. For

9
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example, the information may include a mapping of which business units belong to which
clusters, or that a certain business unit includes certain specific data items, etc. The business
distribution information in the multiple clusters may further include setting information of
various cluster resources, for example, storage quota information, computing quotas and other
resource quotas of respective clusters and business units, or bandwidth quota information
between respective cluster, etc. The data replication configuration information between the
multiple clusters is actually backing up (in advance) the data to be accessed by other clusters to a
cluster that sends an access request. In the case of data access to data across clusters, if data is
directly read remotely, the data access may be greatly adversely affected by factors such as
network bandwidth, delay and jitter, especially if two clusters are across a farther distance.
Therefore, preferably, data to be accessed across clusters is opportunistically replicated in
advance of the cluster that sends an access request to avoid such adverse effects.

[0044] Fig. 2 is a schematic device diagram depicting a multi-cluster management device
according to one preferred embodiment of the present invention. In the preferred embodiment,
the multi-cluster management device 1 includes a first apparatus 11', a second apparatus 12', a
fifth apparatus 14' and a third apparatus 13'. Preferably, the third apparatus 13' further includes
a first unit 131" and a second unit 132'. The first apparatus 11' acquires historical operating data
of multiple clusters. The second apparatus 12' determines future demand information of the
multiple clusters based on the historical operating data. The fifth apparatus 14', based on the
future demand information, detects whether current resource distribution of the multiple clusters
meets the future demand information or not. If the current resource distribution does not meet
the future demand information, the third apparatus 13' is used for determining business
distribution information in the multiple clusters based on the future demand information. If the
current resource distribution does not meet the future demand information, the first unit 131' is
used for determining a business unit to be adjusted in the multiple clusters. The second unit
132" is used for determining a corresponding destination cluster of the adjusted business unit
among the multiple clusters. Herein, the first apparatus 11' and the second apparatus 12' are
correspondingly the same, or basically the same, as the first apparatus 11 and the second
apparatus 12 shown in Fig. 1, thus their descriptions are not repeated herein and are incorporated
herein by reference.

[0045] In the preferred embodiment, the cluster configuration information includes
business distribution information of the multiple clusters, where the fifth apparatus 14', based on
the future demand information, detects whether current resource distribution of the multiple
clusters satisfies the future demand information or not. Specifically, the future demand

10
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information includes, in a future time period, prescribed demand information indicating that data
processing tasks of the multiple clusters in several dimensions occupy various kinds of resources
of the clusters. And, the current resource distribution may include various kinds of current
resource quota related information of the multiple clusters arranged in several dimensions, for
example, storage, computing, bandwidth, and other resource quota information.

[0046] Herein, on the basis of the current resource distribution, it is evaluated whether or
not storage, computing and bandwidth resources of respective dimensions satisfy the future
demand information. That is, a prediction is generated regarding usage or occupation of
resources of the respective dimensions for a future time period. In order to ensure that data
processing tasks of the whole cluster can be carried out smoothly, it is generally required that the
current resource distribution of the multiple clusters should satisfy the future demand
information. In other words, it is required that the resource quota of respective dimensions
should be relatively in surplus. If, through the detection operation, the current resource
distribution of the multiple clusters meets the future demand information, it may be considered
by default that current resource distribution and business configuration of the multiple clusters
are relatively reasonable and therefore respective data processing tasks can be carried out
smoothly. Upon such determination, preferably, it would not be necessary to alter the current
business distribution situation. However, if the current resource distribution does not meet the
future demand information, the third apparatus 13' will determine business distribution
information in the multiple clusters based on the future demand information. Herein, the
determination of the business distribution information in the multiple clusters includes
re-deploying specific businesses inside respective clusters again. For example, the business
units and even specific data items can be laid out again. For example, the layout of business units
in a cluster can be adjusted, and business units not appropriate for the cluster may be timely
called out into other clusters.

[0047] Herein, preferably, the third apparatus 13' includes a first unit 131" and a second unit
132'. Specifically, when the current business distribution does not meet the future demand
information, the first unit 131" will determine a business unit to be adjusted in the multiple
clusters. In the embodiments of the present invention, a certain data dependence relationship may
exist between respective data objects of the respective dimensions, for example, between data
items, between business units and between clusters. By taking the data dependence relationship
between the data items as an example, a certain data processing task can read a certain data item
A, after processing, a data item B is output, and at this point, the data item B is obtained by
processing the data item A. That is, the data item B depends on the data item A; the

11
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dependence relationship is the data dependence relationship between the data items in the present
invention. In addition, in actual applications, the data items may be further partitioned into
respective data items, for example, the data items are partitioned according to dates, for example,
the data item A is partitioned into A1, A2, A3, ... , and at this point, the data item B depends on
respective specific partitions of A.

[0048] Further, the data dependence relationship between the two business units (or
clusters) includes an indication or measure of how many data items in one business unit depend
on data items in another business unit (or cluster). Herein, when the data dependence relationship
between respective business units in one cluster is close, for example, access to data of a certain
business unit in the cluster is mostly completed inside the cluster, the proportion of cross-cluster
resource access will generally be correspondingly less. In such case, data transmission inside
the cluster will be more efficient and save more resources than performing cross-cluster data
access. On the other hand, if the data dependence relationship between respective business units
in one cluster is loose, data transmission and exchange corresponding to the business units in the
cluster will occupy more resources, and regarding this, further optimization will be possible.
Therefore, herein, if the current resource distribution does not meet the future demand
information, it is feasible to, through comparison, determine a business unit from the
corresponding cluster which is in a loose data dependence relationship with other business units.
This business unit is then selected as the business unit to be adjusted, and through calling out
(removing) the loose adjusted business unit, it is possible to advantageously optimize resource
distribution of the corresponding cluster. Then, a suitable cluster is sought for the adjusted
business unit through the second unit 132", for example, another cluster can be selected that is in
a much closer data dependence relationship therewith, to serve as a destination cluster
corresponding to the adjustment.

[0049] More preferably, the first unit 131' is used for respectively computing the sum of
first data dependency values between each business unit and other respective business units in
the same cluster based on future demand information of respective business units in the multiple
clusters. The first unit 131" is also used for determining a business unit of which the sum of
first data dependency values is minimum as being the business unit to be adjusted in the
corresponding cluster.

[0050] Specifically, herein, the determination manner of the first data dependency values
preferably examines the size of a depended data item as a quantification basis. For example, if
a data item D1 depends on a data item C1, then the size of the corresponding data dependency
value is the size V1 of the data item C1. Then, if the certain cluster has a business unit 1 and a
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business unit 2, if the data item D1 in the business unit 1 depends on the data item C1 in the
business unit 2, there is one data dependency value V1. Correspondingly, if a data item D2 in the
business unit 1 depends on a data item C2 in the business unit 2, there is one data dependency
value V2. Correspondingly, ...if a data item Dn in the business unit 1 depends on a data item Cn
in the business unit 2, there is one data dependency value Vn. Correspondingly, according to
this rule, the first data dependency value of the business unit 1 depending on the business unit 2
is V1+V2+...Vn, and the rest can be done in the same manner. Respective first data dependency
values between the business unit 1 and other respective business units inside the corresponding
cluster are added, and then the sum of the first data dependency values can be obtained. Then,
upon comparison, a business unit of which the sum of first data dependency values is the
smallest is in the most loose data dependence relationship with other respective business units in
the cluster. This indicates that, in terms of the advantage of convenient inter-cluster access, the
business unit benefits least, and at this point, preferably, the business unit is determined (or
selected) as being the business unit to be adjusted in the corresponding cluster.

[0051] In the solution, each cluster, of the multiple clusters, in which the current resource
distribution does not meet the future demand information may correspond to one or more
business units to be adjusted respectively.

[0052] Herein, those skilled in the art should understand that the first data dependency
values and the preferred determination manner of the first data dependency values, as described
above, are exemplary. It is appreciated that embodiments of the present invention may include
other well known data information, or other determination manners of the first data dependency
values.

[0053] Preferably, the second unit 132' is used for computing the sum of second data
dependency values between the business unit to be adjusted in the multiple clusters and
respective business units on each candidate destination cluster. The second unit 132' is used for
sorting several candidate destination clusters according to the sum of the second data
dependency values in a descending order, e.g., from big to small. Based on the order of the
sorting, the second unit 132' selects a destination cluster that first meets future demand
information of the business unit to be adjusted as being the corresponding destination cluster of
the business unit to be adjusted.

[0054] Specifically, a call-in destination cluster is selected for the business unit to be
adjusted in the corresponding cluster, herein, preferably, based on the sum of the second data
dependency values. An optimal destination cluster may be selected for the adjusted business
unit. Herein, the determination method of the sum of the second data dependency values may be
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similar to that of the sum of the first data dependency values, thus is not repeated herein and is
incorporated herein by reference. At this point, the summation is carried out respectively on
second data dependency values between the business unit to be adjusted and respective business
units on each candidate cluster. For example, through computing, the sum of second data
dependency values between the business unit 3 to be adjusted and respective business units on a
candidate destination cluster L1 is obtained as W1. The sum of second data dependency values
between the business unit 3 to be adjusted and respective business units on a candidate
destination cluster L2 is obtained as W2. This is repeated for all business units. The sum of
second data dependency values between the business unit 3 to be adjusted and respective
business units on a candidate destination cluster, Zm, is obtained as Wm.

[0055] Then, each sum of second data dependency values is sorted from in a descending
order, e.g., big to small. Herein, suppose that the order from big to small is W1, W2, ... Wn.
The greater the second data dependency value of the candidate destination cluster is, the more
closely the candidate business unit is related to respective business units therein and the closer
the corresponding data dependence relationship is. Further, the current business distribution
situation of the candidate destination cluster is detected based on the order of the sorting. For
example, whether corresponding quota of various kinds of resources, corresponding deployment
of data items and so on can meet future demand information of the adjusted business unit. Or, if
when the business unit to be adjusted is added to the candidate destination cluster, resource
distribution of the candidate destination cluster cannot meet the future demand information of the
business unit to be adjusted, or cannot meet future demand information of the whole candidate
destination cluster after adjustment. At this point, even though the candidate business unit and
the candidate destination cluster are in a closer data dependence relationship, it can stil be judged
that the candidate destination cluster is not suitable for finally serving as the destination cluster.
Based on the above judgment method, according to the sort order, it is feasible to determine an
optimal candidate destination cluster that is in a closest relationship with the business unit to be
adjusted and can simultaneously meet the future demand information of the business unit to be
adjusted as the destination cluster.

[0056] Preferably, if the current resource distribution does not meet the future demand
information, the third apparatus 13' determines business distribution information in the multiple
clusters based on the future demand information, until the point that the business distribution
information does meet the future demand information.

[0057] Specifically, for the cluster in which the current resource distribution does not meet
the future demand information, after business distribution information in the multiple clusters is
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determined once, another evaluation will be carried out based on possible adjustment of the
determined business distribution information in the multiple clusters. If it is detected that
cluster management is performed based on the adjusted business distribution information and the
adjusted business distribution information of the multiple clusters still cannot meet the
corresponding future demand information, then this indicates that one-time adjustment of the
business distribution information, that is, one-time adjustment of the business unit, still cannot
achieve the aim of optimizing cluster resources. At this point, the business distribution
information in the multiple clusters can be determined once again, for example, a business unit in
a relatively loose data dependence relationship with other business units in the multiple clusters
is again sought for and adjusted. The rest can be done in the same manner, until a point is
reached where it is determined that the business distribution information meets the future
demand information through the evaluation, and it can be determined that a preferred result is
reached. Herein, the adjustment of the business distribution may need to go through multiple
iterative circulations to finally reach a relatively ideal optimization state.

[0058] Fig. 3 is a schematic device diagram depicting a multi-cluster management device
according to another preferred embodiment of the present invention. In this preferred
embodiment, the multi-cluster management device 1 includes a first apparatus 11", a second
apparatus 12" and a third apparatus 13". Preferably, the third apparatus 13" further includes a
fifth unit 135" and a sixth unit 136". The first apparatus 11" acquires historical operating data of
multiple clusters. The second apparatus 12" determines future demand information of the
multiple clusters based on the historical operating data. The fifth unit 135" determines
inter-cluster data access information in the multiple clusters based on the future demand
information. The sixth unit 136" determines data replication configuration information between
the multiple clusters based on the inter-cluster data access information. Herein, the first
apparatus 11" and the second apparatus 12" are correspondingly the same, or basically the same,
as the first apparatus 11 and the second apparatus 12 shown in Fig. 1, thus their descriptions are
not repeated herein anymore and are incorporated herein by reference.

[0059] In the preferred embodiment, the cluster configuration information includes data
replication configuration information between the multiple clusters, wherein the fifth unit 135"
determines inter-cluster data access information in the multiple clusters based on the future
demand information. Specifically, in the case of data access operations across clusters, if data is
directly read remotely, the access time may be greatly affected by factors such as network
bandwidth, delay and jitter, especially if two clusters are across a farther distance, then such
adverse effects are more evident. At this point, it is feasible to replicate, in advance, the data to
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be accessed across clusters with respect to the cluster that sends the access request, to thereby
increase the efficiency of cross-cluster access. The specific data replication configuration
information may be deployed corresponding to different dimensions, for example, different
ranges such as data items and business units.

[0060] The selection of specific replicated data, the selection of a specific configured
cluster and other factors may have direct influence on the final effect of the inter-cluster data
access. Based on this, preferably, the solution determines inter-cluster data access information in
the multiple clusters based on the future demand information. By noting that a configuration
object corresponding to the data replication configuration information is a data item, as an
example, the inter-cluster data access information includes the number of times the data item is
accessed, the data volume, etc., all predicted for a specific time period. Then, it is feasible to
determine data replication configuration information between the multiple clusters based on the
inter-cluster data access information. For example, a data item accessed a greater amount with an
accessed data volume that is greater will be preferably configured. Further, in combination with
inter-cluster resource restrictions, for example, bandwidth quota and so on, the specific number
of configured data items is determined, and reasonable data replication configuration information
is determined. Furthermore, in a specific application process, it is also feasible to regularly clean
some data items that will no longer be used over a long time period, to thereby optimize storage
space of replicated data. Herein, preferably, the data replication configuration information can
cause the storage space occupied by the data replicated across clusters to be as small as possible
and can also ensure that completion efficiency of the data processing task is within a reasonable
waiting time,

[0061] Preferably, in the multi-cluster management device 1, the cluster configuration
information not only includes data replication configuration information between the multiple
clusters, but also includes business distribution information in the multiple clusters. It is
appreciated that the fifth unit 135" determines inter-cluster data access information in the
multiple clusters based on the future demand information.

[0062] Specifically, based on the future demand information, it is feasible to respectively
determine business distribution information in the multiple clusters or data replication
configuration information between the multiple clusters and other cluster configuration
information. Then, based on various kinds of cluster configuration information, optimized
management can be carried out on the multiple clusters respectively. Furthermore, it is also
feasible to comprehensively consider many kinds of cluster configuration information to obtain a
more optimized superposition effect. For example, at first, business distribution information in
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the multiple clusters is determined through the future demand information. If optimized business
distribution information in the multiple clusters can be obtained based on the future demand
information (compared with determining the data replication configuration information directly
based on the business distribution information before optimization) then determining
inter-cluster data access information is performed on the basis of the optimized business
distribution information. And finally, the data replication configuration information can be
obtained which will better optimize the efficiency of data access between the multiple clusters.

[0063] Fig. 4 is a flow chart depicting an exemplary computer implemented multi-cluster
management method according to another aspect of the present invention.

[0064] In step S41, the multi-cluster management device 1 acquires historical operating
data of multiple clusters. In step S42, the multi-cluster management device 1 determines future
demand information of the multiple clusters based on the historical operating data. And in step
S43, the multi-cluster management device 1 determines cluster configuration information of the
multiple clusters based on the future demand information.

[0065] Specifically, in step S41, the multi-cluster management device 1 acquires historical
operating data of multiple clusters. As a general rule, data processing corresponding to a
relatively independent service may be completed independently by a business unit. In some
instances, processing of a complete business needs to be (based on a data dependence
relationship between respective business units in one cluster) completed through data sharing
and data exchange between multiple business units in the cluster. At this point, a data processing
task consumes data resources of the cluster, for example, storage, computing and other resources
of the cluster. In a cross-regional multi-cluster environment, more complicated business
processing is carried out, and at this point, network connectivity between the clusters will also
consume network bandwidth and other resources between the clusters.

[0066] Herein, the historical operating data includes operating data corresponding to
various data processing tasks completed in the multiple clusters within a period of time. The data
unit that carries out the data processing tasks may include a cluster, a business unit, a data item,
and a data item partition, and other different dimensions. In the embodiments of the present
invention, the data item includes a storage set of data, for example, a table in a database system.
The data item partition includes dividing the data item in accordance with a certain rule, with the
purpose of facilitating fragmentation processing on the data, thereby reducing the data
processing volume. In the business unit, a variety of data is layered in accordance with a certain
paradigm, and the respective business units can carry out data access based on data items in
specific levels.
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[0067] Corresponding thereto, the historical operating data includes, but is not limited to: 1)
metadata of the business unit, the data item and the data item partition; 2) the storage occupancy
of the business unit, the data item and the data item partition; 3) a running log of a data
processing task; 4) an inter-cluster network bandwidth usage amount; 5) storage and computing
quota data of the clusters and the business unit; 6) inter-cluster available bandwidth quota data,
etc. In embodiments of present invention, the metadata includes attributes, features and other
basic descriptive data of the business unit, the data item and the data item partition. Information
that the running log of the data processing task mainly includes is a business unit corresponding
to the data processing task, task start and end time, input and output data items and
corresponding data item partition, input and output data volume, occupied computing unit etc.
And through the running log, computing occupancy of the business unit, the data item, and the
data item partition can be determined. The various kinds of quota data, for example, quota data
corresponding to the aforementioned storage, computing, bandwidth, etc., may remain
unchanged over a period of time, and/or may also be varied and adjusted based on actual needs.
For the historical operating data, especially data information with a higher varying frequency (for
example, the storage occupancy of the business unit, the data item and the data item partition, the
inter-cluster network bandwidth usage amount, the running log of the data processing task and so
on) data sampling may be periodically carried out.

[0068] Herein, the historical operating data of the multiple clusters may be acquired
indirectly through a third-party storage device or database system. Preferably, it is also feasible
to directly collect the historical operating data based on a certain data processing platform. In the
present invention, the data processing platform includes a computer system platform that uses
distributed storage, distributed computing and other technologies to provide large-scale data
processing. For example, each module in the data processing platform includes a running log
collecting function, and a unified log management system which gathers logs together for unified
storage. For another example, the data processing platform gathers and stores the metadata in a
manner of timed snapshots.

[0069] Next, in step S42, the multi-cluster management device 1 determines future demand
information of the multiple clusters based on the historical operating data.

[0070] Specifically, based on the existing historical operating data acquired, by analyzing
data processing situations inside each cluster and between the clusters in the multiple clusters, it
is feasible to determine actual occupation situations of various kinds of resources corresponding
to each data item, each business unit and even each cluster of the multiple clusters. Based on
the obtained actual resource occupation information, it is also feasible to further determine
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mutual data call situations and mutual independence relationships between the data items,
between the business units and even between the clusters. Based on growth prediction conducted
on the historical operating data, it is feasible to predict resource demand information of the
multiple clusters for a future time period. Herein, preferably, the future demand information acts
as a basis for subsequently determining cluster configuration information of the multiple clusters,
to perform optimal management of the multiple clusters.

[0071] Preferably, in step S42, the multi-cluster management method includes substep
S421 (not shown) and substep S422 (not shown). In substep S421, the multi-cluster management
device 1 performs data processing on the historical operating data; and in substep S422, the
multi-cluster management device 1 determines future demand information of the multiple
clusters based on results of the data processing.

[0072] Specifically, in substep S421 (not shown), the multi-cluster management device 1
performs data processing on the historical operating data. For example, it is feasible to process
the acquired historical operating data through conversion, combination, connection and other
methods. Herein, by selecting processing of computing resources occupied by the data
processing task as an example, if occupation situations of computing resources on each cluster of
the multiple clusters are to be computed, t minutes may be taken as a sampling cycle. The
occupation situations of computing resources in each cluster are obtained by generating statistics
on the sum total of computing units occupied by all the data processing tasks in each cluster of
the multiple clusters at each sampling time in one day, for instance. At this point, the
conversion includes: dividing the one day into 1440/t sampling points and traversing the
acquired data processing tasks. If a certain data processing task covers the sampling point at a
certain time, then the data processing task is added to a data processing task set corresponding to
the sampling point at the time. The connection method includes: by selecting the business unit as
a condition, if the data processing task makes a data connection with a business unit, then the
data processing task runs in a cluster corresponding to the business unit. The combination
method includes: at each sampling time, accumulating computing units occupied by various data
processing tasks running in the same cluster, to obtain computing resource occupancy of the
cluster at each sampling time.

[0073] Herein, for different types of historical operating data, corresponding processing
methods may vary, and even if for the same type of historical operating data, it is also feasible to
process data in different manners according to various needs.

[0074] Herein, those skilled in the art should understand that the processing through
conversion, combination, connection and other methods are exemplary and other well known
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methods of processing the historical operating data may be used by embodiments of the present
invention.

[0075] Next, in substep S422 (not shown), the multi-cluster management device 1
determines future demand information of the multiple clusters based on a result of the data
processing. Herein, the result of the data processing includes resource index data having multiple
dimensions, and in the solution, the multiple dimensions include a data item, a business unit, a
cluster or time and other dimensions, wherein the time dimension is orthogonal to the data item,
business unit, cluster and other dimensions. The resource index data includes storage resource
occupancy, computing resource occupancy, mutual data dependency, inter-cluster replicated data
volume, inter-cluster directly-accessed data volume, etc. Herein, each dimension may correspond
to several resource index data respectively, wherein each dimension may use the same resource
index data, for example, all generate statistics on the storage resource occupancy, the computing
resource occupancy and the mutual data dependency.

[0076] In addition, the type of the resource index data corresponding to each dimension
may also be different from each other, especially some types of resource index data can only be
taken into account in a particular dimension, for example, inter-cluster replicated data volume,
inter-cluster directly-accessed data volume, etc. Herein, the result of the data processing further
includes cluster resource quota index data, for example, inter-cluster data access weight, based
on inter-cluster available bandwidth quota data, where the weight is set for data access between
the clusters. For example, the greater the available bandwidth between two clusters is, the greater
is the corresponding data access weight. At this point, data information acquired based on the
historical operating data (for example, the storage and computing quota data of the cluster and
the business unit, and the inter-cluster available bandwidth quota data) is processed into
corresponding cluster resource quota index data through certain processing. Then the data
information acquired can embody restrictions and differences of various resources inside the
existing clusters and between multiple clusters, and provide a basis for subsequent operations.
Herein, it further performs prediction on future resource usage situations of the multiple clusters
based on the result of the data processing.

[0077] Herein, those skilled in the art should understand that the index data in the multiple
dimensions and the cluster resource quota index data, described above, are exemplary. The
embodiments of the present invention may include other well known data processing results.

[0078] More preferably, the determining future demand information of the multiple clusters
based on a result of the data processing includes: obtaining resource index data corresponding to
the multiple clusters through the data processing; and based on the resource index data,
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determining future demand information of the multiple clusters through index prediction.

[0079] Specifically, herein, preferably, future demand information of the multiple clusters
is determined through index prediction. By processing the historical operating data, it is feasible
to obtain the resource index data having multiple dimensions, and based on the specific resource
index data, it is feasible to predict resource demands in different dimensions within a future time
period. For example, the following can be performed: predicting storage resource occupancy of
a certain cluster within one month in the future; and computing resource occupancy in each time
interval for each day, etc. A specific index prediction method includes at first, setting up a certain
data computing model based on the resource index data obtained after processing and in
combination with a certain data mining method. Herein, the data mining method may include,
but is not limited to, linear regression processes, seasonal regression prediction processes based
on time series and other methods. The method further includes obtaining future demand
information corresponding to the corresponding resource index based on the data computing
model in combination with a corresponding parameter value. Herein, by selecting predicting
future storage resource occupancy of a business unit as an example, and further based on the
storage resource occupation information acquired everyday by the data processing platform,
upon processing, it is feasible to obtain storage resource occupancy (for each day) in a past time
period, for example, T months. And if the number of days is taken as a variable, x, and the
storage resource occupancy is taken as a variable, y, to carry out linear regression modeling, a
y=f(x) function is obtained. Then it is feasible to predict storage resource occupancy of the
business unit after N days based on the data computing models.

[0080] Herein, those skilled in the art should understand that the determining future
demand information of the multiple clusters through index prediction based on the resource
index data is exemplary. Other well known methods for determining future demand
information of the multiple clusters may be used by embodiments of the present invention.

[0081] Next, in step S43, the multi-cluster management device 1 determines cluster
configuration information of the multiple clusters based on the future demand information. The
cluster configuration information includes business distribution information in the multiple
clusters or data replication configuration information between the multiple clusters. Herein, the
business distribution information in the multiple clusters includes deployment information of
various business units and data items in each cluster. The business distribution information in
the multiple clusters further includes setting information of various cluster resources. Herein, it is
feasible to arrange the business distribution information in the multiple clusters based on the
future demand information, which, generally, is aimed at satisfying future demands of the
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multiple clusters for resources in accordance with the determined business distribution
information. In addition, in the case of data access across clusters, if data is directly read
remotely, it is possible that the data access can be greatly affected by factors such as network
bandwidth, delay and jitter, especially if two clusters are across a farther distance. Therefore,
preferably, by opportunistically replicating the data to be accessed across clusters in advance of
the cluster that sends an access request, herein, based on the future demand information, it is
feasible to predetermine what data needs to be backed up and how the data is backed up. This
allows a determination of a more reasonable data replication configuration information for a
multi-clusterware.

[0082] Herein, the cluster configuration information may only include any one of the
multiple kinds of cluster configuration information, and may also include multiple ones of the
multiple kinds of cluster configuration information at the same time. Further, preferably, in the
subsequent multi-cluster management, it is feasible to perform corresponding management in
combination with multiple kinds of cluster configuration information at the same time. For
example, business distribution information of the multiple clusters is determined based on the
future demand information, and then data replication configuration information between the
multiple clusters is further determined based on the future demand information and in
combination with the business distribution information of the multiple clusters.

[0083] Herein, the embodiments of the present invention obtain future demand information
of the multiple clusters by processing and analyzing acquired historical operating data of
multiple clusters, and determine cluster configuration information of the multiple clusters based
on the future demand information. Based on the cluster configuration information, embodiments
can, in a cross-regional multi-cluster and large-scale data processing environment, realize
reasonable distribution and configuration of multi-cluster resources, can achieve balancing and
optimization of global resources, and can also, in the case that resource conditions between the
clusters permit, efficiently realize cross-cluster data access to a robust extent.

[0084] Preferably, the multi-cluster management method further includes step S44 (not
shown), wherein, in step S44, the multi-cluster management device 1 manages the multiple
clusters according to the cluster configuration information.

[0085] Specifically, it is feasible to correspondingly manage the multiple clusters based on
the determined cluster configuration information of the multiple clusters. For example, based on
the determined new business distribution information in the multiple clusters, business
distribution in the multiple clusters is adjusted. As another example, based on the data replication
configuration information between the multiple clusters, data to be accessed is backed up in
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advance for future possible cross-cluster data access. Herein, preferably, by calling
corresponding interfaces on the data processing platform to output the determined various kinds
of cluster configuration information (for example, business distribution information in the
multiple clusters, data replication configuration information between the multiple clusters and so
on, resources, business distribution, cross-cluster data replication configuration and the like) on
the multiple clusters are adjusted.

[0086] Preferably, the cluster configuration information includes at least one of the
following: business distribution information in the multiple clusters; and data replication
configuration information between the multiple clusters.

[0087] Specifically, the business distribution information in the multiple clusters includes
deployment information of various business units and data items in each cluster. For example,
included are information as to which business units belong to which clusters, a certain business
unit includes which specific data items, etc. The business distribution information in the
multiple clusters further includes setting information of various cluster resources, for example,
quota information of storage, computing and other resources of respective clusters and business
units, or bandwidth quota information between respective cluster, etc. The data replication
configuration information between the multiple clusters is actually backing up, in advance, the
data information to be accessed by other clusters to a cluster that sends an access request. In the
case of data access across clusters, if data is directly read remotely, it is possible that the access is
greatly affected by factors such as network bandwidth, delay and jitter, especially if two clusters
are across a farther distance. Preferably, data to be accessed across clusters is replicated in
advance of the cluster that sends an access request to avoid such adverse effects.

[0088] Fig. 5 is a flow chart depicting a multi-cluster management method according to
one preferred embodiment of the present invention. In the preferred embodiment, the
multi-cluster management method includes step S41', step S42', step S44' and step S43"
Preferably, step S43' further includes substep S431' and substep S432'. In step S41', the
multi-cluster management device 1 acquires historical operating data of multiple clusters. In step
S42' the multi-cluster management device 1 determines future demand information of the
multiple clusters based on the historical operating data. In step S44', the multi-cluster
management device 1, based on the future demand information, detects whether current resource
distribution of the multiple clusters meets the future demand information or not. And in step S43',
if the current resource distribution does not meet the future demand information, the
multi-cluster management device 1 is used for determining business distribution information in
the multiple clusters based on the future demand information. In substep S431', if the current

23



WO 2016/161296 PCT/US2016/025574

resource distribution does not meet the future demand information, the multi-cluster
management device 1 is used for determining a business unit to be adjusted in the multiple
clusters. In substep S432', the multi-cluster management device 1 is used for determining a
corresponding destination cluster of the business unit to be adjusted in the multiple clusters.
Herein, step S41' and step S42' are correspondingly the same, or basically the same, as step S41
and step S42 shown in Fig. 4, thus their descriptions are not repeated herein.

[0089] In the preferred embodiment, the cluster configuration information includes
business distribution information in the multiple clusters, wherein, in step S44', the multi-cluster
management device 1, based on the future demand information, detects whether current resource
distribution of the multiple clusters meets the future demand information or not. Specifically, the
future demand information includes, in a future period of time, demand information indicating
that data processing tasks of the multiple clusters in several dimensions occupy various kinds of
resources of the clusters. And the current resource distribution may include various kinds of
current resource quota related information of the multiple clusters in several dimensions, for
example, the storage, computing, bandwidth and other resource quota information.

[0090] Herein, on the basis of the current resource distribution, it is evaluated whether
storage, computing and bandwidth resources of respective dimensions meet the future demand
information or not. That is, a prediction is made of usage or occupation of resources of
respective dimensions with respect to a future period of time. In order to ensure that data
processing tasks of the whole cluster can be carried out smoothly, it is generally required that the
current resource distribution of the multiple clusters should meet the future demand information,
that is, it is required that resource quota of respective dimensions should be relatively in surplus.
If, through the detection operation, the current resource distribution of the multiple clusters
meets the future demand information, it may be considered by default that current resource
distribution and business configuration of the multiple clusters are relatively reasonable and
respective data processing tasks can be carried out smoothly. And at this point, preferably, it is
not necessary to alter the current business distribution situation. However, if the current resource
distribution does not meet the future demand information, in step S43', the multi-cluster
management device 1 will determine business distribution information in the multiple clusters
based on the future demand information. Herein, determination of the business distribution
information in the multiple clusters includes re-deploying specific businesses inside respective
clusters again, for example, the business units and even specific data items are laid out again.
For example, the layout of business units in a cluster is adjusted, and business units not
appropriate for the cluster are timely called out into other clusters.
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[0091] Herein, preferably, step S43' further includes substep S431' and substep S432'.
Specifically, in substep S431', when the current business distribution does not meet the future
demand information, the multi-cluster management device 1 will determine a business unit to be
adjusted in the multiple clusters. In the present invention, a certain data dependence relationship
exists between respective data objects of the respective dimensions, for example, between data
items, between business units and between clusters. By taking the data dependence relationship
between the data items as an example, a certain data processing task reads a certain data item A,
after processing, a data item B is output, and at this point, the data item B is obtained by
processing the data item A, that is, the data item B depends on the data item A. The dependence
relationship is the data dependence relationship between the data items in the present invention.

[0092] In addition, in actual applications, the data items may be further partitioned into
respective data items, for example, the data items are partitioned according to dates, for example,
the data item A is partitioned into A1, A2, A3, ... , and at this point, the data item B depends on
respective specific partitions of A. Further, the data dependence relationship between the two
business units (or clusters) is a measure of how many data items in one business unit depend on
data items in another business unit (or cluster). Herein, when the data dependence relationship
between respective business units in one cluster is close, for example, access to data of a certain
business unit in the cluster is mostly completed inside the cluster, the proportion of cross-cluster
resource access will generally be correspondingly less. In this case, data transmission inside
the cluster will be more efficient and save more resources than the cross-cluster data access. On
the other hand, if the data dependence relationship between respective business units in one
cluster is loose, data transmission and exchange corresponding to the business units in the cluster
will occupy more resources, and regarding this, further optimization will be possible. Therefore,
herein, if the current resource distribution does not meet the future demand information, it is
feasible to, through comparison, determine a business unit from the corresponding cluster which
is in a loose data dependence relationship with other business units as being the business unit to
be adjusted. Through calling out the loose business unit to be adjusted, it is possible to
optimize resource distribution of the corresponding cluster. Then, in substep S432', a suitable
cluster is sought for the business unit to be adjusted, for example, another cluster in a much
closer data dependence relationship therewith, to serve as a destination cluster corresponding to
the adjustment.

[0093] More preferably, in substep S431', based on future demand information of
respective business units in the multiple clusters, the sum of first data dependency values
between each business unit and other respective business units in the same cluster is respectively
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computed. And a business unit of which the sum of first data dependency values is the smallest is
determined as the business unit to be adjusted in the corresponding cluster.

[0094] Specifically, herein, the determination manner of the first data dependency values
preferably takes the size of a depended data item as a quantification basis. For example, a data
item D1 depends on a data item C1, then the size of the corresponding data dependency value is
the size V1 of the data item C1. Then, if the certain cluster has a business unit 1 and a business
unit 2, if the data item D1 in the business unit 1 depends on the data item C1 in the business unit
2, there is one data dependency value V1. Correspondingly, if a data item D2 in the business unit
1 depends on a data item C2 in the business unit 2, there is one data dependency value V2.
Correspondingly, and so forth, if a data item Dn in the business unit 1 depends on a data item Cn
in the business unit 2, there is one data dependency value Vn. Correspondingly, according to
this rule, the first data dependency value of the business unit 1 depending on the business unit 2
is VI+V2+...Vn, and the rest can be done in the same manner. Respective first data
dependency values between the business unit 1 and other respective business units inside the
corresponding cluster are added, and then the sum of the first data dependency values is obtained.
Then, upon comparison, a business unit of which the sum of first data dependency values is
minimum is in the most loose data dependence relationship with other respective business units
in the cluster, indicating that, in terms of the advantage of convenient inter-cluster access, the
business unit benefits least. And at this point, preferably, the business unit is determined as the
business unit to be adjusted in the corresponding cluster.

[0095] In the solution, each cluster, of the multiple clusters, in which the current resource
distribution does not meet the future demand information may correspond to one or more
business units to be adjusted respectively.

[0096] Herein, those skilled in the art should understand that the first data dependency
values and the preferred determination manner of the first data dependency values are exemplary.
Embodiments include other well known data information, or determination manner
corresponding to the other data information, or other well known determination manners of the
first data dependency values.

[0097] More preferably, in substep S432', the sum of second data dependency values
between the business unit to be adjusted in the multiple clusters and respective business units on
each candidate destination cluster is computed. Several candidate destination clusters are sorted
according to the sum of the second data dependency values and ordered in descending fashion,
e.g., from big to small. Based on the order of the sorting, a destination cluster that first meets
future demand information of the business unit to be adjusted is selected as the corresponding
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destination cluster of the business unit to be adjusted.

[0098] Specifically, a call-in destination cluster is selected for the business unit to be
adjusted in the corresponding cluster. Herein, preferably, based on the sum of the second data
dependency values, an optimal destination cluster is selected for the business unit to be adjusted
in the multiple clusters. Herein, the determination manner of the sum of the second data
dependency values may be similar to that of the sum of the first data dependency values, thus is
not repeated herein and is incorporated herein by reference. At this point, summation is carried
out respectively on second data dependency values between the business unit to be adjusted and
respective business units on each candidate cluster. For example, is this done through computing,
the sum of second data dependency values between the business unit 3 to be adjusted and
respective business units on a candidate destination cluster L1 is obtained as W1. Next, the sum
of second data dependency values between the business unit 3 to be adjusted and respective
business units on a candidate destination cluster L2 is obtained as W2, and so forth. The sum of
second data dependency values between the business unit 3 to be adjusted and respective
business units on a candidate destination cluster Zm is obtained as Wm. And then each sum of
second data dependency values is sorted from in a descending order, e.g., from big to small.

[0099] Herein, suppose that the order from big to small is W1, W2, ... Wn. The greater the
second data dependency value of the candidate destination cluster is, the more closely the
candidate business unit is related to respective business units therein. Therefore, the closer the
corresponding data dependence relationship is. Further, the current business distribution situation
of the candidate destination cluster is detected based on the order of the sorting. For example, it
is determined whether corresponding quota of various kinds of resources, corresponding
deployment of data items and so on can meet future demand information of the business unit to
be adjusted. If when the business unit to be adjusted is added to the candidate destination cluster,
it is determined that resource distribution of the candidate destination cluster cannot meet the
future demand information of the business unit to be adjusted, or cannot meet future demand
information of the whole candidate destination cluster after adjustment, then at this point, even
though the candidate business unit and the candidate destination cluster are in a closer data
dependence relationship, it is still judged that the candidate destination cluster is not suitable for
finally serving as the destination cluster. Based on the above judgment method, according to the
sort order, it is feasible to determine an optimal candidate destination cluster that is in a closest
relationship with the business unit to be adjusted and can simultaneously meet the future demand
information of the business unit to be adjusted as the destination cluster.

[00100] Preferably, in step S43', if the current resource distribution does not meet the future
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demand information, the multi-cluster management device 1 determines business distribution
information in the multiple clusters based on the future demand information, until a point is
reached at which the business distribution information meets the future demand information.

[00101] Specifically, for the cluster in which the current resource distribution does not meet
the future demand information, after business distribution information in the multiple clusters is
determined once, another evaluation will be carried out based on possible adjustment of the
determined business distribution information in the multiple clusters. If it is detected that
cluster management is performed based on the adjusted business distribution information and the
adjusted business distribution information of the multiple clusters still cannot meet the
corresponding future demand information, then this indicates that one-time adjustment of the
business distribution information, that is, one-time adjustment of the business unit, still cannot
achieve the aim of optimizing cluster resources. At this point, the business distribution
information in the multiple clusters can be determined once again, for example, a business unit in
a relatively loose data dependence relationship with other business units in the multiple clusters
is again sought for and adjusted. The rest can be done in the same manner, until it is determined
that the business distribution information meets the future demand information through the
evaluation. At this point, it can be determined that a preferred result is reached. Herein, the
adjustment of the business distribution may need to go through multiple iterative calculations to
finally reach a relatively ideal optimization state.

[00102] Fig. 6 is a flow chart depicting a multi-cluster management method according to
another preferred embodiment of the present invention. In another preferred embodiment, the
multi-cluster management method includes step S41", step S42" and step S43". Preferably, step
S43" further includes substep S435" and substep S436". In step S41", the multi-cluster
management device 1 acquires historical operating data of multiple clusters. In step S42", the
multi-cluster management device 1 determines future demand information of the multiple
clusters based on the historical operating data. In substep S435", the multi-cluster management
device 1 determines inter-cluster data access information in the multiple clusters based on the
future demand information. And, in substep S436", the multi-cluster management device 1
determines data replication configuration information between the multiple clusters based on the
inter-cluster data access information. Herein, step S41" and step S42" are correspondingly the
same or basically the same as step S41 and step S42 shown in Fig. 4, thus their descriptions are
not repeated herein.

[00103] In the preferred embodiment, the cluster configuration information includes data
replication configuration information between the multiple clusters. In substep S435", the
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multi-cluster management device 1 determines inter-cluster data access information in the
multiple clusters based on the future demand information. Specifically, in the case of data
access across clusters, if data is directly read remotely, it is possible for the access to be greatly
affected by factors such as network bandwidth, delay and jitter, especially if two clusters are
across a farther distance. At this point, it is feasible to replicate, in advance, the data to be
accessed across clusters with respect to the cluster that sends an access request.  This increases
the efficiency of cross-cluster data access. The specific data replication configuration
information may be deployed corresponding to different dimensions, for example, different
ranges such as data items and business units. The selection of specific replicated data, the
selection of a specific configured cluster and other factors may have direct influence on the final
effect of the inter-cluster data access.

[00104] Based on this, preferably, the solution determines inter-cluster data access
information in the multiple clusters based on the future demand information. By noting that a
configuration object corresponding to the data replication configuration information is a data
item as an example, the inter-cluster data access information includes the number of times the
data item is accessed, the data volume, and so on, predicted within a period of time. Then, in
substep S436", the multi-cluster management device 1 can determine data replication
configuration information between the multiple clusters based on the inter-cluster data access
information. For example, the data item accessed a greater number of times, with greater data
volume, will be preferably configured. Further, in combination with inter-cluster resource
restrictions, for example, bandwidth quota and so on, the specific number of configured data
items is determined, and reasonable data replication configuration information is determined.
Furthermore, in a specific application process, it is also feasible to regularly clean some data
items that will no longer be used for a long time, to optimize storage space of replicated data.
Herein, preferably, the data replication configuration information can cause the storage space
occupied by the data replicated across clusters to be as small as possible and can also ensure that
completion efficiency of the data processing task is within a reasonable wait time.

[00105] Preferably, in the multi-cluster management device method, the cluster
configuration information not only includes data replication configuration information between
the multiple clusters, but also includes business distribution information in the multiple clusters.
In substep S435", the multi-cluster management device 1 determines inter-cluster data access
information in the multiple clusters based on the future demand information.

[00106] Specifically, based on the future demand information, it is feasible to respectively
determine business distribution information in the multiple clusters or data replication
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configuration information between the multiple clusters and other cluster configuration
information. Then, based on various kinds of cluster configuration information, optimized
management can be carried out on the multiple clusters, respectively. Furthermore, it is also
feasible to comprehensively consider many kinds of cluster configuration information, to obtain
a more optimized superposition effect. For example, at first, business distribution information in
the multiple clusters is determined through the future demand information. If optimized business
distribution information in the multiple clusters can be obtained based on the future demand
information (compared with determining the data replication configuration information directly
based on the business distribution information before optimization) then determining
inter-cluster data access information on the basis of the optimized business distribution
information. Finally, obtaining the data replication configuration information will more optimize
the efficiency of data accesses between the multiple clusters.

[00107] For those skilled in the art, it is apparent that the present invention is not limited to
the details of the above exemplary embodiments, and without departing from the spirit or basic
features of the present invention, the present invention can be implemented in other specific
forms. Therefore, the embodiments should be regarded as exemplary and limitative from every
point of view, and the scope of the present invention is defined by the appended claims instead of
the above description, and thus it is intended to include all changes falling within the meaning
and range of equivalent elements of the claims into the present invention. It is improper to regard
any reference sign in the claims as a limitation to the claim involved. In addition, apparently, the
wording "include" does not exclude other units or steps, and the singular form does not exclude
the plural form. Multiple units or apparatuses stated in the apparatus claims may also be
implemented by one unit or apparatus through software or hardware. Words such as first and

second are used to represent names, but do not indicate any specific order.
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What is Claimed is:

1. A method of multi-cluster management, the method comprising:

acquiring historical operating data of multiple clusters of a multi-cluster system;

determining future demand information of the multiple clusters based on the historical

5  operating data; and

determining cluster configuration information of the multiple clusters based on the future

demand information.

2. The method of Claim 1, further comprising:

managing the multiple clusters based on the cluster configuration information.

10 3. The method of Claim 2, wherein the cluster configuration information comprises one of

the following:

business distribution information in the multiple clusters; and

data replication configuration information between the multiple clusters.

4. The method of Claim 3, wherein the cluster configuration information comprises business

15 distribution information in the multiple clusters, and further comprising:

based on the future demand information, detecting whether a current resource distribution

of the multiple clusters satisfies the future demand information;

and further wherein the determining cluster configuration information of the multiple

clusters based on the future demand information comprises:

20 if the current resource distribution does not meet the future demand information,
determining business distribution information in the multiple clusters based on the future

demand information.

5. The method of Claim 4, wherein the determining cluster configuration information of the

multiple clusters based on the future demand information comprises:
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if the current resource distribution does not meet the future demand information,

determining a business unit to be adjusted in the multiple clusters; and

determining a corresponding destination cluster of the business unit to be adjusted in the

multiple clusters.

6. The method of Claim 5, wherein, if the current resource distribution does not meet the
future demand information, the determining a business unit to be adjusted in the multiple clusters

comprises:

based on future demand information of respective business units in the multiple clusters,
computing respective sums of first data dependency values between each business unit and other

respective business units in a same cluster; and

determining a business unit having a corresponding sum of first data dependency values that
is a minimum of said respective sums as being the business unit to be adjusted in the

corresponding cluster.

7. The method of Claim 6, wherein the determining a corresponding destination cluster of

the business unit to be adjusted in the multiple clusters comprises:

respectively computing sums of second data dependency values between the business unit
to be adjusted in the multiple clusters and respective business units for all candidate destination

clusters;

sorting several candidate destination clusters according to the sums of the second data

dependency values in an order according to size in descending order; and

based on the order of the sorting, selecting a destination cluster that first satisfies future
demand information of the business unit to be adjusted as the corresponding destination cluster

of the business unit to be adjusted.

8. The method of Claim 7, wherein the determining cluster configuration information of the

multiple clusters based on the future demand information comprises:

if the current resource distribution fails to meet the future demand information, determining

business distribution information in the multiple clusters based on the future demand information,
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until the business distribution information satisfies the future demand information.

9. The method of Claim 1, wherein the determining future demand information of the

multiple clusters based on the historical operating data comprises:

performing data processing on the historical operating data; and

determining future demand information of the multiple clusters based on a result of the data

processing.

10. The method of Claim 9, wherein the determining future demand information of the

multiple clusters based on a result of the data processing comprises:

obtaining resource index data corresponding to the multiple clusters based on the data

processing; and

based on the resource index data, determining future demand information of the multiple

clusters based on index prediction.

11. The method of Claim 3, wherein the cluster configuration information comprises data

replication configuration information between the multiple clusters, and

wherein the determining cluster configuration information of the multiple clusters based on

the future demand information comprises:

determining inter-cluster data access information in the multiple clusters based on the future

demand information; and

determining data replication configuration information between the multiple clusters based

on the inter-cluster data access information.

12. The method of Claim 11, wherein the cluster configuration information further
comprises business distribution information in the multiple clusters, and wherein the determining
inter-cluster data access information in the multiple clusters based on the future demand

information comprises:

determining inter-cluster data access information in the multiple clusters based on the future

demand information and the business distribution information.

33



10

15

20

25

WO 2016/161296 PCT/US2016/025574

13. A device for performing multi-cluster management, the device comprising:

a first apparatus configured for acquiring historical operating data of multiple clusters of a

multi-cluster system;

a second apparatus configured for determining future demand information of the multiple

clusters based on the historical operating data; and

a third apparatus configured for determining cluster configuration information of the

multiple clusters based on the future demand information.

14. The device of Claim 13, further comprising:

a fourth apparatus configured for managing the multiple clusters according to the cluster

configuration information.

15. The device of Claim 14, wherein the cluster configuration information comprises one of

the following:

business distribution information of the multiple clusters; and

data replication configuration information between the multiple clusters.

16. The device of Claim 15, wherein the cluster configuration information comprises

business distribution information of the multiple clusters, and further comprising:

a fifth apparatus configured for, based on the future demand information, detecting whether

a current resource distribution of the multiple clusters satisfies the future demand information;

and wherein further the third apparatus is configured for, if the current resource distribution
does not satisfy the future demand information, determining business distribution information in

the multiple clusters based on the future demand information.

17. The device of Claim 16, wherein the third apparatus comprises:

a first unit configured for determining a business unit to be adjusted in the multiple clusters

provided the current resource distribution does not satisfy the future demand information; and

a second unit configured for determining a corresponding destination cluster of the business
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unit to be adjusted in the multiple clusters.

18. The device of Claim 17, wherein the first unit is also configured for:

computing respective sums of first data dependency values between each business unit and
other respective business units in the same cluster, based on future demand information of

respective business units in the multiple clusters,; and

determining a business unit of which a sum of first data dependency values is minimum as

being the business unit to be adjusted in the corresponding cluster.

19. The device of Claim 17, wherein the second unit is configured for:

computing the respective sums of second data dependency values between the business unit
to be adjusted in the multiple clusters and respective business units on all candidate destination

clusters;

sorting several candidate destination clusters according to the sums of the second data

dependency values in a descending order; and

based on the order of the sorting, selecting a destination cluster that first satisfies future
demand information of the business unit to be adjusted as the corresponding destination cluster

of the business unit to be adjusted.

20. The device of Claims 13, wherein the second apparatus comprises:

a third unit configured for performing data processing on the historical operating data; and

a fourth unit configured for determining future demand information of the multiple clusters

based on aresult of the data processing.

21. A computer readable medium containing instructions therein that when executed by a

computer system, implement a method of multi-cluster management, the method comprising:

acquiring historical operating data of multiple clusters of a multi-cluster system;

determining future demand information of the multiple clusters based on the historical

operating data; and
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determining cluster configuration information of the multiple clusters based on the future

demand information.

22. The computer readable medium of Claim 21, wherein the method further comprises:

managing the multiple clusters based on the cluster configuration information.

23. The computer readable medium of Claim 22, wherein the cluster configuration

information comprises one of the following:

business distribution information in the multiple clusters; and

data replication configuration information between the multiple clusters.

24. The computer readable medium of Claim 23, wherein the cluster configuration
information comprises business distribution information in the multiple clusters, and further

comprising:

based on the future demand information, detecting whether a current resource distribution

of the multiple clusters satisfies the future demand information;

and further wherein the determining cluster configuration information of the multiple

clusters based on the future demand information comprises:

if the current resource distribution does not meet the future demand information,
determining business distribution information in the multiple clusters based on the future

demand information.

25. The computer readable medium of Claim 24, wherein the determining cluster
configuration information of the multiple clusters based on the future demand information

comprises:

if the current resource distribution does not meet the future demand information,

determining a business unit to be adjusted in the multiple clusters; and

determining a corresponding destination cluster of the business unit to be adjusted in the

multiple clusters.
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26. The computer readable medium of Claim 25, wherein, if the current resource
distribution does not meet the future demand information, the determining a business unit to be

adjusted in the multiple clusters comprises:

based on future demand information of respective business units in the multiple clusters,
computing respective sums of first data dependency values between each business unit and other

respective business units in a same cluster; and

determining a business unit having a corresponding sum of first data dependency values that
is a minimum of said respective sums as being the business unit to be adjusted in the

corresponding cluster.

27. The computer readable medium of Claim 26, wherein the determining a corresponding

destination cluster of the business unit to be adjusted in the multiple clusters comprises:

respectively computing sums of second data dependency values between the business unit
to be adjusted in the multiple clusters and respective business units for all candidate destination

clusters;

sorting several candidate destination clusters according to the sums of the second data

dependency values in an order according to size in descending order; and

based on the order of the sorting, selecting a destination cluster that first satisfies future
demand information of the business unit to be adjusted as the corresponding destination cluster

of the business unit to be adjusted.

28. The computer readable medium of Claim 27, wherein the determining cluster
configuration information of the multiple clusters based on the future demand information

comprises:

if the current resource distribution fails to meet the future demand information, determining
business distribution information in the multiple clusters based on the future demand information,

until the business distribution information satisfies the future demand information.

29. The computer readable medium of Claim 21, wherein the determining future demand

information of the multiple clusters based on the historical operating data comprises:
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performing data processing on the historical operating data; and

determining future demand information of the multiple clusters based on a result of the data

processing.

30. The computer readable medium of Claim 29, wherein the determining future demand

information of the multiple clusters based on a result of the data processing comprises:

obtaining resource index data corresponding to the multiple clusters based on the data

processing; and

based on the resource index data, determining future demand information of the multiple

clusters based on index prediction.

31. The computer readable medium of Claim 23, wherein the cluster configuration
information comprises data replication configuration information between the multiple clusters,

and

wherein the determining cluster configuration information of the multiple clusters based on

the future demand information comprises:

determining inter-cluster data access information in the multiple clusters based on the future

demand information; and

determining data replication configuration information between the multiple clusters based

on the inter-cluster data access information.

32. The computer readable medium of Claim 31, wherein the cluster configuration
information further comprises business distribution information in the multiple clusters, and
wherein the determining inter-cluster data access information in the multiple clusters based on

the future demand information comprises:

determining inter-cluster data access information in the multiple clusters based on the future

demand information and the business distribution information.

38



WO 2016/161296 PCT/US2016/025574

1/6

Fleat appapsas
13
{
Revownd
apparaing
i3
Z
Third apperaius
Multi-cluster manngement devige




WO 2016/161296

PCT/US2016/025574

2/6

Flont sppavsas

Yricisririnr s i3

.
b
Ifa

Fitthe anperany

19

Third spparatus

uktohosior managrannidasing




WO 2016/161296

PCT/US2016/025574

Fleat spparains

b B
O 5
¢
LG
$

Fifth it

Rinth unit

Third appiratus

Multi-oloster smnsgernany dovies




WO 2016/161296

i Seant

Aczbre histoocaboperdisg dxtaof

Determine Buipee domizad infdrmaticn olithe
miliple olusters hased o the hisiorieal
operating daes.

S

4
&

Deigmine cluster onfiguration information

7Y ot

of the mteftipde chuster bassd do the Reburg
demand nformation

i s,

'{‘ . 3 B!
.\,\% Fad }

-

Fig. 4

PCT/US2016/025574



WO 2016/161296

5/6
TR,

¢ .
i Btan
.

R

S

A
1 {
Adtprivg historieal oporating deda
of multiple olnaters
Wy
!f‘
Deterrine faturs domand ivforowtionof
the mudtiplechmens based on the
i ‘mimi oyt
-
3 z
Randidon i e Sosnad Bsfirnnsios, dobesd
Suhrethar ctconat vagtatnow daot the
wuitiple clusions wents e St dompnd
sty ot
K2
3‘(“'
ESAS
¥
ik Sl z‘:B ;

ERGEHI B
serie

iy ﬁw;md mhm‘.m L
el be og
sy it pedtisds olasis

B4y
% :
Doy & comronponding simination
En i of the husinves it o Be

4

usdedd T the makinde shosees

PCT/US2016/025574



WO 2016/161296

’
\
A <
§ Start ;
X
e SISV o
3 4

o
o

S4x”

ol
X i
Fased on the Ranve desnand Infoonstion,

doteot whebor cuerent resoury Mistoibaion
of fhe sitipde choste mests the Bifues

dedvasd Infiywnion oy ang

w6
2%

Dutehwing fsanchisiie i §
fermation BB aanditples)
sty fhid

N
REXGL

Poicrminge gu
fsitiasting ot weltiple whesioex
Bserd on die fntovdhustir data g
ifwiadak

T
~,

’
b Ead
X,

Fig. &

PCT/US2016/025574



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2016/025574

A.

CPC -

CLASSIFICATION OF SUBJECT MATTER

IPC(8) - GO6F 9/455; GOBF 15/16 (2016.01)
GO6F 9/4856; GO6F 9/4862; GO6F 9/4868; GOSF 9/4875; GO6F 9/5072 (2016.02)
According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) - GO6F 9/455; GO6F 15/16; GO6F 15/173 (2016.01)
CPC - GOBF 9/4856; GO6F 9/4862; GOSF 9/4868; GO6F 9/4875; GO6F 9/5072 (2016.02)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC 709/226.000; 718/104.000; 718/105.000; 718/106.000 (keyword delimited)

PatBase, Orbit, Google Patents, Google Scholar, Google
Search terms used: multi-clusters cloud demand prediction history dependencies replicate

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 8,645,529 B2 (DODDAVULA) 04 February 2014 (04.02.2014) entire document 1-5, 9-17, 20-26, 29-32
Y ;5—_8 18, 19,27,28
Y US 8,850,432 B2 (MCGRATH et al) 30 September 2014 (30.09.2014) entire document 6-8, 18, 19, 27, 28
A US 8,826,277 B2 (CHANG et al) 02 September 2014 (02.09.2014) entire document 1-32
A US 8,788,855 B2 (CONG et al) 22 July 2014 (22.07.2014) entire document 1-32
A US 7,320,088 B1 (GAWALI) 15 January 2008 (15.01.2008) entire document 1-32

D Further documents are listed in the continuation of Box C.

l—__—l See patent family annex.

the priority date claimed

Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhqauon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E" earlier application or patent but published on or after the international  “X™ document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
gl!eéiiatloreeas;ggh(sa}; ;h:c?gg(li')ca"o" date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
— pe S Sp . . considered to involve an inventive step when the document is
O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than “&”  document member of the same patent family

Date of the actual completion of the international search

06 June 2016

Date of mailing of the international search report

30JUN20%

Name and mailing address of the ISA/
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents

Authorized officer

Blaine R. Copenheaver

P.O. Box 1450, Alexandria, VA 22313-1450

. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 SP: 57

PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - wo-search-report

