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INFORMATION PROCESSING APPARATUS, CONTROL METHOD, AND PROGRAM

BACKGROUND
TECHNICAL FIELD
[0001]

The invention relates to control of allocation of computer resources.
RELATED ART
[0002]

A technology of controlling allocation of computer resources to an application has been
developed. Japanese Patent Application Publication No. 2001-195268 discloses a technology
that enables to perform settings of computer resources usable by an application in plural stages
for each application. Specifically, the maximum amount of computer resources usable by an
application has been preset for each application service level. An application starts after an
application service level is specified. Thus, computer resources of an amount corresponding to
the specified application service level are allocated to the application. Note that, in a case
where the amount of the computer resources is insufficient, the computer resources are secured

by suspending execution of an application which is running at a lower application service level.

SUMMARY
[0003]

It is possible that an application is constituted by plural types of tasks, and each task
execution entity (for example, process) executes one of different types of tasks. For example,
there is a case where three tasks of reading, processing, and writing data are executed in different
processes, respectively. As described above, in a case where a plurality of task execution
entities operates, computer resources are allocated to each of the task execution entities.
Therefore, it may not be possible to appropriately control an operation of an application only by
controlling the maximum amount of computer resources to be allocated to the application.
[0004]

Considering the above problems, the invention has been made. An object of the
invention is to provide a technology of appropriately allocating computer resources to an
application in which a plurality of task execution entities operates.

[0005]
In one embodiment, there is provided an information processing apparatus comprising

memory storing instructions and at least one processor. An application runs on the information
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processing apparatus, the application being constituted by multiple types of tasks, the application
being run by running at least one execution entity for each type of the tasks.

The at least processor is configured to execute the instructions to: acquire processing
amount information indicating an amount of tasks to be processed by each execution entity; and
determine a computer resource to be allocated to each execution entity, based on upper limit
value information and the processing amount information, the upper limit value information
indicating an upper limit value of a sum of the computer resource to be allocated to each of the
execution entities.

[0006]

In another embodiment, there is provided a control method performed by a computer.
An application runs on the computer, the application being constituted by multiple types of tasks,
the application being run by running at least one execution entity for each type of the tasks.

the method comprising: acquiring processing amount information indicating an amount
of tasks to be processed by each execution entity; and determining a computer resource to be
allocated to each execution entity, based on upper limit value information and the processing
amount information, the upper limit value information indicating an upper limit value of a sum
of the computer resource to be allocated to each of the execution entities.

[0007]

In still another embodiment, there is provided a non-transitory computer-readable
storage medium storing a program causing the steps in the control method to be performed by a
computer.

[0008]
According to the invention, a technology of appropriately allocating computer resources

to an application in which a plurality of task execution entities operates is provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

The above and other objects, advantages and features of the present invention will be
more apparent from the following description of certain preferred embodiments taken in
conjunction with the accompanying drawings, in which:

Fig. 1 is a conceptual diagram illustrating an operation of an information processing
apparatus according to Example Embodiment 1.

Fig. 2 is a diagram illustrating advantages of the information processing apparatus.

Fig. 3 is a diagram illustrating the advantages of the information processing apparatus.
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Fig. 4 is a diagram illustrating a functional configuration of the information processing
apparatus.

Fig. 5 is a diagram illustrating a configuration of a computer realizing the information
processing apparatus.

Fig. 6 is a flowchart illustrating a flow of processing performed by the information
processing apparatus in Example Embodiment 1.

Fig. 7 is a diagram illustrating task information in a table format.

DETAILED DESCRIPTION
[0010]

The invention will be now described herein with reference to illustrative embodiments.
Those skilled in the art will recognize that many alternative embodiments can be accomplished
using the teachings of the present invention and that the invention is not limited to the
embodiments illustrated for explanatory purposes.

[0011]

Hereinafter, embodiments of the invention will be described with reference to the
drawings. In all drawings, the same constituent components are denoted by the same reference
numerals, and descriptions thereof will not be repeated. In the block diagrams, each block
represents not a component in a unit of hardware, but a component in a unit of a function, except
for an exceptional case that is clearly mentioned.

[0012]

In the following descriptions, unless otherwise specified, various predetermined values

are stored in advance in a storage device which is accessible from a functional constituent unit

that uses the predetermined value.

Example Embodiment 1
Outline
[0013]

Fig. 1 is a conceptual diagram illustrating an operation of an information processing
apparatus (information processing apparatus 2000 exemplified in Fig. 2) according to Example
Embodiment 1. Here, an operation of the information processing apparatus 2000, which will be
described with reference to Fig. 1, is just an example that makes easier understand the
information processing apparatus 2000, and the operation of the information processing

apparatus 2000 is not limited thereto. Details or variations of the operation of the information
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processing apparatus 2000 will be described later.
[0014]

The information processing apparatus 2000 controls allocation of computer resources to
an application 10 that operates on the information processing apparatus 2000. Processing
performed by the application 10 is realized by plural types of tasks.

[0015]

As the processing performed by the application 10, there may be, for example, "reading
log data from a storage device, performing some processing to the log data, and then transmitting
the processed log data to a server." The log data is used for analyzing a system from a
viewpoint of cyber security, for example. In the log data, for example, information regarding
behavior of each process operating on the information processing apparatus 2000 is recorded.
For example, the information regarding the behavior of a process includes: information regarding
a subject of the behavior such as a process; an object of the behavior such as a process, file, or a
communication destination; information indicating the contents of the behavior (start or end of a
process, reading or writing of a file, a network communication, and the like).

[0016]

In this case, for example, an operation of the application 10 is realized by four types of
tasks: 1) a first task 12 of sequentially reading log data from a storage; 2) a second task 14 of
processing the read data; 3) a third task 16 of generating transmission data from the processed
data; and 4) a fourth task 18 of transmitting the transmission data to a server. Note that, it is
assumed that, in the first task 12, a portion (for example, predetermined size) of log data is read.
Therefore, a plurality of first tasks 12 is generated. In addition, the second task 14, the third
task 16, and the fourth task 18 are respectively generated as a result of processing of the first task
12, the second task 14, and the third task 16. Therefore, a plurality of second tasks 14, a
plurality of third tasks 16, and a plurality of fourth tasks 18 are also generated.

[0017]

In the information processing apparatus 2000, a task execution entity 20 that executes at
least one type of task is generated. The task execution entity 20 is a process or a thread, for
example. For example, as described above, in a case where four types of tasks are provided, at
least four task execution entities 20 are generated.

[0018]

In the example in Fig. 1, a task execution entity 20-1, a task execution entity 20-2, a task

execution entity 20-3, and a task execution entity 20-4 execute the first task 12, the second task

14, the third task 16, and the fourth task 18, respectively. What is drawn inside the task
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execution entity 20 is a task being currently executed. What is drawn next to the task execution
entity 20 is a task waiting for execution.
[0019]

Here, it is assumed that an application other than the application 10 also operates in the
information processing apparatus 2000.  As described above, if a plurality of applications
operates on a single machine, the utilization of computer resources of each application influences
the amount of computer resources that other applications can use.

[0020]

For example, in resident applications for malware countermeasures, processing loads
concentrate in a short period of time, and thus the utilization of computer resources may increase
sharply. Therefore, problems as follows occur. That is, computer resources in other
applications become insufficient, and thus processing of other applications does not proceed or
the operation thereof becomes unstable.

[0021]

The information processing apparatus 2000 determines the amount of computer
resources to be allocated to each task execution entity 20 such that the total amount of computer
resources to be allocated to all task execution entities 20 (that is, the amount of computer
resources to be allocated to the entirety of the application 10) does not exceed a predetermined
upper limit value. Such an operation provides an effect to reduce an influence of the
application 10 on an operation of other applications.

[0022]

On the other hand, if the total amount of computer resources to be allocated to the
application 10 has an upper limit, the application 10 may not be able to use a desired amount of
computer resources. In this case, processing of the entirety of the application 10 may be
delayed.

[0023]

Thus, the information processing apparatus 2000 determines the amount of computer
resources to be allocated to each task execution entity 20, in accordance with the amount of tasks
to be processed by each task execution entity 20. Specifically, computer resources are more
preferentially allocated to a task execution entity 20 having a larger amount of tasks to be
processed. With such a configuration, a bottleneck is unlikely to occur in the processing of the
entirety of the application 10. Thus, it provides an effect to become less likely to cause delay of
the processing of the entirety of the application 10 even if there is an upper limit for the amount

of available computer resources.
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[0024]

In order to realize the above-described functions, the information processing apparatus
2000 uses upper limit value information 30 and processing amount information 40. The upper
limit value information 30 indicates the predetermined upper limit value (upper limit value of the
total amount of computer resources to be allocated to all task execution entities 20). The
processing amount information 40 indicates the amount of tasks to be processed by each task
execution entity 20. The information processing apparatus 2000 determines the amount of
computer resource to be allocated to each task execution entity 20, based on the upper limit value
information 30 and the processing amount information 40.

[0025]

The information processing apparatus 2000 allocates computer resources of the
determined amount to each task execution entity 20. Therefore, the task execution entity 20
operates with computer resources of the determined amount. Note that, the well-known
technology can be used as a technology of allocating computer resources to a task execution
entity in accordance with the determined allocations. Specifically, computer resources are
allocated to a task execution entity by a process scheduler or an I/O scheduler of an operating
system (OS) kernel.

[0026]

Here, it is not necessary that computer resources controlled by the information
processing apparatus 2000 are all types of computer resources provided in the information
processing apparatus 2000. For example, the information processing apparatus 2000 may
perform the control of the utilization of computer resource as described above for any one type

(for example, central processing unit (CPU)) of computer resources.

Advantageous Effects
[0027]

According to the information processing apparatus 2000 in the example embodiment,
the amount of computer resources to be allocated to each task execution entity 20 is determined
based on the upper limit value information 30 and the processing amount information 40.
Firstly, by controlling the total amount of computer resources to be allocated by the entirety of
the application 10 so as not to exceed the upper limit value indicated by the upper limit value
information 30, an influence of the operation of the application 10 on an operation of other
applications is reduced. In addition, since the amount of computer resources to be allocated to

each task execution entity 20 is determined in accordance with the amount of tasks to be
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processed by each task execution entity 20, the processing of the entirety of the application 10 is
less likely to be delayed even under an environment in which there is an upper limit for the
amount of available computer resources.

[0028]

Here, advantages of the information processing apparatus 2000 will be specifically
described with reference to Fig. 3. Figs. 2 and 3 are diagrams illustrating the advantages of the
information processing apparatus 2000. In the example in Fig. 2, processing performed by the
application 10 is identical to processing in the example in Fig. 1.

[0029]

Here, when the volume of log data to be processed is large, many first tasks 12 are
generated to read the large volume of log data from the storage. Further, many second tasks,
many third tasks, and many fourth tasks are generated in conjunction with generation of many
first tasks 12.  As a result, all of the task execution entities 20 require many computer resources.
[0030]

For example, into a log used for analysis from a viewpoint of cyber security,
information and the like regarding behavior of a process as described above are recorded. Thus,
a larger amount of information is recorded than information recorded in a general log by an OS
or the like. In particular, in a case where log data are consecutively recorded in real time or a
case where an application issues a large amount of file accesses (e.g. antivirus software) operates,
a large amount of information is recorded in a log. Therefore, in a case where the application
10 processes log data, each task execution entity 20 requires many computer resources.

[0031]

The graph illustrated in Fig. 2 shows transitions of the utilization of computer resources
of each task execution entity 20 and the utilization of computer resources of the entirety of the
application 10, in a case where control of the information processing apparatus 2000 is not
performed. Since the amount of computer resources which the application 10 can use does not
have an upper limit, the utilization of computer resources of each task execution entity 20 is
large, and thus the utilization of computer resources of the entirety of the application 10 is also
large. In such a situation, the amount of computer resources required for an operation of
another application may become insufficient. Thus, the operation of this application becomes
slow. In the worst case, this application freezes. Thus, in this case, the operation of the
application 10 influences the operation of another application. For example, in an operation
technology (OT) products or server machines, regarding an application to be operated in the

background (for example, application of processing the above-described log), it is required not to
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influence an application operating in the foreground, in many cases. Thus, it is not preferable
that the operation of the application 10 affects the operation of another application.
[0032]

The graph illustrated in Fig. 3 shows transitions of the utilization of computer resources
of each task execution entity 20 and the utilization of computer resources of the entirety of the
application 10, in a case where the control of the information processing apparatus 2000 is
performed. Firstly, the amount of computer resources to be used in the entirety of the
application 10 is suppressed to be equal to or smaller than the upper limit value. Therefore, an
operation of another application is less likely to be disturbed. Further, since computer resources
are preferentially allocated to a task execution entity 20 having a large amount of tasks to be
processed, a bottleneck does not occur in the processing of the entirety of the application 10, and
the delay of the processing in the entirety of the application 10 is suppressed.

[0033]

The information processing apparatus 2000 will be more specifically described below.

Example of Functional Configuration
[0034]

Fig. 4 is a diagram illustrating a functional configuration of the information processing
apparatus 2000. The information processing apparatus 2000 includes an acquisition unit 2020
and a determination unit 2060. The acquisition unit 2020 acquires the processing amount
information 40. The determination unit 2060 determines computer resources to be allocated to
each task execution entity 20, based on the upper limit value information 30 and the processing

amount information 40.

Example of Hardware Configuration of Information processing apparatus 2000
[0035]

Each functional constituent unit of the information processing apparatus 2000 may be
realized by hardware (for example, hard-wired electronic circuit) for realizing each functional
constituent unit, or may be realized by a combination of hardware and software (for example,
combination of an electronic circuit and a program of controlling the electronic circuit). A case
where the functional constituent units of the information processing apparatus 2000 are realized
by a combination of hardware and software will be described below.

[0036]

A computer 1000 may be one of various types of computers. For example, the
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computer 1000 may be a PC, a server machine, a tablet terminal, a smartphone, or the like. The
computer 1000 may be a special-purpose computer designed for realizing the information
processing apparatus 2000, or may be a general-purpose computer.

[0037]

Fig. 5 is a diagram illustrating a configuration of the computer 1000 for realizing the
information processing apparatus 2000. The computer 1000 includes a bus 1020, a processor
1040, a memory 1060, a storage device 1080, an input and output interface 1100, and a network
interface 1120. The bus 1020 is a data transmission path for causing the processor 1040, the
memory 1060, the storage device 1080, the input and output interface 1100, and the network
interface 1120 to transmit and receive data to and from each other. A method of connecting the
processor 1040 and the like to each other is not limited to bus connection. The processor 1040
is a processor realized by a CPU, a graphics processing unit (GPU), or the like. The memory
1060 is a primary storage device realized by a random access memory (RAM) or the like. The
storage device 1080 is a secondary storage device realized by a hard disk drive, a solid state
drive (SSD), a memory card, a read only memory (ROM), or the like. The input and output
interface 1100 is an interface for connecting the computer 1000 and an input and output device to
each other. For example, an input device such as a keyboard or an output device such as a
display device is connected to the input and output interface 1100. The network interface 1120
is an interface for connecting the computer 1000 to a network. As the communication network,
for example, a local area network (LAN) or a wide area network (WAN) is provided. A method
of connecting the network interface 1120 to the network may be a wireless connection or may be
a wired connection.

[0038]

The storage device 1080 stores a program module for realizing a function of the

information processing apparatus 2000. The processor 1040 executes program modules so as to

realize functions corresponding to the program modules.

Flow of Processing
[0039]

Fig. 6 is a flowchart illustrating a flow of processing performed by the information
processing apparatus 2000 in Example Embodiment 1. The acquisition unit 2020 acquires the
processing amount information 40 (S102). The determination unit 2060 determines the amount
of computer resources to be allocated to each task execution entity 20, based on the upper limit

value information 30 and the processing amount information 40 (S104).
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[0040]
There are various opportunities for causing the information processing apparatus 2000
to perform the series of processes illustrated in Fig. 6. For example, the information processing

apparatus 2000 (regularly) repeats the series of processes at a predetermined time interval.

Regarding Upper Limit Value Information 30
[0041]

The upper limit value information 30 indicates the upper limit value of the amount of
computer resources to be allocated to the application 10. A computer resource as a control
target may be, for example, CPU resource, the bandwidth for storage access, the bandwidth for
network access bandwidth, and the like. Note that, the upper limit value indicated by the upper
limit value information 30 may be represented by an absolute value (for example, 1.0GHz of the
CPU resource) or may be represented by a relative value to the maximum amount (for example,
60% of the CPU utilization).

[0042]

The upper limit value information 30 may be set in the determination unit 2060 in
advance, or may be acquired by the acquisition unit 2020. There are various methods for the
acquisition unit 2020 to acquire the upper limit value information 30. For example, the
acquisition unit 2020 acquires the upper limit value information 30 stored in a storage device
accessible from the acquisition unit 2020. In addition, for example, the acquisition unit 2020
may acquire the upper limit value information 30 by receiving the upper limit value information
30 transmitted from another device.

[0043]

Arbitrary method can be used to generate the upper limit value information 30. For
example, the upper limit value information 30 is manually created by a manager or the like of the
information processing apparatus 2000. In addition, for example, the upper limit value
information 30 may be automatically generated by the information processing apparatus 2000.
For example, the information processing apparatus 2000 equally divide computer resources of
the information processing apparatus 2000 for each application. More specifically, the
information processing apparatus 2000 divides the total amount of computer resources of the
information processing apparatus 2000 by the number of applications running on the information
processing apparatus 2000, and set the value obtained by the above calculation to the upper limit
value information 30. In another example, a priority may be assigned to each application, and

then computer resources may be distributed to the application running on the information
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processing apparatus 2000 in accordance with the ratio of the priorities. In this case, the
information processing apparatus 2000 computes the upper limit value to be set in the upper limit

value information 30, based on the priority of the application 10.

Acquisition of Processing Amount Information 40: S102
[0044]

The acquisition unit 2020 acquires the processing amount information 40 (S102). The
processing amount information 40 is information indicating the amount of tasks to be processed
by the task execution entity 20.

[0045]

For example, a task to be processed by the task execution entity 20 is managed in a
queue. That is, a queue is provided for each task execution entity 20. A queue corresponding
to a certain task execution entity 20 stores data (hereinafter, task definition data) for defining a
task to be processed by the task execution entity 20, for each task. For example, in a case
where five tasks are to be processed by the task execution entity 20, five pieces of task definition
data are stored in a queue. Note that, the well-known technology can be used as a technology
of managing a task to be processed by a process or a thread, in a queue.

[0046]

As described above, if a queue is provided for each task execution entity 20, the length
of the queue corresponding to the task execution entity 20 represents the amount of tasks to be
processed by the task execution entity 20. Thus, for example, the processing amount
information 40 of each task execution entity 20 indicates the length of the queue corresponding
to the task execution entity 20. The determination unit 2060 recognizes the amount of tasks to
be processed by each task execution entity 20, based on the length of a queue, which is indicated
by the processing amount information 40 acquired for each task execution entity 20.

[0047]

For example, the processing amount information 40 is generated by each task execution
entity 20. When the length of the corresponding queue is changed (when task definition data is
extracted from the queue or when new task definition data is stored in the queue), the task
execution entity 20 generates processing amount information 40 indicating the changed length of
the queue and stores the processing amount information in the storage device. Note that, in a
case where processing amount information 40 for a certain task execution entity 20 is already
stored in the storage device, the task execution entity 20 overwrites the processing amount

information 40 which has been already stored by the processing amount information 40 which
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has been newly generated. In another example, the task execution entity 20 may output the
generated processing amount information 40 to the acquisition unit 2020.
[0048]

There are various methods for the acquisition unit 2020 to acquire the processing
amount information 40. For example, the acquisition unit 2020 acquires the processing amount
information 40 from the storage device in which the processing amount information 40 has been
stored. In another example, the acquisition unit 2020 acquires the processing amount
information 40 which has been output to the acquisition unit 2020 from the task execution entity

20.

Allocation of Computer Resource: S104
[0049]

The determination unit 2060 determines the amount of computer resources to be
allocated to each task execution entity 20, based on the upper limit value information 30 and the
processing amount information 40 (S104). For example, the determination unit 2060 allocates
the same amount of computer resources as the upper limit value indicated by the upper limit
value information 30, to a task execution entity 20 having the largest amount of tasks to be
processed (for example, task execution entity 20 in which the length of the corresponding queue
is the longest). In this case, only a task execution entity 20 having the largest amount of tasks
to be processed operates, and operations of other task execution entities 20 are suspended.
[0050]

In another example, the determination unit 2060 distributes the same amount of
computer resources as the upper limit value indicated by the upper limit value information 30, to
task execution entities 20 at a ratio based on the amount of tasks to be processed. For example,
the amount of computer resources to be allocated to the task execution entity 20 is determined by

Expression (1).

Expression (1)
pli]

P total |

r[i] represents the amount of computer resource to be allocated to a task execution

T[i] = Tmax *
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entity 20 (hereinafter, task execution entity 201) with the identifier i.  r,,, represents the upper
limit value indicated by the upper limit value information 30. p[i] represents the priority of the
task execution entity 20i, which has been determined based on the amount of tasks to be
processed by the task execution entity 20i. P,y represents the total sum of priorities of all task
execution entities 20.

[0051]

The larger the amount of tasks to be processed by the task execution entity 20i is, the
larger the value set to p/i] becomes. For example, the determination unit 2060 sets the length
of a queue corresponding to the task execution entity 20i to p[i/. In another example, the
determination unit 2060 may set to p[i] a value that is obtained by inputting the length of the
queue corresponding to the task execution entity 20i into a predetermined monotonically
non-decreasing function.

[0052]

The determination unit 2060 determines allocation of computer resources to be
controlled, for each task execution entity 20, by the above-described method. Here, in a case
where there are a plurality of computer resource to be controlled, the determination unit 2060
determines allocation of computer resources to each task execution entity 20, for each computer

resource.

Example Embodiment 2
[0053]

Similar to the functional configuration of the information processing apparatus 2000 in
Example Embodiment 1, for example, Fig. 4 illustrates the functional configuration of an
information processing apparatus 2000 in Example Embodiment 2. The information processing
apparatus 2000 in Example Embodiment 2 has a function similar to that of the information
processing apparatus 2000 in Example Embodiment 1.

[0054]

The information processing apparatus 2000 in Example Embodiment 2 determines the
amount of computer resources to be allocated to each task execution entity 20 so that an
execution of a task by a task execution entity 20 having the largest amount of tasks to be
processed is less likely to be deteriorated. With such a configuration, a bottleneck is unlikely to
occur in processing of a task execution entity 20 having a large amount of tasks to be processed.
[0055]

Firstly, the determination unit 2060 determines a task execution entity 20 having the
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largest amount of tasks to be processed. For example, as will be described above, in a case
where the amount of tasks to be processed is represented by the length of the queue, the
information processing apparatus 2000 determines a task execution entity 20 in which the length
of the corresponding queue is the longest.

[0056]

Then, the determination unit 2060 determines a computer resource having the largest
load applied by the determined task execution entity 20. For example, when the task execution
entity 20 executes a CPU-intensive task, the load applied to the CPU is the largest. Similarly,
when the task execution entity 20 executes a network-intensive task, a load applied to a
bandwidth of the network is the largest.

[0057]

The determination unit 2060 determines a task execution entity 20 that applies the
largest load to the determined computer resource. For example, in a case where the determined
computer resource is a CPU, the task execution entity 20 to be determined here is a task
execution entity 20 that executes a CPU-intensive task. The determination unit 2060 makes
low a priority for allocation of the amount of computer resources to the determined task
execution entity 20.

[0058]

For example, the determination unit 2060 does not allocate computer resources to a task
execution entity 20 that applies the largest load to the determined computer resource (sets its
priority to zero).

[0059]

In another example, the determination unit 2060 determines a priority of a task
execution entity 20 that applies the largest load to the determined computer resource, as a value
lower than the priority based on the amount of tasks to be processed by the task execution entity
20, e.g. a value obtained by multiplying the length of the queue by a coefficient a which is
smaller than 1. The determination unit 2060 determines the priority of the other task execution
entities 20 based on the amount of tasks to be processed by the task execution entity 20, e.g.
length of the queue. With such a configuration, the priority of the task execution entity 20 that
applies the largest load to the determined computer resource is set to be lower than a priority that
is determined only based on the amount of tasks to be processed.

[0060]
Here, it is necessary that the determination unit 2060 recognizes "to which computer

resource the task execution entity 20 applies the largest load." For example, information that
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associates a task with a computer resource to which the task applies the largest load is stored in
the storage device in advance. Such information is referred to as task information below.
[0061]

Fig. 7 is a diagram illustrating the task information in a table format. A table
illustrated in Fig. 7 is referred to as a table 200. The table 200 has two columns of a task 202
and a computer resource 204. The computer resource 204 associated with the task 202
indicates a computer resource to which the task shown in the task 202 applies the largest load.
The determination unit 2060 acquires task information for a task executed by each task execution
entity 20 so as to determine a computer resource to which the largest load is applied by each task
execution entity 20.

[0062]

In addition, for example, the determination unit 2060 may determine a computer

resource to which the largest load is applied by the task execution entity 20, based on history of

the utilization of the computer resource of the task execution entity 20.

Example of Hardware Configuration
[0063]

A hardware configuration of a computer for realizing the information processing
apparatus 2000 in Example Embodiment 2 is illustrated in, for example, Fig. 5, similar to
Example Embodiment 1. A program module for realizing the function of the information
processing apparatus 2000 in this example embodiment is stored in the storage device 1080 of
the computer 1000 for realizing the information processing apparatus 2000 in this example
embodiment.

[0064]

Hitherto, the example embodiments of the invention are described with reference to the
drawings. However, the example embodiments are just examples of the invention, and various
configurations other than the above-described configurations can be employed.

[0065]

A portion or the entirety of the example embodiments is also described as follows, but is
not limited to the followings.

1. Aninformation processing apparatus comprising memory storing instructions and at least
one processor,

wherein an application runs on the information processing apparatus, the application

being constituted by multiple types of tasks, the application being run by running at least one
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execution entity for each type of the tasks,

the at least processor is configured to execute the instructions to:

acquire processing amount information indicating an amount of tasks to be processed by
each execution entity; and

determine a computer resource to be allocated to each execution entity, based on upper
limit value information and the processing amount information, the upper limit value information
indicating an upper limit value of a sum of the computer resource to be allocated to each of the
execution entities.
2. The information processing apparatus according to 1, the at least one processor is further
configured to more preferentially allocates an amount of computer resource that is equal to or
smaller than the upper limit value, to the execution entity having a larger amount of the tasks to
be processed.
3. The information processing apparatus according to 1 or 2,

wherein a queue storing one or more tasks to be processed by the execution entity is
provided for each execution entity,

the processing amount information indicates a length of the queue of each execution
entity, and

the at least one processor is further configured to allocate a larger amount of computer
resource to the execution entity having a queue with a longer length.
4. The information processing apparatus according to any one of 1 to 3, wherein the at least
one processor is further configured to:

determine the execution entity in which an amount of the tasks to be processed is the
largest;

determine a computer resource to which the largest load is applied by the execution
entity; and

determine a lower priority of allocating a computer resource for an execution entity
which applies the largest load to the determined computer resource, than a priority for other
execution entity.
5. The information processing apparatus according to 4, wherein the at least one processor is
further configured to:

assign a priority determined based on an amount of the tasks to be processed, to the
determined execution entity and the execution entity that applies largest load to a computer
resource other than the determined computer resource;

assign a priority lower than the priority determined based on the amount of the tasks to
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be processed, to the execution entity that applies the largest load to the determined computer
resource; and

determines an amount of a computer resource to be allocated to the execution entity
based on the priority assigned to the execution entity.
6. The information processing apparatus according to 4 or 5, wherein the at least one processor
is further configured to:

acquire task information that associates the task and the computer resource to which the
associated task applies the largest load; and

determine the computer resource to which the execution entity applies the largest load,
as the computer resource that is associated with the task executed by the execution entity in the
task information.
7. The information processing apparatus according to any one of 1 to 6, wherein the task
executed by the execution entity is generated by the task executed by another execution entity.
[0066]
8. A control method performed by a computer,

wherein an application runs on the computer, the application being constituted by
multiple types of tasks, the application being run by running at least one execution entity for
each type of the tasks,

the method comprising:

acquiring processing amount information indicating an amount of tasks to be processed
by each execution entity; and

determining a computer resource to be allocated to each execution entity, based on
upper limit value information and the processing amount information, the upper limit value
information indicating an upper limit value of a sum of the computer resource to be allocated to
each of the execution entities.
9. The control method according to 8, further comprising more preferentially allocating a
computer resource of an amount of computer resource that is equal to or smaller than the upper
limit value, to the execution entity having a larger amount of the tasks to be processed.
10. The control method according to 8 or 9,

wherein a queue storing one or more tasks to be processed by the execution entity is
provided for each execution entity,

the processing amount information indicates a length of the queue of each execution
entity, and

the method further comprises allocating a larger amount of computer resource to the
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execution entity having a queue with a longer length.
11.  The control method according to any one of 8 to 10, further comprising:

determining the execution entity in which an amount of the tasks to be processed is the
largest;

determining a computer resource to which the largest load is applied by the execution
entity; and

determining a lower priority of allocating a computer resource for an execution entity
which applies the largest load to the determined computer resource, than a priority for other
execution entity.
12. The control method according to 11, further comprising:

assigning a priority determined based on an amount of the tasks to be processed, to the
determined execution entity and the execution entity that applies largest load to a computer
resource other than the determined computer resource;

assigning a priority lower than the priority determined based on the amount of the tasks
to be processed, to the execution entity that applies the largest load to the determined computer
resource; and

determining an amount of a computer resource to be allocated to the execution entity
based on the priority assigned to the execution entity.
13. The control method according to 11 or 12, further comprising:

acquiring task information that associates the task and the computer resource to which
the associated task applies the largest load; and

determining the computer resource to which the execution entity applies the largest load,
as the computer resource that is associated with the task executed by the execution entity in the
task information.
14. The control method according to any one of 8 to 13, wherein the task executed by the
execution entity is generated by the task executed by another execution entity.
[0067]
15. A non-transitory computer-readable storage medium storing a program executed in a
computer,

wherein an application runs on the computer, the application being constituted by
multiple types of tasks, the application being run by running at least one execution entity for
each type of the tasks,

the program causes a computer to perform:

acquiring processing amount information indicating an amount of tasks to be processed
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by each execution entity; and

determining a computer resource to be allocated to each execution entity, based on
upper limit value information and the processing amount information, the upper limit value
information indicating an upper limit value of a sum of the computer resource to be allocated to
each of the execution entities.
16. The non-transitory computer-readable storage medium according to 15,

wherein the program causes the computer to further perform more preferentially
allocating a computer resource of an amount of computer resource that is equal to or smaller than
the upper limit value, to the execution entity having a larger amount of the tasks to be processed.
17. The non-transitory computer-readable storage medium according to 15 or 16,

wherein a queue storing one or more tasks to be processed by the execution entity is
provided for each execution entity,

the processing amount information indicates a length of the queue of each execution
entity, and

the program causes the computer to further perform allocating a larger amount of
computer resource to the execution entity having a queue with a longer length.
18. The non-transitory computer-readable storage medium according to any one of 15 to 17,

wherein the program causes the computer to further perform:

determining the execution entity in which an amount of the tasks to be processed is the
largest;

determining a computer resource to which the largest load is applied by the execution
entity; and

determining a lower priority of allocating a computer resource for an execution entity
which applies the largest load to the determined computer resource, than a priority for other
execution entity.
19. The non-transitory computer-readable storage medium according to 18,

wherein the program causes the computer to further perform:

assigning a priority determined based on an amount of the tasks to be processed, to the
determined execution entity and the execution entity that applies largest load to a computer
resource other than the determined computer resource;

assigning a priority lower than the priority determined based on the amount of the tasks
to be processed, to the execution entity that applies the largest load to the determined computer
resource; and

determining an amount of a computer resource to be allocated to the execution entity
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based on the priority assigned to the execution entity.
20. The non-transitory computer-readable storage medium according to 18 or 19,

wherein the program causes the computer to further perform:

acquiring task information that associates the task and the computer resource to which
the associated task applies the largest load; and

determining the computer resource to which the execution entity applies the largest load,
as the computer resource that is associated with the task executed by the execution entity in the
task information.
21. The non-transitory computer-readable storage medium according to any one of 15 to 20,
wherein the task executed by the execution entity is generated by the task executed by another
execution entity.
[0068]

It is apparent that the present invention is not limited to the above embodiment, and may
be modified and changed without departing from the scope and spirit of the invention.
[0069]

This application claims the benefit of priority from Japanese Patent Application No.

2018-069581 filed on March 30, 2018, the entire disclosure of which is incorporated herein.
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CLAIMS:

1. An information processing apparatus comprising memory storing instructions and at least
one processor,

wherein an application runs on the information processing apparatus, the application
being constituted by multiple types of tasks, the application being run by running at least one
execution entity for each type of the tasks,

the at least processor is configured to execute the instructions to:

acquire processing amount information indicating an amount of tasks to be processed by
each execution entity; and

determine a computer resource to be allocated to each execution entity, based on upper
limit value information and the processing amount information, the upper limit value information
indicating an upper limit value of a sum of the computer resource to be allocated to each of the

execution entities.

2. The information processing apparatus according to claim 1, the at least one processor is
further configured to more preferentially allocates an amount of computer resource that is equal
to or smaller than the upper limit value, to the execution entity having a larger amount of the

tasks to be processed.

3. The information processing apparatus according to claim 1,

wherein a queue storing one or more tasks to be processed by the execution entity is
provided for each execution entity,

the processing amount information indicates a length of the queue of each execution
entity, and

the at least one processor is further configured to allocate a larger amount of computer

resource to the execution entity having a queue with a longer length.

4. The information processing apparatus according to claim 1, wherein the at least one
processor is further configured to:

determine the execution entity in which an amount of the tasks to be processed is the
largest;

determine a computer resource to which the largest load is applied by the execution

entity; and
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determine a lower priority of allocating a computer resource for an execution entity
which applies the largest load to the determined computer resource, than a priority for other

execution entity.

5. The information processing apparatus according to claim 4, wherein the at least one
processor is further configured to:

assign a priority determined based on an amount of the tasks to be processed, to the
determined execution entity and the execution entity that applies largest load to a computer
resource other than the determined computer resource;

assign a priority lower than the priority determined based on the amount of the tasks to
be processed, to the execution entity that applies the largest load to the determined computer
resource; and

determines an amount of a computer resource to be allocated to the execution entity

based on the priority assigned to the execution entity.

6. The information processing apparatus according to claim 4, wherein the at least one
processor is further configured to:

acquire task information that associates the task and the computer resource to which the
associated task applies the largest load; and

determine the computer resource to which the execution entity applies the largest load,
as the computer resource that is associated with the task executed by the execution entity in the

task information.

7. The information processing apparatus according to claim 1, wherein the task executed by the

execution entity is generated by the task executed by another execution entity.

8. A control method performed by a computer,

wherein an application runs on the computer, the application being constituted by
multiple types of tasks, the application being run by running at least one execution entity for
each type of the tasks,

the method comprising:

acquiring processing amount information indicating an amount of tasks to be processed
by each execution entity; and

determining a computer resource to be allocated to each execution entity, based on
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upper limit value information and the processing amount information, the upper limit value
information indicating an upper limit value of a sum of the computer resource to be allocated to

each of the execution entities.

9. A non-transitory computer-readable storage medium storing a program executed in a
computer,

wherein an application runs on the computer, the application being constituted by
multiple types of tasks, the application being run by running at least one execution entity for
each type of the tasks,

the program causes a computer to perform:

acquiring processing amount information indicating an amount of tasks to be processed
by each execution entity; and

determining a computer resource to be allocated to each execution entity, based on
upper limit value information and the processing amount information, the upper limit value
information indicating an upper limit value of a sum of the computer resource to be allocated to

each of the execution entities.





