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Description
Technical field

[0001] The invention relates to a control device.

Description of Related Art

[0002] Conventionally, with respecttoindustrial control
devices such as programmable logic controllers (herein-
after abbreviated as "PLC"), various attempts are known
to both achieve informatization (that is, using information
obtained and generated by the industrial control device
in an external device, etc.) and facilitate the performance.
[0003] For example, JP 2013-506911 A discloses a
PLC which assigns each of a plurality of PLC functions
executed periodically for high speed and high precision
control on a control subject to each of a plurality of proc-
essors and executes at least two of the PLC functions in
parallel.

Related Art Document
Patent Document

[0004] US 2016/091882 A1 discloses a real-time pro-
grammable logic controller software that is executed on
a multicore processor system. An organizational block
executer is executed on a first core, and system service
functions associated with the programmable logic con-
troller software are executed on the second core. The
organizational block executer includes I/O scanning and
logic solving in a single-threaded execution. Core-switch
operations may be cyclically performed to move execu-
tion of the organizational block executer from the first
core to the second core and back to the first core. US
2014/200706 A1 discloses a method and a system for
simulating a work process on a machine tool using a vir-
tual machine. The virtual machine is set up to simulate
the work process on the machine tool using machine da-
ta, workpiece data, and tool data as a function of numer-
ical control (NC) control data and programmable logic
control (PLC) control data. The work process is simulated
on a platform that comprises a plurality of processor
cores, wherein the work process is simulated in partial
simulations that run in parallel on different processor
cores.

Nel Louis: "Use Windows System Resource Manager to
control a Server’s power- TechRepublic" relates to using
Windows System Resource Manager to optimize server
performance, prioritizing critical applications, foil re-
source hogs, and improving efficiency of control over re-
sources.
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SUMMARY
Problems to be Solved

[0005] However, in the conventional art as described
above, with respect to the high speed and high precision
control process on the control subject, an issue such as
that the influence resulting from a process that does not
require a high speed and high precision and a non-peri-
odic process, like a process for informatization, cannot
be suppressed, may arise.

[0006] Thatis, the current PLC is required to execute
the process that does not require a high speed and high
precision and the non-periodic process, such as storing,
analyzing, displaying information like "turn-on time",
"number of operations", etc., of a device, in addition to
executing the high speed and high precision control proc-
ess on the control subject. Therefore, with respect to the
current PLC required to execute the various processes
described above, high performance and informatization
cannot be realized simply by streamlining the execution
of the high speed, high precision, and periodic process.
[0007] An aspect of the invention aims at rendering
miniaturization as well as high performance with respect
to a control device capable of executing a high speed
and periodical process and a non-periodic process such
as a process for informatization.

Means for Solving the Problems

[0008] To solve the above issue, a control device ac-
cording to the presentinvention is provided by appended
claim 1.

Effect of Invention

[0009] According to an aspect of the invention, the ef-
fect of being capable of rendering miniaturization as well
as high performance with respect to a control device ca-
pable of executing a high speed and periodical process
and a non-periodic process, such as a process for infor-
matization, is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1 is a diagram illustrating a hardware configu-
ration of a CPU unit of a control device according to
Embodiment 1 of the invention.

FIG. 2is adiagram showing the overview of a control
system including the control device according to Em-
bodiment 1 of the invention.

FIG. 3(A) to FIG. 3(E) are diagrams showing exam-
ples of tasks to be executed by the control device
according to Embodiment 1 of the invention.

FIG. 4 is a diagram showing the overview of proc-
esses, etc., assigned to each of four cores in the
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CPU unit of FIG. 1.
DESCRIPTION OF THE EMBODIMENTS
[Embodiment 1]

[0011] Hereinafter, Embodiment 1 of the invention will
be described in detail based on FIGs. 1 to 4. The same
or corresponding parts in the drawings are labeled with
the same reference symbols and the description thereof
will not be repeated. In order to facilitate the understand-
ing to a programmabile logic controller (PLC) 10 (control
device) according to an aspect of the invention, the over-
view of a control system 1 including the PLC 10 will be
firstly described with reference to FIG. 2.

(Overview of control system of Embodiment 1)

[0012] FIG. 2 is a diagram showing the overview of the
control system 1. The control system 1 includes the PLC
10, a servo driver 40 connected to the PLC 10 via a field
network 30, a remote 10 terminal 60, and a device 20 as
a field instrument. Further, an HMI 81 and an external
server 82 are connected to the PLC 10 via a connection
cable 70, etc.

[0013] ThePLC 10isa control device controlling a con-
trol subject such as a machine and an apparatus, and
mainly includes a CPU unit 100 that executes an arith-
metic process, a power unit 200, one or more 1O units
300, and a special unit 400. The CPU unit 100, each of
the one or more 10 units 300, and the special unit 400
are configured to be capable of exchanging data with
each other via a PLC system bus 500.

[0014] The CPU unit 100 executes various processes
relating to a state of the control subject, etc., such as
executing a process of "controlling the control subject by
repeatedly executing control programs which transmit
output data, receive input data, and use input data to
generate output data". Details of the CPU unit 100 will
be described later with reference to FIG. 1.

[0015] The power unit 200 supplies power with an ap-
propriate voltage to the CPU unit 100, the 10O unit 300,
and the special unit 400.

[0016] The IO unit 300 is a unit related to general in-
put/output processes, and handles the input/output of bi-
nary data such as ON/OFF. That is, the 10 unit 300 col-
lects information such as information on either of a state
where a device 20(1) as an input instrument such as a
sensoris detecting a target object (ON) and a state where
the device 20(1) is not detecting a target object (OFF).
Also, the 10 unit 300 outputs any of an activating com-
mand (ON) or a deactivating command (OFF) with re-
spect to a device 20(2) as an output instrument such as
arelay, an actuator, etc.

[0017] The special unit 400 has a function which the
10 unit 300 does not support, such as input/output of
analog data, temperature control, communication via a
specific communication method.
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[0018] Thedevice 20is aninput/outputinstrumentcon-
trolled by the PLC 10. The device 20(1) as an input in-
strument is, for example, a "detector" such as a temper-
ature sensor, a light sensor, etc., a "switch (a push-button
switch, a limit switch, a pressure switch, etc.)", etc. The
device 20(2) as an output instrumentis, for example, "ac-
tuator”, "relay", "electromagnetic valve", "indicator de-
vice", "indicator lamp", etc. In the case where it is not
necessary to distinguish between the device 20(1) and
the device 20(2), the devices are generally represented
as "the device 20".

[0019] The field network 30 transmits various data ex-
changed with the CPU unit 100. As the field network 30,
typically, various industrial Ethernets (registered trade-
mark) can be used. As the industrial Ethernet (registered
trademark), for example, EtherCAT (registered trade-
mark), Profinet IRT, MECHATROLINK (registered trade-
mark)-11l, Powerlink, SERCOS(registered trademark)-11l,
CIP Motion, etc. are known, and any of the industrial Eth-
ernets may be adopted. Furthermore, field networks oth-
er than industrial Ethernets (registered trademark) may
also be used. For example, in the case where motion
control is not performed, DeviceNet, CompoNet/IP (reg-
istered trademark), etc., may be used. In the control sys-
tem 1, typically, a configuration in the case of adopting
EtherCAT (registered trademark), which is an industrial
Ethernet (registered trademark), as the field network 30
is exemplified.

[0020] Besides, by providing the CPU unit 100 with the
function of the 10 unit 300 and the function of the servo
driver 40, the PLC 10 may also have the configuration
thatthe CPU unit 100 directly controls the control subject
without exerting through the 10 unit 300 and the servo
driver 40 within the range covered by such built-in func-
tions.

[0021] The servo driver 40 is connected to the CPU
unit 100 via the field network 30, and drives the servo-
motor 50 in accordance with a command value from the
CPU unit 100. More specifically, the servo driver 40 re-
ceives a command values such as a position command
value, a speed command value, a torque command value
from the PLC 10 at a fixed time interval (period). Also,
the servo driver 40 obtains actual measurement values
relating to the operation of a servomotor 50, such as lo-
cation, speed (typically calculated from the difference be-
tween the current position and the previous position),
torque, from detectors (the device 20(1)), such as a po-
sition sensor (rotary encoder) connected to a shaft of the
servomotor 50, and a torque sensor. Then, the servo
driver 40 sets the command value from the CPU unit 100
as a target value, and performs feedback control by
adopting the actual measurement value as a feedback
value. That is, the servo driver 40 adjusts the current for
driving the servomotor 50, so that the actual measure-
ment value approaches the target value. The servo driver
40 may also be referred to as a servomotor amplifier.
[0022] Although FIG. 2 shows an example of a system
combining the servomotor 50 and the servo driver 40,
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other configurations, such as a system combining a pulse
motor and a pulse motor driver, can also be adopted.
[0023] The remote IO terminal 60 basically performs a
process relating to the general input/output process in
the same manner as the 10 unit 300. More specifically,
the remote 10 terminal 60 includes a communication cou-
pler 61 for performing a process relating to data trans-
mission by using the field network 30, and one or more
10 units 62. The communication coupler 61 and each of
the one or more IO units 62 are configured to be capable
of exchanging data with each other via a remote 10 ter-
minal bus 63.

[0024] The HMI 81 is a means for a human and a ma-
chine to exchange information; specifically, the HMI 81
is a means by which a human operates a machine (pro-
viding an instruction to the machine) or a machine informs
a human of the current state/result. With respect to the
HMI 81, the means by which a human gives an instruction
to a machine includes, for example, a switch, a button,
ahandle, a dial, a pedal, a remote control, a microphone,
akeyboard, amouse, etc. In addition, the means by which
a machine transmits the information relating to the cur-
rent state/resultto a humanincludes, forexample, aliquid
crystal screen, a meter, a lamp, a speaker, etc.

[0025] The external server 82 is a server storing infor-
mation received from the PLC 10 and transmitting the
stored information to the PLC 10 in response to a trans-
mission request from the PLC 10.

[0026] In addition, in the control system 1, it is not nec-
essary that the PLC 10 is one PLC. A plurality of PLCs
10 may respectively be communicably connected to each
other via the field network 30. Next, the hardware con-
figuration of the CPU unit 100 will be described with ref-
erence to FIG. 1.

(Hardware configuration of CPU unit)

[0027] FIG. 1is a diagram illustrating a hardware con-
figuration of the CPU unit 100 according to an embodi-
ment of the invention. As illustrated in FIG. 1, the CPU
unit 100 includes a microprocessor 110, a non-volatile
memory 120, a chipset 130, a main memory 140, a com-
munication controller 150, a system bus control circuit
160, and a field network control circuit 170. The CPU unit
100 may further include a USB connector (not shown).
The chipset 130 and other components are respectively
coupled via various buses.

[0028] The microprocessor 110 and the chipset 130
are typically configured according to a general-purpose
computer architecture. That is, the microprocessor 110
interprets and executes command codes sequentially
supplied from the chipset 130 according to an internal
clock. As illustrated in FIG. 1, the microprocessor 110
includes a first core 111, a second core 112, a third core
113, and a fourth core 114.

[0029] The chipset 130 exchanges internal data with
various components connected to the chipset 130, and
generates command codes necessary for the microproc-
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essor 110. Further, the chipset 130 has a function of
caching data obtained as a result of execution of an arith-
metic process by the microprocessor 110.

[0030] The CPU unit 100 includes a main memory 140
and a non-volatile memory 120 as storage means. The
main memory 140 is a volatile storage area (RAM), and
holds various programs to be executed by the microproc-
essor 110 after power is supplied to the CPU unit 100.
In addition, the main memory 140 is also used as a work-
ing memory when the microprocessor 110 executes var-
ious programs. As such amain memory 140, forexample,
adynamic random access memory (DRAM), a static ran-
dom access memory (SRAM), etc., can be used.
[0031] Onthe otherhand, the non-volatile memory 120
holds data such as system programs, like 10 control, user
programs, motion arithmetic programs, various applica-
tions, and system setting parameters in a non-volatile
manner. The programs and data are copied to the main
memory 140 so that the microprocessor 110 can access
the programs and data as needed. As such a non-volatile
memory 120, a semiconductor memory such as a flash
memory can be used. Alternatively, a magnetic recording
medium such as a hard disk drive, an optical recording
medium such as a digital versatile disk random access
memory (DVD-RAM), etc., can be used.

[0032] The communication controller 150 executes
transmission of output data and reception of input data,
is typically configured by using hardware such as FPGA,
ASIC, etc., and is configured to be capable of transmit-
ting/receiving data to/from the main memory 140 via the
chipset 130. The communication controller 150 includes
a system timer 151, a DMA control circuit 152, a system
bus controller 153, a field network controller 154, and a
buffer memory 155.

[0033] In the following description, data output from
the CPU unit 100 to a unit other than the CPU unit 100
as well as data output from the PLC 10 to a device other
than the PLC 10 are also referred to as "output data". In
addition, data input to the CPU unit 100 from a unit other
than the CPU unit 100 and data input to the PLC 10 from
a device other than the PLC 10 are also referred to as
"input data".

[0034] The system timer 151 generates an interrupt
signal every fixed time interval (period) and provides the
interrupt signal to the microprocessor 110. Typically, itis
configured to generate the respective interrupt signals at
a plurality of different time intervals according to the hard-
ware specification, but it can also be set to generate the
interrupt signals at an arbitrary time interval according to
an operating system (OS), a basic input output system
(BIOS), etc. By using the interrupt signal generated by
using the system timer 151, the control operation of each
execution period as will be described later is realized.
[0035] The DMA controlcircuit 152 transfers output da-
ta from the main memory 140 to the buffer memory 155,
and transfers input data from the buffer memory 155 to
the main memory 140.

[0036] The system bus controller 153 controls the ex-
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change of data via the PLC system bus 500, and typically
provides the functions of a physical layer and a data link
layer in the PLC system bus 500. That is, the system bus
controller 153 controls the transmission and reception
between the CPU unit 100 and a unit other than the CPU
unit 100 connected to the PLC system bus 500.

[0037] The system bus controller 153 performs a proc-
ess of transmitting data (output data) stored in the buffer
memory 155 to the 10 unit 300 and the special unit 400
via the PLC system bus 500. In addition, the system bus
controller 153 also performs a process of receiving data
(input data) input from the 10 unit 300 and the special
unit 400 via the PLC system bus 500 and storing the data
in the buffer memory 155.

[0038] Inthe case where the CPU unit 100 itself is pro-
vided with the functions of the IO unit 300 and the servo
driver 40, the parts handling the functions serve as the
communication counterparts, and the transmission of
output data and the reception of input data by the system
bus controller 153 are transmission and reception per-
formed inside the CPU unit 100.

[0039] The field network controller 154 controls the ex-
change of data via the field network 30, and typically pro-
vides the functions of a physical layer and a data link
layer in the field network 30. That is, the field network
controller 154 controls the transmission of output data
and the reception of input data in accordance with the
standard of the field network 30 that is used. Specifically,
the field network controller 154 performs a process of
transmitting output data of the buffer memory 155 and a
process of receiving input data and storing the input data
in the buffer memory 155 to and from other devices con-
nected to the field network controller 154.

[0040] Here, as described above, in this embodiment,
since the field network 30 in accordance with the Ether-
CAT (registered trademark) standard is adopted, the field
network controller 154 including hardware for performing
normal Ethernet communication is used.

[0041] In the EtherCAT (registered trademark) stand-
ard, a common Ethernet (registered trademark) control-
ler that realizes a communication protocol according to
the normal Ethernet (registered trademark) standard can
be used. However, depending on the types of the indus-
trial Ethernet (registered trademark) adopted as the field
network 30, a specially designed Ethernet (registered
trademark) controller compatible with a communication
protocol with a dedicated specification different from the
normal communication protocol is used. In addition, in
the case where a field network other than the industrial
Ethernet (registered trademark) is adopted, a dedicated
field network controller responsive to the standard is
used.

[0042] The buffer memory 155 functions as a trans-
mission buffer of data output to other devices, etc., via
the field network 30 and data (output data) output to units
other than the CPU unit 100 via the PLC system bus 500.
In addition, the buffer memory 155 functions as a recep-
tion buffer of data input from other devices, etc., via the
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field network 30 and data (input data) input from units
other than the CPU unit 100 via the PLC system bus 500.
[0043] The output data generated by the arithmetic
process performed by the microprocessor 110 is primi-
tively stored in the main memory 140. Then, the output
data to be transferred to a specific device/unit is read
from the main memory 140 and temporarily held in the
buffer memory 155. Also, the input data transferred from
another device/unit is transferred to the main memory
140 after being temporarily stored in the buffer memory
155. That is, the buffer memory 155 is a memory area
used for data communication with the main memory 140.
[0044] Asdescribed above, the CPU unit 100 may also
include a USB connector (communication port) as an in-
terface for connection with the HMI 81 and the external
server 82.

(Software configuration of CPU unit)

[0045] The PLC 10 controls a control subject such as
a machine and an apparatus, etc., and stores, analyzes,
displays, etc., information obtained from the control sub-
ject and information generated in the own device, etc.
For example, the CPU unit 100 of the PLC 10 controls
the control subjectby repeatedly transmitting output data,
receiving input data, and executing a control program
that generates output data by using input data. Further,
for example, the CPU unit 100 of the PLC 10 stores and
analyzes the information acquired by the PLC 10 or gen-
erated in the own device, and displays the information
on the HMI 81.

[0046] Here, the CPU unit 100 of the PLC 10 executes
various programs by using an execution unit referred to
as "task". The processes/programs that can be executed
by the PLC 10 in the "task" can be divided into three
types, which are "lO control", "control program”, and "sys-
tem service". "System service" can be construed as a
process other than "lO control" and "control program"
among the processes/programs which the PLC 10 exe-
cutes. Therefore, "system service" is not a necessary
component of "task".

[0047] The user can set a task as the execution unit of
the programs by using a PLC supportdevice (not shown).
Specifically, the execution period and the execution tim-
ing of the task, the programs which the task executes
(e.g., the control program), whether to execute 10 control
in the task, etc., can be set and defined. The user may
be able to assign, for example, up to 128 programs per
task by using the PLC support device. The setting of the
task is transferred from the PLC support device to the
CPU unit 100 via, for example, the connection cable 70
and stored in the non-volatile memory 120, etc. As men-
tioned above, since "system service" can be construed
as one other than "IO control" and "control program"
among the processes/programs executed by the PLC
10, "system service" which the user does not designate
to execute in the task may also be executed in the task.
[0048] The user can set priorities among a plurality of
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tasks by using the PLC support device. For example, the
user can use the PLC support device to set three types
of tasks, which are primary periodic tasks, periodic tasks,
and event tasks, having respectively different priorities.
The primary periodic task adopts, for example, "IO con-
trol, user program, motion arithmetic program (and sys-
tem service)" as main process contents (execution con-
tents). The periodic task adopts, for example, "lO control,
user program (and system service)" as main process
contents. The event task adopts, for example, "user pro-
gram (and system service)" as main process contents.
The PLC 10 executes the primary periodic task with the
highest priority, the user can also designate the priority
relationship between the periodic task and the event task,
and the priorities relating to the execution order may be
further set among a plurality of periodic tasks.

[0049] Forthe PLC 10, itis notnecessary to distinguish
between the primary periodic task and the periodic task,
and the primary periodic task and the periodic task may
be generally classified as "tasks to be repeatedly exe-
cuted at a fixed time interval (tasks to be performed pe-
riodically)" without distinguishing between the primary
periodic task and the periodic task.

[0050] In the following, the outline of "IO control", "con-
trol program", and "system service" as the process-
es/programs executed by the PLC 10 in "task" will be
described in this order.

(10 control)

[0051] "IO control" is a process controlling the in-
put/output of input data and output data. An 10 control
program is one of the system programs, and includes an
output process program and an input process program.
[0052] "Output process program" rearranges output
data generated by execution of a control program such
as a user program into a format suitable for transferring
to the communication controller 150. In the case where
the system bus controller 153 or the field network con-
troller 154 needs an instruction for executing transmis-
sion from the microprocessor 110, the output process
program issues such an instruction.

[0053] ‘"Input process program" rearranges input data
received by at least one of the system bus controller 153
and the field network controller 154 into a format suitable
for the control program (microprocessor 110) to use.
[0054] "System program"is agroup of software for pro-
viding the PLC 10 with functions as the control device,
and includes a scheduler program, an 10 control pro-
gram, a sequence command arithmetic program, a mo-
tion arithmetic program, and a system service program.
[0055] Among the system programs, the sequence
command arithmetic program and the motion arithmetic
program are also "control programs". As will be described
in detail later, the user program as "control program" co-
operates with the sequence command arithmetic pro-
gram and the motion arithmetic program as "control pro-
grams" to realize the control purpose of the user. The
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user program can further cooperate with an application
(particularly, a control application) to realize the control
purpose of the user. That is, the user program realizes
programmed operations by using commands, functions,
function modules, etc., provided by the sequence com-
mand arithmetic program, the motion arithmetic program,
and the application.

[0056] Amongthe system programs,the |O control pro-
gram, the sequence command arithmetic program, the
motion arithmetic program, and the system service pro-
gram will be described later, and the outline of the sched-
uler program will be firstly described.

[0057] "Scheduler program" controls to start the exe-
cution and resume the execution after the execution is
interrupt in each execution cycle (task period) with re-
spect to the output process program, the input process
program, and the control program. More specifically, the
scheduler program controls execution of the user pro-
gram, the sequence command arithmetic program, the
motion arithmetic program, and the application.

[0058] For example, the CPU unit 100 adopts an exe-
cution cycle (control cycle) of a fixed time interval suitable
for the motion arithmetic program as a common cycle
(task period) of the entire process (entire task). There-
fore, itis difficult to complete the execution of all programs
within one control cycle (task period). Consequently, pro-
grams whose executionis to be completedin each control
cycle and programs that may be executed over a plurality
of control cycles are classified according to the priorities
(priority order) of the programs to be executed. The
scheduler program manages the execution order of the
classified programs. More specifically, in each control
cycle period, the scheduler program preferentially exe-
cutes a program that is assigned a higher priority.

(Control program)

[0059] "Control program”include "user program", "mo-
tion arithmetic program", "sequence command arithmetic
program"”, and "application (in particular, control applica-
tion)". Among "control programs", "motion calculation
program" and "sequence instruction calculation pro-
gram" are also system programs, as described above.
[0060] Strictly speaking, "user program" includes user
programs other than user programs executed periodical-
ly (e.g., a high speed period such as a period of several
ms) for high speed and high precision control with respect
to the control subject. For example, there are also some
user programs executed non-periodically, or executed in
alow speed period (e.g., repeated at a time interval such
as an interval of tens of ms). However, in the following
description, the term "user program" means, unless oth-
erwise stated, "a user program executed periodically
(high speed period) for high speed and high precision
control with respect to the control subject".

[0061] Also, "application" includes applications (con-
trol applications) executed periodically (e.g., a high
speed period such as a period of several ms) for high
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speed and high precision control with respect to the con-
trol subject and applications other than the above. Details
will be described later.

(User program)

[0062] "User program" is generated responsive to a
control subject (e.g., a line and processes of the target)
ofthe user, that is, "user program" is a program arbitrarily
designed responsive to the line (processes), etc., of the
control subject controlled by using the control system 1.
A PLC support device (not shown) generates a user pro-
gram by compiling a ladder program (source program)
described in ladder logic (ladder language), etc. The user
program in the form of object program generated by using
the PLC support device is transferred from the PLC sup-
port device to the CPU unit 100 via, for example, the
connection cable 70 and stored in the non-volatile mem-
ory 120, etc. Ladder logic is a method for describing logic
circuits and is a programming language adopted in many
industrial control devices. The user program is typically
generated in the form of object program that can be ex-
ecuted by using the microprocessor 110 of the CPU unit
100.

[0063] The user program for high speed and high pre-
cision control with respect to the control subject is repeat-
edly executed by the microprocessor 110 at a high speed
period, such as a period of several ms. On the other hand,
the user program not aiming at high speed and high pre-
cision control with respect to the control subject is exe-
cuted by the microprocessor 110 periodically at a low
speed period, such as a period of several tens of ms, or
non-periodically (event-based).

(Motion arithmetic program and sequence command
arithmetic program)

[0064] "Motion arithmetic program" is a program exe-
cuted according to the instruction from a user program
and calculating a command value output with respect to
a motor driver such as the servo driver 40 and a pulse
motor driver, etc., each time when being executed. By
executing "motion arithmetic program”, the CPU unit 100,
for example, continuously controls (motion control) the
operation displacement and the operation speed of the
device 20(2) as an actuator, etc.

[0065] "Sequence command arithmetic program” is a
program called when a predetermined sequence com-
mand used in a user program is executed, and is exe-
cuted to realize the content of the command. By execut-
ing "sequence command arithmetic program", the CPU
unit 100 controls (sequence control), for example,
ON/OFF of the device 20(2) as an actuator, etc.

(Application)

[0066] "Application"is, for example, a program for da-
tabase connection, OPC unified architecture (OPC-UA),
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artificial intelligence/machine learning (Al), computer-
ized numerical control (CNC), robot control, etc. The ap-
plication includes control applications (hereinafter re-
ferred to as "control applications") for high speed and
high precision control with respect to the control subject
and applications (hereinafter referred to as "non-control
applications") other than the control application.

[0067] "Control application", among the applications,
is an application for high speed and high precision control
with respect to the control subject, and is an application
repeatedly executed at the same time interval as the user
program for high speed and high precision control with
respect to the control subject. The control application is,
for example, an application for computerized numerical
control (CNC), robot control, etc. User programs can call
the control applications and use the control applications
to realize high speed and high precision control with re-
spect to the control subject. "Control application" and "us-
er program for high speed and high precision control with
respect to the control subject" are repeatedly executed,
for example, in an execution interval less than or equal
to a prescribed time interval (e.g., several ms). Depend-
ing on the use, artificial intelligence/machine learning (Al)
is an application executed as a control application or a
non-control application.

[0068] "Non-control application" is an application built
in the PLC 10 and aiming at a purpose other than high
speed and high precision control with respect to the con-
trol subject, and is a program not required to be repeat-
edly executed at the execution interval less than or equal
to a prescribed time interval (e.g., several ms) with re-
spect to the control subject. In other words, "non-control
application" is a program irrelevant of high speed control
computation, and, for example, suitable for describing "a
communication process and a backup process". Specif-
ically, "non-control application" is a program for database
connection, OPC unified architecture (OPC-UA), etc.,
and is also referred to as "information application”. "Non-
control application", among the applications, is (1) an ap-
plication executed non-periodically, or (2) an application
repeatedly executed at a time interval equal to or more
than the prescribed time interval (the execution period at
which the user program executed periodically).

[0069] By executing "non-control application, the PLC
10, for example, receives the following information from
the device 20 by IO-Link, etc., and displays the received
information on the HMI 81 or transmits the received in-
formation to the external server 82. That is, the PLC 10
receives information such as "product type", "serial
No./lost No.", "connection position", "comment”, "power
voltage value", "turn-on time", "number of operations",
"replacement date”, "ON/OFF threshold", etc., of the de-
vice 20 from the device 20, and displays the received
information on the HMI interface 81 or transmits the re-
ceived information to the external server 82.
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(Notes on schedule management)

[0070] The scheduler program may also make the ex-
ecution schedule of "non-control applications" independ-
ent of the execution schedule of "programs aiming at high
speed and high precision control with respect to the con-
trol subject” and manage the two separately. "Programs
for high speed, high precision control with respect to con-
trol subject" are, for example, "user programs, motion
arithmetic programs, sequence command arithmetic pro-
grams, and control applications" executed by the micro-
processor 110 at a high speed period. In other words,
the PLC 10 may also separately include a scheduler for
"non-control applications (e.g., information applications)"
and a scheduler for "programs aiming at high speed and
high precision control with respect to the control subject".

(System service)

[0071] "System service programs" generally refer to a
group of programs for realizing various functions of the
PLC 10 other than "lIO control" and "control program"
among the processes/programs executed by the PLC
10. The system service program is, for example, a pro-
gram that makes the microprocessor 110 execute com-
munication with a machine, a process of a request from
an external instrument, a self-diagnosis process. The
system service program also includes a process of trans-
ferring the data of the main memory 140 to an external
storage medium, a process of reading data from an ex-
ternal storage medium. Furthermore, the system service
program also includes a program relating to a communi-
cation process between the CPU unit 100 and the PLC
support device (not shown) via the connection cable 70
(USB), etc.

[0072] The control program and the scheduler program
described above are stored in the main memory 140 and
the non-volatile memory 120 serving as storage means.
The microprocessor 110 of the CPU unit 100 reads out
and executes the system program and the control pro-
gram stored in the storage means at a suitable timing.
[0073] Next, how the various programs/processes
having been described so far are set as tasks will be
described with reference to FIG. 3(A) to FIG. 3(E). For
example, with the user setting sequence control and mo-
tion control to one task in the PLC support device, the
microprocessor 110 repeatedly executes the sequence
control and the motion control at the same time interval.

(Regarding the relationship between task and the pro-
gram)

[0074] FIG. 3(A) to FIG. 3(E) are diagrams showing
examples of tasks to be executed by the PLC 10. As
mentioned above, the user, for example, can use the
PLC support device (not shown) to set the execution pe-
riod and the execution timing of a task, whether 10 control
is present in the task (whether to execute 10 control in
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the task), priorities, etc. In addition, a task including "lO
control, user program, and motion arithmetic program"”,
as a primary periodic task, is executed by the PLC pref-
erentially over a periodic task and an event task which
do not include "motion arithmetic program".

[0075] FIG.3(A)is an example of "periodic task", which
is a task executed periodically at 1 ms and includes the
10 control and the user program but does not include the
motion arithmetic program. The PLC 10 executing the
periodic task illustrated in FIG. 3(A) executes, for exam-
ple, the following process.

[0076] Thatis, with the microprocessor 110 repeatedly
executing the input process program as the 10 control at
the prescribed time interval (scan time, which is 1 ms in
the example illustrated in FIG. 3(A)), the PLC 10 repeat-
edly receives signals from the device 20(1) as an input
instrument atthe prescribed time interval. The microproc-
essor 110 repeatedly executes the user program, such
as a ladder program, etc., at the prescribed time interval
by using signals repeatedly obtained from the device
20(1) at the prescribed time interval, and repeatedly de-
termines the control content on the device 20(2) as an
output instrument at the prescribed time interval. With
the microprocessor 110 repeatedly executing the output
process program as the 10 control at the prescribed time
interval, the PLC 10 repeatedly transmits the determined
control content to the device 20(2) at the prescribed time
interval to control the state of the device 20(2).

[0077] As described above, within the time excluding
the time required to execute the 10 control and the user
program from the task period of 1 ms, the microprocessor
110 may also execute "system service". That is, the sys-
tem service is executed during the free time of all tasks
(primary periodic task, periodic task, and event task).
[0078] FIG. 3(B) is an example of "primary periodic
task", which is a task executed periodically at 1 ms and
includes the 10 control, the user program, and the motion
arithmetic program. In addition to the 10 control, the user
program, and the motion arithmetic program, the control
application is assigned to the primary periodic task illus-
trated in FIG. 3(B). As mentioned above, the primary pe-
riodic task illustrated in FIG. 3(B) is executed preferen-
tially over the periodic task illustrated in FIG. 3(A), and
is a task that can control the control subject at a high
speed and a high precision.

[0079] FIG. 3(C)isan example of a task (periodic task)
executed periodically at 2 ms and including the 10 control
and the user program but not including the motion arith-
metic program, like FIG. 3(A). The PLC 10 preferentially
executes the primary periodic task over the periodic task
and the event task, and executes each of a plurality of
periodic tasks in accordance to the priority (priority order)
set by the user with respect to each of the periodic tasks.
For example, in the case where the periodic task illus-
trated in FIG. 3(A) is set to have a higher priority than the
periodic task illustrated in FIG. 3(C), the microprocessor
110 executes the periodic task of FIG. 3(C) after execut-
ing the periodic task of FIG. 3(A). In addition, the execu-
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tion period (task period) of the periodic task is set as an
integer multiple of the execution period of the primary
periodic task.

[0080] FIG. 3(D)is anexample of a task (periodic task)
executed periodically at 4 ms and includes the user pro-
gram but does not include the 10 control and the motion
arithmetic program. As described above, in principle,
each of a plurality of periodic tasks is executed in accord-
ance with the priority (priority order) set by the user with
respect to each of the periodic tasks, and a periodic task
not including the 10 control is principally executed after
aperiodictaskincluding the O control. Thatis, the priority
of the periodic task illustrated in FIG. 3(D) is lower than
the priority of the periodic task illustrated in FIG. 3(A) and
the priority of the periodic task illustrated in of FIG. 3(C).
[0081] The tasks in FIG. 3(A) to FIG. 3(C) described
above are set to have a high speed execution period
(task period) such as 1 ms or 2 ms. By repeatedly exe-
cuting the tasks of FIG. 3(A) to FIG. 3(C) at the high
speed task period (high speed period), the microproces-
sor 110 executes high speed and high precision control
with respect to the control subject.

[0082] Comparatively, among the tasks executed by
the microprocessor 110, there are also tasks not aiming
at "high speed and high precision control with respect to
the control subject". Such tasks not aiming at "high speed
and high precision control with respect to the control sub-
ject" are, for example, executed non-periodically or exe-
cuted periodically at a low speed task period by the mi-
croprocessor 110.

[0083] Here, "low speed task period" refers to an exe-
cution period longer than the task periods (e.g., 1ms or
2ms in the examples illustrated in FIG. 3(A) to FIG. 3(C))
of tasks (primary periodic task or periodic task) aiming
at "high speed and high precision control with respect to
the control subject". That s, a period (time interval) equal
to or more than "prescribed time interval (time interval)
such as a fixed period suitable for the motion arithmetic
program" may be referred to as "low speed task period
(low speed period)". In other words, a time interval (pe-
riod) equal to or more than the prescribed time interval
(specifically, the execution period required for "high
speed and high precision control with respect to the con-
trol subject") may be referred to as "low speed period".

[0084] "Periodic task that is a task executed periodi-
cally, includes the user program but does not include the
IP control and the motion arithmetic program" as illus-
trated in FIG. 3(D) may also be executed at a low speed
period. That is, FIG. 3(D) illustrates an example in which
the task period (execution period) is set at 4 ms with
respect to "periodic task including the user program but
not including the 10 control and the motion arithmetic
program”. However, for "periodic task including the user
program but not including the 10 control and the motion
arithmetic program", a period of several tens of ms or
more, that is, a low speed period, for example, may also
be set as the task period of such a task.

[0085] In addition to the tasks (primary periodic task
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and periodic task) to be executed periodically as illustrat-
edin FIG. 3(A) to FIG. 3(D), the microprocessor 110 also
executes a task (event task) to be executed non-period-
ically. In the following, an example of the event task will
be described with reference to FIG. 3(E).

[0086] FIG. 3(E) is a task (event task) executed non-
periodically and is a task to which only the user program
is assigned. The event task is executed only when a pre-
determined execution condition, such as "the PLC 10
receives a user command, etc." and "a condition of a
predetermined variable is matched", is satisfied.

[0087] As having described with reference to FIG. 3(A)
to FIG. 3(E), the tasks which the microprocessor 110 of
the PLC 10 executes can be roughly classified into the
following four types. That is, the tasks can be classified
into: (1) "primary periodic task" that is "a task to be exe-
cuted periodically (in particular, at the high speed period)
and has 10 control and motion control"; (2) a periodic
task that is "a task to be executed periodically (in partic-
ular, at the high speed period) and has 10 control but no
motion control; (3) a periodic task that is "a task to be
executed periodically (high speed period or low speed
period), but has no 1O control and no motion control";
and (4) an event task that is "a task to be executed non-
periodically and has no IO control and no motion control”.
The priority of the periodic task of (2) is higher than the
priority of the periodic task of (3).

[0088] However, itis not required to classify the tasks
which the PLC 10 executes into the four types. For ex-
ample, the tasks may also be roughly classified into the
following two types of tasks. That is, the tasks may also
be roughly classified into two types, which are "tasks to
be executed periodically (the primary periodic task and
the periodic tasks illustrated in FIG. 3(A) to FIG. 3(D))"
and "tasks to be executed in the case where a predeter-
mined condition is satisfied (the event task illustrated in
FIG. 3(E))". In addition, "task to be executed periodically"
and "task to be executed in the case where a predeter-
mined condition is satisfied" which the PLC 10 executes
are both tasks associated with the control with respect
to the control subject and may be referred to as control
tasks.

[0089] Among the applications, "control application" is
assigned together with the user program to a task exe-
cuted at the high-speed task period like the primary pe-
riodic task illustrated in FIG. 3(B).

[0090] Comparatively, "non-control application" is ex-
ecuted by the PLC 10 without being assigned to a task.
The PLC 10 assigns "non-control application" to the
fourth core 114 (application core) and directly executes
"non-control application" without assigning "non-control
application" to a task. On the other hand, the PLC 10
assigns, for example, "lO control", "control program”, and
"system service" that are assigned to "task" to the first
core 111, the second core 112, and the third core 113,
and executes "system service" and "task".

[0091] Inother words, in the microprocessor 110 of the
PLC 10, an application engine as the execution subject
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of "non-control application" is assigned to the fourth core
114.In addition, a controller engine as the execution sub-
ject of "task (as described above, a task may include a
control application)" is assigned to the first core 111, the
second core 112, and the third core 113 that are CPU
cores other than the fourth core 114. Hereinafter, the
details will be described with reference to FIG. 4.

(Regarding processes/programs assigned to each core
of a multi-core processor)

[0092] FIG. 4 is a diagram showing the overview of the
processes (programs), etc., assigned to each of the first
core 111, the second core 112, the third core 113, and
the fourth core 114 in the microprocessor 110 of the CPU
unit 100. The overview of the programs assigned to each
of the first core 111, the second core 112, the third core
113 and the fourth core 114 is firstly described in the
following.

[0093] Thatis, the PLC 10 is a control device that con-
trols the control subject by repeatedly executing a plu-
rality of control programs at a prescribed time interval
and includes the microprocessor 110 (multi-core proces-
sor) and the non-volatile memory 120 (memory) storing
the control programs, and the microprocessor 110 in-
cludes the fourth core 114 (application core) to which
only an application (i.e., a non-control application) that
is an application and that is not required to be repeatedly
executed with respect to the control subject at an execu-
tion interval less than or equal to the prescribed time in-
terval.

[0094] According to the configuration, only the appli-
cation not required to be repeatedly executed with re-
spect to the control subject at the execution interval less
than or equal to the prescribed time interval (application
not aiming at high speed and high precision control with
respect to the control subject), among the applications,
is assigned to the fourth core 114. That is, in the micro-
processor 110 of the PLC 10, the fourth core 114 to which
"the application that is an application and that is not re-
quired to be repeatedly executed with respect to the con-
trol subject at the execution interval less than or equal to
the prescribed time interval" is assigned and the core
(specifically, the first core 111, the second core 112, and
the third core 113) to which "the programs for high speed
and high precision control with respect to the control sub-
ject (e.g., the tasks to which the programs required to be
repeatedly executed with respect to the control subject
at the execution interval less than or equal to the pre-
scribed time interval are assigned, as well as the system
services) are assigned are different. The "prescribed
time interval" is, for example, several ms.

[0095] Here, for the control device such as a PLC, itis
required to not only exert high speed and high precision
control with respect to the control subject, but also to
execute the process for using the information ob-
tained/generated by the control device in an external de-
vice, the so-called process for informatization. In addi-
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tion, there is a growing demand for installing various ap-
plications for such informatization on the control device.
[0096] However, there is a possibility that the conven-
tional control device consumes resources due to execu-
tion of an application (e.g., the application for informati-
zation) and influences execution of the "program for high
speed and high precision control on the control subject".
[0097] The resources are computational resources for
the control device such as a PLC to execute the program
and the application and include CPU resources and
memory resources. The CPU resources are, forexample,
the CPU bandwidth available for executing the program
and the application.

[0098] To suppress the influence of the "application
that is an application and that is not required to be re-
peatedly executed with respect to the control subject at
the execution interval less than or equal to the prescribed
time interval" on the "program for high speed and high
precision control with respect to the control subject”, the
conventional control device takes the following meas-
ures. Thatis, the conventional control device suppresses
the influence of the "application that is an application and
thatis notrequired to be repeatedly executed with respect
to the control subject at the execution interval less than
or equal to the prescribed time interval" on the program
by ensuring a sufficient resource amount. For thisreason,
the conventional control device may increase the CPU
cores and memories, which makes the device larger, or
be divided into a plurality of control units which each ex-
ecute only predetermined processes.

[0099] Comparatively, the PLC 10 can alleviate the in-
terference of the "application that is an application and
thatis notrequired to be repeatedly executed with respect
to the control subject at the execution interval less than
or equal to the prescribed time interval" on the "program
for high speed and high precision control with respect to
the control subject" and efficiently execute both of them
in the microprocessor 110. That is, the PLC 10 can ex-
ecute the program and the non-control application not by
increasing the resource amount but by efficiently using
the resources. The PLC 10 requires neither to increase
the size of the device to ensure a sufficient resource
amount nor to be divided into the control units which each
execute only the predetermined processes, and can be
miniaturized.

[0100] In addition, the PLC 10 can alleviate the inter-
ference of the non-control application on the program
and execute both efficiently. That is, the PLC 10 can rap-
idly execute the program required for controlling the con-
trol subject independent of the non-control application
while suitably executing the non-control application, so
the PLC 10 can realize high performance.

[0101] Therefore, with respect to a control device ca-
pable of executing the high speed and periodical process
and the "application that is not required to be repeatedly
executed with respect to the control subject at the exe-
cution interval less than or equal to the prescribed time
interval among the applications" of the process for infor-
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matization, etc., the PLC 10 achieves the effect of being
capable of rendering miniaturization as well as high per-
formance.

[0102] In addition, the PLC 10 achieves the effect of
being capable of executing the "application that is not
required to be repeatedly executed with respect to the
control subject at the execution interval less than or equal
to the prescribed time interval among the applications"
at any timing in accordance with the usage scene, that
is, not subject to the limitation of the execution order de-
fined according to the priorities.

[0103] Moreover, the PLC achieves the effect of mak-
ing the development/upgrade of each of the "program for
high speed and high precision control with respect to the
control subject" and the "application that is not required
to be repeatedly executed with respect to the control sub-
ject at the execution interval less than or equal to the
prescribed time interval among the applications" possible
without the concern of influencing others. Accordingly,
various subjects can take part in the development/im-
provement of the "application that is not required to be
repeatedly executed with respect to the control subject
at the execution interval less than or equal to the pre-
scribed time interval among the applications".

[0104] The PLC 10 may also manage the "non-control
application" assigned to the fourth core 114 only and the
"programs for high speed and high precision control with
respect to the control subject (that is, the programs as-
signed to the first core 111, the second core 112, and
the third core 113)" by using different schedulers. In other
words, the PLC 10 may also separate the scheduler man-
aging the execution of "non-control application" and the
scheduler managing the execution of "task".

[0105] In the following, how the processes/programs
to each of the first core 111, the second core 112, the
third core 113, and the fourth core 114 in the microproc-
essor 110 of the PLC 10 are assigned is described in
detail with reference to FIG. 4.

[0106] Tasks, namely "control program”, "IO control",
and "system service" executed in the tasks, are assigned
to the first core 111, the second core 112, and the third
core 113. Here, as described above, the control program
includes the user program, the motion arithmetic pro-
gram, the sequence command arithmetic program, and
the control application.

[0107] Programs relating to "system service", such as
a program relating to a communication process via the
connection cable 70 (that is, a communication process
via a communication port), are assigned to a predeter-
mined proportion of the total resources of the first core
111.

[0108] Processes/programs other than "system serv-
ice" that are executed in the tasks, namely "control pro-
gram" and "1O control" are assigned to the second core
112 and the third core 113. As described above, among
"applications”, "control applications" are assigned to
tasks, that is, "control applications" are assigned to the
second core 112 and the third core 113.
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[0109] That is, in the microprocessor 110 of the PLC
10, the control applications (applications that are appli-
cations and that are repeatedly executed with respect to
the control subject at the execution interval less than or
equal to the prescribed time interval) are assigned to the
second core 112 and the third core 113 (control cores)
as cores to which programs repeatedly executed with
respect to the control subject at the execution interval
less than or equal to the prescribed time interval are as-
signed.

[0110] Accordingtothe configuration, in the microproc-
essor 110, the control applications are, for example, as-
signed to the second core 112 and the third core 113 as
cores to which the programs, such as the user program,
repeatedly executed with respect to the control subject
at the execution interval less than or equal to the pre-
scribed time interval are assigned.

[0111] Therefore, the PLC 10 achieves the effect of
being capable of efficiently executing the programs re-
peatedly executed with respect to the control subject at
the execution interval less than or equal to the prescribed
time interval in linkage in the second core 112 and the
third core 113.

[0112] That is, in the microprocessor 110 of the PLC
10, a controller engine as the execution subject of "task"
is assigned to the second core 112 and the third core
113. The controller engine efficiently links and executes
a "control application" assigned to a certain task and a
control program such as a user program assigned to the
task.

[0113] In the example illustrated in FIG. 4, "system
service" executed in "task" is assigned to the first core
111, processes/programs other than "system service"
executed in "task" are assigned to the second core 112
and the third core 113. In other words, FIG. 4 illustrates
an example where the core to which "system service"
executed in "task" is assigned and the core to which "con-
trol program” and "lO control" are assigned are separate.
[0114] However, in the PLC 10, it is not required to
separate the core to which "system service" is assigned
and the core to which "control program" and "1O control"
are assigned. For example, "system service", "control
program”, and "lO control" executed in "task" may also
be assigned to "the first core 111, the second core 112,
and the third core 113". "The first core 111, the second
core 112 and the third core 113" to which "task", in other
words, "lO control", "control program" and "system serv-
ice" executed in "task", is assigned may also be referred
to as control cores.

[0115] The fourth core 114 is only assigned "non-con-
trol application (e.g., information application)" among the
"applications".

[0116] Here, inthe fourth core 114 of the PLC, the pro-
portion of the resources assigned to each of a plurality
of non-control applications can be set by the user.
[0117] According to the configuration, in the fourth core
114, the proportion of the resources assigned to each of
the non-control applications can be set by the user. In
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other words, the PLC 10 allows the user to set the usage
proportion (e.g., the proportion of execution time, the pro-
portion of memory usage, etc.) of the fourth core 114 for
each of the non-control applications. In the example
shown in FIG. 4, 20% of the total CPU resources of the
fourth core 114 is assigned to "non-control application
1", and 30% of the total CPU resources of the fourth core
114 is assigned to "non-control application 2". In addition,
the user may leave a predetermined proportion (50% in
the example shown in FIG. 4) of the total resources of
the fourth core 114 free for a non-control application to
be installed to the PLC 10 in the future.

[0118] Therefore, the PLC 10 achieves the effect of
being capable of suppressing the decrease in the
processing speed of each of a plurality of non-control
applications even if the user makes the PLC 10 install
and execute a new application.

[0119] The application assigned to the fourth core 114
may also include an application for executing atleast one
of: (1) a process relating to connection with a database;
(2) a process relating to connection with an external dis-
play device such as the HMI 81; and (3) a process of
storing information obtained from the control subject and
transmitting the stored information to an external server
such as the external server 82.

[0120] According to the configuration, the application
assigned to the fourth core 114 includes an application
for executing at least one of: (1) a process relating to
connection with a database; (2) a process relating to con-
nection with an external display device; and (3) a process
of storing information obtained from the control subject
and transmitting the stored information to an external
server.

[0121] Here, currently, with respect to the control de-
vice controlling a control subject by repeatedly executing
a plurality of control programs at a prescribed time inter-
val, such as a PLC, there is a growing demand for install-
ing information applications (applications for informatiza-
tion) for executing: (1) a process relating to connection
with a database; (2) a process relating to connection with
an external display device; and (3) a process of storing
information obtained from the control subject and trans-
mitting the stored information to an external server, etc.
[0122] Therefore, with respect to a control device ca-
pable of executing (1) a process relating to connection
with a database; (2) a process relating to connection with
an external display device; and (3) a process of storing
information obtained from the control subject and trans-
mitting the stored information to an external server, etc.,
in addition to high speed and periodical processes, the
PLC 10 achieves an effect of being capable of rendering
miniaturization as well as high performance.

[0123] Sofar,anexampleinwhichthe PLC 10includes
the microprocessor 110 having four CPU cores, i.e., the
first core 111, the second core 112, the third core 113,
and the fourth core 114, is described. However, it is not
required that the microprocessor 110 of the PLC 10 in-
cludes four CPU cores, as long as the microprocessor
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110 has two or more CPU cores. In the microprocessor
110 having two or more CPU cores, it suffices as long
as the PLC assigns the following two types of programs
to different CPU cores. That is, it suffices as long as the
"application not aiming at high speed and high precision
control with respect to the control subject among the ap-
plications (the application not required to be repeatedly
executed with respect to the control subject at the exe-
cution interval less than or equal to the prescribed time
interval)" and the "program for high speed and high pre-
cision control with respect to the control subject (the pro-
gram required to be repeatedly executed with respect to
the control subject at the execution interval less than or
equal to the prescribed time interval)" are assigned to
different CPU cores.

[Summary]

[0124] To solve the above issue, a control device ac-
cording to an aspect of the invention, which controls a
control subject by repeatedly executing a plurality of con-
trol programs at a prescribed time interval, includes a
multi-core processor and a memory storing the control
programs. The multi-core processorincludes an applica-
tion core as a core to which only an application that is an
application and that is not required to be repeatedly ex-
ecuted with respect to the control subject at an execution
interval less than or equal to a prescribed time interval
is assigned.

[0125] According to the configuration, only the appli-
cation that is an application and that is not required to be
repeatedly executed with respect to the control subject
at the execution interval less than or equal to the pre-
scribed time interval (the application not aiming at high
speed and high precision control with respect to the con-
trol subject) is assigned to the application core. That is,
in the multi-core processor of the control device, the core
to which the "application that is an application and that
is not required to be repeatedly executed with respect to
the control subject at the execution interval less than or
equal to the prescribed time interval" is assigned and the
core to which the "program for high speed and high pre-
cision control with respect to the control subject (that is,
the program required to be repeatedly executed with re-
spect to the control subject at the execution interval less
than or equal to the prescribed time interval)" is assigned
are different.

[0126] Here, for the control device such asa PLC, itis
required to not only exert high speed and high precision
control with respect to the control subject, but also to
execute the process for using the information ob-
tained/generated by the control device in an external de-
vice, the so-called process for informatization. In addi-
tion, there is a growing demand for installing various ap-
plications for such informatization on the control device.
[0127] However, there is a possibility that the conven-
tional control device consumes resources due to execu-
tion of the "application that is an application and that is
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not required to be repeatedly executed with respect to
the control subject at the execution interval less than or
equal to the prescribed time interval (e.g., the application
for informatization)" and influences execution of the "pro-
gram for high speed and high precision control on the
control subject". The resources are computational re-
sources for the control device such as a PLC to execute
the program and the application and include CPU re-
sources and memory resources. The CPU resources are,
for example, the CPU bandwidth available for executing
the program and the application.

[0128] To suppress the influence of the "application
that is an application and that is not required to be re-
peatedly executed with respect to the control subject at
the execution interval less than or equal to the prescribed
time interval" on the "program for high speed and high
precision control with respect to the control subject”, the
conventional control device takes the following meas-
ures. Thatis, the conventional control device suppresses
the influence of the "application that is an application and
thatis notrequired to be repeatedly executed with respect
to the control subject at the execution interval less than
or equal to the prescribed time interval" on the program
by ensuring a sufficientresource amount. For this reason,
the conventional control device may increase the CPU
cores and memories, which makes the device larger, or
be divided into a plurality of control units which each ex-
ecute only predetermined processes.

[0129] Comparatively, the control device according to
an aspect of the invention can alleviate the interference
of the "application that is an application and that is not
required to be repeatedly executed with respect to the
control subject at the execution interval less than or equal
to the prescribed time interval" on the "program for high
speed and high precision control with respect to the con-
trol subject" and efficiently execute both of them in the
multi-core processor. That is, the control device accord-
ing to an aspect of the invention can execute the program
and the application not by increasing the resource
amount but by efficiently using the resources. The control
device according to an aspect of the invention requires
neither to increase the size of the device to ensure a
sufficient resource amount nor to be divided into the con-
trol units which each execute only the predetermined
processes, and can be miniaturized.

[0130] In addition, the control device according to an
aspect of the invention can alleviate the interference of
the "application that is an application and that is not re-
quired to be repeatedly executed with respect to the con-
trol subject at the execution interval less than or equal to
the prescribed time interval" on the program and execute
both efficiently. That is, the control device according to
an aspect of the invention can rapidly execute the pro-
gram required for controlling the control subject inde-
pendent of the application while suitably executing the
application, so the control device can realize high per-
formance.

[0131] Therefore, with respect to a control device able
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to execute the high speed and periodical process and
the "application that is an application and that is not re-
quired to be repeatedly executed with respect to the con-
trol subject at the execution interval less than or equal to
the prescribed time interval" of the process for informa-
tization, etc., the control device according to an aspect
of the invention achieves the effect of being capable of
rendering miniaturization as well as high performance.
[0132] In addition, the control device according to an
aspect of the invention achieves the effect of being ca-
pable of executing the "application that is an application
and that is not required to be repeatedly executed with
respect to the control subject at the execution interval
less than or equal to the prescribed time interval" at any
timing in accordance with the usage scene, that is, not
subject to the limitation of the execution order defined
according to priorities.

[0133] Moreover, the control device according to an
aspect of the invention achieves the effect of making the
development/upgrade of each of the "program for high
speed and high precision control with respect to the con-
trol subject" and the "application that is an application
andis notrequired to be repeatedly executed with respect
to the control subject at the execution interval less than
or equal to the prescribed time interval" possible without
the concern of influencing others. Accordingly, various
subjects can take part in the development/improvement
of the "application that is an application and that is not
required to be repeatedly executed with respect to the
control subject atthe execution interval less than or equal
to the prescribed time interval”.

[0134] Inthe multi-core processor of the control device
according to an aspect of the invention, an application
thatis an application and that is repeatedly executed with
respect to the control subject at the execution interval
less than or equal to the prescribed time interval may be
assigned to a control core as a core to which a program
repeatedly executed with respect to the control subject
at the execution interval less than or equal to the pre-
scribed time interval is assigned.

[0135] According to the configuration, in the multi-core
processor, the application that is repeatedly executed
with respectto the control subject atthe execution interval
less than or equal to the prescribed time interval is as-
signed to the control core as a core to which a program
repeatedly executed with respect to the control subject
at the execution interval less than or equal to the pre-
scribed time interval is assigned.

[0136] Therefore, the control device according to an
aspect of the invention achieves the effect of being ca-
pable of efficiently linking and executing the application
that is repeatedly executed with respect to the control
subject at the execution interval less than or equal to the
prescribed time interval and the program repeatedly ex-
ecuted with respect to the control subject at the execution
interval less than or equal to the prescribed time interval
in the control core.

[0137] In the application core, a proportion of resourc-
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es assigned to each of a plurality of applications not re-
quired to be repeatedly executed with respect to the con-
trol subject at the execution interval less than or equal to
the prescribed time interval may be settable by a user.
[0138] According to the configuration, in the applica-
tion core, the proportion of resources assigned to each
of a plurality of applications not required to be repeatedly
executed with respect to the control subject at the exe-
cution interval less than or equal to the prescribed time
interval is settable by a user. In other words, with respect
to each of the applications not required to be repeatedly
executed with respect to the control subject at the exe-
cution interval less than or equal to the prescribed time
interval, the control apparatus allows the user to set the
usage proportion of the application core (e.g., the pro-
portion of execution time, the proportion of memory us-
age, etc.). The user may leave a predetermined propor-
tion of the total resources of the application core free for
a non-control application to be installed to the control
device in the future.

[0139] Therefore, the control device according to an
aspect of the invention achieves the effect of being ca-
pable of suppressing the decrease in the processing
speed of each of the applications not required to be re-
peatedly executed with respect to the control subject at
the execution interval less than or equal to the prescribed
time interval even if the user installs and executes a new
application to the control device.

[0140] With respect to the control device according to
an aspect of the invention, the application assigned to
the application core may include an application for exe-
cuting atleast one of: (1) a process relating to connection
with a database; (2) a process relating to connection with
an external display device; and (3) a process of storing
information obtained from the control subject and trans-
mitting the stored information to an external server.
[0141] According to the configuration, the application
assigned to the application core includes an application
for executing at least one of: (1) a process relating to
connection with a database; (2) a process relating to con-
nection with an external display device; and (3) a process
of storing information obtained from the control subject
and transmitting the stored information to an external
server.

[0142] Here, currently, with respect to a control device
controlling the control subject by repeatedly executing a
plurality of control programs at a prescribed time interval,
such as a PLC, there is a growing demand for installing
information applications (applications for informatization)
for executing: (1) a process relating to connection with a
database; (2) a process relating to connection with an
external display device; and (3) a process of storing in-
formation obtained from the control subject and transmit-
ting the stored information to an external server, etc.
[0143] Therefore, with respect to a control device ca-
pable of executing (1) a process relating to connection
with a database; (2) a process relating to connection with
an external display device; and (3) a process of storing
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information obtained from the control subject and trans-
mitting the stored information to an external server, etc.,
in addition to high speed and periodical processes, the
control device according to an aspect of the invention
achieves an effect of being capable of rendering minia-
turization as well as high performance.

[Description of Reference Numerals]
[0144]

10: PLC (control device)

110: microprocessor (multi-core processor)
120: non-volatile memory (memory)

111: first core (control core)

112: second core (control core)

113: third core (control core)

114: fourth core (application core)

Claims

1. A control device (10) adapted to control a control
subject such as a machine and an apparatus by re-
peatedly executing a plurality of control programs at
a prescribed time interval, the control device (10)
comprising
a multi-core processor (110), the control device (10)
characterised in that:

the multi-core processor (110) comprises

a control core (111-113) that is assigned with a
plurality of control applications, the control ap-
plications being applications which are repeat-
edly executable by the control device at an ex-
ecution interval which is shorter or equal than
the prescribed time interval and an application
core (114)thatis assigned with a plurality of non-
control applications, the non-control applica-
tions being applications which are non-periodi-
cally executable by the control device of repeat-
edly executable by the control device at an ex-
ecution interval greater than the prescribed time
interval; and

a memory (120) storing the plurality of control
applications,

wherein in the application core (114), a proportion
of CPU bandwidth and memory usage of a total CPU
resource of the application core (114) assigned to
each of the plurality of non-control applications is
settable by a user.

2. Thecontrol device (10) according to claim 1, wherein
one of the applications assigned to the application
core (114)is an application for executing atleastone
of:
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- a process relating to connection with a data-
base;

- a process relating to connection with an exter-
nal display device; and

- a process of storing information obtained from
the control subject and transmitting the stored
information to an external server. a multi-core
processor (110), the control device (10) char-
acterised in that: the multi-core processor
(110) comprises a control core (111-113) that is
assigned with a plurality of control applications,
the control applications being applications which
are repeatedly executable by the control device
at an execution interval which is shorter or equal
than the prescribed time interval and an appli-
cation core (114) that is assigned with a plurality
of non-control applications, the non-control ap-
plications being applications which are non-pe-
riodically excutable by the control device or re-
peatedly executable by the control device at an
execution interval greater than the prescribed
time interval; and a memory (120) storing the
plurality of control applications,

Patentanspriiche

1.

Steuervorrichtung (10), die angepasst ist, einen
Steuergegenstand wie eine Maschine und ein Gerat
durch wiederholtes Ausflihren einer Vielzahl von
Steuerprogrammen in einem vorgeschriebenen Zei-
tintervall zu steuern, wobei die Steuervorrichtung
(10) umfasst:

einen Multi-Core-Prozessor (110), wobei die Steu-
ervorrichtung (10) dadurch gekennzeichnet ist,
dass:

der Multi-Core-Prozessor (110) umfasst

einen Steuerkern (111-113), der mit einer Viel-
zahl von Steueranwendungen zugeordnet ist,
wobei die Steueranwendungen Anwendungen
sind, die wiederholt ausflihrbar sind, durch die
Steuervorrichtung in einem Ausflihrungsinter-
vall, das kurzer oder gleich dem vorgeschriebe-
nen Zeitintervallist, und einen Anwendungskern
(114), dem eine Vielzahl von Nicht-Steueran-
wendungen zugeordnet ist, wobei die Nicht-
Steueranwendungen Anwendungen sind, die
durch die Steuervorrichtung nicht periodisch
ausfuhrbar sind oder wiederholt durch die Steu-
ervorrichtung in einem Ausflhrungsintervall
ausfihrbar sind, das groRer als das vorge-
schriebene Zeitintervall ist; und

einen Speicher (120), der die Vielzahl von Steu-
eranwendungen speichert,

wobei in dem Anwendungskern (114) ein Anteil
der CPU-Bandbreite und Speichernutzung ei-
ner gesamten CPU-Ressource des Anwen-
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dungskerns (114), zugeordnet zu jeder der Viel-
zahl von Nicht-Steueranwendungen, durch ei-
nen Benutzer einstellbar ist.

Steuervorrichtung (10) gemaf Anspruch 1, wobei ei-
ne der Anwendungen, die dem Anwendungskern
(114) zugeordnet ist, eine Anwendung zum Ausflh-
ren von wenigstens einem von ist:

- einem Prozess, der sich auf die Verbindung
mit einer Datenbank bezieht;

- einem Prozess, der sich auf die Verbindung
mit einer externen Anzeigevorrichtung bezieht;
und

- einem Prozess zum Speichern von Informati-
onen, die von dem Steuergegenstand erhalten
wurden, und zum Ubertragen der gespeicherten
Informationen an einen externen Server.

Revendications

Dispositif de commande (10) apte a commander un
sujet de commande comme une machine et un ap-
pareil par I'exécution de maniére répétitive d’'une plu-
ralité de programmes de commande a un intervalle
de temps prescrit, le dispositif de commande (10)
comprenant :

un processeur multicoeur (110), le dispositif de com-
mande (10) étant caractérisé en ce que :

le processeur multicceur (110) comprend :

un coeur de commande (111-113) auquel il est
attribué une pluralité d’applications de comman-
de, les applications de commande étant des ap-
plications qui sont exécutables de maniere ré-
pétitive par le dispositif de commande a un in-
tervalle d’exécution qui est inférieur ou égal a
I'intervalle de temps prescrit, et

un cceur d’application (114) auquel il est attribué
une pluralité d’applications de non-commande,
les applications de non-commande étant des
applications qui sont exécutables de maniére
non périodique par le dispositif de commande
ou qui sont exécutables de maniére répétitive
par le dispositif de commande a un intervalle
d’exécution supérieur a lintervalle de temps
prescrit ; et

une mémoire (120) stockant la pluralité d’appli-
cations de commande,

dans lequel, dans le coeur d’application (114),
une proportion de bande passante de CPU et
d'utilisation de mémoire d’'une ressource de
CPU totale du coeur d’application (114) attri-
buée a chacune de la pluralité d’applications de
non-commande est réglable par un utilisateur.

2. Dispositif de commande (10) selon la revendication
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1, dans lequel I'une des applications attribuées au
coeur d’application (114) est une application pour
exécuter au moins I'un parmi :

- un processus relatif a une connexion a une 5
base de données ;

- un processus relatif a une connexion a un dis-
positif d’affichage externe ; et

- un processus de stockage d’informations ob-
tenues depuis le sujetde commande etde trans- 70
mission des informations stockées a un serveur
externe.
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