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OPERATIONAL PLAN OPTIMIZATION DEVICE AND OPERATIONAL PLAN
OPTIMIZATION METHOD

TECHNICAL FIELD

[0001] The present invention relates to an operational plan
optimization device and an operational plan optimization method for
simulating operations for recognizing an optimal operation method
or optimizing and planning the operation method in an operation made
up of elements such as products, machines, operators, and transport
means such as transport operators and forklifts related to logistics
in, for example, the operation steps related to production in a

manufacturing industry.

BACKGROUND ART

[0002] In recent years, in production plants, the degree of
small-volume production in great varieties in which a large number
of products are manufactured according to various market demands has
increased, and cases in which a plurality of production items are
produced in a single production line have increased. 1In a case where
various products are manufactured on the same production line in a
mixed manner, since the number of components, a processing method,
an assembling method, the number of steps in the production line,
and an operation time required in respective steps are different
depending on a product, a problem that does not occur in a production
system of a single product occurs.

[0003] For example, when various products are manufactured on
the same production line, interference between production lots occurs
and stagnation for waiting for the production order occurs.
Specifically, when components of respective products produced in a
previous step are put into an assembly line which is a post-process,
the components have to wait due to interference with a production
instruction for another product, which results in a temporary
accumulation of stock of components between steps. Moreover, various

kinds of waste occur. Specifically, when an operation time necessary
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in respective steps are different depending on a product, a variation
in the operation time of the respective steps occurs, which produces
a standby time in the respective steps. In order to manufacture
different products, it i1s necessary to perform a so-called stage
replacement such as change of jigs. Although it is necessary to timely
supply necessary components to necessary steps according to the
production plan of each product in the logistics in a plant, the supply
of components becomes complex when various products are manufactured.
[0004] In order to cope with such a problem, conventionally, a
scheduler has been used as a computer processing technology to
optimize production planning. However, since a scheduler aims to
optimize a complex flow of works and an irregular operation of
operators on a production line, the costs for developing the logics
for analyzing a target production line and optimizing the production
plan incur. When the logics for detailed behaviors corresponding to
an actual production line are to be developed, an enormous amount
of time for analysis and development incurs. Moreover, the logics
in a scheduler are a search method of giving various static conditions
and narrowing down to a solution that satisfies these conditions.
As a result, since it is not guaranteed that the generated optimal
solution is a state optimal under all conditions, it is not possible
to present a reasonable solution to users in a production field.
Moreover, when production items or facilities on a production line
are changed, for example, it is necessary to change the logics and
there is a problem that users who do not have specialized knowledge
on scheduling cannot cope with the change.

[0005] Due to this, a method of realizing optimization on the
basis of effect analysis based on a simulation technology instead
of a scheduler is expected. The simulator of a production line is
generally performed by a technology called a discrete simulation.
The discrete simulation involves setting facility elements such as
products, machines, operators, and transport means such as forklifts,
operations induced by the respective facility elements, and induction

conditions, evaluating induction relations thereof, and predicting
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a behavior of a production line (see Patent Documents 1 and 2).
[0006] In discrete simulation of a production line, specific
operations are induced on facility elements serving as the root of
a production process network whereby induction of the specific
operations propagates to facility elements of a production process
network connected to the root, operation of the simulation proceeds,
and a progress state of production in the production line is simulated.
By recording the starting time and the ending time of the specific
operations of the respective facility elements and the number of
consumed components, it is possible to predict change over time in
an operation time ratio of each facility element and change over time
in the number of consumed components. Moreover, it is possible to
predict the time (lead time) required for producing one product and
the state related to component supply logistics such as whether a
component prepared in a component warehouse is out of stock and the
time point at which the component becomes out of stock and to analyze
a problem in the production line before mass production starts. In
this way, the selection of the order (production plan) of putting
production lots and a production line, the selection of respective
production stations in a production line, the selection of the flow
(routing) of the production stations and the selection of specific
molds and tools to be used for production, and an instruction of steps
related to an operator having a unique name are determined.

[0007] Non-Patent Document 1 discloses a technology of
performing optimization based on production simulation, in which a
manager device of a processing mechanism that executes a parallel
simulation operation outputs a production model in which individual
conditions are applied to many production simulation engines
distributed on a network, collects values as calculation results of
an objective function after the simulation operation is performed,
and evaluates the calculation results to thereby calculate an optimal

restriction condition for the production model.
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Production System Based on Simulation Integrated Manufacturing and
its Application to Mass Production”, International Journal of
Automation Technology, FUJI Technology Press LTD, January 5, 2017,

Volume 11, Issue 1 (consecutive volume number 57)), pages 56-66

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] However, in the conventional discrete simulation, after
a calculation process of a corresponding case is performed under a
certain specific condition, it is determined whether the condition
is appropriate or not. When cases are deployed according to
combinations of conditions and an enormous number of cases are assumed
as in small-volume production in great varieties, it is difficult
to specify an optimal condition by evaluating individual conditions
using discrete simulation only. In order to select an optimal
condition, it is necessary to set conditions mechanically for various
cases under combinations of production conditions, perform a
calculation process for respective cases to execute simulation, and
perform a large number of calculation processes. Therefore,
generally, hardware resources having very high processing performance
are required. However, such hardware resources are very expensive.
[0011] In this case, when the processing mechanism that
executing parallel simulation operation disclosed in Non-Patent
Document 1 is used, it 1is possible to perform various simulation
operations at low cost and high speed without requiring expensive
hardware resources. However, 1in order to efficiently utilize

hardware resources of the parallel simulation operation to realize
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these effects, it is necessary to concretize the processes of the
hardware resources of the parallel simulation operation.

[0012] The present invention 1is proposed in view of the
above-described problems, and an object of the present invention is
to provide an operational plan optimization device and an operational
plan optimization method capable of efficiently utilizing hardware
resources of a processing mechanism that executes a parallel
simulation operation, executing various simulation operations at
lower cost and at high speed, and recognizing an optimal operation

even when an enormous number of cases are assumed.

SOLUTIONS TO PROBLEMS

[0013] An operational plan optimization device according to the
present invention includes: an integrated control processing unit;
and aplurality of simulators communicably connected to and controlled
integrally by the integrated control processing unit, wherein the
integrated control processing unit is configured to: recognize a
varying processable amount over time within a predetermined period
of each of the simulators; transmit a simulation request for a
simulation process within an optimal processing amount within the
recognized processable amount of each of the simulators to each of
the simulators together with an operation state information group
and a simulation condition; receive a plurality of evaluation value
groups as a simulation process result based on the operation state
information group and the simulation condition from each of the
simulators; and recognize a highest evaluation value group based on
an operation objective function among a plurality of received
evaluation value groups.

An 1integral processing program of the operational plan
optimization device, an integral processing program product, an
integral processing program medium, or a computer-readable recording
medium having the integral processing program recorded, to the present
invention, therein causes a server of the operational plan

optimization device including the server and a plurality of simulators
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communicably connected to and controlled integrally by the server
to function as means for recognizing a varying processable amount
over time within a predetermined period of each of the simulators;
transmitting a simulation request for a simulation process within
an optimal processing amount within the recognized processable amount
of each of the simulators to each of the simulators together with
an operation state information group and a simulation condition;
receiving a plurality of evaluation wvalue groups as a simulation
process result based on the operation state information group and
the simulation condition from each of the simulators; and recognizing
a highest evaluation value group based on an operation objective
function among a plurality of received evaluation value groups.
According to this configuration, the integrated control
processing unit can recognize the varying processable amount over
time of each of the simulators to cause the respective simulators
to perform a simulation process within the optimal processing amount
in the processable amount, efficiently utilize hardware resources
of a processing mechanism that executes a parallel simulation
operation, execute various simulation operations at lower cost and
at high speed even when an enormous number of cases are assumed as
in small-volume production in great varieties. Moreover, the
integrated control processing unit receives a plurality of evaluation
value groups as the simulation process result based on the operation
state information group and the simulation condition from the
plurality of simulators and recognizes the highest evaluation value
group based on the operation objective function among the plurality
of evaluation value groups. In this way, it is possible to recognize
an optimal operation which complies with an operation objective and
an operation state.
[0014] In the operational plan optimization device of the
present invention, the evaluation value group may include a degree
of similarity to a present operation as an evaluation value.
According to this configuration, it is possible to recognize

an optimal operation that is easily performed at the site and by an
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operator without changing an existing operation method remarkably.
For example, when an evaluation value group is made up of indices
related to production only, production corresponding to the highest
evaluation value group may include production including a production
method which is difficult to cope with and which has not been
experienced 1in executing production actually, production which
involves a drastic change in layout which may impose burden on a
production site, or production of which the production policy 1is
greatly different from a conventional production policy. However,
when the degree of similarity to a present operation is included in
the evaluation value of an evaluation value group, it is possible
to recognize “optimal production which is easy to produce and is easy
to perform and which is not changed greatly from an existing method”
in a production site.

[0015] The operational plan optimization device of the present
invention may further include an operation state information
acquisition unit that acquires the operation state information, and
the operation state information may be transmitted from the operation
state information acquisition wunit to the integrated control
processing unit.

According to this configuration, the integrated control
processing unit can automatically recognize the operation state
information from the operation state information acquisition unit
to cause the simulator group to perform a simulation process,
recognize a highest evaluation value group which complies with an
operation objective and an operation state, and recognize an optimal
operation.

[0016] In the operational plan optimization device of the
present invention, the integrated control processing unit may
generate an individual operation instruction corresponding to the
recognized highest evaluation value group and transmit the individual
operation instruction to at least an operator terminal approximately
on a real-time basis. The individual operation instruction is

preferably transmitted to as many units as possible that can receive
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the instruction such as the operation state information acquisition
unit capable of receiving the individual operation instruction in
addition to the operator terminal.

According to this configuration, the highest evaluation value
group and the optimal operation obtained from operation simulation
can be immediately applied as an individual operation instruction,
the individual operation instruction can be quickly delivered to an
operator and the like, an optimal operation system can be established
quickly, and an optimal operation can be executed speedily.

[0017] The operational plan optimization device according to the
present invention may further include a refinement control component
communicably connected to the integrated control processing unit,
and the integrated control processing unit may generate a simulation
condition on the basis of the operation state information group and
a refinement condition of the refinement control component. The
refinement control component may be configured as a computer having
a communication interface, a hard disk, or both, and the refinement
control component is preferably configured as a computer having a
communication interface.

According to this configuration, since the integrated control
processing unit generates the simulation condition on the basis of
the refinement condition of the refinement control component and the
operation state information, it is possible to sequentially generate
necessary simulation conditions and use the same in a simulation
process.

Therefore, it is possible to eliminate the need to prepare hardware
that generates a list of patterns of an enormous number of simulation
conditions corresponding to operation state information by a
simulation operation. Therefore, it is possible to reduce the cost
of hardware resources using hardware resources efficiently.
Moreover, since the number of simulation conditions increases
enormously when the number of combinations of conditions increases,
it is possible to remove unnecessary simulation conditions to reduce

the enormous number of simulation conditions to obtain a number of
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processable simulation conditions with the refinement condition to
thereby execute operation for optimization and to reduce the cost
of hardware resources. Moreover, 1t 1is possible to set a more
appropriate refinement condition of the refinement control component
in compliance with characteristics of market conditions,
characteristics of production lines, manufacturing management
policies such as setting the delivery priority corresponding to a
customer request in a production plan and setting the priority of
a production facility to be operated actively from the viewpoint of
depreciation of facilities and quality management, for example.
Therefore, the integrated control processing unit can generate a more
appropriate simulation condition and use the same in a simulation
process. Furthermore, since the refinement control component and the
integrated control processing unit are communicably connected rather
than being integrated, it is possible to use an appropriate refinement
condition and an appropriate simulation condition flexibly as
necessary and to improve the flexibility, the diversity, and the
versatility of the simulation process.

[0018] In the operational plan optimization device of the
present invention, a degree of refinement of the refinement condition
of the refinement control component may be changeable, or the
refinement conditions of a plurality of degrees of refinement may
be set in the refinement control component.

According to this configuration, for example, when an
administrator determines that the result of a first highest evaluation
value group obtained on the basis of a first refinement condition
needs to be simulated using a different condition, it is possible
to obtain the result of a second highest evaluation value group using
a second refinement condition of a weaker degree of refinement than
the first refinement condition or to recognize an optimal evaluation
value group and an optimal operation among the highest evaluation
value groups obtained on the basis of the plurality of refinement
conditions. Inthisway, it is possible toattain ahighest evaluation

value group and an optimal operation which are considered to be optimal
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from artificial determination or are considered to be optimal from
a simulation process based on a plurality of refinement conditions
without strengthening the degree of refinement too much and
eliminating the evaluation value group from an evaluation target.
[0019] In the operational plan optimization device of the
present invention, the refinement control component may generate the
refinement condition on the basis of a setting condition and a
plurality of refinement control components may be provided.
According to this configuration, for example, when the first
refinement condition is generated on the basis of the first setting
condition of the first refinement control component, the result of
the first highest evaluation value group obtained on the basis of
the first refinement condition is the result for the range that depends
on the first setting condition. 1In contrast, when an administrator
determined that it is necessary to perform simulation under a
different condition, it is possible to set a specific individual
condition among the simulation conditions corresponding to the first
highest evaluation value group as the second setting condition of
the second refinement control component and obtain the result of the
second highest evaluation value group using the second refinement
condition generated therefrom. Moreover, it is possible to execute
processes according to the third and fourth refinement conditions
continuously on the basis of the result. 1In this way, it is possible
to attain a highest evaluation value group and an optimal operation
which are considered to be optimal while continuously changing the
refinement range without extending the range and strengthening the
degree of refinement too much and eliminating the evaluation value
group from an evaluation target. Since a plurality of refinement
control components that generates a refinement condition and is
communicably connected to the integrated control processing unit is
provided, a first refinement control component may be provided in
a place where a productionplan is created, a second refinement control
component may be provided in the site, the same or different persons

may set the setting conditions to the first and second refinement
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control components, and the first and second refinement control
components may be caused to generate refinement conditions and execute
operation simulation, for example. In this way, it is possible to
perform an operation simulation process flexibly according to the
need in the process of creating an operational plan.

[0020] In the operational plan optimization device of the
present invention, the integrated control processing unit may receive
information on the start and completion of the simulation process
directly or indirectly from another integrated control processing
unit of another operational plan optimization device that shares the
plurality of simulators, and the integrated control processing unit
may stop recognizing the varying processable amount over time within
the predetermined period of each of the simulators from the start
to the completion of the simulation process.

According to this configuration, it is possible to perform a
process of recognizing the processable amount over time of the
simulator group with less labor andefficiently use hardware resources
by the plurality of operational plan optimization devices sharing
the simulator group.

[0021] An operational plan optimization method according to the
present invention is an operational plan optimization method which
uses the operational plan optimization device according to the present
invention, in which the integrated control processing unit executes
the steps of: executing a simulation process on a first operation
range to recognize a highest evaluation value group of the first
operation range; executing a simulation process on a second operation
range to recognize a highest evaluation value group of the second
operation range; and setting a third simulation condition including
a first simulation condition corresponding to a highest evaluation
value group of the first operation range and a second simulation
condition corresponding to a highest evaluation value group of the
second operation range, executing a simulation process on the third
operation range including the first operation range and the second

operation range using the third simulation condition, and recognizing
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a highest evaluation value group of the third operation range.
According to this configuration, when a calculation amount
increases enormously and the number of combinations increases
explosively if a simulation process of the entire operation is
performed, it is possible to perform simulation in advance for a
plurality of operation ranges divided from the entire operation to
acquire a simulation condition for the entire operation from the
result related to thepartial optimization of the respective operation
ranges, recognize the highest evaluation value group of the entire
operation on the basis of the operation objective function according
to the simulation condition, and recognize the highest evaluation
value group and the optimal operation efficiently with a calculation
amount which 1is practically executable with hardware resources.
Moreover, since this method involves performing simulation based on
the operation ranges divided from the entire operation, an operation
which is easy to perform and which involves less change in an existing
operation is likely to be recognized, and an optimal operation which
is easily performed at the site and an operator. For example,
combinations are calculated for a certain operation range of a
production order on the basis of a present production plan to realize
partial optimization and fitting, the combinations are processed
sequentially for all operation ranges, and a simulation process is
performed for the entire operation whereby the production plan can
be changed to a production plan which is optimal on the extension
line of the present plan.
[0022] An operational plan optimization method according to the
present invention is an operational plan optimization method which
uses the operational plan optimization device according to the present
invention, in which the integrated control processing unit executes
the steps of: transmitting a simulation request of a first simulation
condition generated on the basis of a first refinement condition to
each of the simulators together with an operation state information
group and the first simulation condition; receiving a plurality of

first evaluation value groups as a simulation process result based
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on the operation state information group and the first simulation
condition from each of the simulators; recognizing a first highest
evaluation value group based on a first operation objective function
among the received plurality of first evaluation value groups and
recognizing a distribution of the plurality of first evaluation value
groups; storing a second operation objective function input on the
basis of the plurality of first evaluation wvalue groups; and
recognizing a second highest evaluation value group based on a second
operation objective function among the plurality of first evaluation
value groups.

According to this configuration, it is possible to evaluate the
plurality of first evaluation value groups of the simulation process
result using the first operation objective function, recognize the
first highest evaluation value group based on the first operation
objective function, and recognize a second highest evaluation value
group based on the second operation objective function among the
plurality of first evaluation value groups using the second operation
objective function set by referring to the distribution of the
plurality of first evaluation value groups. Therefore, for example,
when an administrator determines whether there is an appropriate
solution or an optimal operation more than a solution or an optimal
operation based on the first operation objective function, it is
possible to set the second operation objective function by referring
to the distribution of the plurality of first evaluation value groups,
recognize a solution or an optimal operation based on the second
operation objective function, and recognize a solution or an optimal
operation based on each of a plurality of operation objective
functions so that the administrator can compare and examine the
solutions or the optimal operations. Therefore, it is possible to
examine a plurality of evaluation value groups and a plurality of
highest evaluation value groups in a comprehensive way and from
various viewpoints.

[0023] An operational plan optimization method according to the

present invention is an operational plan optimization method which
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uses the operational plan optimization device according to the present
invention, in which the integrated control processing unit executes
the steps of: transmitting a simulation request of a first simulation
condition generated on the basis of a first refinement condition to
each of the simulators together with an operation state information
group and the first simulation condition; receiving a plurality of
first evaluation value groups as a simulation process result based
on the operation state information group and the first simulation
condition from each of the simulators; recognizing a first highest
evaluation value group based on a first operation objective function
among the received plurality of first evaluation value groups and
recognizing a distribution of the plurality of first evaluation value
groups; storing a second operation objective function input on the
basis of the distribution of the plurality of first evaluation value
groups; transmitting a simulation request of a second simulation
condition generated on the basis of a second refinement condition
to each of the simulators together with the operation state
information group and the second simulation condition; receiving a
plurality of second evaluation value groups as a simulation process
result based on the operation state information group and the second
simulation condition from each of the simulators; and recognizing
a second highest evaluation value group based on the second operation
objective function among the received plurality of second evaluation
value groups and recognizing a distribution of the plurality of second
evaluation value groups.

According to this configuration, it is possible to evaluate the
plurality of first evaluation value groups of the simulation process
result using the first operation objective function, recognize the
first highest evaluation value group based on the first operation
objective function, and recognize a second highest evaluation value
group and the distribution of a plurality of second evaluation value
groups different from the plurality of first evaluation value groups
corresponding to the second refinement condition and the second

simulation condition using a second operation objective function set
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by referring to the distribution of the plurality of first evaluation
value groups. Therefore, for example, when an administrator
determines whether there is an appropriate solution or an optimal
operation more than a solution or an optimal operation based on the
first refinement condition and the first operation objective function,
it is possible to set the second operation objective function by
referring to the distribution of the plurality of first evaluation
value groups, recognize a solution or an optimal operation based on
the second refinement condition and the second operation objective
function, and recognize a solution or an optimal operation based on
each of a plurality of refinement conditions and a plurality of
operation objective functions so that the administrator can compare
and examine the solutions or the optimal operations. Therefore, it
is possible to examine a plurality of evaluation value groups and
a plurality of highest evaluation value groups in a comprehensive
way and from various viewpoints using the plurality of refinement
conditions and the plurality of operation objective functions to

recognize a more optimal operation.

EFFECTS OF THE INVENTION

[0024] According to the present invention, it is possible to
efficiently utilize hardware resources of a processing mechanism that
executes a parallel simulation operation when performing operation
simulation and to execute various simulation operations at lower cost
and at high speed to recognize an optimal operation even when an
enormous number of cases are assumed as in small-volume production

in great varieties.

BRIEF DESCRIPTION OF DRAWINGS
[0025] FIG. 1 is a Dblock diagram illustrating an overall
configuration of an operational plan optimization device according
to a first embodiment of the present invention.

FIG. 2 is a block diagram illustrating a configuration of an

integrated <control ©processing unit of the operational plan
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optimization device according to the first embodiment.

FIG. 3 is a block diagram illustrating a configuration of a
simulator of the operational plan optimization device according to
the first embodiment.

FIG. 4 is a block diagram illustrating a configuration of an
operator terminal of the operational plan optimization device
according to the first embodiment.

FIG. 5 is a flowchart illustrating an operation simulation
process of the operational plan optimization device according to the
first embodiment.

FIG. 6 is a diagram illustrating an example of a simulation
condition of the operational plan optimization device according to
the first embodiment.

FIG. 7 is a flowchart illustrating an operation simulation
process of an operational plan optimization device according to a
second embodiment.

FIG. 8 is a flowchart illustrating an operation simulation
process of an operational plan optimization device according to a
third embodiment.

FIG. 9 is a block diagram illustrating a configuration of a
refinement control component of an operational plan optimization
device according to a fourth embodiment.

FIG. 10 is a flowchart illustrating a refinement condition
generation process of the refinement control component of the
operational plan optimization device according to the fourth
embodiment.

FIG. 11 is a flowchart illustrating an operation simulation
process according to a first modified embodiment.

FIG. 12 is a flowchart illustrating an operation simulation
process according to a second modified embodiment.

FIG. 13 is a flowchart illustrating an operation simulation
process according to a third modified embodiment.

FIG. 14 is a block diagram illustrating a first example of a

plurality of operational plan optimization devices that share a
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simulator group.

FIG. 15 is a flowchart illustrating a process associated with
the use of a simulator group in the first example illustrated in FIG.
14.

FIG. 16 is a block diagram illustrating a second example of a
plurality of operational plan optimization devices that share a
simulator group.

FIG. 17 is a flowchart illustrating a process associated with
the use of a simulator group in the second example illustrated in

FIG. 16.

MODE FOR CARRYING OUT THE INVENTION
[0026] [Operational plan optimization device of first embodiment]
As illustrated in FIG. 1, an operational plan optimization
device 1 according to a first embodiment of the present invention
is a processing mechanism of a parallel simulation operation,
including an integrated control processing unit 2, a plurality of
simulators 3 which are communicably connected to the integrated
control processing unit 2 and are controlled integrally, a refinement
control component 4 that is communicably connected to the integrated
control processing unit, a plurality of operator terminals 5 which
are held by an operator or are disposed near an operator, and a
plurality of operation state information acquisition units 6 that
acquires operation state information. Discrete simulation processes
of an operation are executed in parallel by a number of simulators
3 provided in parallel.
[0027] The integrated control processing unit 2 is configured
as a server that integrally controls an overall discrete simulation
process of the operational plan optimization device 1, for example.
As illustrated in FIG. 2, the integrated control processing unit 2
includes an arithmetic control unit 21 such as a CPU, a storage unit
22 configured as a ROM, a RAM, a hard disk, or the like, an input
unit 23 such as a mouse or a keyboard, an output unit 24 such as a

display and a printer, and a communication interface 25.
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[0028] The storage unit 22 includes a processing program storage
unit 221 that stores a processing program such as an integral
processing program of an operation simulation for causing the
arithmetic control unit 21 to execute a predetermined process and
a data storage unit 222 that stores data necessary for performing
a predetermined process, and the arithmetic control unit 21 executes
an integral control process of a predetermined operation simulation
according to an integral processing program. An operation objective
function that recognizes a highest evaluation value group among a
plurality of evaluation value groups is changeably set in the integral
processing program of the processing program storage unit 221.
[0029] An operation objective function is set by an appropriate
method capable of recognizing a highest evaluation value group among
a plurality of evaluation value groups. For example, the operation
objective function can set a weighting factor for each evaluation
value to acquire a weighted linear sum and recognize an evaluation
value group having a largest weighted linear sum as a highest
evaluation wvalue group. The operation objective function that
recognizes an evaluation value group having the largest weighted
linear sum as a highest evaluation value group includes, for example,
a weighted linear sum of an evaluation wvalue group made up of
evaluation values, Si=wi Viitwz Voitws V3it - - +wy Vyit - - +wnp Vai (w5
weighting factor, Vji: evaluation value of evaluation value group,
n: total number of evaluation values) and a MAX function of acquiring
a largest value among the weighted linear sum S;, MAX(S:, i=1, 2, ---,
t) (t: total number of weighted linear sums). The operation objective
function is configured to recognize an evaluation value group of which
the weighted linear sum S which is an operation objective evaluation
value is the largest among a plurality of evaluation value groups
(Vii, Voi, V3i, =, V31, =, Vni) (i=1, 2, --+-, t) as a highest evaluation
value group.

[0030] In an example in which an operation objective function
includes a weighted linear sum S;i and a MAX function Max(S:, i=1, 2,

*, t) that acquires the largest value among the weighted linear
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sums Si, it is possible to change a necessary weighting factor among
weighting factors wy (j=1, 2, -+, n) to appropriately change the
operation objective function. Moreover, an appropriate evaluation
value necessary for evaluation of an operation can be set and acquire
as an evaluation value of an evaluation value group Vi: (i=1, 2, ---,

t, j=1, 2, --+, n). For example, an index indicating productivity
such as the make-span ([production ending time]-[production ending
time]), productivity per unit time (yield/work hour), and a facility
operating rate (% (facility operating time)/ (work hour)), an index
for analyzing the flow of products such as blocking (2 (production
waiting time in which components are not produced)) and starving
(% (non-operating time in a state in which facilities can be operated)),
an index indicating an operation state of plant resources such as
operators and molds such as an operator operating rate ([operator
operation time]/[work hour]) and a tool operating rate ([tool
operation time]/[work hour]), and an index related to the stock and
the cost such as a total stock amount in production line (X [total
staying time of each component in certain step]x[stock amount of
component]) and a total stock cost in production line (X [total staying
time of each component 1in certain step]x[stock amount of
component] x [component cost]) can be used as the evaluation value Vjyi.

[0031] Each of the simulators 3 is configured as a computer that
performs a partial process of the discrete simulation process of the
operational plan optimization device 1, for example. As illustrated
in FIG. 3, the simulator 3 includes an arithmetic control unit 31
such as a CPU, a storage unit 32 configured as a ROM, a RAM, or a
hard disk, an input unit 33, an output unit 34, and a communication
interface 35. A plurality of simulators 3 and the integrated control
processing unit 2 are communicably connected by the communication
interfaces 35 and 25 via wired communication, wireless communication,

or combination of wired communication and wireless communication and
are communicably connected at least during execution of an operation
simulation process.

[0032] The storage unit 32 includes a processing program storage
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unit 321 that stores a processing program such as a simulation program
of an operation simulation for causing the arithmetic control unit
31 to execute a predetermined process and a data storage unit 322
that stores data necessary for performing a predetermined process
such as environment information of a basic production line that
executes operations such as production. The arithmetic control unit
31 executes a predetermined simulation process according to a
simulation process.

[0033] The refinement control component 4 is configured as a
computer including an arithmetic control unit such as a CPU, a storage
unit configured as a ROM, a RAM, or a hard disk, an input unit, an
output unit, and a communication interface or a hard disk, and is
communicably connected to the integrated control processing unit 2
via the communication interface 25. Communicable connection of the
integrated control processing unit 2 with respect to the plurality
of refinement control components 4 may be realized appropriately when
it is necessary to connect to a necessary refinement control component
4, and the refinement control component 4 in which the refinement
condition used by the integrated control processing unit 2 for
generating a simulation condition can be switched or changed. As
illustrated in FIG. 1, a refinement condition storage unit 41 is
provided in a storage area of each of the refinement control components
4, and the refinement condition is stored in the refinement condition
storage unit 41.

[0034] The refinement condition stored in the refinement
condition storage unit 41 of the refinement control component 4 is
input to the integrated control processing unit 2 communicably
connected thereto, and the arithmetic control unit 21 of the
integrated control processing unit 2 generates a simulation condition
on the basis of the refinement condition and an operation state
information group according to the integral processing program. In
the present embodiment, the refinement condition stored in the
refinement condition storage unit 41 is configured such that a degree

of refinement can be changed. For example, the arithmetic control
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unit 21 of the integrated control processing unit 2 generates the
simulation condition on the basis of a refinement condition made up
of individual refinement condition groups in a state of being stored
in the refinement condition storage unit 41 or a refinement condition
of a necessary degree of refinement made up of individual refinement
condition groups changed and input by the input unit 23 and an
operation state information group.

[0035] As an example of a refinement condition of which the degree
of refinement can be changed, stored in the refinement condition
storage unit 41, individual refinement condition groups such as
individual refinement condition NC1, individual refinement condition
NC2, -+, and individual refinement condition NCn are set. As an
example of a specific content thereof, the degrees of refinement of
one or a plurality or all of individual refinement conditions are
changeably set such that the range of number of operators is between
5 and 15, the candidates of routing in which a product flows along
a work station of a production plant are eight routes of R1, R2, R3,
R4, R5, -+, and R8, and a changeable range of the order of putting
respective products in a production plan is 15% of the entire order.
In this case, the individual refinement condition groups that form
the refinement condition of a necessary degree of refinement is
individual refinement conditions NC1 to NCn being stored in the
refinement condition storage unit 41 or individual refinement
conditions NC1’, NC2’, --:, and NCn’ which are partially or entirely
changed and input by the input unit 23 (for example, the range of
number of operators is between 5 and 10, the candidates of routing
in which a product flows along a work station of a production plant
are seven routes of R1, R2, R3, R4, ---, and R7, and a changeable
range of the order of putting respective products in a production
plan is 10% of the entire order).

[0036] Individual refinement condition groups of different
degrees of refinement may be stored in the refinement condition
storage unit 41 as the refinement condition of a plurality of degrees

of refinement, and a simulation condition may be generated using an

21



10

15

20

25

30

individual refinement condition group of a specific degree of
refinement selected and input among them as the refinement condition.
In this case, a first individual refinement condition group (for
example, the range of number of operators is between 5 and 15, the
candidates of routing in which a product flows along a work station
of a production plant are seven routes of R11, R12, R13, R14, ---,
and R17, and a changeable range of the order of putting respective
products in a production plan is 15% of the entire order) of the
individual refinement conditions NC1, NC2, ---, and NCn, a second
individual refinement condition group (for example, the range of
number of operators is between 5 and 10, the candidates of routing
in which a product flows along a work station of a production plant
are six routes of R21, R22, R23, R24, -+, and R26, and a changeable
range of the order of putting respective products in a production
plan is 10% of the entire order) of second individual refinement
conditions NC1’, NC2’, ---, and NCn’ of a different degree of
refinement from the first individual refinement condition group, and
a third individual refinement condition group of a different degree
of refinement from the first and second individual refinement
condition groups are stored in the refinement condition storage unit
41, and an individual refinement condition group of a specific degree
of refinement selected and input by the input unit 23 among these
individual refinement condition groups is used as a refinement
condition for generating the simulation condition.

[0037] The operator terminal 5 is a mobile information terminal
such as a smartphone, a personal computer, or a special purpose
terminal, for example. As illustrated in FIG. 4, the operator
terminal 5 includes an arithmetic control unit 51 such as a CPU, a
storage unit 52 configured as a ROM, a RAM, or a hard disk, an input
unit 53 such as a touch panel, a mouse, or a keyboard, an output unit
54 such as a touch panel or a display, and a communication interface
55.

[0038] The storage unit 52 includes a processing program storage

unit 521 that stores a processing program such as an operation state
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information processing program for causing the arithmetic control
unit 51 to execute a predetermined process on operation state
information and a data storage unit 522 that stores data necessary
for performing a predetermined process, and the arithmetic control
unit 51 executes a predetermined operation state information process
according to an operation state information processing program.

[0039] The operation state information acquisition unit 6
acquires operation state information and transmits the acquired
operation state information to the integrated control processing unit
2, and for example, includes an input unit or a reading unit, a
communication interface, and a communication control unit such as
an arithmetic control unit. For example, the operation state
information acquisition unit 6 may have a configuration in which the
operator terminal 5 having a function of acquiring input operation
state information or acquiring operation state information read by
the reading unit that reads an electroencephalogram, a body
temperature, and the like and transmitting the operation state
information to the integrated control processing unit 2 serves as
the operation state information acquisition unit 6. Moreover, the
operation state information acquisition unit 6 may be configured as
an IoT-based device or a device part such as a device that acqguires
operating state information from an operating speed of a production
machine such as a production robot, a working machine, an inspection
device, or a transport device and transmitting the operating state
information to the integrated control processing unit 2 or a device
that reads a barcode, amarking, or an IC tag of a product or a component
using a reading unit and acquires information on completion status
of the product or the component and transmits the information to the
integrated control processing unit 2. Furthermore, the operation
state information acquisition unit 6 may have a configuration in which
operating state information such as an operating speed of a production
machine by short-range communication connection is transmitted to
the operator terminal 5, and the operator terminal 5 transmits the

operating state information to the integrated control processing unit
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2.

[0040] In the operation simulation process or the operational
plan optimization process by the operational plan optimization device
1 according to the first embodiment, as illustrated in FIG. 5, the
operation state information is transmitted from each operation state
information acquisition unit 6 to the integrated control processing
unit 2, and the integrated control processing unit 2 receives and
acquires the operation state information and recognizes the operation
state information group at a specific time point, made up of pieces
of operation state information (S1). The transmission of the
operation state information from the operation state information
acquisition unit 6 to the integrated control processing unit 2 is
performed every predetermined time interval, upon completion of a
predetermined operation, approximately on a real-time basis, or on
combination thereof, and the integrated control processing unit 2
receives and acquires the pieces of operation state information to
determine and recognize an operation state information group of a
specific time point. Moreover, the operation state information
stored in the integrated control processing unit 2 includes
information that is stationary in a short period such as a type of
a production machine, and the stationary information may be received
from the operation state information acquisition wunit 6 at an
appropriate timing or may be stored in advance in the integrated
control processing unit 2.

[0041] Here, examples of the operation state information
acquired by the integrated control processing unit 2 include
information related to a work station such as a component storage
station, an assembly station, or a shipping station (a work station
ID, an operation target serial number, a target production amount
of a work station, an actual production amount of a work station,
an operation starting time, an operation ending time, an operator
ID of an operator having worked in a work station, a mold ID of a
mold used in a work station, a stage replacement time, a temperature,

a humidity, and an atmospheric ©pressure), operator-related
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information (an operator ID, an operation starting time, a work hour,
a break time, a serial number of a component on which an operation
has been performed, an ID of a work station on which an operation
has been performed, a walking route, and physical information such
as a heart rate, a body temperature, and an electroencephalogram),
mold-related information (a mold ID, a serial number of a component
on which an operation has been performed, a work station ID thereof,
a total number of shots, a total number of maintenance times, the
number of shots after maintenance, and history of installation
location), and component-related information (a serial number, a
target shipping date, an arrival date, an operation starting date,
an operation ending date, a shipping date, an ID of a work station
on which an operation has been performed, an ID of used mold, an
operator ID, a storage station ID, a period in which a component is
placed in a storage station, and a temperature and a humidity in the
period in which a component was placed in a storage station).

[0042] The work station-related information in the
above-mentioned example is input to or read by a device that forms
the operation state information acquisition unit 6 provided in a work
station and is transmitted to the integrated control processing unit
2 by the device, for example. Moreover, the operator-related
information in the above-mentioned example is input to or read by
the operator terminal 5 that serves as the operation state information
acquisition unit 6 and is transmitted to the integrated control
processing unit 2 by the operator terminal 5. Moreover, the
mold-related information and the component-related information in
the above-mentioned example is read by the operation state information
acquisition wunit 6 having a function of reading information
sequentially written to an IC tag provided on a mold and a component,
for example, and is transmitted to the integrated control processing
unit 2 by the operation state information acquisition unit 6.

[0043] The integrated control processing unit 2 generates a
simulation condition on the basis of a refinement condition of a

necessary degree of refinement made up of the individual refinement
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condition group changed and input by the input unit 23 and an operation
state information group of a recognized specific time point with
respect to the necessary individual refinement condition group being
stored in the refinement condition storage unit 41 of the refinement
control component 4, for example, and stores the simulation condition
in the data storage unit 222 (S2). For example, when the refinement
condition of the necessary degree of refinement is individual
refinement conditions NC1’, NC2’, ---, NCn’ that form the individual
refinement condition group (for example, the range of number of
operators is between 5 and 10, the candidates of routing in which
a product flows along a work station of a production plant are fifteen
routes of R11, R12, R13, R14, ---, and R25, and a changeable range
of the order of putting respective products in a production plan is
10% of the entire order), the operation state information group of
the recognized specific time point is AS1, AS2, ---, and ASn (for
example, information indicating that the number of operators is 8,
information indicating that products to be produced are Pl to P10,
information indicating that production of products Pl to P5 has been
completed among production target products Pl to P10, information
indicating that the route selected for product P6 is R11, information
indicating that product P6 has progressed to steps 3 to 12 in the
route R11, information indicating that the number of in-process stocks
in each work station of product P6 is 2 for step 3, 6 for step 4,

-, and 3 for step 12, information indicating that production of
products P7 to P10 has not started yet, and information indicating
the locations of respective operators at respective time points),
the individual refinement conditions NC1’, NC2’, ---, and NCn’ and
the operation state information AS1, AS2, ---, and ASn are combined,
and operation state information of which the condition range is
narrower than the individual refinement conditions NC1’, NC2', ---,
and NCn’ of the refinement condition of the necessary degree of
refinement is present among the pieces of operation state information
AS1l, AS2, -+, and ASn, a generation condition group [AS1l, AS2, ---,

and NCn’] to which the narrower condition is applied (for example,
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information indicating that the number of operators is 8, information
indicating that products to be produced are Pl to P10, information
indicating that production of products Pl to P5 has been completed
among production target products Pl to P10, information indicating
that the route selected for product P6 is R11, information indicating
that product P6 has progressed to steps 3 to 12 in the route R11,
information indicating that the number of in-process stocks in each
work station of product P6 is 2 for step 3, 6 for step 4, ---, and
3 for step 12, information indicating that production of products
P7 to P10 has not started yet, information indicating the locations
of respective operators at respective time points, and a changeable
range of the order of putting respective products in a production
plan is 10% of the entire order) is acquired, and the simulation
conditions SC1, sSC2, ---, SCi, --:, and SCn are generated according
to the generation condition group.

[0044] The simulation condition SCi is made up of a plurality
of individual conditions scii, sciz, * -, and scin (that is, a plurality
of individual condition groups) and is represented by a simulation
condition SCi=[scii, sci2, °-°, and sSCin] . FIG. 6 illustrates an
example of the simulation conditions SC1, sc2, ---:, SCi, --:-, and
SCn represented by a plurality of individual condition groups scii,
sciz, =+, and SCin.

[0045] As illustrated in FIG. 5, the integrated control
processing unit 2 (specifically, the integrated control processing
unit 2 of the operational plan optimization device 1, more
specifically, the arithmetic control unit 21 based on the integral
processing program) recognizes a varying processable amount over time
within a certain period, of each of the simulators 3 (S3). As a
specific example, the integrated control processing unit 2 acquires
indices such as a CPU performance, a CPU operating rate, a memory
capacity, and a memory operating rate of the simulator 3 at a
predetermined timing and calculates, acquires, and recognizes a
processable amount from these process indices.

[0046] In the processable amount recognition process, the
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fixed-value index such as a CPU performance and a memory capacity
of each simulator 3 may be stored in advance in the data storage unit
222 of the integrated control processing unit 2, and the integrated
control processing unit 2 may acquire the index of a variation in
a CPU operating rate or a memory operating rate of the simulator 3
at a predetermined timing and calculate, acquire, and recognize a
processable amount from the acquired index of the variation and the
fixed-value index stored in advance. Moreover, the predetermined
timing at which the integrated control processing unit 2 acquires
the index of the simulator 3 can be set to, for example, when an
operation simulation process starts and when a plurality of evaluation
value groups is received from the simulator 3 and the completion of
the simulation process of the simulator 3 is recognized.

[0047] The integrated control processing unit 2 of the
operational plan optimization device 1 calculates and acquires an
optimal processing amount within the processable amount in a certain
period of the simulator 3 by multiplying the processable amount by
a load reduction rate stored in the data storage unit 222, for example
(S4) . A predetermined value is set as the load reduction rate so that
the processing speed of the simulator 3 does not decrease or the
simulator 3 does not stop in a lock state, for example. The
predetermined period corresponding to the processable amount is
stored in the data storage unit 222, and the integrated control
processing unit 2 calculates and acquires the optimal processing
amount from the index of the variation in the CPU operating rate and
the memory operating rate of the simulator 3 and the predetermined
period stored in the data storage unit 222. The predetermined period
can be set appropriately. For example, as will be described later,
when there is a target processing time for completing the process
of recognizing the highest evaluation wvalue group based on the
operation objective function among the plurality of evaluation value
groups after the integrated control processing unit 2 transmits the
simulation request to the simulator 3 together with the corresponding

operation state information group and the corresponding simulation
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condition, the target processing time may be set as the predetermined
period or a predetermined period of a predetermined percentage of
the target processing time may be set as the predetermined period.
When the predetermined period of the predetermined percentage of the
target processing time is set as the predetermined period, the target
processing period and the predetermined percentage may be stored in
the data storage unit 222 and the integrated control processing unit
2 may calculate and acquire the predetermined period on the basis
of the target processing time and the predetermined percentage and
store the predetermined period in the data storage unit 222.
[0048] Subsequently, the integrated control processing unit 2
generates a simulation request for the simulation process within the
optimal processing amount of the simulator 3 and transmits the
simulation request to the simulator 3 together with the corresponding
operation state information group and the corresponding simulation
condition (S5). When the simulation request for the simulation
process within the optimal processing amount is to be generated, the
integrated control processing unit 2 may execute a simulation process
with respect to an arbitrary pattern of the combination of the
operation state information group and the simulation condition,
integrates the processing amount to recognize the number of simulation
requests within the optimal processing amount, and sequentially
generate the recognized number of simulation requests in the order
of the set simulation conditions. Alternatively, the integrated
control processing unit 2 may integrate the processing amount of an
arbitrary pattern of the combination of the operation state
information group and the simulation condition from the number of
pieces of operation state information of the operation state
information group and the number of individual conditions of the
simulation condition, recognize the number of simulation requests
within the optimal processing amount from the processing amount, and
generate the recognized number of simulation requests in the order
of the set simulation conditions.

[0049] When the integrated control processing unit 2 transmits
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the simulation request together with the corresponding operation
state information and the corresponding simulation condition,
simulation request R1[AS1l, AS2, -+, ASn, SCl], simulation request
R2[AS1, AS2, -:+, ASn, SC2], simulation request R3[AS1l, AS2, ---,
ASn, SC3], and the like are transmitted to the simulator 3. Although
the processes of S3 to S5 are executed sequentially with respect to
a plurality of simulators 3 provided in parallel, when the simulation
request corresponds to the same operation state information group
and the simulation conditions generated in series in step S2, the
integration of the processing amount of an arbitrary pattern of the
combination of the operation state information group and the
simulation condition preferably uses the integrated processing amount
which has been calculated and acquired in advance and has been stored
in advance.

[0050] The simulator 3 receives the simulation request and the
corresponding operation state information group and the corresponding
simulation condition from the integrated control processing unit 2
(S6) . Moreover, the simulator 3 (more specifically, the arithmetic
control unit 31 based on the simulation program) calculates and
acquires an evaluation value group as the simulation process result
based on the operation state information group and the simulation
condition of the simulation request (S7). When the evaluation value
group is to be calculated and acquired, the arithmetic control unit
31 executes a discrete simulation process and calculates and acquires
each of the evaluation values Vii, V2i, V3i, -+, Vyi, -, Vni that forms
the evaluation value group from the operation state information group
[AS1, AS2, - -+, ASn] and the simulation condition SCi=[scii1, SCi2, ',
scim] of the simulation request Ri.

[0051] Here, in the discrete simulation process executed by the
simulator 3, an appropriate discrete simulation process that
simulates a state progress based on a chain of events occurring
discretely can be used. For example, various existing discrete
simulation processes can be used, such as a simulation process of

setting and storing another element such as another work station as
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an output destination to be notified of the end of a specific operation
to the data storage unit 322 together with the specific operation
induced by each of elements such as a work station, conditions for
inducing the specific operation of each element, and the
specifications of a required amount such as an operating time of the
specific operation and a necessary number of components, setting the
simulation program of the processing program storage unit 321 so that
the specific operation of another element is induced according to
the output of the specific operation to connect the respective
elements as a network, inducing the specific operation on an element
serving as the root of the operation process network so that induction
of the specific operation propagates to respective elements of the
network connected to the root and the simulation operation (that is,
the operation process) progresses. The operation state information
group [AS1l, AS2, -+, ASn] and the simulation condition SCi are used
as the calculation condition when the discrete simulation process
is calculated.

[0052] Preferably, as in Patent Document 2, a discrete
simulation process may be executed such that the specifications of
a facility element is stored in the data storage unit 322 as facility
element information, operation element information including an
induction condition of an operation element and an output destination
after completion of an operation and link information between a
facility element and an operation element are stored in the data
storage unit 322, a first facility element executes an operation when
the induction condition of the operation element information of a
first operation element linked to the first facility element by the
link information is satisfied, and an execution result is output to
the output destination after completion of the operation of the
operation element information of the first operation element. 1In
this case, the operation state information group [AS1l, AS2, --:, ASn]
and the simulation condition SCi are used as the calculation condition
for the discrete simulation process. Information necessary for the

discrete simulation process such as basic information of a present
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operation such as the specifications of elements other than the
operation state information group and the simulation condition or
environment information of a present operation may be input to the
integrated control processing unit 2, transmitted to the respective
simulators 3, and stored 1in the respective simulators 3.
Alternatively, the necessary information may be input to the

respective simulators 3 and stored in the respective simulators 3.

[0053] After that, the simulator 3 transmits the calculated and
acquired evaluation value group [Vii, V2i, V3i, -, Viyi, -+, Vni] to
the integrated control processing unit 2 (S8). The integrated

control processing unit 2 receives a plurality of evaluation value
groups as the simulation process result based on the operation state
information group and the simulation condition from the respective
simulators 3 having executed the simulation process (S9) and
recognizes a highest evaluation value group based on the operation
objective function among a plurality of evaluation value groups which
are all received evaluation value groups (5S10). As described above,
in recognition of the highest evaluation value group, it is possible
to set a weighting factor for each evaluation value to acquire a
weighted linear sum and recognize an evaluation value group having
a largest weighted linear sum as a highest evaluation value group.
[0054] Furthermore, the integrated control processing unit 2
displays the recognized highest evaluation value group to the output
unit 24 in a predetermined format (S11). As an example of the display
format, the wvalues of the weighted linear sums of the highest
evaluation value group and the other evaluation value groups may be
displayed as a graph. Moreover, Preferably, the integrated control
processing unit 2 may recognize the highest evaluation value group,
recognize a distribution of a plurality of evaluation value groups
including the highest evaluation value group and the other evaluation
value groups, and display the distribution of the plurality of
evaluation value groups or a distribution of operation objective
evaluation values such as the weighted linear sum of the respective

evaluation value groups on the output unit 24. As an example of the
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format of recognition and output of the distribution, the vertical
axis may be a make-span or a lead time and the horizontal axis may
be an integral value of the stock amount. Moreover, the vertical axis
may be the operating rate of a facility and the horizontal axis may
be an operating rate of an operator. In this way, the distribution
may be output using the evaluation value corresponding to each
evaluation value group.

[0055] According to the first embodiment, the integrated control
processing unit 2 can recognize the varying processable amount over
time of each of the simulators 3 to cause the respective simulators
3 toperforma simulation process within the optimal processing amount
in the processable amount, efficiently utilize hardware resources
of a processing mechanism that executes a parallel simulation
operation, execute various simulation operations at lower cost and
at high speed even when an enormous number of cases are assumed as
in small-volume production in great varieties. That is, by allocating
an appropriate simulation process amount depending on a processing
performance at a predetermined time point of the individual simulators
3, it is possible to reliably perform various simulation operations
at high speed while preventing application of an excessive load to
the individual simulators 3 to prevent decrease in a processing speed
and stopping of the simulator 3. Moreover, the integrated control
processing unit 2 receives a plurality of evaluation value groups
as the simulation process result based on the operation state
information group and the simulation condition from the plurality
of simulators 3 and recognizes the highest evaluation value group
based on the operation objective function among the plurality of
evaluation value groups. In this way, it is possible to recognize
an optimal operation which complies with an operation objective and
an operation state.

[0056] Since the operation state information is transmitted from
the operation state information acquisition unit 6 to the integrated
control processing unit 2, the integrated control processing unit

2 can automatically recognize the operation state information from
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the operation state information acquisition unit 6 to cause the
simulator group 3 to performa simulation process, recognize a highest
evaluation value group which complies with an operation objective
and an operation state, and recognize an optimal operation.

[0057] Moreover, since the integrated control processing unit
2 generates the simulation condition on the basis of the refinement
condition of the refinement control component 4 and the operation
state information, it is possible to sequentially generate necessary
simulation conditions and use the same in a simulation process.
Therefore, it is possible to eliminate the need to prepare hardware
that generates a list of patterns of an enormous number of simulation
conditions corresponding to operation state information by a
simulation operation. Therefore, it is possible to reduce the cost
of hardware resources using hardware resources efficiently. Moreover,
since the number of simulation conditions increases enormously when
the number of combinations of conditions increases, it is possible
to remove unnecessary simulation conditions to reduce the enormous
number of simulation conditions to obtain a number of processable
simulation conditions with the refinement condition to thereby
execute operation for optimization and to reduce the cost of hardware
resources. Moreover, it 1s possible to set a more appropriate
refinement condition of the refinement control component 4 in
compliance with characteristics of market conditions,
characteristics of production 1lines, manufacturing management
policies such as setting the delivery priority corresponding to a
customer request in a production plan and setting the priority of
a production facility to be operated actively from the viewpoint of
depreciation of facilities and quality management, for example.
Therefore, the integrated control processing unit 4 can generate a
more appropriate simulation condition and use the same in a simulation
process. Furthermore, since the refinement control component 4 and
the integrated control processing unit 2 are communicably connected
rather than being integrated, it is possible to use an appropriate

refinement condition and an appropriate simulation condition flexibly
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as necessary and to improve the flexibility, the diversity, and the
versatility of the simulation process.
[0058] The degree of refinement of the refinement condition of
the refinement control component 4 can be changed, or the refinement
conditions of a plurality of degrees of refinement are set to the
refinement control component 4. For example, when an administrator
determines that the result of a first highest evaluation value group
obtained on the basis of a first refinement condition needs to be
simulated using a different condition, it is possible to obtain the
result of a second highest evaluation value group using a second
refinement condition of a weaker degree of refinement than the first
refinement condition or to recognize an optimal evaluation value group
and an optimal operation among the highest evaluation value groups
obtained on the basis of the plurality of refinement conditions. 1In
this way, it is possible to attain a highest evaluation value group
and an optimal operation which are considered to be optimal from
artificial determination or are considered to be optimal from a
simulation process based on a plurality of refinement conditions
without strengthening the degree of refinement too much and
eliminating the evaluation value group from an evaluation target.
[0059] [Operational plan optimization device of second embodiment]
An operational plan optimization device 1 according to a second
embodiment of the present invention has an overall configuration
similar to that of the first embodiment illustrated in FIGS. 1 to
4, but is different in that the evaluation values Vii, v23j, V3i, -'-,
Vii, ', and Vni that form the evaluation value group include an
evaluation value indicating a degree of similarity to a present
operation. As illustrated in FIG. 7, the individual simulators 3
calculate and acguire an evaluation value group having an evaluation
value of the degree of similarity as the simulation process result
based on the operation state information group and the simulation
condition of the simulation request (S7’). The integrated control
processing unit 2 receives an evaluation wvalue group having a

plurality of degree-of-similarityevaluation values as the simulation
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process result based on the operation state information group and
the simulation condition from the respective simulators 3 having
executed the simulation process (S9) and recognizes a highest
evaluation value group having a degree-of-similarity evaluation value
based on the operation objective function among a plurality of
evaluation value groups which are all the received evaluation value
groups (S10). The other configuration and processing method are
similar to those of the first embodiment.

[0060] As an example of a method of calculating and acquiring
an evaluation value of a degree of similarity to the present operation,
an appropriate method such as an existing method of representing an
individual degree of similarity between a present routing pattern
of a work station along which a product flows and a virtually changed
routing pattern of a work station along which the product flows and
an individual degree of similarity between a present pattern of a
work station handled by an operator and a virtually changed pattern
of a work station handled by the operator, etc. using
multi-dimensional vectors and calculating and acquiring the distance
between vectors may be used. Moreover, individual degrees of
similarity sri, srz, -+, and sr, may be multiplied by the weighting
factors swi, swz, ‘' and swn stored in the data storage unit 322 of
the simulator 3 to calculate and acquire a weighted linear sum of
the individual degrees of similarity swi-Sri+swz Srat+ - : +Swp Srn as
the degree-of-similarity evaluation value. Here, the individual
degree of similarity can be evaluated by scoring the degree of
commonness, a distance, or the like. For example, an individual degree
of similarity sri between a present routing pattern of a work station
and a virtually changed routing pattern of a work station may increase
as the proportion of a common work station that the route set as the
routing passes increases, the proportion of a common work station
having the same type of function increases, and the proportion of
work stations at a close physical distance, in which the same operation
element is performed among the work stations on the route set as the

routing increases, for example.
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[0061] According to the second embodiment, since the degree of
similarity to a present operation is included in the evaluation value
group as an evaluation value, it is possible to recognize an optimal
operation that is easily performed at the site and by an operator
without changing an existing operation method remarkably. For
example, when an evaluation value group is made up of indices related
to production only, production corresponding to the highest
evaluation value group may include production including a production
method which is difficult to cope with and which has not been
experienced 1in executing production actually, production which
involves a drastic change in layout which may impose burden on a
production site, or production of which the production policy is
greatly different from a conventional production policy. However,
when the degree of similarity to a present operation is included in
the evaluation value of an evaluation value group, it is possible
to recognize “optimal production which is easy to produce and is easy
to perform and which is not changed greatly from an existing method”
in a production site.
[0062] [Operational plan optimization device of third embodiment]
An operational plan optimization device 1 according to a third
embodiment has an overall configuration similar to that of the first
embodiment illustrated in FIGS. 1 to 4. As illustrated in FIG. 8,
the integrated control processing unit 2 displays the recognized
highest evaluation value group in a predetermined format with the
aid of the output unit 24 (S11), generates an individual operation
instruction corresponding to the recognized highest evaluation value
group and transmits the individual operation instruction to at least
the operator terminal 5 approximately on a real-time basis (S12).
The individual operation instruction is an operation instruction that
an individual operation element executes or that is executed with
respect to an individual operation element in an entire operation
corresponding to the highest evaluation value group. The individual
operation instruction is preferably transmitted to as many units as

possible that can receive the instruction such as the operation state
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information acquisition unit 6 capable of receiving the individual
operation instruction in addition to the operator terminal 5. As an
example of the individual operation instruction, operator H3 performs
step 5 of product P6 in work station S008 from 10:30 to 10:40 and
performs step 6 of product P10 in work station S010 from 10:40 to
10:55. The other configuration is similar to that of the operational
plan optimization device 1 of the first embodiment.
[0063] According to the third embodiment, the highest evaluation
value group and the optimal operation obtained from operation
simulation can be immediately applied as an individual operation
instruction, the individual operation instruction can be quickly
delivered to an operator and the like, an optimal operation system
can be established quickly, and an optimal operation can be executed
speedily.
[0064] [Operational plan optimization device of fourth embodiment]
An operational plan optimization device 1 according to a fourth
embodiment has an overall configuration similar to that of the first
embodiment illustrated in FIGS. 1 to 4. As illustrated in FIG. 9,
each of the plurality of refinement control components 4 is configured
as a computer including an arithmetic control unit 401 such as a CPU,
a storage unit 402 configured as a ROM, a RAM, a hard disk, or the
like, an input unit 403, an output unit 404, and a communication
interface 405. The refinement condition storage unit 41 is set in
the storage unit 402, a refinement condition generation program is
stored in the program storage unit 42, and the arithmetic control
unit 401 operates according to the refinement condition generation
program.
[0065] As illustrated in FIG. 10, a first setting condition is
input from the input unit 403 to a first refinement control component
4 of the plurality of refinement control components 4 (S21) and the
arithmetic control unit 401 executes a process of generating a first
refinement condition on the basis of the first setting condition (S22)
and storing the generated first refinement condition in the refinement

condition storage unit 41 of the storage unit 402 (S23).
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[0066] For example, when “the range of number of operators is
between 5 and 15, the candidates of routing in which a product flows
along a work station of a production plant are nine routes of RI1,
R2, R3, R4, R5, '+, and R9 (the smaller the routing number, the higher
the degree of similarity), and a changeable range of the order of
putting respective products in a production plan is 15% of the entire
order” is input as the first setting condition, the arithmetic control
unit 401 of the first refinement control component 4 performs a process
according to a predetermined calculation rule (that 1is, a
predetermined calculation rule for narrowing or extending a
simulation range to an appropriate range) for reducing or increasing
a calculation processing amount from the first setting condition to
an appropriate amount according to the refinement condition
generation program to generate a first refinement condition. As a
specific example of the predetermined calculation rule, when “the
number of operators to be used in the first refinement condition from
the range of numbers of operators in the first setting condition is
set to every second number from the starting number of operators”,
“the routing candidate to be used in the first refinement condition
from the routing candidates in the first setting condition is set
to every second candidate from the starting routing candidate”, and
“a round-robin combination of the routing candidates set by the set
number of operators is set”, the arithmetic control unit 401 generates
individual refinement condition groups NC1, NC2, --:-, and NCn (for
example, a changeable range of the orders of putting respective
products in a production plan being 15% of the entire order, which
is added to each of the round-robin combinations of the six kinds
(5, 7, 9, 11, 13, and 15) of number of operators and the five kinds
(R1, R3, R5, R7, and R9) of the candidates of routing in which a product
flows along a work station of a production plant) that forms the first
refinement condition according to the refinement condition generation
program and stores the first refinement condition which narrows down
the simulation range in the refinement condition storage unit 41 of

the storage unit 402.
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[0067] After that, the integrated control processing unit 2
generates and stores the first simulation condition based on the first
refinement condition, transmits the simulation request, receives a
plurality of evaluation value groups which is the simulation process
result from the simulator 3, recognizes the highest evaluation value
group, recognizes the distribution of the plurality of evaluation
value groups, outputs the highest evaluation value group, and outputs
the distribution of the plurality of evaluation value groups (S24).
In contrast, when an administrator determines that it is necessary
to perform simulation under a different condition, the first
simulation conditions corresponding to the highest evaluation value
group stored in the data storage unit 222 of the integrated control
processing unit 2 are output and confirmed, and a specific individual
condition among the first simulation conditions is input to the second
refinement control component 4 as the second setting condition. The
second setting condition is input from the input unit 403 to the second
refinement control component 4 (S25), and the arithmetic control unit
401 executes a process of generating the second refinement condition
on the basis of the second setting condition (S26) and storing the
generated second refinement condition in the refinement condition
storage unit 41 of the storage unit 402 (S27). After that, the
integrated control processing unit 2 generates and stores the second
simulation condition based on the second refinement condition,
transmits the simulation request, receives the plurality of
evaluation value groups which is the simulation process result from
the simulator 3, recognizes the highest evaluation wvalue group,
recognizes the distribution of the plurality of evaluation value
groups, outputs the highest evaluation value group, and outputs the
distribution of the plurality of evaluation value groups.

[0068] For example, when the specific individual condition among
the first simulation conditions corresponding to the highest
evaluation value group is “number of operators is 9” and “routing
is R5” and the specific individual condition is input as the second

setting condition, the arithmetic control unit 401 of the second
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refinement control component 4 performs a process according to a
predetermined calculation rule (that is, a predetermined calculation
rule for narrowing or extending a simulation range to an appropriate
range) for reducing or increasing a calculation processing amount
from the second setting condition to an appropriate amount according
to the refinement condition generation program to generate a second
refinement condition. As a specific example of the predetermined
calculation rule, when “the number of operators is set to be around
the number of operators in the second setting condition”, “the routing
is set to be around the routing in the second setting condition”,
and “a round-robin combination of the routing candidates set by the
set number of operators is set”, etc., the arithmetic control unit
401 generates individual refinement condition groups NC1’, NC2’', - -,
and NCn’ (for example, a changeable range of the orders of putting
respective products in a production plan being 15% of the entire order,
which is added to each of the round-robin combinations of the three
kinds (8, 9, and 10) of number of operators and the three kinds (R4,
R5, and R6) of the candidates of routing in which a product flows
along a work station of a production plant) that forms the second
refinement condition according to the refinement condition generation
program and stores the second refinement condition which narrows down
the simulation range in the refinement condition storage unit 41 of
the storage unit 402.

[0069] Preferably, Like the first refinement control component
4 that generates the first refinement condition according to the first
calculation rule for narrowing down the simulation range and the
second refinement control component 4 that generates the second
refinement condition according to the predetermined calculation rule
for extending the simulation range in the above-described specific
example, the plurality of refinement control components 4 can ideally
optimize the simulation range by combination of one refinement control
components 4 generating the refinement condition according to the
predetermined calculation rule for narrowing down the simulation

range from the setting condition and aother refinement control
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components 4 generating the refinement condition according to the
predetermined calculation rule for extending the simulation range
from the setting condition. All the plurality of refinement control
components 4 may generate the refinement condition according to the
predetermined calculation rule for narrowing down the simulation
range from the setting condition or may generate the refinement
condition according to the predetermined calculation rule for
extending the simulation range from the setting condition. Moreover,
when one refinement control component 4 and another refinement control
component 4 among the plurality of refinement control components 4
generate refinement conditions according to predetermined
calculation rules for narrowing down the simulation range from the
setting condition or one refinement control component 4 and another
refinement control component 4 generate refinement conditions
according to predetermined calculation rules for extending the
simulation range from the setting condition, the predetermined
calculation rule of the one refinement control component 4 and the
predetermined calculation rule of the other refinement control
component 4 may be different or the same. Moreover, when the same
refinement control component 4 can selectively perform a process of
generating the refinement condition according to the predetermined
calculation rule for narrowing down the simulation range from the
setting condition and a process of generating the refinement condition
according to the predetermined calculation rule for extending the
simulation range from the setting condition so that the refinement
condition is generated according to the predetermined selected
calculation rule, it becomes easy to obtain an appropriate simulation
range. Furthermore, the simulation range can be optimized more
easily when a plurality of refinement control components 4 capable
of selectively performing the process is provided.

[0070] In the operational plan optimization device 1 and the
operational plan optimization method according to the fourth
embodiment, some or all of the predetermined calculation rules for

generating the refinement condition from the setting condition may
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be input to the refinement control component 4 as a portion of the
setting conditions, and the arithmetic control wunit 401 that
cooperates with the refinement condition generation program of the
refinement control component 4 may generate the refinement condition
from the setting condition on the basis of the refinement condition
generation program and the portion of the setting conditions
corresponding to the input predetermined calculation rules.

[0071] For example, when “the range of number of operators is
between 5 and 15, the number of routing candidates in which a product
flows along a work station of a production plant is one hundred routes
of R1, R2, R3, R4, R5, ---, and R100 (the smaller the routing number,
the higher the degree of similarity), R30 is the routing (for example,
a routing in which a result has been obtained) at the center of the
routing candidates, and ten routings each before and after the central
routing are set (some of the setting conditions corresponding to a
portion of the predetermined calculation rule), and the 1like” is input
to the first refinement control component 4 as the first setting
condition, the arithmetic control unit 401 of the first refinement
control component 4 generates the individual refinement condition
groups NC1, NC2, -:-, and NCn (for example, other conditions which
are added to each of the round-robin combinations of the eleven kinds
(5 to 15) of number of operators and the twenty-one kinds (R20 to
R40) of routings around the routing R30 in which a result has been
obtained) that forms the first refinement condition according to the
refinement condition generation program that stores a portion (the
round-robin combination of the routing candidates set by the set
number of operators) of the predetermined calculation rule on the
basis of the portion of the setting condition corresponding to the
portion of the predetermined calculation rule and executes the
simulation process and acquires the highest evaluation value group.
[0072] Furthermore, when a specific individual condition among
the first simulation conditions corresponding to the highest
evaluation value group is “routing: R39” and “the range of number

of operators is between 5 and 15, the number of routing candidates
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in which a product flows along a work station of a production plant
is one hundred routes of R1, R2, R3, R4, R5, - -+, and R100 (the smaller
the routing number, the higher the degree of similarity), R39 is the
routing (for example, the routing of the specific individual condition
among the first simulation conditions corresponding to the highest
evaluation value group) at the center of the routing candidates, and
ten routings each before and after the central routing are set (some
of the setting conditions corresponding to a portion of the
predetermined calculation rule), and the 1ike” is input to the second
refinement control component 4 as the second setting condition, the
arithmetic control unit 401 of the second refinement control component
4 generates the individual refinement condition groups NCl’, NC2',
-, and NCn’ (for example, other conditions which are added to each
of the round-robin combinations of the eleven kinds (5 to 15) of number
of operators and the twenty-one kinds (R29 to R49) of routings around
the routing R39 which 1is the specific individual condition
corresponding to the highest evaluation value group selected from
the first simulation conditions) that forms the second refinement
condition according to the refinement condition generation program
that stores a portion (the round-robin combination of the routing
candidates set by the set number of operators) of the predetermined
calculation rule on the basis of the portion of the setting condition
corresponding to the portion of the predetermined calculation rule
and executes the simulation process and acquires the highest
evaluation value group.
[0073] In the operational plan optimization device 1 and the
operational plan optimization method according to the fourth
embodiment, in the process of generating the refinement condition
on the basis of the setting condition, the arithmetic control unit
401 that cooperates with the refinement condition generation program
of the refinement control component 4 may combine the respective items
of the setting condition input to the refinement control component
4 according to the round-robin competition and generate the refinement

condition from the setting condition.
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[0074] For example, when “the range of number of operators is
10, the candidates of routing in which a product flows along a work
station of a production plant are one-hundred routings of R1, RZ2,
R3, R4, R5, --+, and R100 (the smaller the routing number, the higher
the degree of similarity), and the 1like” are input to the first
refinement control component 4 as the first setting condition, the
arithmetic control unit 401 of the first refinement control component
4 generates the individual refinement condition groups NC1, NC2, - - -,
and NCn (for example, other conditions which are added to each of
the round-robin combinations of one kind (10) of number of operators
10 and all routing candidates R1 to R100) that form the first
refinement condition according to the refinement condition generation
program that stores the predetermined calculation rule “setting the
round-robin combination of the routing candidates set by the set
number of operators” as the first refinement condition and executes
the simulation process and acquires the highest evaluation value
group.

[0075] Furthermore, when a specific individual condition among
the first simulation conditions corresponding to the highest
evaluation value group is “routing: R39” and “the range of number
of operators is between 5 and 15, R39 is the routing candidate in
which a product flows along a work station of a production plant,
and the like” are input to the second refinement control component
4 as the second setting condition, the arithmetic control unit 401
of the second refinement control component 4 generates the individual
refinement condition groups NC1’, NC2', --:, and NCn’ (for example,
other conditions which are added to each of the round-robin
combinations of the eleven kinds (5 to 15) of number of operators
and the routing candidate R39) that forms the second refinement
condition according to the refinement condition generation program
that stores the predetermined calculation rule (setting the
round-robin combination of the routing candidates set by the set
number of operators) as the second refinement condition and executes

the simulation process and acquires the highest evaluation value
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group.

[0076] In the operational plan optimization device 1 and the
operational plan optimization method according to the fourth
embodiment, a calculation process based on a first setting condition
and a first refinement condition and a calculation process based on
a second setting condition and a second refinement condition may be
performed, a calculation process based on a third setting condition
and a third refinement condition may be performed, and a calculation
process based on fourth and fifth setting conditions and fourth and
fifth refinement conditions may be performed as necessary to search
for an optimal operation.

This process is effective when a plurality of variables are narrowed
down by a plurality of setting conditions and refinement conditions,
for example, by narrowing two variables sequentially as first
refinement and second refinement and searching a neighboring region
using the two variables according to third refinement, and a
neighboring region of an appropriate variable value is searched using
a plurality of variables according to another setting condition and
refinement condition to which the refinement result is applied.
[0077] For example, when “the range of number of operators is
between 1 to 10, the production order in which a production plant
produces ten types of products P1 to P10 is PS1, PS2, PS3, --:, and
PS362,880 (the factorial of 10, the smaller the production order
number, the higher the degree of similarity), the round-robin
combination of production orders set by the set number of operators
is set (a portion of a predetermined calculation rule), and the 1like”
are input to the first refinement control component 4 as the first
setting condition, the arithmetic control unit 401 of the first
refinement control component 4 generates the individual refinement
condition groups NC1, NC2, -:-, andNCn (for example, other conditions
which are added to each of the round-robin combinations (36, 288,
and 800) of ten kinds (1 to 10) of number of operators and 362,880
kinds of production orders PS1, PS2, PS3, --:, and PS362,880) that

forms the first refinement condition according to the refinement
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condition generation program as the first refinement condition and
executes a simulation process and acquires the highest evaluation
value group.

[0078] Furthermore, when the specific individual condition
among the first simulation conditions corresponding to the highest
evaluation value group is “production order: PS67” and “the range
of number of operators is between 5 and 15, the production order in
which a production plant produces ten products Pl to P10 is PS67,
a round-robin combination of the production orders set by the set
number of operators is set (a portion of the predetermined calculation
rule), and the like” are input to the second refinement control
component 4 as the second setting condition, the arithmetic control
unit 401 of the second refinement control component 4 generates the
individual refinement condition groups NC1’, NC2’, -+, and NCn’ (for
example, other conditions which are added to each of round-robin
combinations of eleven kinds (5 to 15) of number of operators and
the production order PS67) that forms the second refinement condition
as the second refinement condition according to the refinement
condition generation program and executes a simulation process and
acquires the highest evaluation value group.

[0079] Furthermore, when the specific individual condition
among the second simulation conditions corresponding to the highest
evaluation value group is “the range of number of operators is 12
and the production order is PS67” and “the range of number of operators
is between 10 and 14 (the two numbers around the number of operators
12), the production order at the center of production orders in which
a production plant produces ten products Pl to P10 is PS67, ten
production orders around the central production order are set (a
portion of the setting conditions corresponding to a portion of the
predetermined calculation rules), a round-robin combination of the
production orders set by the set number of operators is set (a portion
of the predetermined calculation rules), and the like” are input to
the third refinement control component 4 as the second setting

condition, the arithmetic control unit 401 of the third refinement
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control component 4 generates individual refinement condition groups
NCc1”, NC27”, ---, and NCn” (for example, other conditions which are
added to each of the round-robin combinations of five kinds (10 to
14) of number of operators and the production orders PS57 to PS77)
that form the third refinement condition as the third refinement
condition according to the refinement condition generation program
and executes a simulation process and acquires the highest evaluation
value group.

[0080] Like “the production orders PS1, PS2, PS3, ---, and
PS362,880 in which a production plant produces ten products Pl to
P10” in the first setting condition, the simulation condition, the
refinement condition, and the setting condition in the respective
embodiments may preferably use individual conditions in which the
production orders of a plurality of types of products produced by
a production plant are replaced or individual conditions in which
the orders of putting the respective products are replaced. 1In this
way, it is possible to reliably attain optimal production and optimal
operations for small-volume production 1in great varieties or
production in great varieties.

[0081] In the operational plan optimization device 1 and the
operational plan optimization method according to the fourth
embodiment, a first parameter or a first parameter group (for example,
the range of number of operators and a routing candidate in which
a product flows along a work station of a production plant) within
the refinement condition input from the first refinement control
component 4 to the integrated control processing unit 2 can be
different from a second parameter or a second parameter group (for
example, a production order in which a production plant produces a
plurality of products) within the refinement condition input from
the second refinement control component 4 to the integrated control
processing unit 2. In this case, a priority indicating whether the
first parameter or parameter group or the second parameter or
parameter group will be prioritized is stored in the data storage

unit 222 of the integrated control processing unit 2. When the
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integrated control processing unit 2 recognizes the input of a
refinement condition having the higher-priority parameter or
parameter group before transmitting a simulation request
corresponding to a refinement condition having the lower-priority
parameter or parameter group, a process corresponding to the
refinement condition having the lower-priority parameter or parameter
group may be temporarily suspended or stopped, and a process
corresponding to the refinement condition having the higher-priority
parameter or parameter group may be started. The priority may be
determined depending on the influence on productivity so that a
parameter of high importance is prioritized.

[0082] According to the fourth embodiment, for example, when the
first refinement condition is generated on the basis of the first
setting condition of the first refinement control component 4, the
result of the first highest evaluation value group obtained on the
basis of the first refinement condition is the result for the range
that depends on the first setting condition. In contrast, when an
administrator determined that it is necessary to perform simulation
under a different condition, it 1is possible to set a specific
individual condition among the simulation conditions corresponding
to the first highest evaluation value group as the second setting
condition of the second refinement control component 4 and obtain
the result of the second highest evaluation value group using the
second refinement condition generated therefrom. Moreover, it is
possible to execute processes according to the third and fourth
refinement conditions continuously on the basis of the result. In
this way, it is possible to attain a highest evaluation value group
and an optimal operation which are considered to be optimal while
continuously changing the refinement range without extending the
range and strengthening the degree of refinement too much and
eliminating the evaluation value group from an evaluation target.
Even when a configuration in which one refinement control component
4 can selectively perform a process of generating the refinement

condition according to the predetermined calculation rule for
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narrowing down the simulation range from the setting condition and
a process of generating the refinement condition according to the
predetermined calculation rule for extending the simulation range
from the setting condition so that the refinement condition is
generated according to the predetermined selected calculation rule
is used, a similar effect is obtained (that is, it is possible to
attain a highest evaluation value group and an optimal operation which
are considered to be optimal while continuously changing the
refinement range without extending the range and strengthening the
degree of refinement too much and eliminating the evaluation value
group from an evaluation target).

[0083] Since a plurality of refinement control components 4 that
generates a refinement condition and is communicably connected to
the integrated control processing unit 2 1is provided, a first
refinement control component 4 may be provided in a place where a
production plan is created, a second refinement control component
4 may be provided in the site, the same or different persons may set
the setting conditions to the first and second refinement control
components 4, and the first and second refinement control components
2 may be caused to generate refinement conditions and execute
operation simulation. In this way, it is possible to perform an
operation simulation process flexibly according to the need in the
process of creating an operational plan. Since a plurality of
refinement control components 4 that generates a refinement condition
on the basis of a setting condition is provided, it is possible to
distribute a calculation processing amount for generating a
refinement condition from a setting condition to the plurality of
refinement control components 4 and to reduce the burden of a
calculation process on the respective refinement control components
4. Furthermore, when a plurality of or a number of calculation
processes based on such as the first, second, third, fourth, fifth
setting conditions and refinement conditions are performed to search
for an optimal operation and a process of acquiring an appropriate

variable wvalue of variable 1, an appropriate variable value of
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variable 2, and an appropriate variable value of variable 3, it is
possible to perform the process of generating the refinement condition
from the setting condition in parallel by the plurality of refinement
control components 4 and to efficiently perform an overall process
of attaining an optimal operation in short time.
[0084] [Scope of inventions disclosed in present specification]
The invention disclosed in the present specification includes
each invention and each embodiment, and, within an applicable range,
an invention specified by changing a partial configuration thereof
to another configuration disclosed in the present specification, an
invention specified by adding another configuration disclosed in the
present specification to the configuration thereof, and an invention
obtained by reducing, specifying and highly conceptualizing the
partial configuration thereof as long as a partial effect is acquired.
The invention disclosed in the present specification includes the
following modified embodiments and postscripts.
[0085] For example, in the operational plan optimization device
1 of the above-described embodiment, although the integrated control
processing unit 2 generates the simulation condition on the basis
of the refinement condition of the refinement control component 4,
the integrated control processing unit 2 may store the simulation
condition in the data storage unit 222, transmit a simulation request
based on the simulation condition to the simulator 3 to perform a
simulation process. Furthermore, preferably, the integrated control
processing unit 2 recognizes a basic simulation condition stored in
the data storage unit 222, recognizes an operation state information
group of a specific time point, generates a simulation condition to
which a narrower conditional range is applied when a conditional range
narrower than the individual condition of the basic simulation
condition is present within the operation state information, and
transmits a simulation request based on the simulation condition to
the simulator 3 to perform a simulation process.
[0086] The operation simulation process or the operational plan

optimization process performed using the operational plan
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optimization device 1 according to the first to fourth embodiment
is not limited to those described above. For example, as illustrated
in FIG. 11, the integrated control processing unit 2 may perform a
process of executing a simulation process for a first operation range
divided and recognized from an entire operation to recognize the
highest evaluation value group of the first operation range by the
processes similar to S1 to S10 (S31), executing a simulation process
for a second operation range divided and recognized from an entire
operation to recognize the highest evaluation value group of the
second operation range by the processes similar to S1 to S10 (S32),
setting a third simulation condition including a first simulation
condition corresponding to the highest evaluation value group of the
first operation range and a second simulation condition corresponding
to the highest evaluation value group of the second operation range
(S33), executing a simulation process for the third operation range
including the first operation range and the second operation range
using the third simulation condition (S34), and recognizing the
highest evaluation value group of the third operation range (S35)
(the process of a first modified embodiment). The third simulation
condition for the third operation range may include a simulation
condition corresponding to the highest evaluation value group of an
operation range other than the first and second operation ranges.
[0087] In this process, for example, a production step o is set
as a first operation range, a production step B which is a subsequent
step of the production step o is set as a second operation range,
data necessary for the process related to the production steps o and
B is stored in the integrated control processing unit 2 and the
simulator 3, and the integrated control processing unit 2 transmits
a simulation request oRi to the simulator 3 together with the
simulation condition oSCi and the recognized operation state
information groups oASl, oAS2, ---, and oASn of the specific time
point of the production step o to execute a simulation process and
recognizes the highest evaluation value group of the production step

o. Moreover, the integrated control processing unit 2 transmits a
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simulation request BRi to the simulator 3 together with the simulation

condition BSCi and the recognized operation state information groups

BBS1, BBS2,

-, and BBSn of the specific time point of the production

step B to execute a simulation process and recognizes the highest

evaluation value group of the production step B.

[0088]

The integrated control processing unit 2 executes a

process of setting a third simulation condition [aSCmax, RSCmax] using

a simulation condition aSCmax corresponding to the highest evaluation

value group of the production step o as a first simulation condition

and a simulation condition BSCmax corresponding to the highest

evaluation value group of the production step B as a second simulation

condition, setting a production step (a+f) corresponding to a third

operation range including the first operation range and the second

operation range,

transmitting a simulation request ofRi to the

simulator 3 together with the operation state information groups aAS1,

aAS2, -+, and aASn of the specific time point of the production step

o, the operation state information groups PBS1, (BSZ2,

of the specific time point of the production step B,

-, and RBSn
and the third

simulation condition [aSCmax, BSCmax] to execute a simulation process,

and recognizing a highest evaluation wvalue group of the entire

production

[0089]

step (atp) .

According to the process of the first modified embodiment,

when a calculation amount increases enormously and the number of

combinations increases explosively if a simulation process of the

entire operation is performed, it is possible to perform simulation

in advance for a plurality of operation ranges divided from the entire

operation to acquire a simulation condition for the entire operation

from the result related to the partial optimization of the respective

operation ranges,

recognize the highest evaluation value group of

the entire operation on the basis of the operation objective function

according to the simulation condition,

and recognize the highest

evaluation value group and the optimal operation efficiently with

a calculation amount which is practically executable with hardware

resources.

Moreover,

since

this
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simulation based on the operation ranges divided from the entire
operation, an operation which is easy to perform and which involves
less change in an existing operation is likely to be recognized, and
an optimal operation which is easily performed at the site and an
operator. For example, combinations are calculated for a certain
operation range of a production order on the basis of a present
production plan to realize partial optimization and fitting, the
combinations are processed sequentially for all operation ranges,
and a simulation process is performed for the entire operation whereby
the production plan can be changed to a production plan which is
optimal on the extension line of the present plan.

[0090] As another operation simulation process or another
operational plan optimization process performed using the operational
plan optimization device 1 according to the first to fourth
embodiments, for example, as illustrated in FIG. 12, the integrated
control processing unit 2 may perform a process of transmitting a
simulation request of a necessary simulation condition corresponding
to a first simulation condition generated on the basis of a necessary
refinement condition corresponding to a first refinement condition
to the respective simulators 3 together with the operation state
information group and the first simulation condition (S41), receiving
aplurality of first evaluation value groups as the simulation process
result based on the first simulation condition and the operation state
information group from the respective simulators 3 (S42), recognizing
a first highest evaluation wvalue group based on a predetermined
operation objective function corresponding to a first operation
objective function among the received plurality of first evaluation
value groups and recognizing a distribution of the plurality of first
evaluation value groups (S43), storing an input second operation
objective function on the basis of the distribution of the plurality
of first evaluation value groups (S44), and recognizing a second
highest evaluation value group based on a second operation objective
function among the plurality of first evaluation value groups (S45)

(the process of a second modified embodiment) .
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[0091] In this process, for example, the integrated control
processing unit 2 performs processes similar to S1 to S11 to recognize
the first highest evaluation value group based on the first operation
objective function among the received plurality of first evaluation
value groups and recognize the distribution of the plurality of first
evaluation value groups. In an example in which a weighted linear
sum S; and a MAX function MAX (S;, i=1, 2, -+, t) of acquiring a largest
value among the weighted linear sums S;i are used as a first operation
objective function, a user changes a necessary weighting factor among
the weighting factors w; (j=1, 2, ~-::, n) on the basis of the
distribution of the plurality of first evaluation value groups to
input a second operation objective function to the integrated control
processing unit 2, and the integrated control processing unit 2 stores
the second operation objective function. After that, the integrated
control processing unit 2 executes a process of recognizing the second
highest evaluation value group based on the second operation objective
function among the plurality of first evaluation wvalue groups
according to a predetermined input or the like and recognizing the
distribution of the plurality of second evaluation value groups.

[0092] According to the process of the second modified
embodiment, for example, when an administrator determines whether
there is an appropriate solution or an optimal operation more than
a solution or an optimal operation based on the first operation
objective function, it is possible to set the second operation
objective function by referring to the distribution of the plurality
of first evaluation value groups, recognize a solution or an optimal
operation based on the second operation objective function, and
recognize a solution or an optimal operation based on each of a
plurality of operation objective functions so that the administrator
can compare and examine the solutions or the optimal operations.
Therefore, it is possible to examine a plurality of evaluation value
groups and a plurality of highest evaluation value groups 1in a
comprehensive way and from various viewpoints to recognize a more

optimal operation.
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[0093] As another operation simulation process or another
operational plan optimization process performed using the operational
plan optimization device 1 according to the first to fourth
embodiments, for example, as illustrated in FIG. 13, the integrated
control processing unit 2 may perform a process of transmitting a
simulation request of a first simulation condition generated on the
basis of a first refinement condition to the respective simulators
3 together with the operation state information group and the first
simulation condition (S51), receiving a plurality of first evaluation
value groups as the simulation process result based on the first
simulation condition and the operation state information group from
the respective simulators 3 (S52), recognizing a first highest
evaluation value group based on a first operation objective function
among the received plurality of first evaluation value groups and
recognizing a distribution of the plurality of first evaluation value
groups (S53), storing an input second operation objective function
on the basis of the distribution of the plurality of first evaluation
value groups (S54), transmitting a simulation request of a second
simulation condition generated on the basis of a second refinement
condition to the respective simulators together with the operation
state information group and a second simulation condition (S55),
receiving a plurality of second evaluation wvalue groups as the
simulation process result based on the second simulation condition
and the operation state information group from the respective
simulators 3 (S56), recognizing a second highest evaluation value
group based on a second operation objective function among the
plurality of second evaluation value groups and recognizing the
distribution of the plurality of second evaluation value groups (S57)
(the process of a third modified embodiment) .

[0094] In this process, for example, the integrated control
processing unit 2 stores the second operation objective function by
processes similar to S41 to S44 of the second modified embodiment,
performs processes similar to S1 to S11 using the second refinement

condition different from the first refinement condition, and executes
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a process of recognizing the second highest evaluation value group
based on the second operation objective function among the received
plurality of second evaluation value groups and recognizing the
distribution of the plurality of second evaluation value groups.
[0095] According to the process of the third modified embodiment,
it is possible to evaluate the plurality of first evaluation value
groups of the simulation process result using the first operation
objective function, recognize the first highest evaluation wvalue
group based on the first operation objective function, and recognize
a second highest evaluation value group and the distribution of a
plurality of second evaluation wvalue groups different from the
plurality of first evaluation value groups corresponding to the second
refinement condition and the second simulation condition using a
second operation objective function set by referring to the
distribution of the plurality of first evaluation value groups.
Therefore, for example, when an administrator determines whether
there is an appropriate solution or an optimal operation more than
a solution or an optimal operation based on the first refinement
condition and the first operation objective function, it is possible
to set the second operation objective function by referring to the
distribution of the plurality of first evaluation value groups,
recognize a solution or an optimal operation based on the second
refinement condition and the second operation objective function,
and recognize a solution or an optimal operation based on each of
a plurality of refinement conditions and a plurality of operation
objective functions so that the administrator can compare and examine
the solutions or the optimal operations. Therefore, it is possible
to examine a plurality of evaluation value groups and a plurality
of highest evaluation value groups in a comprehensive way and from
various viewpoints using the plurality of refinement conditions and
the plurality of operation objective functions to recognize a more
optimal operation.

[0096] As illustrated in FIGS. 14 and 15, in a system in which

a plurality of operational plan optimization devices 1 including an
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integrated control processing unit 2 and a plurality of simulators
3 communicably connected to and controlled integrally by the
integrated control processing unit 2, the plurality of operational
plan optimization devices 1 share the simulator group 3 made up of
the plurality of simulators 3, and the integrated control processing
units 2 are communicably connected mutually, the integrated control
processing unit 2 of one operational plan optimization device 1 may
generate simulation process start information in response to the start
of transmission of the simulation request to the simulator 3 and
transmit the simulation process start information to the integrated
control processing units 2 of the remaining operational plan
optimization devices 1 (S61l). The integrated control processing
units 2 of the remaining operational plan optimization devices 1 may
stop an operation of recognizing a varying processable amount over
time within a predetermined period of the simulators 3 of the simulator
group 3 1in response to reception of the simulation process start
information of the simulator group 3 (S62). The integrated control
processing unit 2 of one operational plan optimization device 1 may
generate simulation process completion information in response to
completion of reception of a plurality of evaluation values as the
simulation process result from the simulators 3 of the simulator group
3 and transmit the simulation process completion information to the
integrated control processing units 2 of the remaining operational
plan optimization devices 1 (S63). The integrated control processing
units 2 of the remaining operational plan optimization devices 1 may
restart the operation of recognizing the varying processable amount
over time within a predetermined period of the simulators 3 of the
simulator group 3 in response to reception of the simulation process
completion information of the simulator group 3 (S64). Due to a
configuration in which the integrated control processing units 2 of
the plurality of operational plan optimization devices 1 directly
switch between the start and the stopping of the simulation process,
it is possible to perform a process of recognizing the processable

amount over time of the simulator group 3 with less labor and
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efficiently use hardware resources by the plurality of operational
plan optimization devices 1 sharing the simulator group 3.

[0097] As illustrated in FIGS. 16 and 17, in a system in which
a plurality of operational plan optimization devices 1 including an
integrated control processing unit 2 and a plurality of simulators
3 communicably connected to and controlled integrally by the
integrated control processing unit 2, the plurality of operational
plan optimization devices 1 share the simulator group 3 made up of
the plurality of simulators 3, and the integrated control processing
units 2 are communicably connected to the integrated management device
10 including an arithmetic control unit, a storage unit that stores
a control program of the arithmetic control unit and data, an input
unit, an output unit, and a communication interface. The integrated
control processing unit 2 of one operational plan optimization device
1 may generate first simulation process start information in response
to the start of transmission of the simulation request to the simulator
3 and transmit the first simulation process start information to the
integrated management device 10 (S71). The integrated management
device 10 or the arithmetic control unit thereof may generate second
simulation process start information in response to reception of the
first simulation process start information and transmit the second
simulation process start information to the integrated control
processing units 2 of the remaining operational plan optimization
devices 1 (S72). The integrated control processing units 2 of the
remaining operational plan optimization devices 1 may stop an
operation of recognizing a varying processable amount over time within
a predetermined period of the simulators 3 of the simulator group
3 in response to the second simulation process start information of
the simulator group 3 (S73). The integrated control processing unit
2 of one operational plan optimization device 1 may generate first
simulation process completion information in response to completion
of reception of a plurality of evaluation values as the simulation
process result from the simulators 3 of the simulator group 3 and

transmit the first simulation process completion information to the
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integrated management device 10 (S74). The integrated management
device 10 or the arithmetic control unit thereof may generate second
simulation process completion information in response to reception
of the first simulation process completion information and transmit
the second simulation process completion information to the
integrated control processing units 2 of the remaining operational
plan optimization devices 1 (S75). The integrated control processing
units 2 of the remaining operational plan optimization devices 1 may
restart an operation of recognizing a varying processable amount over
time within a predetermined period of the simulators 3 of the simulator
group 3 1in response to reception of the second simulation process
completion information of the simulator group 3 (S76). Due to a
configuration in which the integrated control processing units 2 of
the plurality of operational plan optimization devices 1 indirectly
switch between the start and the stopping of the simulation process,
it is possible to perform a process of recognizing the processable
amount over time of the simulator group 3 with less labor and
efficiently use hardware resources by the plurality of operational

plan optimization devices 1 sharing the simulator group 3.

INDUSTRIAL APPLICABILITY

[0098] The present invention can be used when performing
discrete simulation of various operations such as, for example, a
production step, a logistics step, plant layout planning, and manpower

planning to obtain effect analysis results.

REFERENCE SIGNS LIST

[0099]1: Operational plan optimization device
2: Integrated control processing unit
21: Arithmetic control unit
22: Storage unit
221: Processing program storage unit
222: Data storage unit

23: Input unit
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24:
25:
3:

31:
32:

Output unit
Communication interface
Simulator

Arithmetic control unit

Storage unit

321: Processing program storage unit

322: Data storage unit

33:
34:
35:
4:

41:

Input unit

Output unit

Communication interface
Refinement control component

Refinement condition storage unit

401: Arithmetic control unit

402: Storage unit

42

Program storage unit

403: Input unit

404: Output unit

405: Communication interface

5:
51:
52:

Operator terminal
Arithmetic control unit

Storage unit

521: Processing program storage unit

522: Data storage unit

53:
54:
55:
6:

10:

Input unit
Output unit
Communication interface
Operation state information acquisition unit

Integrated management device
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CLAIMS

1. An operational plan optimization device comprising:

an integrated control processing unit; and

a plurality of simulators communicably connected to and
controlled integrally by the integrated control processing unit,
wherein

the integrated control processing unit is configured to:

recognize a varying processable amount over time within a
predetermined period of each of the simulators;

transmit a simulation request for a simulation process within
an optimal processing amount within the recognized processable amount
of each of the simulators to each of the simulators together with
an operation state information group and a simulation condition;

receive a plurality of evaluation value groups as a simulation
process result based on the operation state information group and
the simulation condition from each of the simulators; and

recognize a highest evaluation value group based on an operation
objective function among a plurality of received evaluation value

groups.

2. The operational plan optimization device according to claim 1,
wherein
the evaluation value group includes a degree of similarity to

a present operation as an evaluation value.

3. The operational plan optimization device according to claim 1
or 2, further comprising:

an operation state information acquisition unit that acquires
the operation state information, wherein

the operation state information is transmitted from the
operation state information acquisition unit to the integrated

control processing unit.
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4. The operational plan optimization device according to any one
of claims 1 to 3, wherein

the integrated control processing unit generates an individual
operation instruction corresponding to the recognized highest
evaluation wvalue group and transmits the individual operation
instruction to at least an operator terminal approximately on a

real-time basis.

5. The operational plan optimization device according to any one
of claims 1 to 4, further comprising:

a refinement control component communicably connected to the
integrated control processing unit, wherein

the integrated control processing unit generates a simulation
condition on the basis of the operation state information group and

a refinement condition of the refinement control component.

6. The operational plan optimization device according to claim 5,
wherein

a degree of refinement of the refinement condition of the
refinement control component 1is changeable, or the refinement
conditions of a plurality of degrees of refinement are set in the

refinement control component.

7. The operational plan optimization device according to claim 5
or 6, wherein

the refinement control component generates the refinement
condition on the basis of a setting condition and a plurality of

refinement control components are provided.

8. The operational plan optimization device according to any one
of claims 1 to 7, wherein

the integrated control processing unit receives information on
the start and completion of the simulation process directly or

indirectly from another integrated control processingunit of another
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operational plan optimization device that shares the plurality of
simulators, and

the integrated control processing unit stops recognizing the
varying processable amount over time within the predetermined period
of each of the simulators from the start to the completion of the

simulation process.

9. An operational plan optimization method which uses the
operational plan optimization device according to any one of claims
1l to 8, wherein

the integrated control processing unit executes the steps of:

executing a simulation process on a first operation range to
recognize a highest evaluation value group of the first operation
range;

executing a simulation process on a second operation range to
recognize a highest evaluation value group of the second operation
range; and

setting a third simulation condition including a first
simulation condition corresponding to a highest evaluation value
group of the first operation range and a second simulation condition
corresponding to a highest evaluation value group of the second
operation range, executing a simulation process on the third operation
range including the first operation range and the second operation
range using the third simulation condition, and recognizing a highest

evaluation value group of the third operation range.

10. An operational plan optimization method which uses the
operational plan optimization device according to any one of claims
1l to 8, wherein
the integrated control processing unit executes the steps of:
transmitting a simulation request of a first simulation
condition generated on the basis of a first refinement condition to
each of the simulators together with an operation state information

group and the first simulation condition;
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receiving a plurality of first evaluation value groups as a
simulation process result based on the operation state information
group and the first simulation condition from each of the simulators;

recognizing a first highest evaluation value group based on a
first operation objective function among the received plurality of
first evaluation value groups and recognizing a distribution of the
plurality of first evaluation value groups;

storing a second operation objective function input on the basis
of the plurality of first evaluation value groups; and

recognizing a second highest evaluation value group based on
a second operation objective function among the plurality of first

evaluation value groups.

11. An operational plan optimization method which wuses the
operational plan optimization device according to any one of claims
1l to 8, wherein

the integrated control processing unit executes the steps of:

transmitting a simulation request of a first simulation
condition generated on the basis of a first refinement condition to
each of the simulators together with an operation state information
group and the first simulation condition;

receiving a plurality of first evaluation value groups as a
simulation process result based on the operation state information
group and the first simulation condition from each of the simulators;

recognizing a first highest evaluation value group based on a
first operation objective function among the received plurality of
first evaluation value groups and recognizing a distribution of the
plurality of first evaluation value groups;

storing a second operation objective function input on the basis
of the distribution of the plurality of first evaluation value groups;

transmitting a simulation request of a second simulation
condition generated on the basis of a second refinement condition
to each of the simulators together with the operation state

information group and the second simulation condition;
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receiving a plurality of second evaluation value groups as a
simulation process result based on the operation state information
group and the second simulation condition from each of the simulators;
and

recognizing a second highest evaluation value group based on
the second operation objective function among the received plurality
of second evaluation value groups and recognizing a distribution of

the plurality of second evaluation value groups.
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