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(57) Abstract: A scheduling system 1 comprises: a storage device 13 that stores evaluation index improvement level
information 320 in which is stored the relationship between changes in various elements of an operation schedule and
changes in various aspects of the quality of the operation schedule resulting from changes in said elements; and a compu-
tation device 11 that executes, based on the evaluation index improvement level information, a changed schedule element
selection process for selecting an element of the operation schedule which will most improve the quality of the operation
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schedule, that executes an optimization model selection process for selecting, from among a plurality of scheduling models
by which the operation schedule can be created, the scheduling model in which the quality of the operation schedule as
a whole will be most improved by a change in the selected element, and that executes, based on the selected scheduling
model, a schedule optimization process for creating a new operation schedule.
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TIMETABLE PLANNING SYSTEM AND TIMETABLE GENERATING

METHOD

Cross—Reference to Related Applications
[0001]

This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2019-217816, filed on December 2, 2019, the entire

contents of which are incorporated herein by reference.

Technical Field
[0002]
The present invention relates to a timetable

planning system and a timetable generating method.

Background
[0003]

Generally, the operators of public passenger
transport such as railway and bus operators transport
passengers to their destinations by actually operating a
rolling stock according to predetermined operation
timetables. For this reason, the quality of the operation
timetable is crucially related to the evaluation by
passengers of transport service. One important task for

the operators is therefore to periodically revise
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operation timetables (i.e., timetable revision work) in
order to improve the quality of the transport service.
[0004]

At present, the timetable revision work involves
aggregating or analyzing expressions of evidence such as
questionnaires solicited from passengers, service logs
submitted by crew, and surveys conducted in the field, in
order to identify improvable areas in the workplace and
to examine the operation timetable contents to be
revised. That means the revision of operation timetables
is a time-consuming heavily-loaded task. In addition,
whereas experienced employees with specialized knowledge
primarily have worked on timetable revision so far,
today’s increasingly complex railroad networks and
diversifying passenger needs lead to an ever—-increasing
workload on these employees. It is thus increasingly
difficult even for the seasoned workers to assess
necessary information comprehensively. There have been
cases in which revising the operation timetable failed to
provide the intended effects.

[0005]

Under these circumstances, studies have been
underway to revise operation timetables by computers with
automated timetable generating techniques. While manual

operation timetable revision work can only modify the
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operation timetables in a limited manner, using the
automation technology makes it possible to revise the
timetables by combining diverse mathematical models
(i.e., operation timetable generating models). This
offers a possibility of dealing with more comprehensive
timetable revision.

[0006]

For example, Patent Document 1 describes techniques
that allow passenger flow simulators to calculate the
number of passengers with respect to timetables so that
inefficient areas revealed thereby are determined under
given determination conditions, in order to revise
relevant timetables accordingly, the timetables being
subsequently updated only if the total sum of passenger
cost and operation cost is deemed to be improved as a
result of the simulation.

[0007]

It is desired to address or ameliorate one or more

disadvantages or limitations associated with the prior

art, or to at least provide a useful alternative.

Patent Document
[0008]

Patent Document 1: Japanese Patent No. 4727459
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Summary
[0009]

According to at least one embodiment of the present
invention, there is provided a timetable planning system
comprising:

a storage device; and

a computing device,

the storage device storing evaluation index
improvement degree information that stores relations
between a change of each of constituent elements of an
operation timetable on one hand and a change in quality
of the operation timetable resulting from the change of
each of the constituent elements in terms of each of
operation timetable viewpoints on the other hand,

the computing device performing

a changeable timetable element selection
process of selecting the operation timetable constituent
element that most improves the quality of the operation
timetable, in reference to the evaluation index
improvement degree information,

an optimization model selection process of
selecting, from among a plurality of timetable generating
models each capable of generating the operation
timetable, the timetable generating model that most

improves the quality of the whole operation timetable
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through the change of the selected constituent element,
and

a timetable optimization process of
generating a new operation timetable based on the
selected timetable generating model,

wherein the computing device further performs a
partial operation timetable selection process of dividing
the operation timetable by a predetermined condition into
a plurality of partial operation timetables, before
selecting one of the divided partial operation
timetables, and,

in the optimization model selection process, the
computing device selects, for the selected partial
operation timetable, the timetable generating model that
most improves the whole operation timetable following the
changes of the constituent elements in the selected
partial operation timetable.

[0010]

According to at least another embodiment of the
present invention the present invention, there is also
provided a timetable generating method for causing an
information processing apparatus to store evaluation
index improvement degree information that stores
relations between a change of each of constituent

elements of an operation timetable on one hand and a
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change in quality of the operation timetable resulting
from the change of each of the constituent elements in
terms of each of operation timetable viewpoints on the
other hand,

the timetable generating method further causing the
information processing apparatus to perform:

a changeable timetable element selection process of
selecting the operation timetable constituent element
that most improves the quality of the operation
timetable, in reference to the evaluation index
improvement degree information;

an optimization model selection process of
selecting, from among a plurality of timetable generating
models each capable of generating the operation
timetable, the timetable generating model that most
improves the quality of the whole operation timetable
through the change of the selected constituent element;
and

a timetable optimization process of generating a
new operation timetable based on the selected timetable
generating model,

wherein the information processing apparatus is
further caused to perform a partial operation timetable
selection process of dividing the operation timetable by

a predetermined condition into a plurality of partial
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operation timetables, before selecting one of the divided
partial operation timetables, and,

in the optimization model selection process, the
information processing apparatus is further caused to
select, for the selected partial operation timetable, the
timetable generating model that most improves the whole
operation timetable following the changes of the
constituent elements in the selected partial operation

timetable.

Brief Description of the Drawings
[0011]

One or more embodiments of the present invention
are hereinafter described, by way of example only, with
reference to the accompanying drawings, in which:

[0012]

FIG. 1 is a view depicting an exemplary
configuration of a timetable planning system embodying at
least one aspect of the present invention.

FIG. 2 is a view explaining examples of hardware
and functions included in a timetable generating
apparatus.

FIG. 3 is a tabular view listing an example of pre-—
revision timetable information.

FIG. 4 is a diagram schematically depicting an
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exemplary train timetable.

FIG. 5 is a tabular view listing an example of
passenger OD information.

FIG. 6 is a tabular view listing an example of
evaluation index information.

FIG. 7 is a tabular view listing an example of
evaluation index improvement degree information.

FIG. 8 is a tabular view listing an example of
optimization model information.

FIG. 9 is a flowchart explaining an example of a
train timetable generating process.

FIG. 10 is a diagram depicting an example of an
evaluation index target setting input screen.

FIG. 11 is a tabular view listing an example of
evaluation index target setting information.

FIG. 12 is a flowchart explaining an example of a
timetable division process.

FIG. 13 is a diagram depicting an example of a
timetable division condition screen.

FIG. 14 is a flowchart explaining an example of a
timetable evaluation process.

FIG. 15 is a tabular view listing an example of
evaluation index divergence degree temporary information.

FIG. 16 is a diagram explaining an example of how

to typically calculate evaluation values and divergence
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degrees.

FIG. 17 is a flowchart explaining an example of a
changeable partial timetable selection process.

FIG. 18 is a tabular view listing an example of
optimization execution status information.

FIG. 19 is a diagram depicting an exemplary method
of selecting a changeable target partial timetable in the
changeable partial timetable selection process.

FIG. 20 is a flowchart explaining an example of a
changeable timetable element selection process.

FIG. 21 is a diagram explaining an exemplary method
of selecting a changeable target timetable element.

FIG. 22 is a flowchart explaining an example of an
optimization model selection process.

FIG. 23 is a flowchart explaining an example of a

timetable optimization process.

Detailed Description
[0013]

The techniques described in Patent Document 1
require preparing databases of inefficient areas (e.g.,
complaints from passengers) and of detailed revisions of
the operation timetables for improving the inefficient
areas. Further, given that the operation timetables

include diverse constituent elements (number of trains,
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stoppage times at stations, etc.), there are so many
diverse patterns of changes in the operation timetables
that it is difficult to identify all these changes
comprehensively. Moreover, even when the changes in the
operation timetables are identified, there is no scheme
to guarantee the quality of the operation timetables to
be generated according to these changes.

[0013A]

The present invention has been made in view of the
above circumstances.
[0013B]

In addressing the above problem and according to
one embodiment of the present invention, there is
provided a timetable planning system including a storage
device and a computing device, the storage device storing
evaluation index improvement degree information that
stores relations between a change of each of constituent
elements of an operation timetable on one hand and a
change in quality of the operation timetable resulting
from the change of each of the constituent elements in
terms of each of operation timetable viewpoints on the
other hand, the computing device performing a changeable
timetable element selection process of selecting the
operation timetable constituent element that most

improves the quality of the operation timetable, in
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reference to the evaluation index improvement degree
information, an optimization model selection process of
selecting, from among multiple timetable generating
models each capable of generating the operation
timetable, the timetable generating model that most
improves the quality of the whole operation timetable
through the change of the selected constituent element,
and a timetable optimization process of generating a new
operation timetable according to the selected timetable
generating model.

[0013C]

According to another embodiment of the present
invention, there is provided a timetable generating
method for causing an information processing apparatus to
store evaluation index improvement degree information
that stores relations between a change of each of
constituent elements of an operation timetable on one
hand and a change in quality of the operation timetable
resulting from the change of each of the constituent
elements in terms of each of operation timetable
viewpoints on the other hand, the timetable generating
method further causing the information processing
apparatus to perform a changeable timetable element
selection process of selecting the operation timetable

constituent element that most improves the quality of the
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operation timetable, in reference to the evaluation index
improvement degree information, an optimization model
selection process of selecting, from among multiple
timetable generating models each capable of generating
the operation timetable, the timetable generating model
that most improves the quality of the whole operation
timetable by a change of the selected constituent
element, and a timetable optimization process of
generating a new operation timetable according to the
selected timetable generating model.

[0013D]

According to embodiments of the present invention,
it is possible to generate a high—quality operation
timetable even from complex constituent elements.

[0013E]

The foregoing and other problems and the solutions
to these problems will become evident from a reading of
the following detailed description of a preferred
embodiment taken in conjunction with the appended
drawings.

[0014]

A preferred embodiment of the present invention is
explained below with reference to the accompanying
drawings.

[0015]
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<System configuration>

FIG. 1 is a view depicting an exemplary
configuration of a timetable planning system 1 embodying
the present invention. The timetable planning system 1 is
configured to include a timetable generating apparatus
10, an operation control system 20, a rolling stock 30,
facilities 40, and an OD data acquisition system 50.
[0016]

The timetable generating apparatus 10 is an
information processing apparatus that generates an
operation timetable of each rolling stock 30. The
timetable generating apparatus 10 acquires OD data, to be
discussed later, from the OD data acquisition system 50.
[0017]

In this embodiment, the timetable generating
apparatus 10 is assumed to be an apparatus that generates
train timetables. Specifically, the rolling stock 30 is
assumed to be trains, and the facilities 40 are assumed
to be signals, railway tracks, points, and indicators.
[0018]

The operation control system 20 performs processes
of controlling the rolling stock 30 and facilities 40
related to train operation, according to the train
timetable generated by the timetable generating apparatus

10.
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[0019]

The OD data acquisition system 50 includes one or
multiple information processing apparatuses that acquire
OD data from ticketing systems at stations, rolling stock
30, facilities 40, or various sensors (not depicted), for
example.

[0020]

The timetable generating apparatus 10, the
operation control system 20, the rolling stock 30, the
facilities 40, and the OD data acquisition system 50 are
interconnected communicably via a wired or wireless
communication network 5 such as a LAN (Local Area
Network), WAN (Wide Area Network), the Internet, or
leased lines.

[0021]

Explained next are some hardware and functions
included in the timetable generating apparatus 10.

[0022]
<Timetable generating apparatus>

FIG. 2 is a view explaining examples of hardware
and functions included in the timetable generating
apparatus 10. The timetable generating apparatus 10
includes a computing device 11 such as a CPU (Central
Processing Unit), a memory 12 such as a RAM (Random

Access Memory) or a ROM (Read Only Memory), a storage
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device 13 such as an HDD (Hard Disk Drive) or an SSD
(Solid State Drive), a display device 14 such as a
display unit or a touch panel, an input device 15 such as
a keyboard, a mouse, and/or a touch panel, and a
communication device 16 that communicates with other
information processing apparatuses. The other information
processing apparatuses in the timetable planning system 1
are configured in a similar manner.

[0023]

The timetable generating apparatus 10 has the
function of storing pre-revision timetable information
200, target timetable information 220, resulting
timetable information 240, passenger OD information 260,
evaluation index information 280, evaluation index target
setting information 300, evaluation index improvement
degree information 320, optimization model information
340, evaluation index divergence degree temporary
information 360, and optimization execution status
information 380.

[0024]

The pre-revision timetable information 200 is
information regarding one or multiple train timetables
currently in operation. The target timetable information
220 is train timetable information that is among the pre-

revision timetable information 200 and that serves as the



05 May 2023

2020396167

16

basis for a train timetable to be generated anew by the
timetable generating apparatus 10. The resulting
timetable information 240 is the train timetable
(resulting timetable) information generated anew by the
timetable generating apparatus 10.

[0025]

(Train timetable information)

FIG. 3 is a tabular view listing an example of the
pre-revision timetable information 200. The pre-revision
timetable information 200 is a database including at
least one record that includes a timetable ID item 201 to
which a timetable identifier (timetable ID) is set, a
train ID item 203 to which is set a train identifier
(train ID) in the timetable related to the timetable ID
item 201, a train type item 205 to which is set a train
type (such as a local train and a superior train)
indicated by the train ID item 203, a departure and
arrival station item 207 to which is set information
regarding departure and arrival stations for the train
indicated by the train ID item 203, an arrival time item
209 to which is set the time at which the train indicated
by the train ID item 203 arrives at the station denoted
by the departure and arrival station item 207, and a
departure time item 211 to which is set the time at which

the train indicated by the train ID item 203 departs from
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the station denoted by the departure and arrival station
item 207. The target timetable information 220 and the

resulting timetable information 240 are configured in a

similar manner.

[0026]

FIG. 4 is a diagram schematically depicting an
exemplary train timetable. As depicted in FIG. 4, this
train timetable includes a local train 213 that stops at
stations A, B, and C and a superior train 215 that
departs from station A, passes station B non-stop, and
arrives at station C.

[0027]

Next, as depicted in FIG. 2, the passenger OD
information 260 stores OD data. The OD data refers to
data regarding, for example, volumes or time zones of
entrainment and detrainment for each rolling stock 30 at
each station. The passenger OD information 260 also
stores cost information regarding the operation of the
rolling stock 30. For example, the operation cost
information refers to the ride fare between stations or
the distance therebetween.

[0028]
(Passenger OD information)
FIG. 5 is a tabular view listing an example of the

passenger OD information 260. The passenger OD
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information 260 includes multiple entrainment and
detrainment tables 264 that store the number of
passengers 262 entraining or detraining at each station.
FEach entrainment and detrainment table 264 is created at
predetermined intervals (e.g., every 5 minutes).

[0029]

Next, as indicated in FIG. 2, the evaluation index
information 280 is information regarding methods of
calculating each evaluation index as a parameter
indicative of the quality from various viewpoints of
train models.

[0030]
(Evaluation index information)

FIG. 6 is a tabular view listing an example of the
evaluation index information 280. The evaluation index
information 280 includes at least one record that
includes an ID item 282 to which an ID (item ID) of an
evaluation index item (evaluation item or viewpoint) is
set, an appellation item 284 to which the appellation of
the evaluation item related to the ID item 282 is set,
and a calculation formula item 286 to which is set the
method of calculating an evaluation value of the
evaluation item related to the ID item 282. The
evaluation item refers to a train congestion rate or a

train operation cost, for example. The train congestion
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rate and the train operation cost as the evaluation
values are given, respectively, by calculation formulas
of “number of passengers/train capacity” and “mileage x
rolling stock quantity x cost.” It is to be noted that
the evaluation items and their calculation formulas are
not limited to those described above. For example, the
evaluation index information 280 may be set beforehand by
users.

[0031]

Next, as depicted in FIG. 2, the evaluation index
target setting information 300 is information that stores
a target evaluation value that is set for each evaluation
index and a priority as a parameter indicative of the
importance of that evaluation index. The evaluation index
target setting information 300 will be discussed later in
detail.

[0032]

The evaluation index improvement degree information
320 is information that stores relations between a change
of each constituent element (timetable element) of the
operation timetable (train timetable) on one hand and the
improvement in quality from various operation timetable
viewpoints as a result of the change of that constituent
element on the other hand (the improvement in quality

refers to the degree of improvement of each evaluation
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item; the degree of improvement is a parameter indicative
of how much the quality of the operation timetable has
improved from diverse viewpoints, as will be discussed
below in more detail).

[0033]

(Evaluation index improvement degree information)

FIG. 7 is a tabular view listing an example of the
evaluation index improvement degree information 320. The
evaluation index improvement degree information 320 is
information that stores an improvement degree 326 of each
evaluation item 324 in the train timetable in the case
where each timetable element 322 is changed by a unit
quantity. In the example of FIG. 7, the timetable
elements 322 are the number of trains, stoppage time, and
change of train type, for example. In the train
timetable, the evaluation items 324 are train congestion
rate and train operation cost, for example. The
evaluation index improvement degree information 320 is
set beforehand by the user in view of operational
realities, for example. It is to be noted that the
combination of the timetable elements 322, the evaluation
items 324, and the improvement degrees 326 is not limited
to that indicated in the tabular view. The evaluation
index improvement degree information 320 is created in

advance by the user, for example.
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[0034]

The unit quantity refers to a predetermined amount
of change in a parameter that characterizes a timetable
element, for example. That is, the unit quantity may be
the number of trains being incremented by 1, the stoppage
time being prolonged by 1 minute, or the rolling stock
being supplemented with another car for use, for example.
[0035]

Next, as depicted in FIG. 2, the optimization model
information 340 is information that stores the
characteristics of each timetable generating model. The
timetable generating model (referred to as the
optimization model hereunder) is capable of generating a
new train model in which at least one timetable element
is improved. The evaluation index divergence degree
temporary information 360 and the optimization execution
status information 380 will be discussed later in detail.
[0036]

(Optimization model information)

FIG. 8 is a tabular view listing an example of the
optimization model information 340. The optimization
model information 340 includes at least one record that
includes an ID item 342 to which the identifier of an
optimization model is set, a changeable target item 344

to which is set the timetable element that can be
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optimized by the optimization model related to the ID
item 342, an improvement evaluation index item 346 to
which is set the evaluation item of the train timetable
that can be improved by the optimization model related to
the ID item 342, and an optimization model item 348 to
which is set the appellation of the optimization model
related to the ID item 342. The optimization model
information 340 is created beforehand by the user, for
example.

[0037]

Next, as depicted in FIG. 2, the timetable
generating apparatus 10 has functional parts including a
partial train timetable selection processing part 110, a
changeable timetable element selection processing part
120, an optimization model selection processing part 130,
a timetable optimization processing part 140, an
information input processing part 150, and an information
display processing part 160.

[0038]

The partial train timetable selection processing
part 110 divides the train timetable (target timetable
information 220) into multiple partial train timetables
according to given conditions, and selects one of the
divided partial train timetables.

[0039]
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Specifically, the partial train timetable selection
processing part 110 includes a timetable division
processing part 111, a timetable evaluation processing
part 113, and a changeable partial timetable selection
processing part 115.

[0040]

The timetable division processing part 111 divides
the operation timetable by given division conditions
(e.g., time zone, inter-station section, etc.) into
multiple partial operation timetables (partial train
timetables) .

[0041]

The timetable evaluation processing part 113
calculates the evaluation value of each of the divided
partial train timetables in reference to predetermined
evaluation criteria (calculation formulas in this case).
For example, the timetable evaluation processing part 113
uses the calculation formulas for calculating the
evaluation value for each of the evaluation indexes
(e.g., congestion rate and operation cost) of the train
timetables.

[0042]

The changeable partial timetable selection

processing part 115 selects the partial train timetable

in reference to the evaluation values calculated by the
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timetable evaluation processing part 113 and the priority
associated with the evaluation criterion being used. For
example, by using the priorities set for the evaluation
indexes, the changeable partial timetable selection
processing part 115 selects the partial train timetable
having an evaluation value that is related to a high-
priority evaluation index and has a large divergence from
a predetermined target value. In the description that
follows, the partial train timetable to be selected in
this manner will be referred to as the changeable target
partial timetable.

[0043]

The changeable timetable element selection
processing part 120 selects the constituent element of
the train timetable (referred to as the changeable target
timetable element hereunder) that most improves the
quality of the train timetable, in reference to the
evaluation index improvement degree information 320 that
stores the degrees of improvement.

[0044]

The optimization model selection processing part
130 selects, from among multiple timetable generating
models capable of generating train timetables, the
timetable generating model that most improves the quality

of the train timetable as a whole through the change of
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the constituent element selected (changeable target
timetable element) by the changeable timetable element
selection processing part 120.

[0045]

At the time of timetable generating model
selection, the optimization model selection processing
part 130 selects the timetable generating model that most
improves the quality of the whole timetable in the case
where the above-mentioned change of the timetable
constituent element is made in the partial operation
timetables divided by the timetable division processing
part 111.

[0046]

The timetable optimization processing part 140
generates a new train timetable (resulting timetable
information 240) based on the timetable generating model
selected by the optimization model selection processing
part 130.

[0047]

The information input processing part 150 performs
an information input process of accepting input, from the
user, of the target information (target wvalue) indicative
of the improvements in the quality of the operation
timetable corresponding to various operation timetable

viewpoints (train congestion rate, train operation cost,
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etc.).
[0048]

The information display processing part 160
displays information regarding the evaluation values of
the partial train timetables calculated by the partial
train timetable selection processing part 110.

[0049]

The above-described functions of the timetable
generating apparatus 10 are implemented by hardware of
the timetable generating apparatus 10 or by the computing
device 11 of the timetable generating apparatus 10
retrieving and executing relevant programs from the
memory 12 or from the storage device 13. These programs
are stored, for example, in a secondary storage device;
in a storage device such as a nonvolatile semiconductor
memory, a hard disk drive, or an SSD; or on a non-—
temporary data storage medium such as an IC card, an SD
card, or a DVD that can be read by the timetable
generating apparatus 10.

[0050]

Explained next are the processes carried out by the

timetable planning system 1.
[0051]
<Train timetable generating process>

FIG. 9 is a flowchart explaining an example of a
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train timetable generating process that generates a new
train timetable by optimizing the current train timetable
in reference to the evaluation index improvement degree
information 320, for example. The train timetable
generating process 1s started when predetermined user
input is performed on the timetable generating apparatus
10, for example.

[0052]

As indicated in FIG. 9, the timetable division
processing part 111 of the timetable generating apparatus
10 refers to the pre-revision timetable information 200
to extract the train timetable to be revised (target
timetable) and stores the extracted train timetable as
the target timetable information 220 (sl). For example,
the timetable division processing part 111 displays a
list screen of the pre-revision timetable information 200
to let the user select the target timetable.

[0053]

The timetable division processing part 111 sets a
target evaluation value (s3) for each of the evaluation
items in the train timetable to be generated anew from
the target timetable. Specifically, the information input
processing part 150 loads the evaluation index
information 280 and thereby displays a screen through

which the target value of each evaluation item
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(evaluation index target setting input screen) is to be
input, accepting input, from the user, of the target
value regarding each evaluation item and setting the
input information in the evaluation index target setting
information 300.

[0054]

What follows is an explanation of the evaluation
index target setting input screen and the evaluation
index target setting information 300.

[0055]
(Evaluation index target setting input screen)

FIG. 10 is a diagram depicting an example of the
evaluation index target setting input screen. An
evaluation index target setting input screen 1000
includes an evaluation index display field 1002 that
displays the appellation of each evaluation item, a
target value input field 1004 that accepts input of the
target value regarding each evaluation item, a priority
input field 1006 that accepts input of the priority of
each evaluation item, and an evaluation index selection
field 1008 that accepts selection of each evaluation
item. By selecting the evaluation index selection fields
1008 of desired evaluation items, the user can select the
evaluation items for use as criteria in generating the

new train timetable (resulting timetable).
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[0056]
(Evaluation index target setting information)

FIG. 11 is a tabular view listing an example of the
evaluation index target setting information 300. The
evaluation index target setting information 300 includes
at least one record that includes an ID item 302 to which
the identifier of the evaluation item (index ID) is set,
an appellation item 304 to which the appellation of the
evaluation item related to the ID item 302 is set
(corresponding to the appellation item 284 in the
evaluation index information 280), a calculation formula
item 306 to which is set the calculation formula for the
evaluation value of the evaluation item related to the ID
item 302 (corresponding to the calculation formula item
286 in the evaluation index information 280), a target
value item 308 to which the target value of the
evaluation item related to the ID item 302 is set, and a
priority item 310 to which the priority of the evaluation
item related to the ID item 302 is set.

[0057]

Next, as indicated by s5 in FIG. 9, the timetable
division processing part 111 performs a timetable
division process of dividing the train timetable (target
timetable) acquired in sl into multiple partial train

timetables. The timetable division process will be
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discussed later in detail.
[0058]

The timetable evaluation processing part 113
performs a timetable evaluation process (s7) of
calculating the evaluation value of the target timetable
and the evaluation values of the partial train timetables
created in s5. The timetable evaluation process will be
discussed later in detail.

[0059]

In reference to the evaluation values calculated in
s7, the changeable partial timetable selection processing
part 115 performs a changeable partial timetable
selection process (s9) of selecting, from among the
target timetables, the partial train timetable to be
revised (changeable target partial train timetable). The
changeable partial timetable selection process will be
discussed later in detail.

[0060]

In a case where the changeable target partial train
timetable cannot be selected in s9 (sll: No), the
changeable partial timetable selection processing part
115 displays a predetermined warning message, for
example, and terminates (s19) the train timetable
generating process. On the other hand, in a case where

the changeable partial timetable selection processing
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part 115 can select (sll: Yes) the changeable target
partial train timetable in s9, the changeable timetable
element selection processing part 120 performs the
process described below.

[0061]

That is, the changeable timetable element selection
processing part 120 performs a changeable timetable
element selection process (sl13) of selecting, from among
the timetable elements of the changeable target partial
train timetable selected in s9, the timetable elements to
be changed (changeable target timetable elements). The
changeable timetable element selection process will be
discussed later in detail.

[0062]

The optimization model selection processing part
130 then performs an optimization model selection process
(s15) of selecting the optimization model for use in
generating a new train timetable (resulting timetable, in
reference to the evaluation items for which the target
values were set in s3 and the timetable elements selected
in s13. The optimization model selection process will be
discussed later in detail.

[0063]
The timetable optimization processing part 140

performs a timetable optimization process (sl1l7) of
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generating a new train timetable (revised timetable), in
reference to the optimization model selected in sl15. The
timetable optimization process will be discussed later in
detail. After this process, the processes subsequent to
s7 are repeated.
[0064]

The processes in the train timetable generating
process are explained below in detail.
[0065]
<Timetable division process>

FIG. 12 is a flowchart explaining an example of the
timetable division process. The timetable division
processing part 111 acquires (s51) the target timetable,
and determines (s853) the criteria (division conditions)
for dividing the target timetable into partial train
timetables. Specifically, the timetable division
processing part 111 may load information regarding the
division conditions stored beforehand, or display a
predetermined input screen (timetable division condition
screen) to accept designation of the division conditions
from the user.
[0066]

The timetable division processing part 111 then
divides the target timetable into multiple parts (partial

train timetables) according to the division conditions
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determined in s53. This terminates the timetable division
process (sb7).
[0067]

The timetable division condition screen is

explained hereunder.
[0068]
(Timetable division condition screen)

FIG. 13 is a diagram depicting an example of the
timetable division condition screen. A timetable division
condition screen 1100 includes a division condition
appellation input field 1101 that accepts input of the
appellation of each division condition from the user, a
division condition input field 1103 that accepts input of
the content of each division condition from the user, and
a division condition selection field 1105 that accepts
selection of each division condition from the user.
Whereas FIG. 13 indicates the division by the time zone
for the rolling stock 30 and the division by the inter-—
station section, both being the division conditions,
other division conditions may alternatively be input,
such as division by the route and division by the train
type (local train, superior train, etc.).

[0069]
<Timetable evaluation process>

Next, FIG. 14 is a flowchart explaining an example
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of the timetable evaluation process. The timetable
evaluation processing part 113 acquires (s71) the target
timetable and each partial train timetable created in the
timetable division process. Also, the timetable
evaluation processing part 113 acquires (s73) the
evaluation index target setting information 300 created
in s3.

[0070]

In reference to the evaluation index target setting
information 300 acquired in s73, the timetable evaluation
processing part 113 selects (s75) the evaluation items
for evaluating the quality of each train timetable
(target timetable and each partial train timetable)
obtained in s71. Specifically, the timetable evaluation
processing part 113 may display the content of the
evaluation index target setting information 300 on a
predetermined screen, for example, to accept, from the
user, selection of the evaluation items to be used.
Alternatively, the timetable evaluation processing part
113 may select all evaluation items registered in the
evaluation index target setting information 300.

[0071]

For each of the evaluation items selected in s75,

the timetable evaluation processing part 113 calculates

(s77) the evaluation value regarding each of the train
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timetables (target timetable and each partial train
timetable) acquired in s71.
[0072]

The timetable evaluation processing part 113 then
calculates (s79) the degree of divergence regarding each
of the evaluation values calculated in s77. With this
embodiment, the degree of divergence refers to how much
divergence there is between the target value and the
evaluation value. That is, the timetable evaluation
processing part 113 acquires the target value set for
each of the evaluation items from the evaluation index
target setting information 300. The timetable evaluation
processing part 113 proceeds to calculate, as the degree
of divergence, the difference (divergence value) between
the evaluation value of each of the evaluation items for
the target timetable and for each partial train
timetable, both being calculated in s77, on one hand and
the target value of each acquired evaluation item on the
other hand.

[0073]

In a case where the evaluation value has achieved
the target (where the evaluation value is higher than the
target value), the degree of divergence may be considered
to be zero. Alternatively, in place of the degree of

divergence, a predetermined specification value (e.g.,
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(target value - divergence value)/target value) may be
adopted.
[0074]

The timetable evaluation processing part 113 stores
(s81l) each evaluation wvalue calculated in s77 and each
degree of divergence computed in s79. For example, the
timetable evaluation processing part 113 stores the
calculated divergence degrees into the evaluation index
divergence degree temporary information 360.

[0075]
(Evaluation index divergence degree temporary
information)

FIG. 15 is a tabular view listing an example of the
evaluation index divergence degree temporary information
360. The evaluation index divergence degree temporary
information 360 stores information regarding the
divergence degree 368 of each evaluation index 366 for a
whole target timetable 362 and for each partial train
timetable 364.

[0076]

Further, FIG. 16 is a diagram explaining an example
of how to typically calculate evaluation values and
divergence degrees. The timetable evaluation processing
part 113 calculates the evaluation value 505 of each

evaluation index in the target timetable 501 and in each
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partial train timetable 503 by inserting the content of
the target timetable 501 and of each partial train
timetable 503 in the calculation formula for each
evaluation index indicated by the evaluation index target
setting information 300. The timetable evaluation
processing part 113 then calculates the divergence degree
507 corresponding to each of the calculated evaluation
values 505 and stores the calculated divergence degrees
507 in the evaluation index divergence degree temporary
information 360.

[0077]

The information display processing part 160 may
display the calculated evaluation value 505 of each
evaluation index or the divergence degree 507 of each
evaluation index on a predetermined screen 1300 or 1400,
respectively.

[0078]
<Changeable partial timetable selection process>

Next, FIG. 17 is a flowchart explaining an example
of the changeable partial timetable selection process.
The changeable partial timetable selection processing
part 115 acquires (s91) all partial train timetables
created in the timetable division process. The changeable
partial timetable selection processing part 115 acquires

(s93) the divergence degree of each evaluation index for
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the acquired partial train timetables. Specifically, the
changeable partial timetable selection processing part
115 acquires the evaluation index divergence degree
temporary information 360 created in the timetable
evaluation process, for example.

[0079]

Also, the changeable partial timetable selection
processing part 115 acquires the target value and the
priority of each evaluation index. Specifically, the
changeable partial timetable selection processing part
115 acquires the evaluation index target setting
information 300, for example.

[0080]

The changeable partial timetable selection
processing part 115 determines (s97) whether or not there
is a divergence between the evaluation value and the
target value for each partial train timetable.
Specifically, the changeable partial timetable selection
processing part 115 determines, for each partial train
timetable, whether or not the divergence degree of each
evaluation index acquired in s93 exceeds zero, for
example.

[0081]
In a case where any partial train timetable of

which the evaluation value and the target value have a
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divergence therebetween is absent (s97: Yes), the
changeable partial timetable selection process is
terminated (s109). On the other hand, in a case where the
partial train timetable of which the evaluation value and
the target value have a divergence therebetween is not
absent (s97: No), the changeable partial timetable
selection processing part 115 selects all such partial
train timetables and proceeds to perform the process
described below.

[0082]

That is, the changeable partial timetable selection
processing part 115 calculates a weighted sum of the
divergence degrees of each selected partial train
timetable (s99) to estimate the degree of necessity of
optimizing the partial train timetable in question.
Specifically, the changeable partial timetable selection
processing part 115 carries out the calculations below on
a partial train timetable 1i.

[0083]

[Weighted sum of divergence degrees]:; = % evaluation index
(divergence degree of each evaluation index) * 10" (-
(priority-1))

The changeable partial timetable selection
processing part 115 selects (s101) the changeable target

partial train timetable in reference to each of the
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weighted sums calculated in s99. Specifically, the
changeable partial timetable selection processing part
115 may select, for example, the partial train timetable
of which the weighted sum of the divergence degrees is
the largest as the changeable target partial train
timetable (changeable target partial timetable). 1In a
case where non-selectable information is set to a record
related to the relevant partial train timetable in the
optimization execution status information 380, to be
discussed later, the changeable partial timetable
selection processing part 115 cannot select that record.
[0084]

The changeable partial timetable selection
processing part 115 determines (s103) whether or not the
changeable target partial timetable is selected in the
process of sl101l. In a case where the changeable target
partial timetable is not selected (s103: No), the
changeable partial timetable selection process is
terminated (s109). 1In a case where the changeable target
partial timetable is selected (s103: Yes), the changeable
partial timetable selection processing part 115
determines (s105) whether or not all optimization models
have been applied to the changeable target partial
timetable. Specifically, the changeable partial timetable

selection processing part 115 makes the determination by
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referring to a selectability item 383, a model
application status item 387, etc., in the optimization
execution status information 380, to be discussed later.
[0085]

In a case where all optimization models have been
applied to the changeable target partial timetable (s105:
Yes), the changeable partial timetable selection
processing part 115 sets (sl1lll) the changeable target
partial timetable to a non—-selectable state.
Specifically, the changeable partial timetable selection
processing part 115 may, for example, set the non-
selectable information to the changeable target partial
train timetable in the optimization execution status
information 380, to be discussed later. On the other
hand, in a case where there is an optimization model that
has not been applied to the changeable target partial
timetable (s105: No), the changeable partial timetable
selection processing part 115 performs the process in
s107, to be described later.

[0086]

The optimization execution status information 380

is explained hereunder.
[0087]
(Optimization execution status information)

FIG. 18 is a tabular view listing an example of
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optimization execution status information 380. The
optimization execution status information 380 includes at
least one record that includes a target timetable item
381 to which an identifier of a partial train timetable
is set, a selectability item 383 to which is set
information indicative of whether or not the partial
train timetable related to the target timetable item 381
is selectable, an optimization process count item 385 to
which is set the number of times an optimization model
has been applied to the partial train timetable related
to the target timetable item 381, and a model application
status item 387 to which is set information indicative of
whether or not each optimization model has been applied
to the partial train timetable related to the target
timetable item 381.

[0088]

The changeable partial timetable selection
processing part 115 then determines, as indicated by s107
in FIG. 17, whether or not the optimization model has
been applied to the changeable target partial timetable
at least as many times as a predetermined number of
times. Specifically, the changeable partial timetable
selection processing part 115 refers to, for example, the
optimization process count item 385 and model application

status item 387 of the record related to the changeable
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target partial timetable in the optimization execution
status information 380.
[0089]

In a case where the optimization model has been
applied to the changeable target partial timetable at
least as many times as the predetermined number of times
(s107: Yes), the changeable partial timetable selection
processing part 115 performs the above-described process
of s111. On the other hand, in a case where the
optimization model has not been applied to the changeable
target partial timetable at least as many times as the
predetermined number of times (s107: No), the changeable
partial timetable selection processing part 115
terminates (s109) the changeable partial timetable
selection process.

[0090]

Here, FIG. 19 is a diagram depicting an exemplary
method of selecting the changeable target partial
timetable in the changeable partial timetable selection
process. In reference to the evaluation index divergence
degree temporary information 360 and the evaluation index
target setting information 300, the changeable partial
timetable selection processing part 115 calculates the

w

weighted sum of the divergence degrees for “partial train

timetable 1”7 and for “partial train timetable 2” to be 0



05 May 2023

2020396167

44

and 20, respectively. Of these partial train timetables,
solely the “partial train timetable 2” with its weighted
sum larger than 0 is extracted (as indicated by a
reference sign 511). The changeable partial timetable
selection processing part 115 then refers to the
optimization execution status information 380 to verify
that the optimization process count item 385 in a record
513 of the “partial train timetable 2” has a count
smaller than the predetermined number of times. This
timetable is eventually selected as the changeable target
partial timetable.
[0091]
<Changeable timetable element selection process>

Next, FIG. 20 is a flowchart explaining an example
of the changeable timetable element selection process.
The changeable timetable element selection processing
part 120 acquires (131) the changeable target partial
train timetable (changeable target partial timetable)
selected in the changeable partial timetable selection
process. Also, the changeable timetable element selection
processing part 120 acquires (s133) the target wvalue, the
evaluation value, and the divergence degree for each
evaluation item in the acquired changeable target partial
timetable from the evaluation index target setting

information 300 and from the evaluation index divergence
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degree temporary information 360, for example.
[0092]

As in the case of the changeable partial timetable
selection process, the changeable timetable element
selection processing part 120 calculates (s135) the
weighted sum of the divergence degrees for the changeable
target partial timetable by use of the priority of each
of the evaluation items.

[0093]

The changeable timetable element selection
processing part 120 further acquires (s137) the
evaluation index improvement degree information 320. The
changeable timetable element selection processing part
120 then calculates (s139) the weighted sum of the
improvement degrees for each of the timetable elements in
the changeable target partial timetable. Specifically, in
reference to the evaluation index improvement degree
information 320, the changeable timetable element
selection processing part 120 uses the formula below, for
example, to calculate the weighted sum of the improvement
degrees for a timetable element i, and stores the
weighted sums thus calculated.

[0094]
[Weighted sum of improvement degrees for timetable

element i] = ¥y (improvement degree of evaluation item j
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for timetable element i) * 10" (—(priority-1))

The changeable timetable element selection
processing part 120 identifies, from among the timetable
elements, the timetable element of which the absolute
difference between the absolute value of the weighted sum
of the improvement degrees calculated in s139 on one hand
and the weighted sum of the divergence degrees computed
in s135 on the other hand is the smallest. The timetable
element thus identified is selected (sl4l) as the
changeable target timetable element (changeable target
timetable element).

[0095]

FIG. 21 is a diagram explaining an exemplary method
of selecting the changeable target timetable element. The
changeable timetable element selection processing part
120 selects a stoppage time 523 from among the timetable
elements by comparing a weighted sum 521 (weighted sum
“207) of the divergence degrees regarding the changeable
target partial timetable, with the weight sum of the
improvement degrees for the timetable elements (-90:
number of trains; -19: stoppage time; -45: change of
train type).

[0096]
<Optimization model selection process>

Next, FIG. 22 is a flowchart explaining an example
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of the optimization model selection process. The
optimization model selection processing part 130 acquires
(s151) the changeable target timetable element

(changeable target timetable element) selected in the
changeable timetable element selection process. Also, the
optimization model selection processing part 130 acquires
(s153) information regarding the priority of each of the
evaluation items from the evaluation index target setting
information 300.

[0097]

At this point, the optimization model selection
processing part 130 selects the evaluation items of high
priority. For example, the optimization model selection
processing part 130 may allow the user to input the
evaluation items of which the priority is deemed to be
high, or may automatically select the information
regarding the evaluation item with the highest priority.
[0098]

Referring to the optimization model information
340, the optimization model selection processing part 130
selects (s155) the timetable generating model to be
applied, according to the usage status and priority of
each timetable generating model, before terminating the
optimization model selection process (s157).

Specifically, the optimization model selection processing
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part 130 acquires, for example, information regarding the
optimization model item 348 (optimization model
information) of that record in the optimization model
information 340 in which the changeable target timetable
element acquired in s151 is set to the changeable target
item 344 and in which information regarding the
evaluation items with high priority is set to the
improvement evaluation index item 346. The optimization
model selection processing part 130 then refers to the
model application status item 387 in the optimization
execution status information 380 to verify that the item
of the optimization model acquired previously is set to
“unexecuted,” thereby selecting the optimization model as
the timetable generating model to be applied.
[0099]
<Timetable optimization process>

Next, FIG. 23 is a flowchart explaining an example
of the timetable optimization process. The timetable
optimization processing part 140 acquires (sl71)
information regarding the whole target timetable,
information regarding the partial train timetable
(changeable target partial timetable) selected in the
changeable partial timetable selection process, the
changeable target timetable element selected in the

changeable timetable element selection process, and each
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timetable element of the train timetable. Also, the
timetable optimization processing part 140 acquires
(s173) the optimization model selected in the
optimization model selection process (the model is
referred to as the selected model hereunder).

[0100]

In applying the selected model, the timetable
optimization processing part 140 sets (sl75) the “whole”
target timetable as the range of formulation by the
selected model.

[0101]

Also, 1n applying the selected model, the timetable
optimization processing part 140 sets each timetable
element in the changeable target partial timetable, as a
train timetable variable (decision wvariables), and the
timetable elements in the other partial train timetables,
as train timetable constants (sl177). For example, the
timetable optimization processing part 140 sets
“constraint condition’ x = constant (current value) if *x
is not included in the target partial timetable’” (x is a
decision variable).

[0102]

Also, 1n applying the selected model, the timetable

optimization processing part 140 sets the objective

function of the selected model as an evaluation function
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for calculating the evaluation value of the evaluation
item for evaluating the changeable target timetable
element in the “whole” target timetable. For example, in
a case where the changeable target timetable element is
“stoppage time,” the timetable optimization processing
part 140 uses an objective function F(x) as the
calculation formula for “train congestion rate” of the
“whole” target timetable.

[0103]

By applying the selected model, the timetable
optimization processing part 140 acquires (sl177) an
optimum solution to the objective function. Given the
optimum solution, the optimization model generates a
train timetable that minimizes the objective function,
i.e., a new train timetable that optimizes the evaluation
value of the evaluation index for the whole target
timetable.

[0104]

In a case where the optimum solution is obtained in
s177, the timetable optimization processing part 140
stores (s179) the generated train timetable as a new
train timetable (resulting timetable information 240).
Also, the timetable optimization processing part 140
stores (s179) what was carried out in the optimization

model selection process. For example, the timetable
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optimization processing part 140 increments by 1 the
value of the optimization process count item 385 in the
record related to the partial train timetable in the
optimization execution status information 380, and sets
to “executed” the value of the optimization model item
acquired in s153 among the items held in the model
application status item 387.

[0105]

Thereafter, the timetable generating apparatus 10
updates the pre-revision timetable information 200 by
using the generated resulting timetable information 240.
Meanwhile, the operation control system 20 receives the
resulting timetable information 240 and, in reference to
the received information, controls the rolling stock 30
and the facilities 40. In this manner, the operation of
the new train timetable indicated by the received
information is implemented.

[0106]

As explained above, the timetable planning system 1
of this embodiment selects the timetable elements that
most improve the quality of the train timetable, in
reference to the evaluation index improvement degree
information 320 that stores the relations between the
changes of the timetable elements in the train timetable

on one hand and the changes in quality (changes in the
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degree of improvement for each evaluation item) resulting
from such changes of the timetable elements in terms of
various train timetable viewpoints on the other hand. The
timetable planning system 1 further selects, from among
multiple timetable generating models, the timetable
generating model that most improves the quality of the
whole train timetable as a result of the timetable
element changes. In reference to the selected timetable
generating model, the timetable planning system 1 plans a
new train timetable.

[0107]

As described above, when planning the new train
timetable, the timetable planning system 1 of this
embodiment selects the timetable elements (number of
trains, stoppage time, etc.) necessary for most improving
the quality of the train timetable, in reference to the
evaluation index improvement degree information 320
regarding the degrees of improvement and, in reference to
the selected timetable elements, selects the optimization
model that most improves the quality of the train
timetable. Because the operation timetable such as train
timetables is complicated or huge in structure, whether
or not the quality of the operation timetable is
effectively improved (or how much the quality improves)

may vary depending on the characteristic of each of the
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timetable elements. In view of this, the timetable
generating apparatus 10 of this embodiment reliably
selects the timetable elements expected to improve
timetable quality and generates the operation timetable
in reference to the selected timetable elements. That is,
even where the operation timetable includes complicated
constituent elements, the timetable planning system 1 of
this embodiment can plan a high-quality operation
timetable.

[0108]

As described above, the timetable planning system 1
of this embodiment reliably improves the quality of the
operation timetable including complicated constituent
elements. Also, the timetable planning system 1 supports
labor—-saving automation for the employees engaged in
timetable planning work. Even where there are diverse
changeable targets (e.g., number of trains, stoppage
time, passing/stop classification, destination change,
et.) in the operation timetable, it is possible to
improve the quality of (i.e., optimize) the operation
timetable. Consequently, regardless of the experience or
intuition of the workers involved, it is possible to plan
a highly improved operation timetable that takes into
account the business operator’s viewpoint such as

operation cost as well as the customer’s viewpoint such
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as train congestion, and to operate the rolling stock
accordingly.
[0109]

The above-described embodiment has been described
using specific examples for easy understanding of the
present invention. This invention may not necessarily be
limited to the configurations that include all the above-
described constituents or structures. This invention is
not limited to the above-described embodiment and may be
implemented in diverse variations.

[0110]

For example, whereas the above embodiment adopts
the trains as the rolling stock 30, the invention also
applies to other transport means such as buses or
monorails that are run according to predetermined
operation timetables.

[0111]

The databases held in the timetable generating
apparatus 10 may alternatively be stored in external
information processing apparatuses (e.g., servers). The
timetable generating apparatus 10 may then access these
information processing apparatuses to obtain relevant
information.

[0112]

The foregoing description clarifies at least the
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following: That is, the timetable planning system 1 of
this embodiment performs the partial train timetable
selection process of dividing the train timetable by
predetermined conditions into multiple partial train
timetables and selecting one of the divided partial train
timetables. In the optimization model selection process,
the timetable planning system 1 may select the timetable
generating model that most improves the quality of the
whole train timetable following the above-described
changes of the constituent elements in the divided
partial train timetable.

[0113]

As described above, after the timetable elements
are changed in the selected partial train timetable
following division from the train timetable, the
timetable generating model that most improves the quality
of the whole train timetable is selected. This makes it
possible to efficiently plan an optimum train timetable.
That is, because the operation timetable such as train
timetables has a complicated configuration, performing
the process of changing the timetable elements in the
whole operation timetable amounts to an enormous
processing load. Instead, taking into account only the
case where timetable elements are changed in the partial

train timetable resulting from division of the whole
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timetable makes it possible to generate a more optimal
train timetable in a short period of time.
[0114]

Alternatively, in the above-described partial train
timetable selection process, the timetable planning
system 1 of this embodiment may calculate the evaluation
value for each of the divided partial train timetables
according to a predetermined evaluation criterion and, in
reference to the calculated evaluation values and the
priority associated with the evaluation criterion, select
one of the partial train timetables.

[0115]

As described above, the evaluation value for each
of the divided partial train timetables is calculated
according to the predetermined evaluation criterion, and
one of the partial train timetables is selected according
to these evaluation values and the priority associated
with the evaluation criterion. This makes it possible to
reliably generate the partial train timetable necessary
for generating the optimum train timetable.

[0116]

As another alternative, the timetable planning
system 1 of this embodiment may carry out the information
input process of accepting input, from the user, of the

target information regarding the improvement of the
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quality of the train timetable in a manner associated
with each of the train timetable viewpoints.
[0117]

As described above, the input of the target
information regarding each evaluation item (target
values) of the train timetable may be accepted from the
user to generate the train timetable having a quality
level in tune with the operational realities.

[0118]

As another alternative, in reference to the above-
described operation timetable generated anew, the
timetable planning system 1 of this embodiment may
perform the control process of controlling the rolling
stock or the facilities related to operation.

[0119]

The rolling stock 30 and the facilities 40 can be

suitably operated by control based on the operation

timetable generated as described above.

Description of Reference Characters
[0120]

1: Timetable planning system

10: Timetable generating apparatus
11: Computing device

13: Storage device
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320: Evaluation index improvement degree information
110: Partial train timetable selection processing part
120: Changeable timetable element selection processing
part

130: Optimization model selection processing part

140: Timetable optimization processing part

150: Information input processing part

111: Timetable division processing part

113: Timetable evaluation processing part

115: Changeable partial timetable selection processing
part

[0121]

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise”, and variations such as "comprises" and
"comprising", will be understood to imply the inclusion
of a stated integer or step or group of integers or steps
but not the exclusion of any other integer or step or
group of integers or steps.

[0122]

The reference in this specification to any prior
publication (or information derived from it), or to any
matter which is known, is not, and should not be taken as
an acknowledgment or admission or any form of suggestion

that that prior publication (or information derived from
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it) or known matter forms part of the common general
knowledge in the field of endeavour to which this

specification relates.



05 May 2023

2020396167

60

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A timetable planning system comprising:

a storage device; and

a computing device,

the storage device storing evaluation index
improvement degree information that stores relations
between a change of each of constituent elements of an
operation timetable on one hand and a change in quality
of the operation timetable resulting from the change of
each of the constituent elements in terms of each of
operation timetable viewpoints on the other hand,

the computing device performing

a changeable timetable element selection
process of selecting the operation timetable constituent
element that most improves the quality of the operation
timetable, in reference to the evaluation index
improvement degree information,
an optimization model selection process of

selecting, from among a plurality of timetable generating
models each capable of generating the operation
timetable, the timetable generating model that most
improves the quality of the whole operation timetable
through the change of the selected constituent element,

and
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a timetable optimization process of
generating a new operation timetable based on the
selected timetable generating model,

wherein the computing device further performs a
partial operation timetable selection process of dividing
the operation timetable by a predetermined condition into
a plurality of partial operation timetables, before
selecting one of the divided partial operation
timetables, and,

in the optimization model selection process, the
computing device selects, for the selected partial
operation timetable, the timetable generating model that
most improves the whole operation timetable following the
changes of the constituent elements in the selected
partial operation timetable.

2. The timetable planning system according to
claim 1, wherein, in the partial operation timetable
selection process, the computing device calculates an
evaluation value for each of the divided partial
operation timetables according to a predetermined
evaluation criterion, to select the partial operation
timetable in reference to the calculated evaluation
values and a priority associated with the evaluation
criterion.

3. The timetable planning system according to
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claim 1, wherein the computing device further performs an
information input process of accepting input, from a
user, of information regarding a target for improving the
quality of the operation timetable corresponding to each
of the operation timetable viewpoints.

4, The timetable planning system according to
claim 1, wherein the computing device further performs a
control process of controlling a rolling stock or
facilities related to operation, in reference to the
operation timetable generated anew.

5. A timetable generating method for causing an
information processing apparatus to store evaluation
index improvement degree information that stores
relations between a change of each of constituent
elements of an operation timetable on one hand and a
change in quality of the operation timetable resulting
from the change of each of the constituent elements in
terms of each of operation timetable viewpoints on the
other hand,

the timetable generating method further causing the
information processing apparatus to perform:

a changeable timetable element selection process of
selecting the operation timetable constituent element
that most improves the quality of the operation

timetable, in reference to the evaluation index
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improvement degree information;

an optimization model selection process of
selecting, from among a plurality of timetable generating
models each capable of generating the operation
timetable, the timetable generating model that most
improves the quality of the whole operation timetable
through the change of the selected constituent element;
and

a timetable optimization process of generating a
new operation timetable based on the selected timetable
generating model,

wherein the information processing apparatus is
further caused to perform a partial operation timetable
selection process of dividing the operation timetable by
a predetermined condition into a plurality of partial
operation timetables, before selecting one of the divided
partial operation timetables, and,

in the optimization model selection process, the
information processing apparatus is further caused to
select, for the selected partial operation timetable, the
timetable generating model that most improves the whole
operation timetable following the changes of the
constituent elements in the selected partial operation
timetable.

6. The timetable generating method according to
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claim 5, wherein, in the partial operation timetable
selection process, the information processing apparatus
is further caused to calculate an evaluation value for
each of the divided partial operation timetables
according to a predetermined evaluation criterion, to
select the partial operation timetable in reference to
the calculated evaluation values and a priority
associated with the evaluation criterion.

7. The timetable generating method according to
claim 5, wherein the information processing apparatus is
further caused to perform an information input process of
accepting input, from a user, of information regarding a
target for improving the quality of the operation
timetable corresponding to each of the operation
timetable viewpoints.

8. The timetable generating method according to
claim 5, wherein the information processing apparatus is
further caused to perform a control process of
controlling a rolling stock or facilities related to
operation, in reference to the operation timetable

generated anew.
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