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a plurality of developers utilizes a using a track database
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GENERATION METHOD FOR ROUTE CONTROL PROGRAM AND
COMPUTER SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to a generation method for a program, and
more particularly, to a method of generating a program for operating route
control devices in a railroad operation management system.

In recent years, in response to problems such as the global warming,
the railroad is attracting attention again as a mass transport traffic system
with high energy efficiency. Then, in order to efficiently operate the railroad,
an introduction of the railroad operation management system is being
considered in many countries.

For the railroad operation management system, a program needs to
be built depending on a line arrangement. In other words, a line
arrangement varies depending on stations, and a unique program needs to
be developed for each line section and station. Moreover, if the line
arrangement is modified, the program needs to be corrected. Further, with
the increased complexity of the line arrangement and the increased level of
control in recent years, the program becomes larger in scale, and securing
human resources for building a unique program for each line section and
station becomes difficult. Therefore, such problems as a decrease in quality
of the program, and increases in time and cost for the development are
occurring.

In an electronic interlocking system, which is a subsystem of the
railroad operation management system, JP 06-321107 discloses a
technology for checking rationality for one route unit from a line
arrangement and an interlocking table, thereby generating an interlocking
database which the electronic interlocking system can use. The electronic

interlocking system is a type of a railroad security device, and a system for
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controlling signals and points, which are in an interlocking relationship,

based on an interlocking logic, is disclosed.

SUMMARY OF THE INVENTION

In such a railroad operation management system, a method which
can develop a route control device common to line sections and stations
different in line arrangement is required. In this case, it is generally
assumed that entire design work from a line arrangement input to setting of
control logics is carried out in an own company. Therefore, in order to
deploy the railroad operation management system overseas, it is necessary
to develop the railroad operation management system not only by the own
company, but in cooperation with local vendors. In this case, it may be
necessary to disclose design knowhow such as assortment of the control
logics and setting of condition values outside the company. Moreover, if a
distributed development is carried out, it is necessary to transmit/receive
information on line shape and information on design between developing
sites. These pieces of information are transmitted/received over networks,
and even if the information is encrypted, information may leak due to
communication interception and the like.

This invention has been made in view of above-mentioned problem,
and therefore has an object to prevent a leak of knowhow outside a company
in case where software is developed by dividing design work among
distributed developing sites.

The representative one of inventions disclosed in this application is
outlined as follows. There is provided a generation method for a route
control program to be developed by a plurality of developers. The
generation method is executed by a computer system including a computer
including a processor for executing a program, and a memory for storing the

program executed by the processor. The computer system includes a
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database for storing line information including a line shape and a block, and
a control logic which is a component of the route control program. The
generation method includes: a first step of dividing, by the processor, the
line information stored in the database, and, assigning the divided line
information to the plurality of developers based on a disclosure level and a
skill level of each of the plurality of developers; a second step of assigning, by
the processor, the control logic stored in the database to a block and a
geometry included in the divided line information; and a third step of
supplementing, by the processor, information for coupling the assigned
control logics to each other.

According to this invention, when the railroad operation management
software is developed in a distributed environment, knowhow is prevented

from leaking outside a company.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be appreciated by the description which
follows in conjunction with the following figures, wherein:

FIG. 1 is a block diagram illustrating an overall configuration of a
railroad operation management system for managing an operation of trains;

FIG. 2 is a configuration diagram of hardware of a route control
program generation master device and a route control program generation
sub-devices according to an embodiment of this invention;.

FIG. 3 is a configuration diagram of software of a route control
program generation master device and a route control program generation
sub-device according to the embodiment of this invention;

FIGS. 4A and 4B are diagrams illustrating a configuration of a
geometry master table according to the embodiment of this invention;

FIG. 5 is a diagram illustrating a configuration of a control logic

master table according to the embodiment of this invention;
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FIG. 6 is a diagram illustrating a configuration of a developer master
table according to the embodiment of this invention;

FIG. 7 is a diagram illustrating a configuration of a line element table
according to the embodiment of this invention;

FIG. 8 is a diagram illustrating a configuration of a block table
according to the embodiment of this invention;

FIG. 9 is a diagram illustrating a configuration of a geometry table
according to the embodiment of this invention;

FIG. 10 is a diagram illustrating a configuration of a area table
according to the embodiment of this invention;

FIG. 11 is a flowchart of processing executed by a line shape input
module according to the embodiment of this invention;

FIG. 12 is a diagram illustrating an example of a line shape input
screen used by a line shape input module according to the embodiment of
this invention;

FIG. 13 is a flowchart of processing executed by a dividing module
according to the embodiment of this invention;

FIG. 14 is a diagram illustrating example of a division result display
screen when prioritizing reduction in man-hour for development" is selected,
according to the embodiment of this invention;

FIG. 15 is a diagram illustrating examples of a division result display
screen when "prioritizing knowhow confidentiality" is selected, according to
the embodiment of this invention;

FIG. 16 is a flowchart of processing executed by a control logic
assignment module according to the embodiment of this invention;

FIG. 17 is a diagram illustrating an example of a control logic
assignment screen according to the embodiment of this invention;

FIG. 18 is a flowchart of processing executed by a coupling module

according to this embodiment of this invention; and
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FIG. 19 is a diagram illustrating examples of a division result display

screen according to the embodiment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A description is now given of an embodiment of this invention
referring to the drawings.

According to this embodiment, a description is given of a route
control program generation system in a case where a program is developed
by one management developer and a plurality of sub-developers. The
management developer is a developer inside a company, and the
sub-developers are developers inside or outside the company. The route
control program generation system according to this embodiment divides line
information input by the management developer into a plurality of areas,
and assigns design work to the sub-developers. Moreover, the route control
program generation system according to this embodiment couples design
results by the sub-developers to one another, thereby generating a route
control program.

It should be noted that, in this embodiment, "block" is a protected
section by a signal, and is a line area provided in the protected section of the
signal from a first protected track circuit to a last protected track circuit. A
geometry is a relationship between two blocks.

FIG. 1 is a block diagram illustrating an overall configuration of the
railroad operation management system for managing an operation of trains.

The railroad operation management system illustrated in FIG. 1
includes a planning system 11, a route control device 12, a ground device 13,
and a ground facilities 15. The route control device 12 obtains train
diagram information determined by the planning system 11 and state
information on the ground facilities 15 collected by the ground device 13 via

a network. Then, the route control device 12 refers to, by the processor
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executing a route control program, an online position of a train 14 obtained
by a track circuit 151, and a departure time and a planned route contained
in the train diagram information, thereby controlling signals 152 and points
153 provided on the route of the train 14 via the ground facilities 15.

FIG. 2 is a configuration diagram of hardware of a route control
program generation master device 1 and a route control program generation
sub-devices 2 according to the embodiment of this invention.

The route control program generation master device 1 generates a
program for operating the route control device 12 by a method according to
this invention.

The route control program generation master device 1 is a computer
used by the management developer, and the route control program
generation sub-device 2 is a computer used by the sub-developer. The
route control program generation master device 1 includes a processor (CPU)
21 for executing a program, a memory 22 for storing the program and data
required when the program is executed, a storage unit 23 for storing the
data and the program, an input unit 24 such as a keyboard or a mouse, an
output unit 25 such as a display device, and a communication unit 26
which is a network interface for communicating via a network with other
devices.

The memory 22 is a high-speed and volatile storage device such as a
dynamic random access memory (DRAM), and stores an operating system
(OS) and application programs. By the processor 21 executing the
operating system, basic functions of the route control program generation
master device 1 are realized, and, by the processor 21 executing the
application programs, functions provided by the route control program
generation master device 1 are realized. It should be noted that the route
control program generation master device 1 preferably includes an interface

for reading data from storage media (such as a CD-ROM and a flash
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memory).

The storage unit 23 is a high-capacity and nonvolatile storage device
such as a magnetic disk device and a flash memory, and stores programs
executed by the processor 21 and data used when the programs are
executed. In other words, the program executed by the processor 21 is read
out from the storage device 23, is loaded on the memory, and is executed by
the processor 21.

The route control program generation master device 1 and the route
control program generation sub-devices 2 are coupled to each other via the
network, and transmit/receive data via the communication units 26.

The configuration of the route control program generation master
device 1 has been described, and the route control program generation
sub-device 2 has the same configuration.

The route control program generation master device 1 and the route
control program generation sub-devices 2 may be physically built on a single
computer, or may be physically built in logical partitions constituted on one
or more computers.

The route control program generation master device 1 is coupled to
the route control device 12 via the network, and transfers the route control
program generated by the route control program generation master device 1
to the route control device 12. The route control program generation master
device 1 and the route control device 12 may not be coupled to each other,
and the route control program generated by the route control program
generation master device 1 may be stored in a storage medium, and may be
provided via the storage medium for the route control device 12.

FIG. 3 is a configuration diagram of software of the route control
program generation master device 1 and the route control program
generation sub-device 2 according to the embodiment of this invention.

The route control program generation master device 1 includes, as
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databases, a geometry master table 311 (refer to FIG. 4), a control logic
master table 312 (refer to FIG. 5), a developer master table 313 (refer to FIG.
6), a line element table 321 (refer to FIG. 7), a block table 322 (refer to FIG.
8), a geometry table 323 (refer to FIG. 9), and an area table 324 (refer to FIG.
10). These databases are stored in the storage unit 23.

Moreover, the route control program generation master device 1
includes a line shape input module 331, a dividing module 332, and a
coupling module 333. Functions of these modules are realized by the
processor 21 executing predetermined programs.

Further, the route control program genefation master device 1
includes, as program modules for programs provided for the route control
device 12, a control logic module 341 and a railroad operation management
core module 342. These program modules are stored in the storage unit 23.

The route control program generation sub-device 2 includes, as
databases, the geometry master table 311 (refer to FIG. 4), the control logic
master table 312 (refer to FIG. 5), the line element table 321 (refer to FIG. 7),
the block table 322 (refer to FIG. 8), and the geometry table 323 (refer to FIG.
9). These databases are stored in the storage unit 23.

Moreover, the route control program generation sub-device 2 includes
a control logic assignment module 334. Functions of the control logic
assignment module 334 are realized by the processor 21 executing a
predetermined program.

Depending on a disclosure level to the sub-developer, which is
described later, the control logic master table 312 of the route control
program generation sub-device 2 stores control logics other than complex
control logics relating to knowhow out of control logics stored in the control
logic master table 312 of the route control program generation master device

1.
FIGS. 4A and 4B are is diagrams illustrating a configuration of the
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geometry master table 311 according to the embodiment of this invention.

The geometry master table 311 is a table for storing definition
information on a geometry which is a relationship between two blocks,
includes a number of overlapping terminal points between two blocks, types
of overlapping terminal points, the number of terminal points in case where
a block 1 includes a block 2, types of terminal points in case where the block
1 includes the block 2, the number of terminal points in case where the
block 2 includes the block 1, types of terminal points in case where the block
2 includes the block 1, and information on a directional relationship between
the block 1 and the block 2, and based on these pieces of information,
defines types of geometry.

FIG. 5 is a diagram illustrating a configuration of the control logic
master table 312 according to the embodiment of this invention.

The control logic master table 312 is a table for storing definition
information on a control logic associated with a block or a geometry, and
includes, as elements, determination types 3121, assignment subject
conditions 3122, logic IDs 3123, and disclosure levels 3124.

The type of determination 3121 is a type of determination defined in
the control logic master table 312,

The assignment subject conditions 3122 represent characteristics of
a block and a geometry to which the determination is assigned. For example,
the assignment subject conditions 3122 are represented by a type of
geometry such as "intersection A, intersection B", and a type of block such
as "starting signal'. It should be noted that the assignment subject
conditions 3122 may not be set.

The disclosure level 3124 is an extent to which a control logic is
disclosed. The disclosure level according to the embodiment is represented
by A, B, or C, and is defined so that A is the highest in security, and the

security decreases in order of A, B, and C.
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It should be noted that, to the control logic master table 312 of the
route control program generation sub-device 2, only control logics in a range
corresponding to a level which can be disclosed to the sub-developer who
carries out development by using the route control program generation
sub-device 2 are stored.

FIG. 6 is a diagram illustrating a configuration of the developer
master table 313 according to the embodiment of this invention.

The developer master table 313 is a table for storing information on
developers, and includes, as elements, developer IDs 3131 for identifying the
developers, skill levels 3132 of the developers, and disclosure levels 3133 to
the developers.

The developer ID 3131 is an identifier for uniquely identifying a
developer. The developer ID 3131 may not be assigned to a developer, but
to an organization to which the developer belongs to.

The skill level 3132 represents capability of each of the developers.
Generally, the skill level of an expert developer who is engaged in the
development for a long period of time is set to high, and the skill level of a
novice developer who is short in period of engagement in the development is
set to low. The skill level according to the embodiment is represented by A,
B, or C, and is defined so that A is the highest in skill level, and the skill
level decreases in order of A, B, and C.

The disclosure level 3133 is an extent of information which can be
disclosed to the developer. Generally, the disclosure level of a person
responsible for the development is set to highest, and the disclosure level of
a developer from whom the leak of knowhow outside the company should be
prevented is set to low. The disclosure level according to the embodiment is
represented by A, B, or C, and is defined so that A is the highest in
disclosure level, and the disclosure level decreases in order of A, B, and C.

A developer can refer to control logics in the control logic master table 312
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that have the disclosure level equal to or lower than the disclosure level in
the developer master table 313. For example, a developer having a
disclosure level "B" in the developer master table 313 can refer to control
logics having disclosure levels B and C in the control logic master table 312.

FIG. 7 is a diagram illustrating a configuration of the line element
table 321 according to the embodiment of this invention.

The line element table 321 holds information on line elements input
to the line shape input module 331, and includes, as elements, line element
IDs 3211 and coordinates 3212. The line element ID 3211 is an identifier
for uniquely identifying a line element. The coordinate 3212 is information
on coordinates at which the line element is arranged.

FIG. 8 is a diagram illustrating a configuration of the block table 322
according to the embodiment of this invention.

The block table 322 includes, as elements, block IDs 3221, block
types 3222, departure points 3223, arrival points 3224, directions 3225, line
element IDs 3226, and logic IDs 3227.

The block ID 3221 is an identifier for uniquely identifying a block.
The block type 3222 represents a type of the block. For example, the block
type 3222 includes a block of a home signal for entrance into a station, a
block of a starting signal for departure from a station, and a block of a block
signal between stations. The block type 3222 is used for the assignment
subject condition 3122 in the control logic master table 312.

The departure point 3223 represents a location where a train
entering into the block passes last outside the block. The arrival point 3224
represents a location where a train traveling from the block passes last
inside the block. The direction 3225 represents a direction of the block.
According to this embodiment, the direction 3225 is any one of up or down.

The line element IDs 3226 are line element IDs of all line elements included

in the block.
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The logic ID 3227 is an identifier for a control logic for determining
whether a train can enter the block when the route control program is
executed. It should be noted that a plurality of control logics can be set to
one block. The logic ID 3227 is set by the coupling module 333 and the
control logic assignment module 334.

FIG. 9 is a diagram illustrating a configuration of the geometry table
323 according to the embodiment of this invention.

The geometry table 323 is a table for storing information on a
geometry which is a relationship between two adjacent blocks, and includes,
as elements, geometry IDs 3231, geometry types 3232, block 1 IDs 3233,
block 2 IDs 3234, and logic IDs 3235.

The geometry ID 3231 is an identifier for uniquely identifying a
geometry. The geometry type 3232 is type information obtained by
classifying patterns of the relationships between two blocks based on the
relationships defined in the geometry master table 311. The block 1 ID
3233 and the block 2 ID 3234 are block IDs of the two blocks constituting
the geometry.

The logic ID 3235 is a logic ID of a control logic for determining
whether a train can enter the block by referring to information on the
geometry associated with the blocks when the route control program is
operating. It should be noted that a plurality of control logics can be set to
one geometry. The logic ID 3235 is set by the coupling module 333 and the
control logic assignment module 334. .

FIG. 10 is a diagram illustrating a configuration of the area table 324
according to the embodiment of this invention.

The area table 324 is a table for defining areas as units of
development to be assigned to the developers, and includes, as elements,
area IDs 3241, block IDs 3242, complexities 3243, and developer IDs 3244,

The area is defined by a set of blocks. The information in the area table 324

12



10

15

20

25

is generated by the dividing module 332.

The area ID 3241 is an identifier for uniquely identifying an area.
The block IDs 3242 are block IDs of blocks constituting the area. The
complexity 3243 represents an indication of difficulty of development of the
area. The complexity according to the embodiment is represented by A, B,
or C, and is defined so that A is thé highest in complexity, and the
complexity decreases in order of A, B, and C. The developer ID 3244 is a
developer ID of a developer who is in charge of the development of the area.

FIG. 11 is a flowchart of processing executed by the line shape input
module 331 according to this embodiment of this invention, and FIG. 12 is a
diagram illustrating an example of a line shape input screen 41 used by the
line shape input module 331.

First, the line shape input module 331 displays the line shape input
screen 41 (Step 101). As illustrated in FIG. 12, the line shape input screen
41 includes a drawing control window 411 on which information to be input
is selected, a line shape input window 412 into which information on line
elements, blocks, and the like is input, a block definition 413 into which
definitions of the blocks are input, and a geometry analysis button 414.

Then, the line shape input module 331 prompts an input of a line
shape on the line shape input screen 41 (Step 102). Specifically, a user
selects a line 4111 in the drawing control window 411 on the line shape
input screen 41, and inputs a line element in the line shape input window
412. Information on the input line element is saved in the line element
table 321.

Moreover, the line shape input module 331 receives an input of a
block on the line shape input screen 41 (Step 103). Specifically, a user
selects a block 4112 in the drawing control window 411 on the line shape
input screen 41, and inputs a block in the line shape input window 412,

Moreover, the user inputs, for each of the input blocks, the type of the block,
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a departure point, an arrival point, a direction, and a line element in the
block definition 413. The information input into the block definition 413 is
saved in the block table 322.

Then, in case where the line shape input module 331 detects an
operation on the geometry analysis button 414 by the user, the line shape
input module 331 generateé geometry information from a relationship
between input blocks (Step 104). The line shape input module 331 refers to
the geometry master table 311 based on combinations of blocks registered to
the block table 332, and analyzes a geometry relationship between blocks,
thereby determining the type of the geometry. The determined type of the
geometry is saved in the geometry table 323.

FIG. 13 is a flowchart of processing executed by the dividing module
332 according to this embodiment of this invention, and FIGS. 14 and 15 are
diagrams illustrating examples of a division result display screen 42 used by
the dividing module 332.

First, the dividing module 332 receives an input of a division policy
(Step 111). There are two types of division policies, specifically, "prioritizing
reduction in man-hour for development" and ‘"prioritizing knowhow
confidentiality”. The management developer can select a division policy out
of the two policies.

Then, the dividing module 332 determines the input division policy,
and branches the processing (Step 112).

In case where the input division policy is "prioritizing reduction in
man-hour for development"’, the processing proceeds to Step 113, and the
dividing module 332 divides the input route information input into the line
shape input module 331 at forward-direction-coupling geometry portions
(Step 113). For example, the division result display screen 42 includes, as
illustrated in FIG. 14, a line shape display window 421 and a line shape
graph display window 422. The line shape display window 421 displays the
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line information input into the line shape input module 331. The line shape
graph display window 422 displays blocks input into the line shape input
module 331 as rounded rectangles, and geometries as coupling lines. Out
of the geometries, portions of geometry couplings in the forward direction
coupling are represented by arrows. As illustrated in FIG. 14, in the case of
"prioritizing reduction in man-hour for development", the line information is
divided at the positions where couplings are made only by forward direction
couplings, thereby generating areas. This is because, man-hours required
for coupling areas can be reduced in case where a boundary of an area is
constituted by forwérd direction coupling geometries.

On the other hand, in case where the input division policy is
"prioritizing knowhow confidentiality”, the processing proceeds to Step 114,
and the dividing module 332 carries out division so as to remove complex
blocks and geometries (Step 114). Determination of complexity can be
carried out depending on whether the number of geometries relating to one
block is equal to or more than a predetermined number, or whether a block
or a geometry has certain geometry information. A block or a geometry may
be determined to be complex in case where both of the two conditions are
satisfied.

For example, on the division result display screen (FIG. 15) displayed
in case of selecting "prioritizing knowhow confidentiality”", compared with the
display screen (FIG. 14) displayed in case of selecting "prioritizing reduction
in man-hour for development”, blocks 4221 and 4222 in a bottom portion of
an area #3, and geometries relating thereto are removed. The block 4221
has the number of geometry relationships among blocks more than a
predetermined number and thé block 4222 is a block for entering into the
block 4221, and the blocks 4221 and 4222 are thus complex blocks and are
removed. As described above, by removing complex line shapes from a

shape of a line, thereby obtaining a simple line shape, disclosure of
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knowhow such as information on the complex line and control logics set to
the complex line shapes can be restricted.

Then, the dividing module 332 calculates complexities of areas (Step
115). The complexity is calculated based on the blocks and geometries
constituting the area. For example, in the geometry master table 311, in
case where a difficulty is set to a geometry pattern as a numerical value, a
point of each of the areas is calculated by following "(number of
blocks)x(constant value) + (sum of difficulties of geometries)', and the
complexities (A to C) of the areas are assigned depending on the calculated
points.

Then, the dividing module 332 determines similarities of the areas
(Step 116). For example, the similarity can be determined depending on
whether relationships among blocks and the geometries constituting an area
are the same as relationships among blocks and geometries constituting
another area. Specifically, the graph theory is applied considering the
blocks and the geometries as nodes and edges, respectively. The edge
includes type information represented by the geometry type 3232. On this
occasion, it can be determined that the similarity exists in case where a
graph constituting one area includes a graph constituting the other area.

Then, the dividing module 332 assigns developers in charge of
development of the areas (Step 117). Specifically, the dividing module 332
refers to the skill level 3132 and the disclosure level 3133 in the developer
master table 313 of a sub-developer, and the dividing module 332 assigns
the area to the sub-developer in case where the complexity calculated in
Step 115 is equal to or less than both the skill level 3132 and the disclosure
level 3133. areas which are determined to have a similarity in Step 116
may be assigned to the same sub-developer in case where a plurality of areas
are assigned to one sub-developer. The assignment result is registered to

the developer ID 3244 of the area table 324.
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According to this embodiment, the area is assigned depending on the
result of comparison of the simple difficulty with the skill level and the
disclosure level, but such a rule that the area is assigned to a developer
having the disclosure level A may be applied in case where a specific
geometry pattern, a specific combination pattern of blocks, or a specific
combination pattern of geometries exists.

Then, the dividing module 332 generates information for displaying
the assignment result (Step 118). As illustrated in FIGS. 14 and 15, an
assignment result display screen 42 generated in Step 118 includes the line
shape display window 421, the line shape graph display window 422, and an
area definition window 423.

The line shape display window 421 and the line shape graph display
window 422 display divided pieces of area information. The area definition
window 423 displays information on the area IDs 3241, the block IDs 3242,
the complexities 3243, and the developer IDs 3244 registered to the area
table 324. The management developer checks the assignment result, and
can change a developer of each of the areas as necessary by changing the
information on the area definition window 423.

The dividing module 332 distributes, depending on the assignment
result, the block and geometry information to each of the sub-developers
(Step 119). Specifically, the dividing module 332 transmits, to the route
control program generation sub-device 2 used by the sub-developer
registered to the developer ID 3244 in the area table 324, information on the
line element table 321, the block table 322, and the geometry table 323
relating to the block IDs 3242 contained in the area which the sub-developer
is in charge of.

FIG. 16 is a flowchart of processing executed by the control logic
assignment module 334 of the route control program generation sub-device

2 used by the sub-developer according to the embodiment of this invention,
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and FIG. 17 is a diagram illustrating an example of a control logic
assignment screen 43 used by the control logic assignment module 334.

First, the control logic assignment module 334 displays blocks and
geometries included in an area assigned to the sub-developer (Step 121).
Specifically, the control logic assignment module 334 displays, on a line
shape display window 431 and a line shape graph display window 432 of the
control logic assignment screen 43, information on line shapes, blocks, and
geometries of the area assigned to the sub-developer.

In case where the control logic assignment module 334 detects an
operation by the sub-developer on an automatic assignment button 433 on
the control logic assignment screen 43, the control logic assignment module
334 assigns control logics to the blocks and geometries based on assignment
subject conditions of control logics (Step 122). Specifically, the control logic
assignment module 334 refers to the control logic master table 312, and
assigns logic IDs 3123 to blocks and geometries matching in the assignment
subject conditions 3122. In case where a plurality of control logics are
assigned to one type of control logic, the control logic assignment module
334 may not automatically assign a logic, or may assign a predetermined
logic ID. For example, the predetermined logic can be defined in the control
logic master table 312 as an attribute of the control logic.

Then, the control logic assignment module 334 displays a screen for
manually assigning control logics to blocks and geometries (Step 123). the
control logic assignment module 334 displays a control logic setting window
434 for setting a control logic to be assigned to the selected block or
geometry after the sub-developer selects a block or a geometry in the line
shape graph display window 432. The control logic setting window 434
displays a list 4341 of the control logics assigned to the block or the
geometry in Step 122. Moreover, in the control logic setting window 434,

condition values (such as a time for suspending determination) used in the
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control logics can be set. Further, by operating an add button 4342 or a
delete button 4243 in the control logic setting window 434, the control logics
recorded in the control logic master table 312 can be added or deleted.

Then, the control logic assignment module 334 saves the control
logics assigned to the blocks and the geometries in Steps 122 and 123 (Step
124). Specifically, the control logics assigned to the blocks are saved in the
logic IDs 3227 of the block table 322, and the control logics assigned to the
geometries are saved in the logic IDs 3235 in the geometry table 323.

FIG. 18 is a flowchart of processing executed by the coupling module
333 according to this embodiment of this invention. As described above,
the coupling module 333 generates the railroad operation management
software by coupling control logic assignment results designed by the
sub-developers.

First, the coupling module 333 saves the control logic assignment
result by each of the developers (Step 131). Specifically, the coupling
module 333 obtains information saved in the block table 322 and the
geometry table 323 of the route control program generation sub-device 2,
and saves the obtained logic information in the block table 322 and the
geometry table 323 of the route control program generation master device 1.

Then, the coupling module 333 displays blocks and geometries to
which control logics are not assigned and blocks and geometries to which
control logics are assigned so that those sets of blocks and geometries can
be distinguished from each other (Step 132).

Specifically, control logics are not assigned only to
forward-direction-coupling geometry portions of boundaries of areas in case
where it is determined that the division policy input in Step 112 of the
processing carried out by the dividing module 332 is "prioritizing reduction
in man-hour for development".

On the other hand, in case where it is determined that the input
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division policy is "prioritizing knowhow confidentiality", as in the bottom
portion of the area #3 in the assignment result display screen 42 illustrated
in FIG. 15, blocks and geometries are removed during the division, and
hence control logics are not assigned to the removed blocks and geometries.
Therefore, as illustrated in FIG. 19, blocks 4321 and 4322 which are not
assigned to the sub-developers and geometries relating to the blocks 4321
and 4322 are highlighted.

Then, the coupling module 333 assigns, based on assignment subject
conditions of control logics, control logics to the blocks and the geometries to
which logics are not assigned (Step 133). This processing is the same as the
processing in Step 122 executed by the control logic assignment module 334,
and a detailed description thereof is therefore omitted.

Then, the coupling module 333 displays a screen for manually
assigning control logics to blocks and geometries (Step 134). This
processing is the same as the processing in Step 123 executed by the control
logic assignment module 334, and a detailed description thereof is therefore
omitted.

Then, the coupling module 333 refers to the block table 322, the
geometry table 323, and the railroad operation management core module
342, and couples control logic modules 341 specified by the logic IDs 3227
in the block table 322 and the logic IDs 3235 in the geometry table 323,
thereby generating the route control program.

As described above, according to this embodiment, the extent of
design which the developer is in charge of is assigned depending on the
disclosure level to the developer, and hence leak of knowhow can be
prevented, and the risk in the security can thus be reduced. In other words,
while the knowhow is prevented from leaking by setting control logics for
complex line shapes for which the knowhow is accumulated in the company,

and outsourcing setting of control logics to simple line shapes outside the
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company, the development work can be efficiently carried out by sharing the

work.

Moreover, through the division of the line information at the
forward-direction-coupling geometry portions so that areas are independent
of one another to generate the areas, while knowhow is prevented from
leaking, an amount of work required for the management developer to couple

the design results can be reduced.

Further, the extent of design which the developer is in charge of can

be assigned depending on the skill of the developer.
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WHAT IS CLAIMED IS:

1. A generation method for a route control program to be developed
by a plurality of developers,

the generation method being executed by a computer system
including a computer including a processor for executing a program, and a
memory for storing the program executed by the processor,

the computer system including a database for storing line
information including a line shape and a block, and a control logic which is
a component of the route control program,

the generation method including:

a first step of dividing, by the processor, the line information stored
in the database, and, assigning the divided line information to the plurality
of developers based on a disclosure level and a skill level of each of the
plurality of developers;

a second step of assigning, by the processor, the control logic stored
in the database to a block and a geometry included in the divided line
information; and

a third step of supplementing, by the processor, information for

coupling the assigned control logics to each other.

2. The generation method for a route control program according to
claim 1, wherein:

the database stores information on the geometry corresponding to the
line shape and information on a definition of the block included in the line
information, and information on a disclosure level and a skill level of a
person in charge of development; and

in the first step the processor

extracts the geometry based on the line shape and the block included

in the line information stored in the database,
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calculates complexity of the line information from information on the
block and the extracted geometry, and
assigns the divided line information to a developer having the

disclosure level and the skill level satisfied by the calculated complexity.

3. The generation method for a route control program according to
claim 1 or 2, including a step of receiving a policy for dividing the line
information,

wherein in the first step the processor removes a geometry of high
complexity and a block relating to the geometry, and then divides the line
information, in case where the received policy prioritizes confidentiality of

knowhow,

4. The generation method for a route control program according to
claim 3, wherein in the third step the processor assigns a control logic
corresponding to a divided portion of the line information, and assigning a
control logic corresponding to the block and the geometry removed from the
line information when the line information is divided, thereby supplementing

information.

5. The generation method for a route control program according to
claim 1 or 2, including a step of receiving a policy for dividing the line

information,

wherein in the first step the processor divides the line information at
a position including only a forward-direction-coupling geometry in case
where the received policy prioritizes a reduction in man-hour for

development.

6. A computer system for use by a plurality of developers in
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developing a route control program, comprising a first computer and a
second computer, wherein:

each of the first computer and the second computer includes a
processor for executing a program and a memory for storing the program
executed by the processor;

the first computer includes

a database for storing line information including a line shape and a
block, and a control logic which is a component of the route control program,
and

a dividing module for dividing the line information stored in the
database, assigning the divided line information to the plurality of developers
based on a disclosure level and a skill level of each of the plurality of
developers, and transmitting the assigned line information and a necessary
control logic to the second computer;

the second computer includes a control logic assignment module for
assigning the control logic transmitted from the first computer to a block
and a geometry included in the divided line information; and

the first computer includes a coupling module for supplementing

information for coupling information on the assigned control logics to each

other.

7. The computer system according to claim 6, wherein:

the database stores information on the geometry corresponding to the
line shape and information on a definition of the block included in the line
information, and information on a disclosure level and a skill level of a
person in.charge of development; and

the dividing module is configured to

extract the geometry based on the line shape and the block included

in the line information stored in the database,
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calculate complexity of the line information from information on the
block and the extracted geometry, and
assign the divided line information to a developer having the

disclosure level and the skill level satisfied by the calculated complexity.

8. The computer system according to claim 6 or 7, wherein:

the first computer includes an input unit for receiving a policy for
dividing the line information; and

the dividing module removes a geometry of high complexity and a
block relating to the geometry, and then divides the line information, in case

where the received policy prioritizes confidentiality of knowhow.

9. The computer system according to claim 8, wherein the coupling
module assigns a control logic corresponding to a divided portion of the line
information, and assigns a control logic corresponding to the block and the
geometry removed from the line information when the line information is

divided, thereby compensating information.

10. The computer system according to claim 6 or 7, wherein:
the first computer includes an input unit for receiving a policy for

dividing the line information; and

the dividing module divides the line information at a position
including only a forward-direction-coupling geometry in case where the

received policy prioritizes a reduction in man-hour for development.
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