DESCRIPTION

Title of Invention: DELIVERY PLAN MAKING SYSTEM AND DELIVERY

PLAN MAKING METHOD

Technical Field
[0001]
The present invention relates to a technique of making

a delivery plan of articles.

Background Art
[0002]

As a background art in this technical field, there is
JP-A-2011-164739 (PTL 1). This patent literature describes
"a delivery plan making method capable of alleviating the
arrival time to advance the arrival time 1in response to
designation of the arrival time zone of an order and controlling
the balance between observance of the designated time zone and

the number of vehicles is provided" (refer to ABSTRACT).

Citation List
Patent Literature
[0003]

PTL 1: JP-A-2011-164739



Summary of Invention
Technical Problem
[0004]

PTL 1 describes a mechanism of reducing the number of
vehicles by alleviating arrival time information when an
article designated in delivery order information is delivered
to a delivery destination. However, 1f the delivery
destination is in a multi-tenant building or near a crowded
station, an adjustment with neighborhood stores is necessary.
Therefore, in practice, the arrival time cannot be changed.
On the other hand, there are also restrictions on delivery
conditions that do not require an adjustment with delivery
destinations, such as an expressway usable distance or actual
working hours of a truck driver. By alleviating these
restrictions, the number of vehicles may be reduced. There
are a plurality of changeable restrictions, and the actual
difficulty of change varies depending on the restrictions. 1In
order for a delivery plan maker to select restrictions that
can be changed as easily as possible, it is necessary to compare
and confirm the results of changing a plurality of
restrictions.

[0005]

In addition, among the restrictions that do not require

an adjustment with delivery destinations, there are some

restrictions which generate a cost such as an expressway toll



or a wage of a driver when alleviated. Accordingly, in order
to reduce the delivery cost, it is insufficient tomerely reduce
the number of vehicles, and it is necessary to reduce a delivery
cost including a vehicle charge, an expressway toll, and a wage
of a driver.

[0006]

In the mechanism disclosed in PTL 1 in which only the
arrival time information is targeted to be alleviated to reduce
the number of vehicles, the results of changing a plurality
of restrictions cannot be compared and confirmed, and the
reduction of the delivery cost by the restriction alleviation
cannot be calculated.

[0007]

Therefore, there is provided a delivery plan making
system that calculates a plurality of restriction alleviation
plans (a combination of restrictions, and an alleviation width
of each restriction) capable of alleviating a plurality of

restrictions and reducing a delivery cost, and a delivery cost.

Solution to Problem
[0008]

According to the invention for achieving the
above-described object, there is provided a delivery plan
making system that makes a delivery plan of an article, the

system including: a storage unit that stores a restriction



condition for making a delivery plan and cost information used
for calculating a delivery cost based on the delivery plan;
a delivery plan making and cost calculating unit that makes
adeliveryplanbeforealleviation of the restriction condition
so as to satisfy the restriction condition and calculates a
delivery cost of the delivery plan before the alleviation based
on the cost information; and a restriction alleviating unit
that alleviates the restriction condition to generate a
restrictionalleviationplan, inwhich thedelivery planmaking
and cost calculating unit further makes a delivery plan after
alleviation of the restriction condition so as to satisfy the
restriction alleviation plan and calculates a delivery cost
of the delivery plan after the alleviation based on the cost
information, and outputs the restriction alleviation plan if
the delivery cost of the delivery plan after the alleviation
is lower than the delivery cost of the delivery plan before

the alleviation.

Advantageous Effects of Invention
[0009]

According to one aspect of the invention, a delivery cost
can be reduced by calculating and providing a restriction
alleviation plan.

[0010]

Objects, configurations, and effects other than those



described above will be clarified by the description of the

embodiments below.

Brief Description of Drawings
[0011]

[Fig. 1] Fig. 1 is ablockdiagramillustrating an example
of a functional configuration of a delivery plan making device
according to an embodiment of the invention.

[Fig. 2] Fig. 2 is ablockdiagramillustrating an example
of a hardware configuration of the delivery plan making device
according to the embodiment of the invention.

[Fig. 3] Fig. 3 is a flowchart illustrating an example
of a delivery plan making process that is executed by the
delivery plan making device according to the embodiment of the
invention.

[Fig. 4] Fig. 4 is a diagram illustrating an example of
store information that is referred to by the delivery plan
making device according to the embodiment of the invention.

[Fig. 5] Fig. 5 is a diagram illustrating an example of
hub information that is referred to by the delivery plan making
device according to the embodiment of the invention.

[Fig. 6] Fig. 6 is a diagram illustrating an example of
driver information that is referred to by the delivery plan
making device according to the embodiment of the invention.

[Fig. 7] Fig. 7 is a diagram illustrating an example of



truck information that is referred to by the delivery plan
making device according to the embodiment of the invention.

[Fig. 8] Fig. 8 is a diagram illustrating an example of
expressway toll information that is referred to by the delivery
plan making device according to the embodiment of the
invention.

[Fig. 9] Fig. 9 is a diagram illustrating an example of
distance information that is referred to by the delivery plan
making device according to the embodiment of the invention.

[Fig. 10] Fig. 10 is a diagram illustrating an example
of speed information that is referred to by the delivery plan
making device according to the embodiment of the invention.

[Fig. 11] Fig. 11 is a diagram illustrating an example
of restriction alleviation condition information that is
referred to by the delivery plan making device according to
the embodiment of the invention.

[Fig. 12] Fig. 12 is a diagram illustrating an example
of a restriction alleviation condition setting screen that is
output from the delivery plan making device according to the
embodiment of the invention.

[Fig. 13] Fig. 13 is a diagram illustrating an example
of delivery plan path information that is storedby the delivery
plan making device according to the embodiment of the
invention.

[Fig. 14] Fig. 14 is a diagram illustrating an example



of normal delivery plan cost information that is stored by the
delivery plan making device according to the embodiment of the
invention.

[Fig. 15] Fig. 15 is a flowchart illustrating an example
of a restriction alleviation process that is executed by the
delivery plan making device according to the embodiment of the
invention.

[Fig. 16] Fig. 16 is a diagram illustrating an example
of restriction alleviation delivery plan cost information that
is stored by the delivery plan making device according to the
embodiment of the invention.

[Fig. 17] Fig. 17 is a diagram illustrating an example
of restriction alleviation condition combination information
that is stored by the delivery plan making device according
to the embodiment of the invention.

[Fig. 18] Fig. 18 is a diagram illustrating an example
of restriction alleviation and delivery cost display screen
that is output from the delivery plan making device according
to the embodiment of the invention.

[Fig. 19] Fig. 19 is a diagram illustrating an example
of a graph display of restriction alleviations and delivery
cost amounts that are output from the delivery plan making
device according to the embodiment of the invention.

[Fig. 20] Fig. 20 is a diagram illustrating an example

of a delivery plan Gantt chart display screen that is output



from the delivery plan making device according to the

embodiment of the invention.

Description of Embodiments
[0012]

Hereinafter, embodiments will be described with
reference to the drawings.
[0013]

Fig. 1 is a block diagram illustrating an example of a
functional configuration of a delivery plan making device
according to the embodiment of the invention.

[0014]

The delivery plan making device 100 includes an input
unit 110, a storage unit 120, a delivery plan making and cost
calculating unit 130, a restriction alleviating unit 140, and
a display unit 150.

[0015]

The input unit 110 is a user interface that reads data
(external data) stored in the outside of the device.

[0016]

As described below, the storage unit 120 stores data read
by the input unit 110 and data calculated by the delivery plan
making and cost calculating unit 130.

[0017]

The delivery plan making and cost calculating unit 130



reads store information 160, hub information 161, driver
information 162, truck information 163, expressway toll
information 164, distance information 165, speed information
166, and restriction alleviation condition information 167,
which are stored in the storage unit 120, calculates delivery
plan path information 168, normal delivery plan cost
information 169, restriction alleviation delivery plan cost
information 170, and restriction alleviation condition
combination information 171, and stores the calculation
results in the storage unit 120.

[0018]

The restriction alleviating unit 140 selects
restrictions tobe alleviated from the restriction alleviation
condition information stored in the storage unit 120, and
generates a restriction alleviation plan (that is, a
combination of the restrictions, and an alleviation width of
each restriction) which alleviates the selected restrictions
stepwise.

[0019]

The display unit 150 is a user interface for displaying
the delivery plan path information, the normal delivery plan
cost information, the restriction alleviation delivery plan
cost information, and the restriction alleviation condition
combination information, which are calculated.

[0020]



The delivery plan making device 100 is controlled by a
delivery plan making program that executes a delivery plan
making process.

[0021]

Fig. 2 is a block diagram illustrating an example of a
hardware configuration of the delivery plan making device 100
according to the embodiment of the invention.

[0022]

The delivery plan making device 100 includes a CPU
(Central Processing Unit) 201, a RAM (Random Access Memory)
210, a ROM (Read Only Memory) 220, an auxiliary storage device
230, adisplay device 240, an input device 250, a medium reading
device 260, and a communication device 270.

[0023]

The CPU 201 is a unit that executes various operations.
The CPU 201 executes wvarious processes by executing a
predetermined delivery plan making program loaded from the
auxiliary storage device 230 to the RAM 210. Actually, the
CPU 201 executes a process that is executed by the restriction
alleviating unit 140 and the delivery plan making and cost
calculating unit 130 according to the embodiment in accordance
with the delivery plan making program.

[0024]
The delivery plan making program is, for example, an

application program that is executable on an 0OS (Operation
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System) program.
[0025]

The delivery plan making program may be installed, for
example, in the auxiliary storage device 230 from a portable
storage medium through the medium reading device 260.
[0026]

The RAM 210 is a memory that stores a program to be
executed by the CPU 201, data required to execute the program,
and the like.

[0027]

The ROM 220 is a memory that stores a program required
to activate the delivery plan making device 100 and the like.
[0028]

The auxiliary storage device 230 is, for example, a
device such as a HDD (Hard Disk Drive). An SSD (Solid State
Drive) using a flash memory or the like may be used.

[0029]

The storage unit 120 illustrated in Fig. 1 corresponds
to at least a portion of a storage area of the RAM 210 and the
auxiliary storage device 230. For example, information from
the store information 160 to the restriction alleviation
condition combination information 171 are stored 1in the
auxiliary storage device 230. If necessary, at least a part
of the information may be copied to the RAM 210.

[0030]
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The display device 240 is, for example, a device such
as a CRT display, an LCD (Liquid Crystal Display), or an organic
EL (Electro-Luminescence) display.

[0031]

The input device 250 is, for example, a device such as
a keyboard, a mouse, or a microphone.

[0032]

The medium reading device 260 is a device that reads
information of a portable storage medium such as a CD-ROM.
[0033]

The communication device 270 inputs and outputs data from
and to an external device through a network 280.

[0034]

The delivery plan making device 100 may obtain the store
information 160 from a store delivery amount managing device
290 through the network 280.

[0035]

The delivery plan making device 100 may obtain the driver
information 162 from a driver information managing device 292
through the network 280.

[0036]

The delivery plan making device 100 may obtain the
expressway toll information 164 and the distance information
165 from a road information managing device 294 through the

network 280.
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[0037]

The display device 240 corresponds to the display unit
150 illustrated in Fig. 1, and the input device 250, the medium
reading device 260, and the communication device 270 correspond
to the input unit 110 illustrated in Fig. 1.

[0038]

Fig. 3 is a flowchart illustrating an example of the
delivery plan making process that is executed by the delivery
plan making device 100 according to the embodiment of the
invention.

[0039]

In the delivery plan making process, (1) the input unit
110 executes an external data reading process 310 and stores
the read data in the storage unit 120. Next (2) the delivery
plan making and cost calculating unit 130 executes a delivery
plan making process 320. Next, (3) the restriction
alleviating unit 140 executes a restriction alleviation
process 330 to generate a restriction alleviation plan, and
(4) retrieves the result stored in the storage unit 120 and
displays the retrieved result on the display unit 150.
[0040]

Hereinafter, the respective processes (1) to (4)
illustrated in Fig 3 will be described with reference to Figs.
4 to 20.

[0041]
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(1) External Data Reading Process 310

In the external data reading process 310 illustrated in
Fig. 3, the input unit 110 reads the store information 160,
the hub information 161, the driver information 162, the truck
information 163, the expressway toll information 164, the
distance information 165, the speed information 166, and the
restriction alleviation condition information 167, which are
external data, and stores the external data in the storage unit
120. Specifically, the input unit 110 obtains the external
data from the medium reading device 260 or the communication
device 270 and stores the obtained external data in the
auxiliary storage device 230.

[0042]

Fig. 4 is a diagram illustrating an example of the store
information 160 that is referred to by the delivery plan making
device 100 according to the embodiment of the invention.
[0043]

The store information 160 includes at least data items
that define a store name 410, a store delivery amount 420, an
available store delivery time 430, and a store location 440.
For example, the first record of the store information 160
illustrated in Fig. 4 indicates that a store having the name
"A" (hereinafter, also referred to as "store A"; the same shall
be applied to the other stores) is located in Kamakura, Kanagawa

prefecture and it is necessary to deliver 1 ton of products
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to the store during a period from 0:00 to 1:00. That is, the
available store delivery time 430 is a part of restriction
conditions that need to be satisfied for making a delivery plan
in the embodiment.

[0044]

Fig. 5 is a diagram illustrating an example of the hub
information 161 that is referred to by the delivery plan making
device 100 according to the embodiment of the invention.
[0045]

The hub information includes at least data items that
define a hub name 510 and a hub location 520. The example of
Fig. 5 indicates that a depot as a hub where, for example,
products are temporarily stored and handled is located in Kouza,
Kanagawa prefecture.

[0046]

Fig. 6 is a diagram illustrating an example of the driver
information 162 that is referred to by the delivery plan making
device 100 according to the embodiment of the invention.
[0047]

The driver information 162 is information relating to
a driver as a delivery worker in the embodiment, and includes
at least data items that define a driver name 610, actual
workable time of a driver 620, and an overtime cost (unit cost)
630. The example of Fig. 6 indicates that a driver having a

name "A" is workable for 180 minutes and, if the actual working
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time exceeds 180 minutes, the unit cost is 2000 yen per hour.
In the embodiment, the actual workable time of a driver 620
is a part of restriction conditions that need to be satisfied
for making a delivery plan. In addition, in the embodiment,
the overtime cost 630 is a part of the cost information used
for calculating a delivery cost based on the made delivery plan.
[0048]

Fig. 7 is a diagram illustrating an example of the truck
information 163 that is referred to by the delivery plan making
device 100 according to the embodiment of the invention.
[0049]

The truck information 163 includes at least data items
that define a truck name 710, a maximum load capacity 720, a
charge per truck 730, and a truck driver 740. Further, the
truck information 163 may define a truck unloading time 750.
The example of Fig. 7 indicates that the maximum load capacity
of a truck having a name "normal truck" is 5 tons, the one-day
charge thereof per truck is 10000 yen, the name of the driver
who uses the truck is "A", and the time required to unload
products from the truck is 40 minutes. In the embodiment, the
truck charge 730 is a part of the cost information used for
calculating a delivery cost based on the made delivery plan.
[0050]

Fig. 8 1s a diagram illustrating an example of the

expressway toll information 164 that is referred to by the
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delivery plan making device 100 according to the embodiment
of the invention.
[0051]

The expressway toll information 164 includes at least
data items that define a section 810 and an expressway toll
820. An example of the first record of Fig. 8 indicates that,
if an expressway is used for movement between the depot and
the store A, a toll of 4000 yen is required. Likewise, the
expressway toll information 164 includes information of a toll
if an expressway is used for movement between any hub and any
store and between one store and another store. In the
embodiment, the expressway toll information 164 is a part of
the cost information used for calculating a delivery cost based
on the made delivery plan.

[0052]

Fig. 9 1is a diagram illustrating an example of the
distance information 165 that is referred to by the delivery
plan making device 100 according to the embodiment of the
invention.

[0053]

The distance information 165 includes at least data items
that define From 910 indicating a departure store or the hub,
To 920 indicating an arrival store or the hub, a general road
distance 930, and an expressway distance 940. For example,

the second record of Fig. 9 indicates that a general road travel
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distance of a truck or the like from the departure of the store
A to the arrival of the storeBis 10 km and there is no expressway
used for the movement. If there is an expressway section which
can be used for movement from the store A to the store B, the
length of the section is defined as the expressway distance
940. Likewise, the distance information 165 includes
information of a travel distance between any hub and any store
and between one store and another store.

[0054]

Fig. 10 is a diagram illustrating an example of the speed
information 166 that is referred to by the delivery plan making
device 100 according to the embodiment of the invention.
[0055]

The speed information 166 includes at least data items
that define a general road speed 1020 and an expressway speed
1030. Further, the speed information 166 may define a time
zone 1010. The example of Fig. 10 indicates that a general
road is possible to travel at 30 km per hour and an expressway
is possible to travel at 60 km per hour. These values may be,
for example, an average speed or the like that is empirically
obtained. For example, if the speed varies depending on time
zones due to heavy traffic or traffic control, different speeds
may be defined for the respective time zones.

[0056]

Fig. 11 is a diagram illustrating an example of the

18



restriction alleviation condition information 167 that is
referred to by the delivery plan making device 100 according
to the embodiment of the invention.

[0057]

The restriction alleviation condition information 167
includes at least data items that define at least a restriction
number 1110, an alleviation condition 1120, an alleviation
width 1130, a maximum alleviation amount 1140, and an
applicability 1150. The alleviation condition 1120 refers to
a restriction condition that is a target for alleviation, the
alleviationwidth 1130 refers toapitchwidthof analleviation
amount 1f the alleviation condition is released, and the
maximum alleviation amount 1140 refers to a maximum value of
the allowable alleviation amount.

[0058]

For example, the first record of Fig. 11 indicates an
alleviation condition in which the available delivery time of
the store A can be advanced in units of 30 minutes and can be
advanced up to 60 minutes. However, a value "False" of the
applicability 1150 corresponding to this alleviation
condition represents that this alleviation condition is not
applicable (that is, this alleviation condition is not a target
for restriction alleviation). The value of the applicability
1150 can be set by a user through a restriction alleviation

condition setting screen (Fig. 12) described below. When this
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alleviation condition 1is applicable, and the maximum
alleviation amount "60 minutes" is applied, the available
delivery time of the store A is advanced by 60 minutes and the
delivery time is extended to a period of 11:00 to 1:00 (refer
to Fig. 4).

[0059]

Other examples of the alleviation condition of Fig. 11
include postponement of the available delivery time of the
store D, reduction of an expressway usable distance, and
extension of actual working time. The postponement of the
delivery time represents that the available delivery time
extends by postponing the termination of the available delivery
time. The expressway usable distance refers to a shortest
distance for the use of an expressway, that is, a wvalue
indicating the least travel distance (km) allowing the use of
an expressway, and is stored in the storage unit 120 as a part
of the restriction conditions. For example, if the value of
the expressway usable distance is 30 km, the use of an
expressway is allowed when the travel distance is 30 km or
longer. If the value is alleviated to 0 km, the use of an
expressway 1is allowed regardless of the distance. The
extension of the actual working time represents that a driver
works for longer than actual workable time of the driver, and
a cost for the excess working time is calculated based on the

overtime unit cost.
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[0060]

The restriction alleviation conditions illustrated in
Fig. 11 are merely exemplary, and an alleviation condition can
be set for any restrictions that need to be satisfied for making
a delivery plan. By alleviating the restriction, a delivery
plan can be made based on a restriction condition that cannot
be set before the alleviation. For example, the kind of a
usable truck (maximum load capacity), the number of trucks,
and the like may be considered as restrictions that can be
alleviated. In addition, use conditions of not only an
expressway but also various roads may be considered as
restrictions that can be alleviated. 1In addition, all the
above-described restriction conditions may be alleviated, or
only a part of restriction conditions may be alleviated.
[0061]

Fig. 12 is a diagram illustrating an example of a
restriction alleviation condition setting screen that is
output from the delivery plan making device 100 according to
the embodiment of the invention.

[0062]

The restriction alleviation condition setting screen
displays the restriction alleviation condition information
167 defined by the external data. For each of the restriction
alleviation conditions, a target setting box 1210 for setting

whether or not to set the restriction alleviation condition
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as a target for restriction alleviation is provided such that
a selection by a user 1is accepted. In the embodiment,
alleviation conditions that are checked by the user in the
target setting box 1210 are set as targets for restriction
alleviation. After the setting of the target for restriction
alleviation by the user, the restriction alleviation condition
information 167 stored in the storage unit 120 is retrieved
for each of the restriction alleviation conditions. If the
corresponding restriction alleviation condition is the target
for restriction alleviation, the applicability 1150 is set as
True, and if not the target for restriction alleviation, the
applicability 1150 is set as False.

[0063]

In the embodiment, a "store Ddelivery time postponement”
condition of extending the termination of the delivery time
430 of the store D defined by the store information 160, an
"expressway usable distance" condition of extending the
shortest distance for the use of an expressway, and an "actual
working time extension" condition of extending the actual
working time of a truck driver are set as targets for
restriction alleviation. That is, 1if the user checks the
target setting boxes 1210 of the alleviation conditions in Fig.
12, the information is input to the restriction alleviation
condition information stored in the storage unit 120. In the

restriction alleviation condition information illustrated in
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Fig. 11, the applicability 1150 of the alleviation conditions
of the restriction numbers 2, 3, and 4 set as the targets for
alleviation in Fig. 12 are set as True, and the applicability
1150 of the other alleviation conditions are set as False.
[0064]

In the embodiment, two types including a general road
and an expressway are used as road types. However, another
road type may be further added. 1In addition, the restriction
alleviation condition information 167 may be generated by
reading the external data, displaying the setting screen, and
selecting alleviation conditions as targets for restriction
alleviation.

[0065]

When the input of the external data illustrated in Figs.
4 to 11 ends, the delivery plan making device 100 starts (2)
the delivery plan making process 320.

[0066]

(2) Delivery Plan Making Process 320

In the delivery plan making process 320 illustrated in
Fig. 3, the delivery plan making and cost calculating unit 130
makes a delivery plan such that a truck can arrive at each store
within the available delivery time 430 of the store information
160 stored in the storage unit 120 and the actual working time
of the truck is within the actual workable time of the driver

620 of the driver information 162 stored in the storage unit
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120, assigns a delivery plan number, and stores the delivery
plan in the delivery plan path information 168. The delivery
planmaking and cost calculatingunit 130 makes a deliveryplan,
for example, using a general delivery plan making algorithm
using metaheuristics or the like.

[0067]

Fig. 13 is a diagram illustrating an example of the
delivery plan path information 168 that is stored by the
delivery plan making device 100 according to the embodiment
of the invention.

[0068]

The delivery plan path information 168 includes at least
data items that define a delivery plan number 1310, a truck
number 1320, a truck name 1330, From (a store or hub name from
which a truck departs) 1340, To (a store or hub name at which
a truck arrives) 1350, time required for the movement of a truck
1360, awork time 1370, an expressway use 1380, and total actual
working time 1390.

[0069]

Fig. 13 illustrates an example of information relating
to a path of one delivery plan having a delivery plan number
"No. O". 1In thisplan, four normal trucks having truck numbers
"No. 1" to "No. 4" are used, and the truck having a truck number
"No. 1" moves for delivery in order of the depot, the store

A, and the store B and returns to the depot. The other trucks

24



reciprocate between the depot and the store C, between the depot
and the store D, and between the depot and the store E,
respectively. The travel time 1360 in a section between the
depot and each store and a section between the respective stores,
the work time 1370, and the total actual working time 1390 which
is the sum thereof are calculated. The expressway use 1380
represents whether or not the use of an expressway is allowed
in each of the sections, and "x" illustrated in Fig. 13
represents the use of an expressway 1is not allowed in the
section.

[0070]

After making the delivery plan, the delivery plan making
and cost calculating unit 130 generates delivery plan cost
information using the delivery plan path information 168, the
driver information 162, the truck information 163, and the
expressway toll information 164 stored in the storage unit 120.
If restriction alleviation is not executed when making the
delivery plan, the delivery plan cost information is stored
in the normal delivery plan cost information 169. If
restriction alleviation is executed, the delivery plan cost
information is stored in the restriction alleviation delivery
plan cost information 170.

[0071]
When generating the delivery plan cost information, the

delivery plan making and cost calculating unit 130 calculates
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a total truck cost 1430 which is the sum of truck charges, a
total expressway cost 1440 which is the sum of expressway tolls,
and a total overtime cost 1450 which is the sum of overtime
wages of the drivers, using the delivery plan path information
168 stored in the storage unit 120, and adds the three costs
to calculate a total delivery cost 1420.

[0072]

The total truck cost 1430 is obtained as follows. First,
the delivery plan making and cost calculating unit 130 extracts
information corresponding to the delivery plan number 1310
whose cost is desired to be calculated from the information
included in the delivery plan path information 168 such that
the values of the truck numbers 1320 do not overlap each other.
Next, the truck name 1330 of information is specified,
information having the truck name 710 as the corresponding
truck name from the truck information 163 stored in the storage
unit 120 is specified, and the truck charge 730 of the
information is added to the total truck cost. In the example
of Fig. 13, the delivery plan making and cost calculating unit
130 extracts first-line information as information in which
the truck number 1320 is No. 1. Since the truck name 1330 of
the first-line information is normal truck, information in
which the truck name 710 is normal truck is specified from the
truck information, and a truck charge of 10000 yen is added.

Likewise, the delivery plan making and cost calculating unit
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130 extracts fourth-line information as information in which
the truck number 1320 is No. 2, extracts sixth-1line information
as information in which the truck number 1320 is No. 3, and
extracts eighth-line information as information in which the
truck number 1320 is No. 4, and 10000 yen is added for each
information. As a result, the total truck cost 1430 is 40000
yen.

[0073]

The total expressway cost 1440 is obtained as follows.
Regarding information corresponding to the delivery plan
number 1310 whose cost is desired to be calculated from the
information included in the deliveryplan path information 168,
if the expressway use 1380 indicates the use of an expressway,
the delivery plan making and cost calculating unit 130
retrieves the expressway toll information 164 stored in the
storage unit 120, specifies the section 810 that matches with
a section of the corresponding information from the From 1340
to the To 1350, and adds the expressway toll 820 of the specified
information to the total expressway cost 1440. In the example
of Fig. 13, the expressway use 1380 on all the lines of the
delivery plan path information indicates that the use of an
expressway is not allowed, and thus the total expressway cost
is 0 yen.

[0074]

The total overtime cost 1450 is obtained as follows.
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Regarding information corresponding to the delivery plan
number 1310 whose cost is desired to be calculated from the
information included in the delivery plan path information 168,
the delivery plan making and cost calculating unit 130 adds
the total actual working time 1390 of information having the
same truck number 1320, and obtains the total actual truck
working time for each truck number. Next, the delivery plan
making and cost calculating unit 130 retrieves the truck
information 163 stored in the storage unit 120, specifies
information having the same truck name 710 as the truck name
1330 of each truck number 1320, and specifies the actual
workable time of the driver 620 of information having the same
driver name 610 in the driver information 162 stored in the
storage unit 120 as the truck driver 740 of the specified
information. Further, the delivery plan making and cost
calculating unit 130 calculates a difference between the total
actual truck working time and the specified actual workable
time of the driver 620, for each truck numbers 1320 calculated
above, as overtime hours. If the overtime hours are positive,
a value of "Overtime Hours X Overtime Unit Cost of Driver
Information 630" is added to the total overtime cost 1450.
[0075]

In the embodiment, all the truck names 1330 of the
delivery plan path information are normal truck, and the truck

driver 740 of the truck information 163 is A. In the driver
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information 162, the actual workable time of the driver 620
of the driver A is 180 minutes. On the other hand, the total
actual truck working time of the truck number No. 1 of the
delivery plan path information 168 is 60 minutes + 60 minutes
+ 20 minutes = 140 minutes, which is shorter than 180 minutes.
Likewise, the total actual truck working time of the truck
number No. 2 to No. 4 is shorter than 180 minutes. Therefore,
the total overtime cost is 0 yen.

[0076]

The above-described calculation of the delivery cost is
merely exemplary. Actually, the delivery cost can be
calculated wusing various methods based on various cost
information. For example, a plurality of kinds of trucks
having different maximum load capacities are usable. If the
charge for use varies depending on the kinds, the truck
information 163 includes information of the charge for use for
each kind of a truck as cost information, and the delivery plan
making and cost calculating unit 130 may calculate the delivery
cost based thereon. Inaddition, if theunit cost (hourly wage)
in the actual working time varies depending on drivers, the
driver information 162 includes information of the unit cost
in the actual working time for each driver as cost information,
and the delivery plan making and cost calculating unit 130 may
calculate the delivery cost based thereon. In addition, if

necessary, the delivery cost may be calculated using only a
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part of the cost information.
[0077]

Fig. 14 isadiagramillustrating an example of the normal
delivery plan cost information 169 that is stored by the
delivery plan making device 100 according to the embodiment
of the invention.

[0078]

The normal delivery plan cost information 169 includes
at least data items that define the total delivery cost 1420,
the total truck cost 1430, the total expressway cost 1440, and
the total overtime cost 1450. The contents thereof are as
described above with reference toFig. 13. The normal delivery
plan cost information 169 may further include a delivery plan
number 1410 that specifies the delivery plan used for
calculating the cost.

[0079]

When the above-described delivery plan making process
320 ends, the delivery plan making device 100 starts (3) the
restriction alleviation process 330.

[0080]

(3) Restriction Alleviation Process 330

In the restriction alleviation process 330 of Fig. 3,
the restriction alleviating unit 140 generates a restriction
alleviation plan. The delivery plan making process 320 is

executed on the generated restriction alleviation plan by the
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delivery plan making and cost calculating unit 130 to make a
delivery plan, and the restriction alleviation delivery plan
cost information is generated.

[0081]

Fig. 15 is a flowchart illustrating an example of the
restriction alleviation process that is executed by the
delivery plan making device 100 according to the embodiment
of the invention.

[0082]

In the restriction alleviation process 330, first, the
restriction alleviating unit 140 executes (3-1) a restriction
alleviation extraction process 1510 of retrieving the
restriction alleviation condition information 167 stored in
the storage unit 120 and selecting one restriction where the
delivery cost can be reduced by alleviating the restriction
to the maximum and making a delivery plan. Next, the
restriction alleviating unit 140 executes (3-2) a restriction
alleviation plan generating process 1520 of combining a
plurality of restrictions selected in (3-1) and changing the
restrictions stepwise by the alleviation width 1130 of the
restriction alleviation condition information 167 stored in
the storage unit 120 to generate a restriction alleviation plan.
Next, the restriction alleviating unit 140 executes (3-3) a
delivery plan making and cost calculating process 1530 of the

generated restriction alleviation plan. The restriction
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alleviating wunit 140 repeats (3-2) and (3-3) until a
restriction alleviation termination condition is satisfied.
The restriction alleviation termination condition is, for
example, making of delivery plans for all the restriction
alleviation plans.
[0083]

Hereinafter, each of the processes of Fig. 15 will be
described.
[0084]

(3-1) Restriction Alleviation Extraction Process 1510

When the applicability 1150 of each information included
in the restriction alleviation condition information 167
stored in the storage unit 120 is True, the delivery plan making
and cost calculating unit 130 and the restriction alleviating
unit 140 execute the following process. That 1is, the
restriction alleviating unit 140 alleviates the alleviation
condition 1120 of the corresponding information to the maximum
alleviation amount 1140, and the delivery plan making and cost
calculating unit 130 executes the delivery plan making process
320 based on the alleviated restriction conditions to generate
the delivery plan cost information. In a case where a total
delivery cost 1620 (refer to Fig. 16) of the generated delivery
plan cost information is lower than the total delivery cost
1420 of the normal delivery plan cost information (that is,

before the alleviation) stored in the storage unit 120 (that
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is, the cost is reduced by alleviating the corresponding
restriction condition), the applicability 1150 of the
corresponding information is True. Otherwise, the
applicability 1150 of the information is False.

[0085]

Even when the alleviation condition 1120 is alleviated
to the maximum alleviation amount 1140 as described above, if
the delivery cost calculated based on the result thereof is
higher than or equal to the delivery cost before the alleviation,
it is determined that the cost is not likely to be reduced even
after the alleviation, and the alleviation condition 1120 is
excluded from a target for the following process. Accordingly,
the following calculation for specifying the optimal
alleviation amount is not executed on the alleviation condition
1120 where the cost is not 1likely to be reduced, and, therefore,
the calculation amount is reduced. However, if it is not
necessary to limit the calculation amount, the above-described
process 1510 is omitted, and the applicability 1150 of all the
alleviation conditions 1120 is set as True, and the following
process may be executed on all the alleviation conditions 1120
as targets.

[0086]

In the embodiment, the above-described process 1is

executed on the values 2, 3, and 4 of the restriction number

1110 of the restriction alleviation condition information 167
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of Fig. 11. 1In the case of thevalue 2 of the restriction number
1110, the available delivery time of the store D is postponed
by 120 minutes. That is, while the available store delivery
time 430 of the store D in the store information 160 of Fig.
4 is 2:50 to 3:30, the available store delivery time of the
store D is postponed to 2:50 to 5:30 with the restriction
alleviation. If the delivery plan making and cost calculating
unit 130 executes the delivery plan making process 320 under
this condition, a delivery plan using three normal trucks is
obtained, and the cost becomes that the total truck cost is
30000 yen, the total expressway cost is 0 yen, the total
overtime cost is 0 yen, and the total delivery cost is 30000
yven. This total delivery cost of 30000 yen is more inexpensive
than the total delivery cost of 40000 yen of the normal delivery
plan cost information illustrated in Fig. 14, and thus the
applicability 1150 of the restriction alleviation condition
information is still True.
[0087]

When the above-described process is executed on the value
3 of the restriction number 1110, a delivery plan where three
normal trucks are used and one expressway section is used is
obtained, and the total truck cost is 30000 yen, the total
expressway cost is 4000 yen, the total overtime cost is 0 yen,
and the total delivery cost is 34000 vyen. When the

above-described process is executed on the value 4 of the
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restriction number 1110, a delivery plan where three normal
trucks are used and one hour is required as the overtime time
is obtained, and the total truck cost is 30000 yen, the total
expressway cost is 0 yen, the total overtime cost is 1000 yen,
and the total delivery cost is 31000 yen. As a result, the
values 2, 3, and 4 of the restriction number 1110 are extracted.
[0088]

(3-2) Restriction Alleviation Plan Generating Process
1520

The restriction alleviating unit 140 retrieves the
restriction alleviation condition information 167 stored in
the storage unit 120, selects one or more restrictions where
the applicability 1150 is True, alleviates each of the
restrictions by thealleviationwidth 1130 of the corresponding
information to determine the alleviation amount, and makes a
restriction alleviation plan. In the embodiment, three
alleviation conditions including the store D time postponement,
the expressway usable distance, and the actual working time
extension where the applicability 1150 is True are selected
from the restriction alleviation condition information 167 as
targets for generating the restriction alleviation plan.
[0089]

For example, if only the store D delivery time
postponement is selected, the restriction alleviatingunit 140

postpones the delivery time of the store D on a 10-minute basis
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such that a restriction alleviation plan where the delivery
time of the store D is postponedby 10 minutes, and a restriction
alleviation plan where the delivery time of the store D is
postponed by 20 minutes, and generates 12 restriction
alleviation plans including a restriction alleviation plan
alleviated up to 120 minutes at most. Likewise, if only the
expressway usable distance 1is selected, the restriction
alleviating unit 140 reduces the expressway usable distance
on a 10-km basis such that a restriction alleviation plan where
the expressway usable distance is 100 km, and a restriction
alleviation plan where the expressway usable distance is 90
km, and generates 10 restriction alleviation plans including
a restriction alleviation plan alleviated up to O km at most.
If an initial value of the expressway usable distance before
the alleviation is infinite (that is, an expressway is not used
regardless of the travel distance), it is not possible to
calculate the expressway usable distance after the alleviation
by applying the alleviation width to the initial wvalue.
Therefore, a value (for example, 100 km) of the expressway
usable distance when the alleviation is executed to the minimum
may be predetermined. The same calculation as above can be
executed on the actual working time extension.
[0090]

In addition, for example, i1if two conditions including

the store D delivery time postponement and the expressway
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usable distance are selected, the restriction alleviatingunit
140 makes all the combinations of restrictionalleviation plans
for each alleviation amount of each restriction, such as a
restriction alleviation plan where the delivery time of the
store D is postponed by 10 minutes and the expressway usable
distance is 100 km, or a restriction alleviation plan where
the delivery time of the store D is postponed by 20 minutes
and the expressway usable distance is 100 km.
[0091]

When one restriction alleviation plan is determined by
(3-2), the process proceeds to (3-3).
[0092]

(3-3) Delivery Plan Making and Cost Calculating Process
1530 of Restriction Alleviation Plan

The delivery plan making and cost calculating unit 130
executes the delivery plan making process 320 on the
restriction alleviation plan determined by (3-2) to generate
the delivery plan cost information.
[0093]

If the total delivery cost of the generated delivery plan
cost information is lower than the total delivery cost 1420
of the normal delivery plan cost information 169 stored in the
storage unit 120, the delivery plan making and cost calculating
unit 130 assigns a delivery plan number, stores the generated

delivery plan in the delivery plan path information 168, stores
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the restriction alleviation plan used for generating the
delivery plan in the restriction alleviation condition
combination information 171, and stores the generated delivery
plan cost information in the restriction alleviation delivery
plan cost information 170.

[0094]

In the embodiment, as a result of executing (3-2) and
(3-3), five restriction alleviation condition combinations
illustratedin Fig. 17 are generated as restrictionalleviation
combinations which reduce the total delivery cost to be lower
than the total delivery cost 1420 of the normal delivery plan
cost information 169. 1In the delivery plan numbers No. 1, No.
2, and No. 3 of Fig. 17, a single restriction condition (for
example, the store D delivery time in No. 1) is alleviated.
In the delivery plan numbers No. 4 and No. 5, two restriction
conditions (for example, whether or not to use an expressway
and the store D delivery time in No. 4) are alleviated. The
delivery plan cost for a delivery plan number 1710 of Fig. 17
is stored in information having the same delivery plan number
1610 of Fig. 16. For example, the delivery plan number No.
1 is an restriction alleviation plan where the store Ddelivery
time 1is postponed by 10 minutes, and the restriction
alleviation delivery plan cost information 170 indicates that,
when the restriction condition is alleviated according to the

restriction alleviation plan, the total delivery cost is 30000
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yven, the total truck cost 30000 yen, and the other cots are
0 vyen.
[0095]

Fig. 16 is a diagram illustrating an example of the
restriction alleviation delivery plan cost information 170
that is stored by the delivery plan making device 100 according
to the embodiment of the invention.

[0096]

The restriction alleviation delivery plan cost
information 170 includes at least data items that define the
delivery plan number 1610, the total delivery cost 1620, a total
truck cost 1630, a total expressway cost 1640, and a total
overtime cost 1650.

[0097]

Fig. 17 is a diagram illustrating an example of the
restrictionalleviation condition combination information 171
that is stored by the delivery plan making device 100 according
to the embodiment of the invention.

[0098]

The restriction alleviation condition combination
information 171 includes at least data items that define the
delivery plan number 1710, a restriction alleviation 1720, and
an alleviation width 1730.

[0099]

After the end of the delivery plan making and cost
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calculating process 1530 of the restriction alleviation plan,
the delivery plan making and cost calculating unit 130 checks
(process 1540) the termination condition (for example, whether
or not delivery plans are made for all the restriction
alleviation plans). If the termination condition is not
satisfied, the process returns to (3-2). 1In a case where the
termination condition is satisfied, a result output process
340 starts.
[0100]

(4) Result Output Process 340

In the result output process 340 of Fig. 3, the display
unit 150 displays the delivery plan path information, the
restriction alleviation delivery plan cost information, and
the restriction alleviation condition combination information
stored in the storage unit 120. For example, the CPU 201 may
generate data of a screen that displays the restriction
alleviation plan and the delivery cost calculated based thereon,
and the like to output to the display device 240 such that the
display device 240 displays the corresponding screen. An
example of the displayed results is illustrated in Figs. 18
to 20.
[0101]

Fig. 18 1is a diagram illustrating an example of
restriction alleviation and delivery cost display screen that

is output from the delivery plan making device 100 according
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to the embodiment of the invention.
[0102]

The restriction alleviation and delivery cost display
screen displays a combination of the restriction alleviation
condition combination information 171 and the restriction
alleviation delivery plan cost information 170 stored in the
storage unit 120. The restriction alleviation and delivery
cost display screen includes at least data items that display
the total delivery cost obtained by the restrictionalleviation
and the alleviation width of each restriction. Accordingly,
the user can easily understand a combination of restriction
alleviations necessary for reducing the delivery cost and
widths of the restriction alleviations.

[0103]

Fig. 19 is a diagram illustrating an example of a graph
display of restriction alleviations and delivery cost amounts
that are output from the delivery plan making device 100
according to the embodiment of the invention.

[0104]

The graph display of restriction alleviations and
delivery cost amounts displays the restriction alleviation
condition combination information 171 and the restriction
alleviation delivery plan cost information 170 stored in the
storage unit 120. The graph display of restriction

alleviations and delivery cost amounts displays the total
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delivery cost with respect to axes representing the alleviation
widths of the restriction conditions necessary for reducing
the delivery cost, which were obtained by retrieving the
restriction alleviation delivery plan cost information 170 and
the restriction alleviation condition combination information
171. 1In the embodiment, a circle 1910 (or any arbitrary figure
may be used) is displayed at a position on a coordinate space
corresponding to the sizes of the two alleviation widths with
the store D delivery time postponement as the horizontal axis
and the actual working hour extension as the vertical axis,
and the delivery cost is displayed using the size thereof. 1In
addition, the numerical value of the delivery cost is displayed
in the circle 1910 or a speech balloon 1920 corresponding to
the circle 1910. Accordingly, the user can easily understand
the total delivery cost with respect to the cost generated by
the restriction alleviation.

[0105]

Fig. 20 isa diagramillustrating an example of a delivery
plan Gantt chart display screen that is output from the delivery
plan making device 100 according to the embodiment of the
invention.

[0106]

The delivery plan Gantt chart display screen displays

the delivery plan path information stored in the storage unit

120. 1In the delivery plan Gantt chart display screen, the
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horizontal axis represents the time, and the vertical axis
represents the truck (for example, the truck number). The
delivery plan path information stored in the storage unit 120
is retrieved and displayed using a frame 2010 in which the width
represents the time required for the work content of the truck
by the user specifying the delivery plan number. In the
embodiment, movement using a general road is displayed with
an oblique line background, movement using an expressway is
displayed with a dot background, and unloading is displayed
with no background in the frame 2010. Accordingly, the user
can easily understand the work contents of the truck. The
embodiment displays the background pattern changing according
to the work contents. However, each of the work contents may
be displayed by blue or red.

[0107]

According to the embodiment of the invention described
above, a plurality of restriction alleviation plans are
automatically made, the respective delivery costs are
calculated, and the calculation result is displayed in a form
that the user can easily understand. The user can select
restrictions which are easily changeable, such that the
delivery cost can be reduced.

[0108]
The invention is not limited to the above-described

embodiments and includes various modification examples. For
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example, the embodiments have been described in detail in order
to easily describe the invention, and all the above-described
configurations may not necessarily to be included. In
addition, addition, deletion, and substitution of another
configuration can be made for a part of the configuration of
each embodiment.

[0109]

In addition, some or all of the above-described
respective configurations, functions, process units, process
means, and the like may be realized by hardware, for example,
by designing an integrated circuit. In addition, the
respective configurations, functions, and the like may be
realized by software by a processor interpreting and executing
a program that realizes each of the functions. Information
of a program, a table, a file, or the like that realizes each
of the functions can be stored in a recording device such as
a memory, a hard disk, or an SSD (Solid State Drive) or a
non-transitory data storage medium such as an IC card, an SD
card, or a DVD.

[0110]

In addition, control lines and information lines
indicate what is considered necessary for the explanations but
all control lines or information lines necessary for the
products are not necessarily included. It can be considered

that almost of all components are actually interconnected.
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CLAIMS

1. A delivery plan making method for making a delivery plan
of articles by a computer system including a processor and a
storage device connected to the processor, wherein

the storage device storing a restriction condition for
making a delivery plan and cost information wused for
calculating a delivery cost based on the delivery plan, and

the delivery plan making method comprising:

a first process where the processor makes a delivery plan
before alleviation of the restriction condition to satisfy the
restriction condition and allowing the processor to calculate
a delivery cost of the delivery plan before the alleviation
based on the cost information;

a second process where the processor generates a
restriction alleviation plan by alleviating the restriction
condition;

a third process where the processor makes a delivery plan
after alleviation of the restriction condition so as to satisfy
the restriction alleviation plan, and calculates a delivery
cost of the delivery plan after the alleviation based on the
cost information, and

a fourth process where the processor outputs the
restriction alleviation plan if the delivery cost of the

delivery plan after the alleviation is lower than the delivery
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cost of the delivery plan before the alleviation;
wherein

the storage device further stores a restriction
alleviation condition indicating a maximum alleviation amount
of the restriction condition,

the second process includes a process where the processor
generates a restriction alleviation plan 1in which the
restriction condition is alleviated wup to the maximum
alleviation amount, and

the third process includes

a process where the processor makes a delivery plan after
the alleviation to satisfy the restriction alleviation plan
in which the restriction condition is alleviated up to the
maximum alleviation amount, and calculates a delivery cost of
the delivery plan after the alleviation based on the cost
information, and

a process where, if the delivery cost of the delivery
plan after the alleviation is lower than the delivery cost of
the delivery plan before the alleviation, the processor
generates one or more restriction alleviation plans in which
the restriction condition is alleviated up to an alleviation
amount smaller than the maximum alleviation amount to make one
or more delivery plans after the alleviation, and calculates
delivery costs of the one or more delivery plans after the

alleviation based on the cost information;
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wherein

the restriction alleviation condition includes a pitch
width of an alleviation amount, and

the third process includes a process where the processor
generates the one or more restriction alleviation plans by
alleviating the restriction condition up to one or more

alleviation amounts determined based on the pitch width.

2. The delivery plan making method according to claiml, wherein
the restriction condition includes at least one of a
delivery time of the articles to a delivery destination, an
actual working time of a delivery worker, and a use condition
of a road for delivery, and
the cost information includes at least one of a charge
for use of a vehicle for delivery, an overtime wage of the

delivery worker, and a toll of the road.

3. The delivery planmakingmethod according to claim 2, wherein

the storage device further includes delivery destination
information indicating locations of one or more delivery
destinations and an article amount to be delivered to each
delivery destination, hub information indicating locations of
one or more delivery hubs, speed information indicating a
travel speed on a path where the vehicle travels, worker

information indicating the actual working time of the delivery
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worker, vehicle information indicating a maximum load capacity
of the vehicle, the delivery worker who uses the vehicle, and
a time required to unload the articles from the vehicle, and
distance information indicating a travel distance between each
hub and each delivery destination and a travel distance between
the respective delivery destinations,

the first process includes a process of making the
delivery plan before the alleviationto satisfy the restriction
condition based on the delivery destination information, the
hub information, the speed information, the worker information,
and the distance information, and

the third process includes a process of making the
delivery plan after the alleviation to satisfy the restriction
alleviation plan based on the delivery destination information,
the hub information, the speed information, the worker

information, and the distance information.

4, The delivery plan making method according to claim 2, wherein
the computer system further includes a display device
connected to the processor, and
the fourth process includes a process where the display
device displays a kind and an alleviation amount of the
restriction condition alleviated in the restriction
alleviation plan and a cost of the delivery plan after the

alleviation.
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5. The delivery plan making method according to claim 4,
wherein the fourth process includes a process where the
display device displays the kind and the alleviation amount
of the restriction condition alleviated in the restriction
alleviation plan and the cost of the delivery plan after the
alleviation by displaying a figure having a size corresponding
to a size of the cost of the delivery plan after the alleviation
at a position on a coordinate space corresponding to the

alleviation amount of the restriction condition.
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