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[DESCRIPTION]

[TITLE OF INVENTION]

DELIVERY PLANNING SYSTEM, DELIVERY PLANNING METHOD,AND
PROGRAM

[Technical Field]

[0001]

The present invention relates to a delivery plagrsystem, a delivery planning
method, and a program.

Priority is claimed on Japanese Patent Applicalon2016-213838, filed
October 31, 2016, the content of which is incorpetenerein by reference.
[Background Art]

[0002]

The need for car sharing has been increasing. sl@amg is, for example, a
system in which members share a vehicle, pay adeerding to their boarding time or
the like, and use the vehicle when they want toituseAs one form of car sharing, there
is a use mode called a drop-off type (one-way typé) drop-off type car sharing, a user
can use a common vehicle up to a predeterminednggaidt near a destination and can
drop off the vehicle at the parking lot as it idn such a type of car sharing, it is
necessary to deliver a vehicle used by a userdthanparking lot where there is a new
need for use.

[0003]

Even in the case of the so-called rounding salaggnablem in which a service
man performs rounds to customers in order to peogitier-sales service for a product
purchased by the customer, a similar situation igcegarding the movement of the

service person, parts necessary for the providi@anservice, or the like. For example,
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it is necessary to select a rounding route inwasiin where a product which is a target
for an after-sales service is installed for each pfurality of customers, a service person
supplies parts to be used for an after-sales seofithe product at a certain place and
brings the parts to the customer or a situationreseservice person performing various
types of after-sales service in one round moveas facertain customer to another
customer who needs the same part to provide theseaand returns the used part to its
original place.

[0004]

With respect to such a problem, for example, Rddecument 1 discloses a
technique for creating a transport plan for tramspg loads from a plurality of delivery
bases to a plurality of delivery destinations atigieated dates using a plurality of
transport vehicles. By using this technique, piassible to create a transport plan in
which a user loads a vehicle to be used onto api@tation vehicle such as a truck and
transports the loaded vehicle to each parkingriat,case of car sharing. Also, in an
after-sales service round, it is possible to craadelivery plan for delivering parts to be
used for service to a customer.

[0005]

However, in a case where a vehicle is deliverezhirsharing, there is also a
vehicle delivery method in which a delivery stai#mber boards a vehicle to be
delivered and drives to a target parking lot. Saichethod in which delivery is
performed by boarding a delivery object itselfeerred to as boarding transport. A
technique for performing optimal delivery planningdelivery including boarding
transport has not been provided.

Also in an after-sales service round, regardicgse where a service person

moves with parts, a case where parts are deliieoeda certain customer to another
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customer, a case where a service person takesrttening parts to the next customer,
and the like, a technique for making an optimahibplan of a service person has not
been provided, similar to a case of boarding trarisp

Generally, a combination optimization problem iscdete values often uses a
method called linear relaxation, that is, a metimoghich a problem is briefly solved by
replacing the problem with a continuous value problnd an optimal solution is
obtained from an obtained relaxation solution. ldeer, when there are many
complicated constraints like in a delivery problen,excessive calculation time is
required in this state, and thus it is necessadetase a solution in a practical amount of
time.

[Citation List]
[Patent Literature]
[0006]

[Patent Literature 1]

Japanese Unexamined Patent Application, Firsti€atiin No. 2013-136421
[Summary of Invention]

[Technical Problem]
[0007]

Incidentally, the applicant of the present appiarahas already filed an
application regarding a delivery plan system capablsolving the above-described
problem in which a delivery plan is performed ity including boarding transport
(Japanese Patent Application No. 2016-051550). /e delivery plan system is
used, it is possible to obtain an optimum deliyelign for a delivery problem including
boarding transport in a practical amount of time.

With regard to the delivery plan system, it isiddsle to further reduce a
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calculation time so as to obtain an optimum deyiy@an in a practical amount of time
even when the scale of a problem is increasedalaa increase in the number of
vehicles to be delivered and delivery destinations.

[0008]

Consequently, an object of the present invensdo provide a delivery
planning system, a delivery planning method, apdogram which are capable of
solving the above-described problem.

[Solution to Problem]
[0009]

According to a first aspect of the present inv@mtia delivery plan system
includes a division unit that divides a delivergiplem indicated by initial conditions
into delivery problems having a smaller size ireéivéry problem in which a delivery
object is delivered to a delivery base having aaw®mand a delivery plan generation
unit that generates a delivery plan for the dejiygoblems obtained by the division
performed by the division unit.

It is possible to generate a delivery plan inacpcal amount of time by
dividing a large-scale delivery problem into sneadkle delivery problems and
calculating a delivery plan in units of a smallidety problem.

[0010]

The division unit in a second aspect of the pressention may associate one

demand point included in a delivery base grouprigaai demand for the delivery object
and one supply point included in a delivery basmigrserving as a supply source of the
delivery object with each other so that a time ovement from the one demand point to
the one supply point is minimized, may generatetascombinations of the demand

point and the supply point associated with eackrptind may divide the delivery
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problem indicated by the initial conditions intdidery problems from a demand point
group to a supply point group which are includethim generated set.

It is possible to generate a delivery plan inacpcal amount of time by
dividing a delivery area into units of a delivenga for each set of delivery bases present
within a short distance on the basis of informatona demand and a supply for each
delivery base included in the initial conditionglaralculating a delivery plan in units of
a delivery area after division.

[0011]

The division unit in a third aspect of the preseméntion may calculate a
delivery route from a supply point to a demand poirwhich a time of movement from
one supply point to one demand point is set toduleto or less than a predetermined
value among correspondence relationships betwgamality of supply points and a
plurality of demand points which are included ie tienerated set, and the delivery plan
generation unit may generate a delivery plan femall-scale delivery problem by using
a delivery route in which a time of movement istsebe equal to or less than the
predetermined threshold value among the deliveuyeofrom the supply point group to
the demand point group which are included in theegated set.

A delivery plan is generated using informationeodelivery route between
delivery bases in which a moving time is set teegeal to or less than a threshold value,
and thus it is possible to reduce the amount autation required for the generation of
the delivery plan.

[0012]

The division unit in a fourth aspect of the presemention may acquire a

plurality of pieces of unit route information indiing a preset delivery route including

departing from a departure base, performing defivelated to some delivery bases, and
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returning to the departure base and costs whevedglis performed through the delivery
route, calculate a combination in which the nundfedelivery bases included in a
combination, among the combinations of the plwaditpieces of unit route information,
is equal to or less than a predetermined numbethangum of costs is minimized,
generate a set of a departure base and a deligseyshich are included in the
combination, and may divide the delivery problemii¢ated by the initial conditions into
delivery problems from a demand point group to@psupoint group which are included
in the generated set of the departure base ardktivery base.

A combination of delivery routes for minimizinglokery costs while satisfying
demands in a plurality of delivery bases equalrtenoaller than a predetermined number
is calculated on the basis of a certain departase band a set of the plurality of delivery
bases and the departure base is set to be onergedinea. It is possible to generate a
delivery plan in a practical amount of time by divig a delivery area with respect to all
of the delivery bases given under the initial ctinds into delivery areas generated in
this manner and calculating the delivery plan ituof a delivery area.

[0013]

The division unit in a fifth aspect of the presamnention calculates a
combination of the pieces of unit route informathyna column generation technique.

It is possible to generate a delivery area at bjg¢ed by using the column
generation technique.

[0014]

The division unit in a sixth aspect of the presaméntion may divide a delivery
time limit of the delivery object into a pluralitf times to divide the delivery problem
indicated by the initial conditions into deliveryoplems for respective times obtained by

the division, and the delivery plan generation uméty generate a delivery plan in which
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the delivery object is delivered to a base havsighany demands as possible within
each time after the division from a delivery sitoatof the delivery object at a first time
of the times after the division.

[0015]

With regard to a delivery problem related to a tase obtained by the division
performed by the division unit, the delivery plaangration unit in a seventh aspect of
the present invention may generate a delivery plavhich the delivery object is
delivered to all delivery bases having a demanalwis indicated by the initial
conditions until the last time ends.

According to the sixth and seventh aspects,pbssible to generate a delivery
plan in a practical amount of time by dividing divery time limit given under the initial
conditions and calculating the delivery plan foligery problems in the time unit after
the division.

[0016]

The division unit in an eighth aspect of the pnesevention may divide the
delivery problem indicated by the initial condit®mto delivery problems in which a
first delivery time limit shorter than a deliveriyne limit included in the initial conditions
by a predetermined time is set as a new deliverg timit, and the delivery plan
generation unit may generate a delivery plan irctvitihe delivery object is delivered to a
base having as many demands as possible withiirsheelivery time limit.

[0017]

The division unit in a ninth aspect of the preseméntion may set a time having
a predetermined length and subsequent to thed®istery time limit as a second
delivery time limit, and the delivery plan geneoatiunit may generate a delivery plan in

which the delivery object is delivered to a basérmas many demands as possible
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[0018]

The delivery plan generation unit in a tenth aspéthe present invention may
generate a delivery plan for terminating deliverglelivery objects of which delivery
has not been completed as a result of executitmeadelivery plan within a last time
when a point in time of completion in a case witheegenerated delivery plan is
executed is set as a start time and a time whedetheery time limit included in the
initial conditions elapses from the start timewé first delivery time limit is set as a
termination time.

According to the eighth to tenth aspects, a tiheter than the delivery time
limit given under the initial conditions is setaslelivery time limit, and a delivery plan
is generated while extending the delivery time fimilt is possible to generate a delivery
plan in a practical amount of time by dividing diviery problem indicated by the initial
conditions into small-scale delivery problems facle set or extended delivery time
limit.

[0019]

According to an eleventh aspect of the presermdnition, in generating a
delivery plan in which the delivery object is delred to a base having as many demands
as possible, the delivery plan generation unit geryerate a delivery plan on a condition
that a delivery staff member and delivery meansired for execution of the delivery
plan are not left in the delivery base as a resutie execution of the delivery plan.

It is possible to generate a delivery plan capableot only delivering as many
delivery objects as possible but also preventiegémaining delivery staff members and
delivery means, which are not used for a later ameng times after division, from

being left in the delivery base.



10

15

20

25

[0020]

The delivery plan generation unit in a twelfth esipof the present invention
may solve an integer programming problem basedtoneaspace network model
constituted by point information and branch infotima to generate at least one set of
pieces of branch information related to the delivarthe delivery problem after the
division performed by the division unit, the pointormation having a set of a delivery
subject delivering the delivery object, a departhase and the delivery base indicating
an initial position of delivery means moving thdidery object or the delivery subject,
and times based the start time of delivery, andthach information indicating flow
rates of the delivery object, the delivery subjecid the delivery means related to the
delivery between two pieces of point informatiofated to the delivery of the delivery
object among the pieces of point information.

It is possible to generate a delivery plan foedveéry problem including
boarding transport by modeling the delivery problesing a time space network model.
[0021]

According to a thirteenth aspect of the presevention, the delivery plan
generation unit may be configured to generate pofotmation regarding an entrance
having a set of an entrance and a time of the elgfibase, point information regarding
an exit having a set of an exit and a time of thkevdry base, and point information
regarding a place for the delivery object havirggtof a time and each delivery object
related to the delivery base with respect to onieely base in the time space network
model, and set values of flow rates of the delivarigject and the delivery object
between the point information regarding the enteaared the point information regarding
the delivery object and between the point infororatiegarding the exit and the point

information regarding the delivery objectto O or 1
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Since the inside of the delivery base is handieddsforming division into an
entrance, an exit, and a place for each of deligbigcts, situations in respective places
can be represented by 0 and 1, and thus it isldedsi handle the inside of the delivery
base as a 0-1 integer programming problem andeiedspp calculation processing.
[0022]

A fourteenth aspect of the present invention eslab a delivery plan method
including causing a delivery plan system to divaédeelivery problem indicated by initial
conditions into delivery problems having a smadiee in a delivery problem in which a
delivery object is delivered to a delivery baseihg\a demand, and to generate a
delivery plan for the delivery problems obtainedthy division.

[0023]

A fifteenth aspect of the present invention reddtea program causing a
computer of a delivery plan system to function &ans for dividing a delivery problem
indicated by initial conditions into delivery pr@phs having a smaller size in a delivery
problem in which a delivery object is deliveredatdelivery base having a demand, and
means for generating a delivery plan for the deyiywoblems obtained by the division.
[Advantageous Effects of Invention]

[0024]

According to the above-described delivery planrgpstem, delivery planning
method, and program, it is possible to make a épgfiplan for minimizing costs and a
moving time for a large-scale delivery problem ipractical amount of time.

[Brief Description of Drawings]
[0025]
Fig. 1 is a functional block diagram showing aaraple of a delivery planning

system in a first embodiment of the present inwemti



10

15

20

25

11

Fig. 2 is a diagram showing an example of a defiyéan in the first
embodiment of the present invention.

Fig. 3 is a diagram showing a first time spacevoet model according to the
delivery plan in the first embodiment of the prasemention.

Fig. 4 is a first diagram showing a second timecemetwork model according
to the delivery plan in the first embodiment of gresent invention.

Fig. 5 is a second diagram showing a second tpaeesnetwork model
according to the delivery plan in the first emboeithof the present invention.

Fig. 6 is a third diagram showing a second timecemetwork model according
to the delivery plan in the first embodiment of gresent invention.

Fig. 7 is a fourth diagram showing a second tipece network model
according to the delivery plan in the first emboeithof the present invention.

Fig. 8 is a fifth diagram showing a second timacgpnetwork model according
to the delivery plan in the first embodiment of gresent invention.

Fig. 9 is a diagram showing an example of a defiyeoblem in the first
embodiment of the present invention.

Fig. 10 is a diagram showing an example of a defiplan generated for a
delivery problem.

Fig. 11 is a first diagram showing a first are@sion process in the first
embodiment of the present invention.

Fig. 12 is a second diagram showing the first dreigion process in the first
embodiment of the present invention.

Fig. 13 is a flowchart showing an example of avéey plan generation process
in the first embodiment of the present invention.

Fig. 14 is a functional block diagram showing aaraple of a delivery plan
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system in a second embodiment of the present irorent

Fig. 15 is a first diagram showing a second argigidn process of a delivery
problem in the second embodiment of the presemnition.

Fig. 16 is a second diagram showing a seconddavesaon process of a delivery
problem in the second embodiment of the presemnition.

Fig. 17 is a third diagram showing a second aigaidn process of a delivery
problem in the second embodiment of the presemnition.

Fig. 18 is a flowchart showing an example of avéey plan generation process
in the second embodiment of the present invention.

Fig. 19 is a functional block diagram showing aaraple of a delivery plan
system in a third embodiment of the present ineenti

Fig. 20 is a first diagram showing a time divisgmocess of a delivery problem
in the third embodiment of the present invention.

Fig. 21 is a second diagram showing a time divigimocess of a delivery
problem in the third embodiment of the present iiviven.

Fig. 22 is a flowchart showing an example of avéey plan generation process
in the third embodiment of the present invention.
[Description of Embodiments]
[0026]

<First Embodiment>

Hereinafter, a delivery planning system accordingn embodiment of the
present invention will be described with referete&igs. 1 to 13.

Fig. 1 is a functional block diagram showing aaraple of a delivery planning
system in a first embodiment of the present inwemti In the present embodiment, the

delivery planning system is constituted by a corapdevice such as one PC or a server
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device. The computer device is configured to idelather hardware such as a
computational unit such as a Central Processing (@RU), storage units such as a Read
Only Memory (ROM), a Random Access Memory (RAM)danHard Disk Drive
(HDD), and a network interface.
[0027]

A delivery plan device 10 in Fig. 1 is an exampie delivery planning system.
The delivery plan device 10 is a device that cali@d delivery means, a delivery route,
and the like for minimizing costs with respect tdadivery plan including boarding
transport. In the present embodiment, a methadaking an optimal delivery plan for
realizing delivery in a situation where a vehidete shared by users is delivered to a
place where a user starts using the vehicle in-dfbtype car sharing is taken as an
example. In a case where a delivery object iveedd, it is required that, for example,
delivery means and a delivery route for minimizaugts be selected. Regarding
making a delivery plan for minimizing costs, vasomethods have been provided.
However, the delivery of a vehicle in car sharisglifferent from a case where loads are
delivered by, for example, a home delivery seracthe like. The difference is that, in
a case where a vehicle is delivered, the vehiakebeamoved in a state where a person is
onboard the vehicle. For example, a state where tis a remaining vehicle or a state
where there is a shortage of vehicles is assumeddh of bases A, B, C, D, and E. In
such a state, for example, the following methodscansidered in order to move a
vehicle from a base where there is a remainingclelo a base where there is a shortage
of vehicles and to respond a user's need. (1)deleery staff member turns around
each base with a truck on which a vehicle can bgech loads a remaining vehicle on
the truck, and delivers the vehicle to a base wtieree is a shortage of vehicles. (2) A

plurality of delivery staff members board a deliweehicle and move to each base.
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When the delivery staff members arrive at the bésere there is a remaining vehicle,
some of the delivery staff members boarding theseel vehicle transfer to the
remaining vehicle and deliver the vehicle by drivthe vehicle to the base where there
is a shortage of vehicles (boarding transport). such a case, it is not easy to ascertain
which delivery means may be used for delivery ahdtwoute may be used for delivery
to minimize costs. The delivery plan device 1@h&f present embodiment provides a
method of rapidly and efficiently generating a dety plan, for example, for minimizing
costs by introducing a mathematical model and caimés according to mathematical
knowledge with respect to a delivery plan in a caBere boarding transport can be
performed. The delivery plan device 10 of the pre®mbodiment divides the entire
delivery problem indicated by initial conditiongarsmall-scale partial delivery problems
on the basis of a demand quantity (a shortage tyjpot delivery objects and a supply
guantity of delivery objects (the number of remagndelivery objects) for each delivery
base which are given as initial conditions of teéwery, in generating a delivery plan for
delivering delivery objects to a delivery base. efdby, it is possible to make a delivery
plan in a practical amount of time (for example Mi@utes) even when the number of
vehicles to be delivered and the number of basekage.

[0028]

As shown in Fig. 1, the delivery plan device 1€ludes an initial conditions
setting unit 11, a delivery plan generation unitd input and output unit 13, and a first
area division unit 14, and a storage unit 15.

The initial conditions setting unit 11 sets infation such as a delivery object
(for example, a vehicle used by a user) which isabte by a delivery subject (for
example, a delivery staff member) onboard the dejiwbject, the delivery subject, a

demand quantity and a supply quantity of delivesjeots for each delivery base which is
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a place where any delivery means (for exampleJiaetg vehicle such as a truck)
moving a delivery object or a delivery subjectteying, information regarding one or a
plurality of departure bases indicating the inipakitions of a delivery subject and
delivery means (for example, an operation baseocoinapany providing a car sharing
service), information regarding delivery means arntlivery subject which are usable in
a departure base, and information regarding aetgligeadline, as initial conditions in
generating a delivery plan. These parametersbeitiescribed later in detail.

The delivery plan generation unit 12 calculateses of point information
having sets of a delivery base, a departure basea dime according to the start of
delivery and branch information indicating floweatof delivery objects, delivery
subjects, and delivery means according to delibetyveen two pieces of point
information according to delivery among the pieggpoint information, and generates
at least one set of pieces of branch informatica aase where delivery objects satisfying
a demand quantity within a delivery deadline arévdeed to a delivery base where the
demand quantity is set. The departure base andethery base will be collectively
called bases.

The input and output unit 13 receives a user'stioperations. The input and
output unit 13 outputs information regarding ad&ly plan and the like according to the
set of pieces of branch information generated bydilivery plan generation unit 12 to a
display or the like.

The first area division unit 14 associates oneaterpoint included in a
delivery base group having a demand for a deliedjgct and one supply point included
in a delivery base group serving as a supply sooireedelivery object with each other
so that a moving time from the demand point tostingply point is minimized, and

generates a set of combinations of the demand poahthe supply point associated with
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each other. That is, the first area division tditdivides all of the delivery problems
for all of the delivery base groups having a demiand delivery object based on initial
conditions into delivery problems in units of aidety area indicated by the generated
set (problems of delivery from a demand point graup supply point group which are
included in the set). In addition, the delivergplgeneration unit 12 generates a set of
pieces of branch information for each of the srealile delivery problems after division.

The storage unit 15 stores various pieces of médion necessary for generation
of a delivery plan.

The initial conditions setting unit 11, the deliygplan generation unit 12, and
the first area division unit 14 are realized, frample, by reading out and executing a
program from the storage unit 15 using a Centrat®&ssing Unit (CPU) included in the
delivery plan device 10.

[0029]

The delivery plan device 10 generates a delivéag psing a time space
network model for a given delivery problem. Fitbie time space network model and a
delivery plan generation method using the time spetwork model will be described,
and a delivery problem division method in a casemtihe scale of a problem is
increased thereafter will be described.

[0030]

Fig. 2 is a diagram showing an example of a defiyéan in the first
embodiment of the present invention.

An example of delivery of a delivery object (vdkicn drop-off type car
sharing will be described with reference to Fig. A center in Fig. 2 is a base where
there is a delivery staff member for a deliveryaabjand the delivery of the delivery

object is started (departure base). A parkind\Jat parking lot B, and a parking lot C
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are bases (delivery bases) serving as a delivergs®r a delivery destination of the
delivery object. A user of the delivery objectarses the delivery object using a
predetermined reservation system or the like. Ud® inputs information such as the
number of delivery objects to be used, a place atier use of the delivery object is
started (for example, the parking lot B) from tkearvation system. In a case where
the user desires to use the delivery object fragrptirking lot B, the user can use the
delivery object when the delivery object is alrepagsent in the parking lot B.
However, in a case where the delivery object ispmesent in the parking lot B, the
delivery staff member needs to move the delivefgaiirom another parking lot to the
parking lot B. In the drop-off type car sharingr Example, the user drops off the
delivery object at the parking lot A when the detiy object is used from the parking lot
B to the parking lot A. Then, for example, a sitola where delivery objects are
unevenly distributed in the parking lot A used bgny users may occur. The delivery
staff member at the center delivers the uneversiiduted delivery objects to the
parking lot A to the parking lot C where there @whnd  In a case of the example of
Fig. 2, there are two remaining delivery objectthatparking lot A, and there is a
shortage of one delivery object in each of the ipgrkot B and the parking lot C. The
delivery staff member at the center delivers eddhetwo remaining delivery objects at
the parking lot A to the parking lot B and the pagklot C, so that the users can use the
delivery objects as desired. Fig. 2 shows an elawithe realization of delivery
satisfying this condition.
[0031]

First, two delivery staff members (k, 1) from tbenter board one delivery
vehicle 1 (delivery means) and move to the parloné (1). In the parking lot A, the

delivery staff member k boards one delivery obgdtof the two remaining delivery
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objects and moves to the parking lot B. The otledivery staff member | also boards
the delivery vehicle 1 in this state and movesogarking lot B (2). In the parking lot
B, the delivery staff member k parks the delivelyect at the parking lot B and boards
the delivery vehicle 1 driven by the delivery staémber |. The delivery staff
members k and | return to the parking lot A frora garking lot B (3). When the
delivery staff members return to the parking loti#e delivery staff member k boards
one remaining delivery object and moves to theipgriot C. The delivery staff
member | boards the delivery vehicle 1 in thisesttd moves to the parking lot C (4).
In the parking lot C, the delivery staff memberddhs the delivery object at the parking
lot C and boards the delivery vehicle 1 driven iy delivery staff member |. The
delivery staff members k and | return to the cefrtan the parking lot B (5). When
delivery is performed by such a procedure, the'sisequest can be satisfied. In the
present embodiment, a method of delivering a dsfiedject in such a situation is
formulated as a minimum cost flow problem of a tispace network model, and a
method for minimizing costs is obtained among ekaue delivery methods.
[0032]

<First time space network model>

Fig. 3 is a diagram showing a first time spacevoet model according to the
delivery plan in the first embodiment of the prasemention.

Fig. 3 is a diagram obtained by modeling an exampkhe delivery described
in Fig. 2 in a time space network.

The vertical axis in Fig. 3 represents the elajgene, and the horizontal axis
represents the location of each base. In the dggwai point in time and space
represents each base at each time. In the draamn@irow connecting two points

represents the movement of each of a delivery glgedelivery vehicle (delivery
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means), and a delivery staff member (person) ie timd space. Each arrow represents
a movement source base, a movement destinationdrasa period of time required for
movement. A solid arrow represents movement betweses, and a double line arrow
represents a delivery object, a delivery vehiahel a delivery staff member staying in
the same base (movement between times). Eachmefm matrix displayed together
with an arrow represents each of the number o¥esliobjects, the number of delivery
vehicles, and the number of delivery staff memih@rsng moved according to delivery
indicated by an arrow, and represents the numberoekd delivery objects, the number
of moved delivery vehicles, and the number of madelivery staff members in order
from above. For example, in a case of a solidvaB, it is indicated that there are no
delivery objects, one delivery vehicle, and twawsly staff members having moved
from the center to the parking lot A between tirmsand t=1. A double line arrow 32
indicates that there are two delivery objects, @lovdry vehicles, and no delivery staff
members having stayed in the parking lot A betwigaas t=0 and t=1. In a case of a
solid arrow 33, it is indicated that there are dekvery object, one delivery vehicle, and
two delivery staff members having moved from thekjpey lot A to the parking lot B
between times t=1 and t=2. A double line arrowr#icates that there are one delivery
object, no delivery vehicles, and no delivery staimbers having stayed in the parking
lot A between times t=1 and t=2. The number oivéey objects at the parking lot A
has changed from two to one because the delivafiyrsember has boarded one delivery
object out of the two delivery objects and has ndoeethe parking lot B. The same is
true of the other arrows. One arrow will be calieldranch. A set of the branches in
Fig. 3 corresponds to the delivery plan descripeldig. 2. A case where a delivery
object is delivered may be accompanied by a tineed action such as meeting a

delivery staff member or delivery means at a paykat.  In the existing mathematical
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model related to a delivery plan, modeling is oftenformed by setting a base as a point
and the movement of a delivery vehicle betweendase branch. In the present
embodiment, modeling is performed in a two-dimenaidime space network.

Thereby, it is possible to represent not only gpatiovement between bases but also the
movement of a vehicle or a person in an intervetime.

[0033]

<Delivery plan generation method based on firsetspace network model>

In the present embodiment, a delivery plan forimining costs required for the
delivery of delivery objects planned to be delivkse as to satisfy a demand within the
time limit described in Figs. 2 and 3 is obtainedhis problem can be formulated as the
following integer programming problem.

[Objective Function]

Minimization of sum of costs of delivery objectglivery means, and delivery
staff members which are required for delivery
[Constraint conditions]

(1) The flow rate in each base satisfies the flate conservation law.

(2) The number of vehicles present in a parkingltes not exceed a parking
space of a parking lot.

(3) A delivery staff member necessarily boardsveéey means in places other
than a departure base.

(4) A delivery staff member necessarily boardelvdry object or delivery
means during movement, and the number of persaisgdmovement is equal to or less
than the sum of the number of persons capableaflogy a delivery object and delivery
means.

[0034]



10

15

20

25

21

In order to solve the above-described integer amogning problem, the
delivery plan generation unit 12 generates two-disienal time space information as
shown in Fig. 3 on the basis of information regagdine initial conditions received by
the initial conditions setting unit 11, generatdganch between points according to
delivery, and generates a plurality of sets of bnainformation indicating that delivery
objects can be delivered to a base where a demantity is set so as to satisfy demand
guantities of respective bases within a delivergdliee. The delivery plan generation
unit 12 selects a set of pieces of branch inforomafior minimizing costs from among
sets of a plurality of pieces of branch information
[0035]

Mathematical models and programs of delivery pthas have been provided
are limited to a case where mathematical modelgpargrams of delivery plans that
have existed and are limited to a case where dglvaiects are delivered in a state of
being loaded on a transport means such as trudkslmads. Regarding a case where
boarding transport is included like the deliveryaofehicle, there is a likelihood that a
solution can also be obtained by adding constrintlitions using the existing
technique, but it is considered that this wouldbmpractical because the number of
combinations of transport means and routes incsegggonentially, in addition to the
complexity of constraint conditions. Accordingttee present embodiment, formulation
as a minimum cost flow problem of a time space petwnodel is performed in
calculating a delivery plan for a delivery objepphcable to boarding transport, and thus
it is possible to obtain a delivery plan for minkimg costs among executable delivery
methods.

[0036]

<Second time space network model>
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In a second time space network model, a grapm{jpaiormation and branch
information indicating the movement of deliveryfstaembers, delivery objects, and
delivery means) within a delivery base is furth@ded to the first time space network
model. Thereby, the inside of the delivery badeeiated as a 0-1 integer programming
problem. In a 0-1 integer programming problem,riege of variables is more limited
than that of an integer programming problem, ang #ntight relaxation problem can be
configured. Thereby, a valid inequality (cut) &s#y input, and thus it is possible to
achieve speeding up of a calculation process (actexh in a calculation time).

[0037]

In a case where the delivery plan generationifhigenerates a delivery plan
using the second time space network model, theeatglplan generation unit generates
point information having a set of an entrance aticha of one delivery base, point
information having a set of an exit and a timehef tlelivery base, and point information
having a set of times with respect to each of @ejiwbjects according to the delivery
base with respect to one delivery base, in additahe time space information
described in the case of the first time space nétwumdel. The delivery plan
generation unit 12 sets the values of flow ratededf/ery staff members and delivery
objects between the point information regardingahtance and the point information
regarding the delivery object to 0 or 1, in additto the function of the delivery plan
generation unit 12. The delivery plan generatioit 12 sets the values of flow rates of
delivery staff members and delivery objects betwierpoint information regarding the
exit and the point information regarding the deatwebject to 0 or 1.

[0038]
Here, parameters to be input to the delivery plewice 10 by a person making a

delivery plan will be described. The input paraenginclude the following items.
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That is, the items include a set of departure ©é3epot), a set of delivery bases
(W), a delivery deadline (dl), time of one sect{bi), a set of types of delivery objects
(P), a set of types of delivery means (D), an arhotitobading on delivery means (cp),
the cost of a delivery object cx (yen/minute), tost of delivery means cy (yen/minute),
the cost of a delivery staff member cz (yen/minugeinoving time matrix M (for
example, a moving time from a delivery base w1 tievery base w2 using delivery
means d is set to be m[d][w1][w2]), a supply quignita each base "supply" (for
example, a supply quantity of d in a delivery bass set to be supply[w, d]), a demand
guantity in each delivery base "demand" (for exanaldemand quantity of d in the
delivery base w is set to be demand|w, d]). Atiahconditions setting unit 11 acquires
these parameters and sets the parameters asdoitiditions of a delivery plan.
[0039]

The delivery plan generation unit 12 outputs avftate x ((v,s), (w,t)) of
delivery objects flowing through a time space netia an optimized delivery plan, a
flow rate y ((v,s), (w,t)) of delivery means, anflaw rate z ((v,s), (w,t)) of delivery staff
members to an input and output unit 13, as outpats. A branch departing a delivery
base v at time s and arriving at the delivery bhase time t is expressed by ((v,s), (w,t)).
The output items also include costs required feivery, and the like.
[0040]

Fig. 4 is a first diagram showing a second timecemetwork model according
to a delivery plan in the first embodiment of thregent invention.

The second time space network will be described wference to Fig. 4.
Hereinafter, a place set will be set to be N, atsat will be set to be T, and a graph G of
the time space network will be set to be (V, E).erd] V represents a point set, and E

represents a branch set. The point set V is ditseollows.
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V={(w,d,p,)WOW,d{0} OP,pISe tOT}

Here, $¢={0,1}(d=0), S\,4¢={0,1,...,m} (d#0). In addition, d=0 indicates the
road at an entrance and an exit of a delivery ba¥éhen d=0, & has a value of 0 or 1,
but S,¢=0 and $4=1 indicate the entrance and the exit, respectively a case of£D, d
indicates the type of delivery object, ang 8as values of 0 to m. In addition, mis a
supply quantity-1 or a demand quantity-1 with respe the delivery object d in the
delivery base w. For example, in a case wherettiedivery objects are left in the
delivery base w (supply quantity=3),4has values of 0, 1, and 2. For example, in a
case where there is a shortage of four delivergatbja in the delivery base w (demand
quantity=4), Qq has values of 0, 1, 2, and 3. A point of d=0albed] a road and a point
of d#0 is called a port with respect to a certain delivease w. The port indicates a
place where one delivery object d is disposed.

[0041]

Fig. 4 shows a time space network in a case 0b3¢p}, W={1,2}, P={a},
T={0,1,2}, S1~{0} (a supply quantity with respect to a delivarlgject a in a delivery
base 1 is one), andS{0} (a supply quantity with respect to the deliyabject a in a
delivery base 2 is one). Next, the branch setlBEbeidescribed with reference to Fig.
5.

[0042]

Fig. 5 is a second diagram showing a second tpaeesnetwork model
according to a delivery plan in the first embodimeithe present invention.

Hereinafter, the branch set E is set to be EHEE,. In addition, k
represents a branch set of delivery objecisepresents a branch set of delivery means,
and E represents a branch set of delivery staff members.

The branch set Ex of delivery objects is definedadlows.
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Ex=EmwxdEwx Ewpr EpwxD pr

Here, Bwx represents a set of branches indicating the moneaid¢he delivery
objects between the basegy Eepresents a set of branches in which the deliobjgcts
stay on the road of the delivery base (meetingeiike), E,x represents a set of
branches indicating the movement of the delivefjgas from the road to the port,
represents a set of branches indicating the moveai¢he delivery objects from the port
to the road, and Jrepresents a set of branches in which the delivbjgcts stay at the
port.

[0043]

A branch set {zof delivery means is defined as follows.

Ey=Ewwy ) vyl Ewpyl Epuy

Ewwy represents a set of branches indicating the moneaighe delivery means
between the basesyFepresents a set of branches in which the delirergns are
staying on the road of the delivery base (meetm® like), K,y represents a set of
branches indicating the movement of the deliveramsefrom the road to the port, and
Eowy represents a set of branches indicating the moneai¢he delivery means from the
port to the road.

[0044]

A branch set Eof delivery staff members is defined as follows.

E;=Ewwz 0 Ewz 0 Ewpzl Epuz

Ew: represents a set of branches indicating the moweaidhe delivery staff
members between the baseg; EEpresents a set of branches in which the delistfy
members stay on the road of the delivery base (nteet the like), Ep, represents a set
of branches indicating the movement of the delistaff members from the road to the

port, and E,, represents a set of branches indicating the moweaiehe delivery staff
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members from the port to the road.
[0045]

Fig. 5 shows a display example of the branchdefised above. A solid
arrow in an oblique direction indicates a branchiegponding to each of the setg/k&
Ewy, and Ew,. A double line arrow in a vertical direction indies a branch
corresponding to each of the sefg, By, Evz. A two dots-dashed arrow in a
horizontal direction indicates a branch correspogdo each of the sets,f& Ewpy, and
Ewz Adotted-dashed arrow in an oblique directiaticates a branch corresponding to
each of the setsyf, Eowy, and Bw.. A dashed arrow in the vertical direction indesag
branch corresponding to the sgi.E

In the second time space network model, the insidedelivery base is treated
as a 0-1 integer problem, the branches of theraitieng two dots-dashed arrow in a
horizontal direction, the alternating dotted-dashedw in an oblique direction, and the
dashed arrow in a vertical direction are brancldeted in the present embodiment in
association with the 0-1 integer problem.
[0046]

Fig. 6 is a third diagram showing a second timecemetwork model according
to the delivery plan in the first embodiment of gresent invention.

Flow rate vectors set for respective branchesheiltlescribed with reference to
Fig. 6. As shown in (a) of Fig. 6, the followinigwv rate vector is set for each branch e.

[0047]



10

15

27

x[d,e]
ylde]
z[e]

[0048]

In this flow rate vector, x[d, e](dP,d]Ey) indicates a flow rate of delivery
objects, y[d, e](dD,ellEy) indicates a flow rate of delivery means, and(#ef,)
indicates a flow rate of delivery staff members.om® examples will be described. In

a case of P={a} and D={vehicle}, a flow rate vectsras follows.

[0049]
a
VEHICLE
PERSON
[0050]

A branch e shown in (b) of Fig. 6 indicates thevemoent of one a, one delivery
vehicle (vehicle), and two delivery staff membeysrgons). In a case of P={a,b} and
D={vehicle,bicycle}, a flow rate vector is as folis.

[0051]

e N
a

b
VEHICLE

BICYCLE

PERSON
- /

[0052]
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A branch e shown in (c) of Fig. 6 indicates theveraent of one a, one b, one
delivery vehicle (vehicle), one bicycle, and twdikry staff members (persons).
[0053]

Fig. 7 is a fourth diagram showing a second tipece network model
according to the delivery plan in the first emboeithof the present invention.

In Fig. 7, a flow rate vector is as follows.

[0054]
a
VEHICLE
PERSON
[0055]

A time space network model in a case where origatglobject a is moved
from the delivery base 1 to the delivery base 2véldescribed. First, two delivery
staff members (persons) and one delivery vehiaaifle) move from a Depot exit to the
delivery base 1 (solid arrow 91). In the delivbase 1, one delivery staff member
moves to a place for the delivery object a (porfaliernating two dots-dashed arrow 92).
At the port O of the delivery object a, the delivebject a is present from time 0 to time
1 (dashed arrow 93). Subsequently, one delivarfy stember and one delivery object
a move to the exit of the delivery base 1 (altengatiotted-dashed arrow 94). Next,
one delivery object a, one delivery vehicle, and telivery staff members move from
the exit of the delivery base 1 to the entrancihefdelivery base 2 (solid arrow 95).
Next, one delivery staff member and one delivergcta move to the port 0 of the
delivery base 2 (alternating two dots-dashed a@6)y Subsequently, one delivery

staff member moves from the port O to the exithef delivery base 2 (alternating
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dotted-dashed arrow 97). Next, two delivery staémbers and one delivery vehicle
move from the exit of the delivery base 2 to a Degpdrance (solid arrow 98). At the
port O of the delivery base 2, the delivery obged present from time 2 to time 3
(dashed arrow 100). As shown in Fig. 7, in thespré embodiment, a point is allocated
for each delivery object a and a point is allocatedach of an entrance and an exit of a
delivery base in the delivery base 1 and the delibase 2. For this reason, the value
of each element of a flow rate vector within théwdey base 1 and the delivery base 2 is
Oorl. Thereby, the inside of the delivery baseaated as a 0-1 integer programming
problem, and thus it is possible to reduce a catimn time.

[0056]

Fig. 8 is a fifth diagram showing a second timacgpnetwork model according
to the delivery plan in the first embodiment of gresent invention.

Fig. 8 is a table represented using a seconddpaee network model obtained
by representing the first time space network matleln in Fig. 3. In Fig. 8, the point
set represented by the column of the parking liot Rig. 3 is represented by point sets of
respective columns (1,0,0,0), (1,a,0,0), and (Dadbtained by subdivision. The same
is true of the parking lot B and the parking lot C.

Point sets corresponding to an entrance and aam@ximparted to each of the
center and the parking lot A to the parking lot C.

[0057]

<Delivery plan generation method based on sedomel $pace network model>

As a countermeasure for speeding up a procebg isgcond time space network
model, setting the inside of a delivery base a®thdanteger programming problem has
been described above. Next, a delivery plan géinarenethod will be described.

Delivery means will be described with respect toheaf a case where delivery is
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performed using a delivery vehicle and a bicyclegse where delivery is performed
using only a delivery vehicle is also included) anchse where delivery is performed (by
loading delivery objects) using a truck. A bicyabich is delivery means is used such
that a delivery staff member moves to a deliversebaith a supply while riding a

bicycle, loads the bicycle on a remaining vehiol¢hiat place, and drives the remaining
vehicle to a delivery base with a demand.

[0058]

First, an objective function will be describedn Hig. 3, a case where costs are
minimized has been described as an example. Helescription will be given
inclusive of a case where a moving time requiredifdivery is minimized.

(Case Where Delivery is Performed Using Deliveehi¢le and Bicycle)

1. An objective function in a case where costsiiregl for delivery is minimized
is obtained by multiplying costs of each of a detivobject, a delivery vehicle, and a
delivery staff member per hour by a moving time adding up the costs.

2. An objective function in a case where a movinge required for delivery is
minimized is obtained by adding up moving times.afelivery object, a delivery
vehicle, and a delivery staff member.

[0059]

(Case Where Delivery is Performed Using Truck)

1. An objective function in a case where costsiireqg for delivery are
minimized is obtained by multiplying costs of eaxra delivery truck and a delivery
staff member per hour by a moving time and addm¢he costs.

2. An objective function in a case where a movinge required for delivery is
minimized is obtained by adding up moving timeswafelivery truck and a delivery staff

member.
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[0060]

Next, constraint conditions will be described.

(Common To Case Where Delivery is Performed USlelivery Vehicle and
Bicycle and Case Where Delivery is Performed U3ingk)

1. Flow rate conservation law

(1) Regarding flow rate of delivery objects

A flow rate of delivery objects leaving a port v supply is set to 1 when
delivery is started. A flow rate of delivery obje@ntering a port with a demand is set
to 1 at a point in time when delivery is completedt the other points, a flow rate of
incoming delivery objects and a flow rate of outgpdelivery objects are equal to each
other.
[0061]

(2) Regarding flow rate of delivery vehicles

A flow rate of delivery vehicles leaving a roadwhich the delivery vehicles
are located when delivery is started correspondisemumber of existing delivery
vehicles. A flow rate of delivery vehicles enteria road on which the delivery vehicles
are located when delivery is completed correspémdse number of existing delivery
vehicles. At the other points, a flow rate of aitg delivery vehicles and a flow rate
of incoming delivery vehicles are equal to eactenth

(3) Regarding flow rate of delivery staff members

A flow rate of delivery staff members leaving @adoon which the delivery staff
members are located when delivery is started qoorets to the number of delivery staff
members. A flow rate of delivery staff memberseeing a road on which the delivery
staff members are located when delivery is comgleteresponds to the number of

delivery staff members. At the other points, afflate of outgoing delivery staff
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members and a flow rate of incoming delivery staéfmbers are equal to each other.

2. Capacity constraint

An amount of movement of delivery objects and pesswithin a delivery base
is equal to or less than 1.
[0062]

3. Constraint 1 within delivery base

DeTEwp

(Ewp is a set of a delivery object, delivery means, amdanch indicating
movement of a person from a road to a port)

(1) When a destination of e is a supply point,of d

delivery objects do not enter a port from a road.

(2) When a destination of e is a demand point, of d

a flow rate of delivery objects and a flow ratedefivery staff members have the
same value (0 or 1).

(3) In either case,

the number of bicycles is equal to or less thamilmber of delivery staff
members.
[0063]

4. Constraint 2 within delivery base

DelEpw

(Epw is a set of a delivery object, delivery means, amdanch indicating
movement of a person from a port to a road)

(1) When a departure point of e is a supply pofrd,

a flow rate of delivery objects and a flow ratedefivery staff members have the

same value (0 or 1).
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(2) When a departure point of e is a demand pdidf

delivery objects do not come out on a road fropoid.
(3) In either case,
the number of bicycles is equal to or less thamilimber of delivery staff
5 members.
[0064]
Hereinafter, a case where delivery is performexdgua delivery vehicle and a
bicycle and a case where delivery is performedguaitruck will be described separately.
(In Case Where Delivery Is Performed Using Delpeehicle And Bicycle)
10 5. Constraints on branches in case of movement base to another base
UelEww
(Eww is a set of a delivery object, delivery means, afilanch indicating
movement of a person between bases)
(1) When e is a branch of a bicycle and a brafichvehicle,

15 there may be a case where delivery staff memlesyectively boarding the
bicycle and the vehicle move separately and awasee a delivery staff member moves
in the vehicle with the bicycle loaded thereon, aadstraints are as follows: a delivery
staff member necessarily boards the vehicle; timebau of delivery staff members is
equal to or less than the number of persons alidedad; and the number of undrivable

20 bicycles is equal to or less than the number ofdiés loadable on the vehicle.

(2) When e is a branch of a bicycle but not a thaof a vehicle (moves in a
bicycle),

the number of bicycles and the number of persomshe same.
[0065]

25 6. Constraints on branch staying in delivery base
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A constraint is that a person necessarily boand=hile.
[0066]

(Case Where Delivery is Performed Using Truck)

5. Constraint on branch during movement from @einbase to another delivery
base

Constraints are as follows: a delivery staff memiexessarily boards a truck;
the number of delivery staff members is equal tkess than the number of persons able
to board; and the total volume of delivery objastequal to or less than an amount of
loading on the truck.

[0067]

6. Constraint on branch staying in delivery base

A constraint is that the total volume of delivetyjects is equal to or less than an
amount of loading on the truck.

[0068]

Further, a constraint expression called a cutbeaapplied to reduce a
calculation time. In an integer programming probl@n inequality that a point in an
executable region can satisfy is called a validjuadity. Since it is difficult to solve the
integer programming problem, the integer prograngnproblem is often treated as a
linear relaxation problem from which integer coraht are first excluded. The
addition of a valid inequality cutting a solutigpese of the linear relaxation problem is
called the addition of a cut. The linear relaxatsolution approaches an integer
optimal solution by the addition of a cut, theretxerting a strong effect on the
acceleration of calculation. The executable reggamt cut by the addition of a cut,
and thus the optimality of a solution is secureBor example, a cut for specifying that

one or more delivery vehicles come is added. Taenmpractical case where 3/4 of
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delivery vehicles come can be excluded from a d¢aficun target, and a calculation speed
can be improved. A specific example of a cut &ldised in the specification of
Japanese Patent Application No. 2016-051550 fijethe applicant of the present
application. An integer programming problem remgjrseveral hours in a case where a
cut is added and a case where a cut is not addelecsolved in several minutes.

[0069]

The delivery plan generation unit 12 generatesia space network model
obtained by dividing a delivery base in a road (dsd a parking port ¢D), and further
calculates branch information using the constreamditions and the added cuts.
According to the present embodiment, the insida délivery base can be modeled as a
0-1 integer programming problem, and thus it issgue to obtain an effect that time
required for the calculation of a delivery plan ¢enreduced, in addition to the effects in
a case where a delivery plan is generated usinfirthéime space network. Further, it
is possible to drastically reduce a calculatioretioy the addition of a cut. Thereby,
there is an improvement in the convenience of agremaking a delivery plan such as a
lower cost delivery plan being selectable by conmgadelivery plans generated under
various initial conditions with each other.

[0070]

Next, an example in which a delivery plan is gateu using a second time
space network will be described.

Fig. 9 is a diagram showing an example of a defiyeoblem in the first
embodiment of the present invention.

Fig. 10 is a diagram showing an example of a dejiplan generated for a
delivery problem.

A point c0O (depot) in Fig. 9 is a departure bas€he other points wl to w9 are
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delivery bases. For example, "d1:2" at the pointimdicates a state where two delivery
objects d1 are left, and "d2:-1" at the point wlicates a state where there is a shortage
of one delivery object d2. "d1:-1, d2:1" at therpav2 indicates a state where there is a
shortage of one delivery object d1 and one deliadjgct d2 is left. A problem that the
5 delivery objects d1 to d3 are delivered so asitoieate a state where there is a shortage
of the delivery objects d1 to d3 in the respectieévery bases is considered from a state
where the delivery objects d1 to d3 shown in Figré&unevenly distributed.
Hereinafter, a description will be given of an exdenof a delivery plan generated by the
delivery plan device 10 with respect to each ohsecwhere delivery is performed using
10 avehicle and a bicycle and a case where deligepgiformed using a truck.

[00710 0 O 1]
1. Case where delivery is performed using vetaal bicycle
(1) Input
[One delivery vehicle, three bicycles, and thrdevdey staff members at depot
15 [Delivery deadline: 120 minutes
[Costs of delivery vehicle: 1.5 yen/minute
[Costs of delivery staff member : 17 yen/minute
[Costs of d1, d2, and d3: 1.5 yen/minute
[oThe number of persons able to board of delivehjale: 4, the number of
20 loadable bicycles: 1

[oThe number of persons able to board of d1: 1ntmber of loadable bicycles:

[oThe number of persons able to board of d2: 4ntmber of loadable bicycles:
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[oThe number of persons able to board of d3: 2ntmber of loadable bicycles:

(2) Objective function

Minimization of costs
[0072]

When the delivery plan device 10 is caused toutale this objective function
by adding the above-described constraint conditemscuts, the following output
results are obtained.

(3) Output

[Delivery is performed by division into two routea delivery route shown in
S1 to S7 and a delivery route shown in T1 to TSremwvn in Fig. 10, using one delivery
vehicle, one bicycle, and two delivery staff mensber

[Costs of delivery: 2768 yen

[Required time: 60 minutes

In this manner, it is possible to obtain a delvelan for minimizing costs
within conditions of delivery means, a deliveryfStaember, and a delivery deadline
which are set under initial conditions.

[0073]

The generation of a delivery plan using the firse space network or the
second time space network by the delivery planaetD can also be applied to delivery,
supply, and an after-sales service round of defiebjects applicable to boarding
transport. For example, in an after-sales seritice necessary to provide a service by
going to a customer or visiting a plurality of austers after supplying parts required for
the after-sales service. It is possible to solvengeger programming problem by

applying the above-described mathematical modekyng a delivery object to be parts
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or the like used for the after-sales service, isgtti delivery subject to be a service
person, setting delivery means to be a vehicle tmethovement of the service person, a
delivery vehicle required for the transport of paot the like, or the like, setting a base to
be a customer or an installation location of a pobdo be subject to the after-sales
service, and to calculate a rounding route (roumdneans, rounding course) for
minimizing rounding cost or times in a case whaeegervice person performs the
after-sales service for a plurality of customerk a case of Fig. 2, for example, the
parking lot A to the parking lot C (delivery baseay be set to be customers provided
with an after-sales service, the vehicle (delivanject) may be set to be a part, a car
(delivery means) may be means used for movemeasefvice person, and a delivery
person (delivery subject) may be the service perséma case of an after-sales service,
not only visiting customers but also operationshsag inspection and repairs for the
customers are performed. According to the deliygay devices 10, 10A, and 10B
using a time space network model, it is possibletalel a rounding operation of a
service person by taking these operation timesdatwsideration.

[0074]

In addition to the above-described example, tlesgmt invention can also be
applied to the delivery of delivery objects not bggble to boarding transport. For
example, there is a cargo collecting method calledlk run. The milk run refers to a
supply method in which a manufacturer of certawdpicts collects raw materials and the
like from each supplier by making rounds of supgli@stead of carrying raw materials
and parts used for the products into the suppieascase where the manufacturer
purchases the raw materials and the parts froraralfty of suppliers. When cargo
collecting is performed through a milk run, for exale, cargo is collected using one

truck, and thus it is possible to achieve costcédn, a reduction in congestion around a
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factory, and a reduction in the load of an envirentras compared to a case where raw
materials and parts are carried into suppliers.a ¢ase where an optimum rounding
method of a milk run is calculated by the delivplgn device 10 of the present
embodiment, it is possible to calculate a deliy@lgn by setting the same objective
functions, constraint conditions, and the likelasse in the above-described "case where
delivery is performed using a truck", for exampidaen a factory or the like which is a
supply destination of a product manufacturer igcée a delivery base having a demand
in car sharing and a factory or the like of a sigupdf raw materials and parts is set to be
a delivery base where there is a remaining vehickeconstraint condition that "the total
volume of delivery objects is equal to or less tharamount of loading on a truck” in the
above-described case where delivery is performeayastruck is changed to a constraint
condition that "(the weight of raw materialsxthecamt of raw materials+the weight of
partsxthe number of parts) is equal to or less #mamount of loading on a truck”. In
a case where a cargo collecting time frame of ticesupplier is designated, it is
possible to deal with such a case by adding infionan the designated cargo
collecting time frame to constraint conditions. r Egample, in a case where the time of
arrival at a certain supplier has to be set to Blutas later or less (from the start of
cargo collection), it is possible to generate goaollecting plan satisfying a time frame
constraint of the supplier by adding the followrwnstraint condition.

Time of arrival at a certain suppl30 minutes later
[0075]

The process of generating a delivery plan by #iery plan device 10 of the
present embodiment has been described so far. rdiogato the above-described
method, the delivery plan device 10 can obtainietgiptimum solution in a delivery

problem. However, it may be difficult to obtairs@lution in a practical amount of time
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only by the above-described method when the sdaepooblem is increased (for
example, 20 delivery bases and 20 vehicles to lreeded). Consequently, the first
area division unit 14 divides delivery bases fapextive delivery areas and divides
given delivery problems into delivery problems fespective areas obtained by division.
Next, an area division process (first area divigioocess) performed by the first area
division unit 14 will be described.

[0076]

Fig. 11 is a first diagram showing a first are@sion process in the first
embodiment of the present invention.

The left drawing of Fig. 11 shows positions ofidely bases and departure
bases which are present in an area which is attiEnga delivery plan. In the drawing,
a round point indicates a delivery base (w1l to wa@y a square point indicates a
departure base (clto c3). There is a demandpluswf a delivery object in the
delivery bases w1l to w17, and there is a delivetyicle or a delivery staff member in
the departure bases c1 to c3. The first areaidivisnit 14 generates a set of a certain
delivery base (demand point) having a demand adtain delivery base (supply point)
having a surplus which are near and associatedeaith other, and generates one
divided area by collecting one or a plurality ofsseach of which is constituted by a
demand point and a supply point. The generatiaanairea by the first area division
unit 14 is called a first area division process.

[0077]

The right drawing of Fig. 11 shows results obtdibg performing the first area
division process by the first area division unit 14rhe delivery bases w1l to w5 belong
to an area j1, the delivery bases w6 to w9 belorantarea j2, and the delivery bases

w10 to wl7 belong to an area j3. The delivery glaneration unit 12 generates a
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delivery plan for each of the area j1 to the aBeafier division by the above-described
method. Each of the area j1 to the area j3 incdunidy less than 10 delivery bases and
has a relatively small size. For this reasondelevery plan generation unit 12 can
generate a delivery plan in a practical amouninoé tusing the above-described time
space network model.
[0078]

Next, an outline of the first area division praeesll be described using Fig. 11.
First, the first area division unit 14 divides theivery bases w1 to w17 into demand
points, supply points, and delivery bases whichnaither demand points nor supply
points. Next, the first area division unit 14 asates demand points and supply points
with each other on a one-to-one basis. In thie,dh® first area division unit 14
associates a demand point and a supply point \&ith ether, wherein the demand point
and the supply point are separated from each bgharshort distance (moving time).
For example, in Fig. 11, there is one delivery obH left in the delivery base w4, and
there is a shortage of one delivery object d1 endélivery base w5. There is one
delivery object d1 left in the delivery base w6dahere is a shortage of one delivery
object d1 in the delivery base w7. It is assunmed there is one delivery object d2 left
in the delivery base w8, and there is a shortagmefdelivery object d2 in the delivery
base w9. In this case, the first area division Liassociates delivery bases with each
other, wherein the delivery bases have a demand angply consistent with each other
and are separated from each other by a short destarirhat is, the first area division
unit 14 associates the delivery base w4 and theedglbase w5 with each other
(assumed to be a set 1), associates the delivegyd and the delivery base w7 with
each other (assumed to be a set 2), and assatiatdslivery base w8 and the delivery

base w9 with each other (assumed to be a set 3je fifBt area division unit similarly
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performs association on the other demand pointsapgdly points.
[0079]

Next, the first area division unit 14 collectslarplity of sets each of which is
constituted by a demand point and a supply post@ated with each other and
separated from each other by a short distancertergte one area. In this case, one set
may be assumed to be one area in a case wheradimerenore set of a demand point
and a supply point which are separated from edudr diy a short distance. For
example, in a case of the above-described exantpkeéyst area division unit 14
calculates a distance between the delivery basefw set 1 and the delivery base w6
of the set 2. In addition, the set 1 and the saeZXlassified as the same area when the
calculated distance is smaller than a predeterntimeghold value, and the set 1 and the
set 2 are determined to be different areas whenélwellated distance is larger than the
predetermined threshold value. Regarding calaradf a distance between sets, for
example, in a case of a distance between theasd 1the set 2, a distance between the
delivery base w4 and the delivery base w7 may hmilzded, or a distance between the
delivery base w4 and the delivery base w6, a distéetween the delivery base w4 and
the delivery base w7, a distance between the dglhase w5 and the delivery base w6,
and a distance between the delivery base w5 andethesry base w7 are calculated, so
that an average of the calculated distances magti® be a distance between the set 1
and the set 2. Alternatively, the largest (orghmeallest) distance among the calculated
distances may be set to be a distance betweeettieasnd the set 2. In a case of the
example shown in Fig. 11, the first area divisioit 44 classifies, for example, the set 2
and the set 3 as the same area j2 and classiiesetil as the area j1 different from the
area j2. The first area division unit 14 perfortims same processing on the other

delivery bases, and classifies the delivery badesowv17 for respective areas to
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generate the area j1 to the area j3 shown in Eig. 1
[0080]

When an area is generated through the first awesiah process, the delivery
plan generation unit 12 may generate a delivery pkng the first time space network
model or the second time space network model azligedly problem having a supply
guantity, a demand quantity, and the like of delivabjects in each delivery base within
each area as initial conditions with respect ttheddhe area j1 to the area j3, but can
use the association of a demand point and a syyopty at the time of the first area
division process as branch information even wherd#livery plan generation unit does
not perform calculation using a time space netwoddel from a completely initial state.
That is, the delivery plan generation unit 12 canegate branch information from the
demand point to the supply point associated wighd&amand point and can generate a
delivery plan satisfying all demands by connecthmg pieces of branch information.
However, it is severely limited only by a delivegute connecting delivery bases closest
to each other, and there is a possibility thatlitrecede from an optimized state when
seen from the whole delivery plan for moving betwaeplurality of bases.
Consequently, the first area division unit 14 perfe a process of adding a delivery route
likely to be selected when the delivery plan getienaunit 12 generates branch
information. In addition, the delivery plan ger@a unit 12 selects a suitable delivery
route from among all delivery routes serving asdadaies obtained by adding the
delivery route likely to be selected and addedh#odelivery route connecting delivery
bases closest to each other and satisfying a dearahd supply to generate branch
information and generates a delivery plan for esea.

In Fig. 11, description has been given on theragsion that a demand point and

a supply point are delivery bases, but a demana poid a supply point may be a port
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having a demand and a port having a supply, reispéct

[0081]

Next, a first area division process will be ddsed in detail.

Fig. 12 is a second diagram showing the first dregion process in the first
embodiment of the present invention.

Hereinafter, an algorithm of the first area dieisprocess of the present
embodiment will be described. The first area dorisunit 14 performs each process in
the following procedure.

1. First, ports (delivery bases in a case of itts¢ ime space network model) of
respective delivery bases are divided into supplpgs and demand points to generate a
set A of supply points and a set B of demand poinihe relation of Y=AB is
established.

2. Next, new points s and t are added {ad/establish the relation of
V=V 0{s,t}.

3. Delivery routes g to gg are formed from A to B, and a cost function c(e)
based on a moving time in a case where delivepgitormed through a route indicated
by each delivery route is defined for each delivenyte.

4. Delivery routes from s to A and from B to t &awemed, and costs thereof are
setto 0. A set of the delivery routes from s tarl from B to t is set to,Fand the
union of § and E is set to be E.

5. A bipartite graph G=(V,E) is configured throuitje process described so far.

6. Minimum weight maximum matching of G, thatasroute from s to t having a
minimum cost is calculated. More specifically,edigery route in a case where the sum
of costs of delivery routes connecting s, the syppints of the set A, the demand points

of the set B, and t to each other is minimizedalswWated under conditions that the
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number of delivery routes coming out from the sygints included in the set A,
among the routes from s to t, is 1 and the numbdelovery routes entering the demand
points included in the set B is 1 (main problemirrom 4 described above, the costs
from s to the supply points of the set A and th&t€from the demand points of the set B
to tare 0, and thus it is possible to obtain aho@f associating a supply point al to a
supply point a3 and a demand point b1 to a demaird p3 with each other in a case
where the cost is minimized. Here, since the isoatfunction based on a moving time,
it is possible to obtain one-to-one matching betwesupply point and a demand point
which are closest to each other. In the exampk®fl12, for example, a combination
of the delivery routeg connecting al and b1l to each other, the delivaunterges
connecting a2 and b3 to each other, and the dglreeite gs connecting a3 and b2 to
each other is a delivery route for minimizing tlnsof costs, and in this case, al and b1,
a2 and b3, and a3 and b2 are associated with ¢élaehan one-to-one basis,

7. Next, all of the ports are divided into areadl®t two ports associated with
each other are included in the same area. Irc#ss, the ports are classified as one
area when a moving time between the two ports &sadcwith each other is equal to or
less than a predetermined value. In the exampiegofl2, for example, among the
associations of al and b1, a2 and b3, and a3 grald#2 of al and b1l is classified as one
area (j4), and a set of a2 and b3 and a set aié®2 are classified as one area (j5).
[0082]

8. Next, the bipartite graph created through tlee@dure of 1 to 5 is created
again to generate a dual problem of 6 (the dudlpro can be generated through a
mathematical operation). With respect to brandlu @y, when an optimum solution
X’ (e) of the main problem is 1, the relation of c{eju)-Y" (v)=0 (complementary

slackness) is established in a case where an aptsolution of the dual problem is set
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to Y. Here, c(e) is defined by c(e)=c(e))-Y (v), and c/(e) is given a width under
a condition of &c(eke (¢ is a predetermined constant).

This condition means recognition as a candidata fielivery route not only in
a case of c(e)=0 but also in a case where c*ex)ual to or less than That is, the
cost is minimized even in the main problem, andlat®n with a width is also obtained.
In the example of Fig. 12, for example, a candiégi®f the delivery route connecting
al and bl to each other is newly obtained by rélaxaf the condition of the solution.
[0083]

Thus, the first area division process is completéd/hen the first area division
process is completed, the delivery plan generationl2 generates a delivery plan for
each area after division. In this case, the dsflipéan generation unit 12 generates a
delivery plan satisfying a condition by using adidate of a delivery route obtained
through the first area division process. Spedifica set of pieces of branch
information is calculated by adding using the cdatis (g, e, e, €9) for delivery
routes obtained through the first area divisiorcpes to constraint conditions, in
addition to the above-described "1. Flow rate cora@n law" to "6. Constraints on
branch staying in delivery base".

[0084]

Next, a flow of a delivery plan generation procetsthe present embodiment
will be described.

Fig. 13 is a flowchart showing an example of avéey plan generation process
in the first embodiment of the present invention.

First, a delivery staff member performing a deatwplan inputs initial
conditions of a delivery plan to the delivery pldgvice 10. The input and output unit

13 receives the input and outputs the receivednmdtion to the initial conditions setting
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unit 11. The initial conditions setting unit 1lgaeres information regarding the initial
conditions input by the delivery staff member (s&d4d). The initial conditions setting
unit 11 sets the acquired information regardingitiiteal conditions to be initial
conditions of the delivery plan. The initial cotidns include, for example, a supply
quantity of delivery objects (the number of remagndelivery objects) in each base, a
demand quantity (a shortage quantity), the numbdelivery vehicles in a departure
base, the number of delivery staff members, a ngptiine between bases, a delivery
deadline, and the like.

Next, the first area division unit 14 performs thist area division process using
a supply quantity and a demand quantity of deliahjects in each delivery base (or a
port) included in information of initial conditior{step S12). The first area division
process is as described using Figs. 11 and 12.

[0085]

Next, the delivery plan generation unit 12 geresdaranch information so as to
satisfy the above-described constraint conditionthe time space network models
illustrated in Figs. 3 and 8 for each area obtaihedugh the first area division process
and generates a plurality of sets of pieces ofdiramformation satisfying conditions
such as a delivery time limit (step S13). Spealfi; the delivery plan generation unit
12 adds information such as the number of deliebjgcts, the number of delivery
vehicles, and the number of delivery staff memlbershe candidates of the delivery
routes which are obtained through the first argsidin process to generate branch
information satisfying constraint conditions ("1oWw rate conservation law" to "6.
Constraints on branch staying in delivery baseThe delivery plan generation unit 12
combines the generated pieces of branch informaédigenerate a plurality of sets of

pieces of branch information indicating deliveryisiging the number of demanded
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deliver objects of each base until a delivery tlimat.
[0086]

Next, the delivery plan generation unit 12 caltedathe total cost for each of the
generated sets of branch information for each @tea@ S14). For example, a unit cost
generated per unit time for each of delivery vedgcHelivery staff members, and
delivery objects is recorded in the storage uniinl&dvance, and the delivery plan
generation unit 12 calculates costs (the sum dEaesjuired for the delivery vehicles,
the delivery staff members, and the delivery olsjefdr each branch by multiplying unit
costs of the delivery vehicles, the delivery stambers, and the delivery objects by a
time indicated by each branch. The delivery planegation unit 12 calculates and adds
up costs for each branch included in the setsaridir information. The added-up costs
are costs for one set of branch information. Télevery plan generation unit 12
calculates the costs for each of all of the setsrafich information for each area.

[0087]

Next, the delivery plan generation unit 12 comparests calculated for the
calculated sets with each other for each areaaedts a set of pieces of branch
information for minimizing the total cost (step $15 The selected set of pieces of
branch information represents movement of delivdnects, delivery means, and
delivery staff members with the elapse of time fribva state of a departure base and
delivery bases indicated by the initial conditigf®s. 3 and 8). Therefore, when
delivery is executed on the basis of the set afggeof branch information, delivery
corresponding to a user's demand can be perforniHgat is, the set of pieces of branch
information is a delivery plan to be obtained foearea after division. When the
delivery plan generation unit 12 terminates theegation of a delivery plan for each

area, delivery plans for all delivery bases whighgiven as initial conditions are
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generated.
[0088]

According to the present embodiment, all of thievdey bases given under the
initial conditions are divided into sets (areasylefivery bases within a short distance,
and thus it is possible to reduce the scale ofiaedg problem and to reduce the amount
of calculation of a delivery plan generation praceseach area. Branch information is
generated by calculating candidates for delivenges when area division is performed
and selecting a delivery route from among the adatds, and thus it is possible to
further reduce the amount of calculation. Therelgn when the number of delivery
objects and the number of delivery bases are kmgethe scale of a delivery problem is
increased, it is possible to generate a deliveam pi a practical amount of time (for
example, 10 minutes).

The delivery plan generation unit 12 may geneboadmch information without
using candidates for delivery routes in step SIBraay generate a delivery plan.

An area may be reconfigured by adding the coata#élivery plan of the area.
For example, it may be possible to reduce the dvarat by increasing an area where
delivery is completed early and reducing an arearev/kelivery is completely late for a
pair of areas where delivery costs are signifigaditiferent from each other.

[0089]

<Second embodiment>

Next, a delivery plan system according to anothethod of generating a
delivery plan in a practical amount of time witlspect to a large-scale delivery problem
(second embodiment) will be described with refeesiacFigs. 14 to 18. In the first
embodiment, a small-size area is generated byatimitea demand point and a supply

point which are paired, focusing on demand points supply points which are present
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in a relatively short distance. In the second edithent, an area division process is
performed centering on a departure base, andedglplan is generated within each
area after division. An area division procesdmsecond embodiment is called a
second area division process.

[0090]

Fig. 14 is a functional block diagram showing aaraple of a delivery plan
system in the second embodiment of the presenniiore

Among components according to the second embodiofehe present
invention, the same components as the functioniéd aonstituting the delivery plan
device 10 according to the first embodiment ofghesent invention are denoted by the
same reference numerals, and description therdldbevomitted. A delivery plan
device 10A according to the second embodiment dedla second area division unit 16
instead of the first area division unit 14 in tlenfiguration of the first embodiment.

The second area division unit 16 acquires a ptural pieces of unit route
information indicating a preset delivery route irdihg departing from a departure base,
performing delivery between some delivery based,raturning to the original departure
base and the cost when delivery is performed thralig delivery route. The second
area division unit 16 selects a combination in \titee number of delivery bases
included in the combination is equal to or lessithgredetermined number and costs are
minimized, from among combinations of the plurabfypieces of unit route information.
A set of a departure base and a delivery basedadlin the combination of the pieces of
unit route information is an area after division.

The second area division unit 16 is realized laylieg out and executing a
program from a storage unit 15 using a CPU includetie delivery plan device 10A.

[0091]
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Fig. 15 is a first diagram showing a second argigidn process of a delivery
problem in the second embodiment of the presemnition.

In Fig. 15, round points indicate a delivery badeto a delivery base w17, and
square points indicate a departure base c1 toatdep base c3. In the present
embodiment, first, all conceivable patterns of mded and a supply are listed, and a
large number of simple delivery routes satisfyirdeaand and a supply of each pattern
are created for each departure base. Here, tlaetdepbase cl to the departure base c3
include a sufficient amount of delivery vehiclesi¢ks) and delivery staff members, and
it is assumed that the delivery bases wl, w3, v&,amd w10 are supply points and the
delivery bases w2, w5, w7, w9, and wll are demanmutg It is assumed that the types
of delivery objects related to delivery are the eamin this case, the simple delivery
route satisfying a demand and a supply for eachrti@e base is, for example, a delivery
route (referred to as a delivery route 1) includiiegarting from the departure base c1,
arriving at the delivery base wl (R1), taking awiely object at the delivery base w1,
transporting the delivery object to the delivergdav2 (R2), and returning to the
departure base cl1 (R3) after delivery is terminatésimilarly, simple delivery routes
include a route (referred to as a delivery routan@uding departing from the departure
base c1 and returning to the departure base caghrie delivery base w3 and the
delivery base w5, a delivery route (referred ta aelivery route 3) including departing
from the departure base c1 and returning to thartie® base c1 through the delivery
base w6 and the delivery base w7, a delivery r@eferred to as a delivery route 4)
including departing from the departure base c2ratutning to the departure base c2
through the delivery base w8 and the delivery h&&éreferred to as a delivery route 4),
a delivery route (referred to as a delivery roytenbluding departing from the departure

base c3 and returning to the departure base c@ghrine delivery base w10 and the
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delivery base w11, and the like. A large numbeswath simple routes are created in
advance and recorded in the storage unit 15. Aghmot shown in the drawing, for
example, the following routes are also createdrandrded in the storage unit 15 in
advance. Simple delivery routes include a delivente including departing from the
departure base c1 and returning to the departwe ddathrough the delivery base wl and
the delivery base w5, a delivery route includingat&ng from the departure base c1 and
returning to the departure base c1 through theelglibase wl and the delivery base w7,
a delivery route including departing from the depee base c1 and returning to the
departure base c1 through the delivery base w3tendelivery base w2, a delivery route
including departing from the departure base clrataning to the departure base cl
through the delivery base w10 and the delivery wakE a delivery route including
departing from the departure base c2 and returoitige departure base c2 through the
delivery base w1 and the delivery base w2, a delixeute including departing from the
departure base c3 and returning to the departwe ¢#through the delivery base wl and
the delivery base w2, and the like.
[0092]

A simple delivery route may not indicate only divkry route including
returning to the original departure base through supply point and one demand point
(a route including rounding between two delivergdmsmand returning to the original
departure base) but indicate a delivery route tholy departing from the departure base
cl, taking two delivery objects at the deliveryéasgl, delivering one delivery objects to
each of the delivery base w2 and the delivery bakseand returning to the departure
base cl1 (an example in which the number of delibases is three). Alternatively, a
simple delivery route may be a delivery route idahg departing from the departure

base c1, taking one delivery object at the deliverse wl, delivering the delivery object
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to the delivery base w2, taking one delivery obgdhe delivery base w3, delivering the
delivery object to the delivery base w4, and rehgrno the departure base c1 (an
example in which the number of delivery bases is)to

[0093]

Fig. 16 is a second diagram showing a seconddavesaon process of a delivery
problem in the second embodiment of the presemnition.

As shown in Fig. 16, a plurality of simple deliyeoutes prepared in advance
are recorded in the storage unit 15. The costciasa where delivery is performed
through a simple delivery route is recorded in asgmn with the simple delivery route.
The cost is given as, for example, a function ofaving time.  As the number of pieces
of information on the simple delivery route and st which are recorded in advance
increases, a delivery plan with higher accuraaysgt to a strict optimum solution) can
be generated. Information including the simplevéey routes and the costs
corresponding to the delivery routes which aresthated in Fig. 16 is called unit route
information.

[0094]

Fig. 17 is a third diagram showing a second angaidn process of a delivery
problem in the second embodiment of the presemnition.

Next, a second area division process performettidgecond area division unit
16 will be described using Figs. 15 to 17.

As a premise, the unit route information illusthin Fig. 16 is recorded in the
storage unit 15. It is assumed that initial capdi of requirements related to delivery
(a demand quantity and a supply quantity for eadivery base, the number of delivery
vehicles at departure bases, the number of delstaffy members, and the like) are

given.
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1. First, the second area division unit 16 readsuait route information
including a delivery route satisfying some of detiy requests (demands) given under
initial conditions from the storage unit 15.

2. Next, the second area division unit 16 combaewery routes included in
the read-out unit route information to create de@atisfying all delivery requests and
sets the created route to be a provisional solutidtere, a mathematical method called
set division approach is used as a method of cantsimple delivery routes recorded
in advance to obtain a combination satisfying edjuests and minimizing the cost.
However, in this method, when the number of sing@kvery routes becomes huge, an
optimization problem of the combination may notsleéved in a practical amount of
time. For this reason, the second area divisionlihgenerates an initial solution using
a small number of delivery routes among a largebemof simple delivery routes stored
in the storage unit 15 and obtains an optimum swluvhile adding a simple delivery
route by using a mathematical method called a colgemeration technique. A small
number of simple delivery routes for generatingitiigal solution may be selected by
any method. A generally provided solver can beldsethe generation of the initial
solution. In this case, a constraint (for exampie bases or less including a demand
point and a supply point, or the like) is providedthe number of delivery bases
handled by one departure base. Here, providirgpataint (upper limit) for the
number of delivery bases is to reduce the amoucélculation and speed up processing.
Regarding the constrained number of delivery bdsegxample, the number of delivery
bases in a case where calculation is actually pagd and a solution is obtained within
a practical amount of time may be determined aspger limit. As the initial solution,
for example, the solutions shown in Fig. 15 (thkveey route 1 to the delivery route 5)

are obtained.
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[00950 0 0 2]

3. Next, the second area division unit 16 selentsor a plurality of delivery
routes from among unselected simple delivery rolyea column generation technique
(a known mathematical method), and calculates edigost in a case where a certain
simple delivery route having already been seleatetlthe selected simple delivery route
are replaced with each other. The reduced casv#due obtained by subtracting the
sum of costs recorded in association with the palgsimple delivery route selected
before replacement from the sum of the costs (@s€ @lumn in Fig. 16) which are
recorded in association with a simple delivery eou¢wly selected as a solution by the
replacement.

[0096]

4. When the reduced cost calculated in 3 is athegaalue (lower after
replacement is performed), the second area divisninl6 updates some of all of the
existing delivery routes by the simple deliverytemselected in 3. For example,
regarding delivery to the delivery base w7, thevaey route 3 is selected in the initial
solution shown in Fig. 15, but the second areasitivi unit 16 calculates reduced cost
when the delivery route 3 is replaced with a rdteéerred to as a delivery route 6)
including departing from the departure base c2ratutning to the departure base c2
through the delivery base w6 and the delivery ésde From Fig. 16, the cost of the
delivery route 3 is 2500 and the cost of the dejiveute 6 is 1500, and thus reduced
costis -1000. Therefore, the second area divisiohl6 updates the delivery route 3 to
the delivery route 6. Combinations of simple defivroutes after updating are shown
in Fig. 17. Also in a case where reduced costlisutated, the second area division unit
16 selects a delivery route so that the numbersé$ handled by one departure base

falls within a constraint.
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[0097]

In this example, an example in which a simplew#ey route is shifted from a
handling range of the departure base c1 to a hranddinge of the departure base c3 is
described, but the updating of a delivery routeaslimited to this example. For
example, in the state shown in Fig. 15, a methagpdfting a combination of the
delivery route 1 and the delivery route 2 withiroate handled by the departure base cl
to a combination of a route including departingrrthe departure base c1 and returning
to the departure base c1 through the delivery W&sand the delivery base w2 and a
route including departing from the departure bdsartd returning to the departure base
c1 through the delivery base w1 and the delivesebha5 may be used. Alternatively, a
method of assuming that there are two target dsligbjects in the delivery base w1l and
updating a combination of the delivery route 1 #gveldelivery route 2 to a delivery route
including departing from the departure base clrataning to the departure base cl
through the delivery base w1, the delivery basethe delivery base w3, and the
delivery base w5 may be used.

[0098]

5. The second area division unit 16 repeats thegsses of 3 to 4 and terminates
the second area division process at a point in wumen there is no more route capable of
reducing the cost. When the second area divisioogss is terminated, a delivery base
within constraint conditions (for example, six bsisis associated with each departure
base. A plurality of sets (for example, an aretnjén area j8) of delivery bases and
departure bases associated with each other are @vtsned through the second area
division process.

[0099]

Next, a flow of a delivery plan generation procetsthe present embodiment
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will be described.

Fig. 18 is a flowchart showing an example of avéey plan generation process
in the second embodiment of the present inventidrhe same processes as those in Fig.
13 will be simply described.

First, the initial conditions setting unit 11 aggs information on initial
conditions in which delivery staff members andlike are input (step S11).

Next, the second area division unit 16 perfornessiacond area division process
using a supply quantity and a demand quantity b¥ely objects at each base, the
number of delivery staff members at a departure b@sd the types and number of
delivery vehicles which are included in the infotiaa on initial conditions (step S121).
The second area division process is as described B®s. 15 to 17.

[0100]

Next, the delivery plan generation unit 12 gereydiranch information so as to
satisfy the above-described constraint conditionthe time space network models
illustrated in Figs. 3 and 8 for each area (a depatbase obtained through the second
area division process and a set of a pluralityativdry bases associated with the
departure base) which is obtained through the skaoga division process, and generates
a plurality of sets of pieces of branch informatsanisfying conditions such as a delivery
time limit (step S131). In the example of Fig. % delivery plan generation unit 12
generates a plurality of sets of pieces of bran@drination for each of the area j6 to the
area j8. The delivery plan generation unit 12 magyerate branch information
regardless of simple delivery routes using the sé@rea division process and a
combination thereof or may generate branch infoionaising simple delivery routes
and a combination thereof.

[0101]
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Next, the delivery plan generation unit 12 calteseathe total cost for each set of
the generated branch information (step S14). érettample of Fig. 17, the delivery
plan generation unit 12 calculates the total coisefch set of the generated branch
information for each of the area j6 to the area j8.

Next, the delivery plan generation unit 12 compdhe calculated total costs
with each other and selects a set of pieces othrariormation for minimizing the total
cost (step S15). In the example of Fig. 17, tHevelsy plan generation unit 12 selects a
set of pieces of branch information for minimizitng total cost for each of the area j6 to
the area j8.

The selected set of pieces of branch informatdlicates a delivery plan in each
area. Thatis, when the delivery plan generatimh1P terminates the generation of a
delivery plan for each area, delivery plans fordallivery bases before division are
generated.

[0102]

According to the present embodiment, it is possiblperform division into
delivery areas for each departure base by assugiasich of all delivery bases having a
demand and a supply given under initial conditisits a departure base. It is possible
to reduce the amount of calculation required fergeneration of a delivery plan, as
compared to a case where a delivery plan is geztefat all delivery bases having a
demand which are given under initial conditiongeyforming division into small-size
delivery areas and performing a delivery plan geti@n process for each delivery area.
Thereby, it is possible to make a delivery plaa practical amount of time (for example,
10 minutes) even in a case where the number ofaiglobjects and the number of
delivery bases are large and the scale of a dglwablem is increased.

[0103]
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<Third embodiment>

Further, a delivery plan system according to agothethod (third embodiment)
of generating a delivery plan in a practical amafrtime with respect to a large-scale
delivery problem will be described with referenod~igs. 19 to 22. The first
embodiment and the second embodiment relate talzochef realizing speeding-up of
processing by spatially dividing (area division)igery problems into small-size
delivery problems on the basis of information ateanand and a supply for each
delivery base included in initial conditions andivéty a small-scale delivery problem.
In the third embodiment, the scale of a delivelgbem is reduced through temporal
division on the basis of information on a delivéirnge limit of delivery objects included
in initial conditions, and a delivery plan is geatexd for each time after division.
[0104]

Fig. 19 is a functional block diagram showing aaraple of a delivery plan
system in the third embodiment of the present itivan

Among components according to the third embodiméthe present invention,
the same components as the functional units catiagitthe delivery plan device 10B
according to the first embodiment of the presemeimion are denoted by the same
reference numerals, and description thereof wilbivéited. The delivery plan device
10B according to the third embodiment includesreetdivision unit 17 instead of the
first area division unit 14 in the configurationtbe first embodiment. The delivery
plan device 10B includes a delivery plan generation 12a instead of the delivery plan
generation unit 12.

The time division unit 17 divides a delivery tinmit given under initial
conditions into a plurality of times to perform @hin into a small-scale delivery

problem for each time obtained by dividing a delywproblem. Each time obtained by
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the division performed by the time division unitis7alled a section.

The delivery plan generation unit 12a generatsliaery plan by solving a
delivery problem for which a different objectivenfttion and constraint are set, in
accordance with the section obtained by the dimiperformed by the time division unit
17. For example, the delivery plan generation LiR# starts delivery from a delivery
situation (a progress situation of delivery whea ithmediately previous section is
terminated) of delivery objects at a first timeeaich section after division to generate a
delivery plan in which delivery objects are dele@ito a delivery base having as many
demands as possible within the section. With reSjpethe last section among the
sections obtained by division, the time divisiornt U7 generates a delivery plan for
delivering delivery objects to all of the delivdygses which are non-delivery bases
among delivery bases having demands indicatedibglioonditions within the last
section.

The time division unit 17 and the delivery plamgeation unit 12a are realized
by reading out and executing a program from theag®unit 15 using a CPU included in
the delivery plan device 10B.

[0105]

Fig. 20 is a first diagram showing a time divisfmocess of a delivery problem
in the third embodiment of the present invention.

The left drawing of Fig. 20 shows the initial staff a certain delivery problem.
There are two delivery objects d1 left in the dedjwbase w1, and there are three
delivery objects d1 left in the delivery base wZ here is a shortage of four delivery
objects d1 in the delivery base w3, and theresisaatage of one delivery object d1 in the
delivery base w4. A problem that the delivery obgl is delivered from the initial

state so as to satisfy demands in the delivery W8sand the delivery base w4 within
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120 minutes is conceived. In the first embodinserd the second embodiment, the
delivery base w1 to the delivery base w4 are divihe each area. In the present
embodiment, a delivery time limit of 120 minuteseg as initial conditions is divided.

Specifically, the time division unit 17 divideslalivery time limit of 120
minutes into a plurality of times (sections). Eaample, the time division unit 17
divides the delivery time limit of 120 minutes irttwo 60-minute sections, i.e., 60
minutes in the first half and 60 minutes in theosethalf. The length of a period of
time in one section and the number of sectionsidédsby the division performed by the
time division unit 17 may be arbitrary. For examghe time division unit 17 may
divide 120 minutes into 90 minutes and 30 minutesmay classify 120 minutes into
three sections for every 40 minutes. The timesttwvi unit 17 may set a time shorter
than the delivery time limit given under the inlittmnditions by a predetermined time as
a first section after division and sets the renmgriimes as the last section.

[0106]

The right drawing of Fig. 20 shows that the tinngsiion unit 17 divides a
delivery time limit of 120 minutes into two sect®aach of which corresponds to 60
minutes. When the time division unit 17 divides tlelivery time limit, the delivery
plan generation unit 12a generates a delivery falathe first section obtained by the
division. In this case, the delivery plan genematnit 12a generates a delivery plan
satisfying as many requests as possible at thedirregmination of the first section
instead of aiming to satisfy all requests. In secaf this example, aiming to satisfy all
requests is delivering the delivery object d1 im@ilutes so as to satisfy demand
guantities of the delivery base w3 and the delisaye w4. For example, in a case
where it is possible to generate a delivery plawhich there is a shortage of three

delivery objects d1 in the delivery base w3 andehe no shortage of the delivery object
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d1 in the delivery base w4 after 60 minutes fromgtart of delivery and a delivery plan
in which there is a shortage of two delivery olgettt in the delivery base w3 and there
is no shortage of the delivery object d1 in thevéey base w4, the delivery plan
satisfying as many requests as possible refetsettatter delivery plan.

[0107]

Next, an objective function and constraints wacé set for the first section will
be described. More generally, an objective fumctiod the like to be described below
are an objective function and the like which aredur all sections (the first section to
an N-first section in order along the flow of tineXcept for the last section (N-th
section) in a case where the time division unitiides a delivery time limit into N
parts.

[0108]

(Objective function)

The sum of the following (1) to (7) is minimized.

(1) The cost of movement between bases

It is possible to curb the cost of movement betwasses.

(2) A time satisfying a demand and a supply

Options of a solution are reduced by promptinggadement of a time
satisfying a demand and a supply as soon as peggis possible to reduce options by
setting only the first delivery as a solution ewea case where the same delivery can be
performed at a later time, which leads to a reducih the amount of calculation).

(3) The number of a port in which a supply is parfed in a case where a
demand is satisfied

Options of a solution are reduced by promptingetkecution of a supply from a

port with a smaller number (it is possible to regloptions of a solution and the amount
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of calculation by determining a port with the sraatinumber even in a case where there
is no problem even when delivery to a port with limgest number is performed).

(4) Among persons and delivery means in a delibase, the number of unused
persons and delivery means in a later section fg[w]

At the last time in a section where calculatiobesng performed, the remaining
persons and delivery means which are not usedeloredly of delivery objects in the
next section are prompted to be moved to a depabase. For example, at the last
time in the first section, in a case where themoisnore delivery means capable of
loading and moving a bicycle, a bicycle is not ukedlelivery in the second section and
is thus moved to the departure base.

(5) The number of persons and delivery means ptaselelivery bases of a
demand point and a supply point in a case wherdehgnd in the demand point and the
supply in the supply point are satisfied.

In a delivery base in which a demand and a sugysatisfied, it is prompted
that there is no persons and delivery means léft.the present embodiment, a delivery
plan is independently calculated for each of sestior which time division is performed
(although transfer of a delivery situation in themediately previous section is
performed), it is also conceivable that the renrmagjrdelivery staff members and delivery
means that are not used in a later section arenlaftelivery base. Consequently, the
remaining delivery staff members and the like aeleft in the delivery base by adding
(4) and (5).

(6) The number of delivery objects remaining atipply point, the number of
delivery objects insufficient at a demand point

(7) The number of demand points where delivergdisjare insufficient

It can be prompted that as many demand and sgpplyitions as possible are
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satisfied at the last time of the section by (6] &f).

An objective function is represented by minimiaatof the sum of functions
corresponding to contents of the items (1) tol§id),weighting may be performed by
multiplying each term (a function of each item)}toé objective function by any
coefficient.

[0109]

Next, constraints will be described.

1. Flow rate conservation law

(A) A case of sections other than the last seaimong sections after division

(1) With regard to a flow rate of delivery objects

At the start of a section, an outgoing flow ratari a port having a supply is 1
and an outgoing flow rate from a port not havirgugply is 0. In the other points, an
outgoing flow rate and an incoming flow rate area@do each other in a case of not
being the time of termination of a section.

(2) With regard to a flow rate of delivery vehisle

At the start of a section, an outgoing flow rata a road is the number of
delivery vehicles present at a corresponding babethe other points, an outgoing flow
rate and an incoming flow rate are equal to ealslrah a case of not being the time of
termination of a section.

(3) With regard to a flow rate of delivery stafembers

At the time of start of a section, an outgoingvlate from a road is the number
of delivery staff members present at a correspandase. In the other points, an
outgoing flow rate and an incoming flow rate area@do each other in a case of not
being the time of termination of a section.

[0110]
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(B) A case of the last section among sectiong dftésion

(1) With regard to a flow rate of delivery objects

At the time of start of a section, an outgoingMl@ate from a port having a
supply is 1 and an outgoing flow rate from a pat maving a supply is 0. At the time
of termination of a section, an incoming flow rat® a port having a demand is 1 and an
incoming flow rate into a port not having a dem&n@. In the other points, an
out-going flow rate and an incoming flow rate agei@ to each other.

(2) With regard to a flow rate of delivery vehisle

At the start of delivery of a section, an outgoflayv rate from a road is the
number of delivery vehicles present at a correspgnidase. At the time of termination
of a section, an incoming flow rate from the rosuthie number of delivery vehicles
having a demand at a corresponding base. In te points, an out-going flow rate
and an incoming flow rate are equal to each other.

(3) With regard to a flow rate of delivery stafembers

At the start of delivery of a section, an outgoflayv rate from a road is the
number of delivery staff members present at a spoeding base. At the time of
termination of a section, an incoming flow ratenfrthe road is the number of delivery
staff members having a demand at a correspondis® ban the other points, an
out-going flow rate and an incoming flow rate agei@ to each other.
[0111]

2. Capacity constraint

The amount of movement of delivery objects andges within a delivery base
is equal to or less than 1.
[0112]

3. Constraint 1 within delivery base
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De0Eyyp

(Ewp is a set of a delivery object, delivery means, amdanch indicating
movement of a person from a road to a port)

(1) When a destination of e is a supply point,of d

delivery objects do not enter a port from a road.

(2) When a destination of e is a demand point, of d

a flow rate of delivery objects and a flow ratedefivery staff members have the
same value (0 or 1).

(3) In either case,

the number of bicycles is equal to or less thamilmber of delivery staff
members.
[0113]

4. Constraint 2 within delivery base

DeDEpw

(Epw is a set of a delivery object, delivery means, amdanch indicating
movement of a person from a port to a road)

(1) When a departure point of e is a supply pofrd,

a flow rate of delivery objects and a flow ratedefivery staff members have the
same value (0 or 1).

(2) When a departure point of e is a demand pdidf

delivery objects do not come out on a road fropom.

(3) In either case,

the number of bicycles is equal to or less thamitimber of delivery staff
members.

[0114]
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5. Constraints on variables related to penaltgsittime of section

With respect to any road w, when the number ofqes and delivery means
which are not used in the next section is set tg[tv, a constraint of g[vgf[w] is input.

Here, flw] represents any number. It is possiblehange the number of
persons and delivery means allowable to remaiharidst section by adjusting the value
of flw].
[0115]

6. Constraints on branch from road to road

(1) When a branch from a road to a road is a braf@ vehicle (there is a
likelihood that the bicycle is loaded),

constraints are as follows: a delivery staff memisressarily boards a delivery
vehicle; the number of delivery staff members iga&do or less than the number of
persons able to board; and the number of bicyaésapable of being driven is equal to
or less than the number of bicycles loadable orvéncle.

(2) When a branch from a road to a road is a brafi@ bicycle and a branch of
walking but is not a branch of a vehicle (movenignthe bicycle or on foot),

the sum of the number of bicycles and the numbpersons movable on foot is
equal to the number of delivery staff members mghrough the branch.

(3) When a branch from a road to a road is a brah@ bicycle but is not a
branch of a vehicle and a branch of walking (mowvetnby the bicycle),

the number of bicycles and the number of delistajf members moving
through the branch are equal to each other.

(4) When a branch from a road to a road is a brahevalking but is not a
branch of a vehicle and a branch of a bicycle (mum on foot),

the number of persons moving on foot and the nurabdelivery staff members
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moving through the branch are equal to each other.
[0116]

7. Constraints on branch staying in delivery base

Constraints are as follows: a person necessavdyds a vehicle; bicycles
cannot be parked on a street; and the total volindelivery objects is equal to or less
than an amount of loading on a truck.

[0117]

The delivery plan generation unit 12a solves &eésg} problem (integer
programming problem) formulated under these objedtinctions and constraint
conditions using a first or second time space netwoln the actual calculation, a
further increase in speed may be further achieyeadding a cut. In the right drawing
of Fig. 20, an example of results obtained by gatiney a delivery plan for a first section
by the delivery plan generation unit 12a is showAccording to this plan, it can be
understood that there is one delivery object dilime¢ach of the delivery base w1l and
the delivery base w2, there is a shortage of tWwiwely objects d1 in the delivery base
w3, and the shortage of the delivery object dlarsceled in the delivery base w4 after 60
minutes from the start of delivery.

[0118]

The following points can be described as advastafj@ method of dividing a
time and performing calculation. First, it is pb$s to reduce the number of parameters
necessary for calculation and to reduce the amafurdlculation by changing a delivery
time limit from 120 minutes to 60 minutes. In F&f), for convenience of description,
an example in which both the number of deliveryelseend the number of delivery
objects are small is shown. However, in a casaevagroblem that 20 or more

delivery objects are delivered to 20 delivery basgisin 120 minutes is calculated, it is
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understood that, for example, there are 41000 viasaand 61000 constraints. On the

other hand, in a case where a time is partitionedl60 minutes in the first half and the
above-described delivery plan satisfying as maguest as possible is generated, for
example, it is possible to curb the number of \@ea and the number of constraints to
approximately 14000 and 18000, respectively. passible to reduce the amount of
calculation by reducing the number of parametethiBimanner and to speed up
processing. Next, a delivery plan generation pssc# 60 minutes in the second half
will be described.

[0119]

Fig. 21 is a second diagram showing a time divigimocess of a delivery
problem in the third embodiment of the present iiviven.

Fig. 21 shows a delivery plan generation proces®pmmed using 60 minutes in
the second half after division. A demand quargitd a supply quantity in each
delivery base at the beginning of the 60 minuteiénsecond half will be described.
There is one delivery object d1 left in each ofdleévery base wl and delivery base w2
at the start of the 60 minutes in the second half, there is a shortage of two delivery
objects d1 in the delivery base w3. A deliverynplehich has to be generated by the
delivery plan generation unit 12a using 60 minurtethe second half is a problem that
the delivery objects d1 in the delivery base w1 eneddelivery base w2 are delivered so
as to satisfy a demand in the delivery base w3imvttie remaining 60 minutes.
Regarding the delivery base w4, the shortage ofi¢hieery base w4 is canceled in 60
minutes in the first half, and thus the delivergda4 is not included in a delivery
problem in the second half.

[0120]

Next, an objective function and constraints wach set for a delivery problem
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with respect to the last section in a case wheleligery time limit is divided into N

parts will be described. The objective functidre tonstraints, and the like in this case
are the same as those described using the firstgpace network model (Fig. 3) and the
second time space network model (Fig. 8). Thahesgdelivery plan generation unit
12a generates a delivery plan for minimizing casis a moving time required for
delivery at most among delivery plans capable whieating the delivery of delivery
objects so as to satisfy all demands until thetiast in the last section.

[0121]

Advantages of processing for 60 minutes in thesédhalf (the last section) are
as follows. First, similarly to 60 minutes in thest half, it is possible to reduce the
number of parameters by setting a delivery timetli;m60 minutes and to achieve
speeding-up of processing by reducing the amoucaliculation. Further, the
remaining demands are reduced due to a deliverygatisfying as many requests as
possible calculated in each section until reackiniegast section, and thus a reduction in
the scale of a delivery problem that has to beesbban be described as one of the
advantages. For example, in the examples shoWwigs 20 and 21, not only a demand
guantity at each demand point is reduced but atsena@and in the delivery base w4 is
satisfied, so that the number of delivery basesicsessfully reduced. Thereby, it is
possible to further reduce the scale of the defipeoblem. In a case where a problem
that 20 delivery objects or more are deliveredGal@livery bases within 120 minutes is
divided for every 60 minutes, for example, the nemtif variables and the number of
constraints can be reduced to approximately 80A0L2000, respectively, in the section
of 60 minutes in the second half. In this manaecording to the present embodiment,
it is possible to reduce the scale of a delivepbfem in the latter section by a reduction

in the number of parameters due to the divisioa tiine and a delivery plan generated in
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a temporally preceding section, and thus it is iptes$o speed up the delivery plan
generation process. In the third embodiment, dié@sion is not performed, and thus it
is possible to generate a delivery plan while Segua large-scale delivery base
distribution and to generate a more optimized @ejiplan, as compared to the first
embodiment and the second embodiment.

[0122]

Next, a flow of a delivery plan generation procetsthe present embodiment
will be described.

Fig. 22 is a flowchart showing an example of avéey plan generation process
in the third embodiment of the present inventioithe same processes as those in Figs.
13 and 18 will be simply described.

First, a delivery staff member performing a daiywplan inputs initial
conditions of the delivery plan to the deliverympldevice 10B. The input and output
unit 13 receives the input and outputs the receinfEmation to the initial conditions
setting unit 11. The initial conditions settingtutil acquires information on the initial
conditions input by the delivery staff member (s&dd).

Next, the time division unit 17 performs a timeigiion process using a delivery
time limit included in the information on the imticonditions (step S122). The time
division process is as described using Fig. 20.r example, the time division unit 17
divides the delivery time limit of the initial coitidns into two or three parts.
Alternatively, in a case where a time (for examf@ke minutes) when the completion of
delivery to a delivery base having a demand caexipected at a fixed ratio by the rule
of thumb or the like is known, the time divisionitubi7 may divide the original delivery
time limit in the time unit (for example, 75 mingjeand may set the remaining time as

the last section by a user's setting. Alternagivible time division unit 17 may set a
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time shorter than the delivery time limit given endhe initial conditions by a
predetermined time as a first section after diviad may set the remaining times as the
last section. Next, the delivery plan generatinit L2a generates a delivery plan for
each section obtained by division in time orderirstFthe delivery plan generation unit
12a sets 1 for a counter variable n (step S123ext,Nhe delivery plan generation unit
12a sets a delivery problem for an n-th sectioep(8124). For example, in a case of
the first section, the delivery plan generatiort d@ia formulates an integer programming
problem according to an objective function and ¢@mst condition for generating a
delivery plan that satisfies as many requests asilple and minimizes costs by using a
demand quantity and a supply quantity of each dgfibase, the number of delivery
means present in a departure base, the numbelivdrgestaff members, and a time of
the first section, which are included in the infatian on the initial conditions, for a
delivery time limit.

[0123]

Next, the delivery plan generation unit 12a getesra plurality of sets of pieces
of branch information satisfying a demand of eagelivdry base as much as possible
while satisfying constraints by using the firstsecond time space network model
illustrated in Figs. 3 and 8 with respect to therfolated integer programming problem
(step S132). Next, the delivery plan generatiah 12a calculates the total cost for
each of the generated sets of pieces of branchmiattton (step S14). Next, the delivery
plan generation unit 12a compares the calculatadl¢costs with each other and selects a
set of pieces of branch information for minimizithg total cost (step S15). Thereby, a
delivery plan for an n-th section (first sectioistiime) is generated.

[0124]

Next, the delivery plan generation unit 12a detees whether or not n is equal
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to N (step S16). In a case where n is equal tst&p(S16; Yes), delivery plans for all

sections after division are generated, and thudehieery plan generation process is
terminated. In a case where n is not equal ta@p(S16; No), the delivery plan
generation unit 12a adds 1 to n (step S17) andciteplee processes from step S124.
[0125]

Specifically, for example, in a case where theigalf n to which 1 is added is 2,
the delivery plan generation unit 12a formulatesnéeger programming problem by
using a demand quantity and a supply quantity of eglivery base, the number of
delivery means present in a departure base, théewai delivery staff members, and a
time of the second section, which are results obthby executing the delivery plan
generated for the first section, for a deliverydilimit in step S124. In this case, when
nis equal to N, the delivery plan generation a8 formulates an integer programming
problem according to an objective function and t@msts for generating a delivery plan
satisfying all request (the same objective functod the like as those in the first
embodiment and the second embodiment). In a cheeew is not equal to N, the
delivery plan generation unit 12a formulates aaget programming problem according
to an objective function and constraints for getiegaa delivery plan satisfying any
many requests as possible. The delivery plan géparunit 12a generates a delivery
plan for an n-th section by solving the integergpeanming problem. The delivery plan
generation unit 12a repeats the processes of Stepsto S17 until delivery plans for all
sections are generated (until n becomes equal.to Nl of the delivery plans generated
in order for the first to N-th (last) sections aedivery plans satisfying requests given
under the initial conditions.

[0126]

In the flowchart of Fig. 22, a delivery time limvithich is first given under the
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initial conditions is divided into some sectionsf delivery plan processing may be
configured as follows, for example.

1. First, a section (first delivery time limit) @fter than the delivery time limit
given under the initial conditions is set, and bveey plan capable of delivering as many
delivery objects as possible at low costs is geadraithin the section.

2. Next, with regard to delivery objects of whitle delivery cannot be
terminated within the first delivery time limit,sction having a predetermined length
(second delivery time limit) subsequent to thet fitslivery time limit is set, and a
delivery plan capable of delivering as many deljveljects as possible is generated
within the set section.

3. The steps of 1 and 2 are repeated while theaduemgths of sections from
the start of delivery does not exceed a delivenetiimit. That is, a solution is found
while extending a time (time expansion method). e T@ngth of the first section or an
extended section may be arbitrarily set dependindeadivery situations.

4. In a case where the sum of times from the efatelivery is about to exceed
a delivery time limit, the next section is setlas last section, and a delivery plan
satisfying all demands and minimizing costs is getesl within the last section (within a
time when a point in time of completion of a defiw@lan generated immediately before
is set as a start time and a time when a delivery limit included in the initial
conditions elapses on the basis of a start tintheofirst delivery time limit is set as a
termination time).

[0127]

When the delivery plan generation process of thegnt embodiment is actually

performed, it is possible to calculate a semi-optmsolution (a difference in the value

of an objective function from a strict optimum dadn is equal to or less than 10%) in a
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practical amount of time (within 10 minutes) fodelivery problem having
approximately 20 delivery bases and 20 delivergcisj
[0128]

The delivery plan generation method of the presemtodiment can be used in
the following scenes. For example, in a case waknehicles have to be delivered to
a parking lot having a demand for 120 minutest,fasdelivery plan is generated for 60
minutes in the first half. When the generationhef delivery plan is terminated, the
delivery of the vehicles is actually started onasis of the delivery plan. While the
delivery of the vehicles is performed, a delivelgmfor the remaining 60 minutes is
generated. In this manner, it is possible to usme effectively at a site where, for
example, a car sharing service is performed byopmifg the delivery plan generation
process and the delivery in parallel.

[0129]

The process of each processing in the above-thescdelivery plan devices 10,
10A, and 10B is stored in a computer-readable diegrmedium in the form of a
program, and the process is performed by readihgmuliexecuting the program by a
computer of a delivery planning system. Here dhmputer-readable recording
medium refers to a magnetic disk, a magneto-optiski, a CD-ROM, a DVD-ROM, a
semiconductor memory, and the like. The computegram may be delivered to the
computer through a communication line, and the agemreceiving the computer
program may execute the program.

[0130]

The program may be a program for realizing sonth@fbove-described

functions. Further, the program may be a so-callffdrential file (differential

program) that can realize the above-describe fonstby a combination with a program
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recorded in a computer system in advance. Theetglplan devices 10, 10A, and 10B
may be constituted by one computer, or may be ttotest by a plurality of computers
which are communicably connected to each other.

[0131]

In addition, components in the above-describedaglimbent can be
appropriately replaced with well-known componenitheaut departing from the scope of
the present invention. The technical scope optiesent invention is not limited to the
above-described embodiments, and various modificatcan be added without departing
from the scope of the present invention.

[0132]

A delivery staff member is an example of a delvaubject, a delivery vehicle,

a truck, and a bicycle are examples of deliverymseand a shared vehicle in car sharing
is an example of a delivery object. Each of thet farea division unit 14, the second
area division unit 16, and the time division uniti¢ an example of a division unit.
[Industrial Applicability]

[0133]

According to the above-described delivery planesys delivery plan method,
and program, it is possible to make a delivery ptarminimizing costs and a moving
time for a large-scale delivery problem in a preatamount of time.

[Reference Signs List]
[0134]

10, 10A, 10B Delivery plan device

11 Initial conditions setting unit

12, 12a Delivery plan generation unit

13 Input and output unit
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14 First area division unit
15 Storage unit
16 Second area division unit

17 Time division unit
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[CLAIMS]

[Claim 1]

A delivery plan system comprising:

a division unit that divides a delivery problendirated by initial conditions into
delivery problems having a smaller size in a dejiygoblem in which a delivery object
is delivered to a delivery base having a demand; an

a delivery plan generation unit that generatesli@ety plan for the delivery
problems obtained by the division performed bydiwsion unit.

[Claim 2]

The delivery plan system according to claim 1,

wherein the division unit associates one demaima pwcluded in a delivery
base group having a demand for the delivery olgedtone supply point included in a
delivery base group serving as a supply sourcheotielivery object with each other so
that a time of movement from the one demand poitihé one supply point is minimized,
generates a set of combinations of the demand pouhthe supply point associated with
each other, and divides the delivery problem ineiddy the initial conditions into
delivery problems from a demand point group to@psupoint group which are included
in the generated set.

[Claim 3]

The delivery plan system according to claim 2,

wherein the division unit calculates a deliveryteofrom a supply point to a
demand point in which a time of movement from omepdy point to one demand point
is set to be equal to or less than a predetermiaked among correspondence
relationships between a plurality of supply poitsl a plurality of demand points which

are included in the generated set, and
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the delivery plan generation unit generates avesliplan for the small-scale
delivery problem by using a delivery route in whckime of movement is set to be
equal to or less than the predetermined threshadltevamong the delivery routes from
the supply point group to the demand point grouclviare included in the generated
set.
[Claim 4]

The delivery plan system according to claim 1,

wherein the division unit acquires a pluralitypaéces of unit route information
indicating a preset delivery route including dejparfrom a departure base, performing
delivery related to some delivery bases, and retgno the departure base and costs
when delivery is performed through the deliverytegwealculates a combination in which
the number of delivery bases included in a comimnaamong the combinations of the
plurality of pieces of unit route information, igueal to or less than a predetermined
number and the sum of costs is minimized, geneeaget of a departure base and a
delivery base which are included in the combingtand divides the delivery problem
indicated by the initial conditions into deliveryoplems from a demand point group to a
supply point group which are included in the getextaet of the departure base and the
delivery base.
[Claim 5]

The delivery plan system according to claim 4,

wherein the division unit calculates a combinatéthe pieces of unit route
information by a column generation technique.
[Claim 6]

The delivery plan system according to claim 1,

wherein the division unit divides a delivery tinmait of the delivery object into
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a plurality of times to divide the delivery problendicated by the initial conditions into
delivery problems for respective times obtainedhgydivision, and

the delivery plan generation unit generates avesliplan in which the delivery
object is delivered to a base having as many desnasgossible within each time after
the division from a delivery situation of the deliy object at a first time of the times
after the division.
[Claim 7]

The delivery plan system according to claim 6,

wherein with regard to a delivery problem relatea last time obtained by the
division performed by the division unit, the deliyglan generation unit generates a
delivery plan in which the delivery object is delred to all delivery bases having a
demand which is indicated by the initial conditiamgil the last time ends.
[Claim 8]

The delivery plan system according to claim 1,

wherein the division unit divides the delivery plem indicated by the initial
conditions into delivery problems in which a fidglivery time limit shorter than a
delivery time limit included in the initial conditns by a predetermined time is set as a
new delivery time limit, and

the delivery plan generation unit generates avesliplan in which the delivery
object is delivered to a base having as many desnasgossible within the first delivery
time limit.
[Claim 9]

The delivery plan system according to claim 8,

wherein the division unit sets a time having alptermined length and

subsequent to the first delivery time limit as ecs®l delivery time limit, and
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the delivery plan generation unit generates avesliplan in which the delivery
object is delivered to a base having as many desnasgossible within the second
delivery time limit.
[Claim 10]

The delivery plan system according to claim 8,0r 9

wherein the delivery plan generation unit generateelivery plan for
terminating delivery of delivery objects of whicklivery has not been completed as a
result of execution of the delivery plan withinest time when a point in time of
completion in a case where the generated delivaryip executed is set as a start time
and a time when the delivery time limit includedie initial conditions elapses from the
start time of the first delivery time limit is s&$ a termination time.
[Claim 11]

The delivery plan system according to any ondaifres 6 to 10,

wherein in generating a delivery plan in which dedivery object is delivered to
a base having as many demands as possible, thergglian generation unit generates a
delivery plan on a condition that a delivery stamber and delivery means required for
execution of the delivery plan are not left in thedivery base as a result of the execution
of the delivery plan.
[Claim 12]

The delivery plan system according to any ondaifies 1 to 11,

wherein the delivery plan generation unit solvesmieger programming
problem based on a time space network model cateitoy point information and
branch information to generate at least one spisales of branch information related to
the delivery in the delivery problem after the dign performed by the division unit, the

point information having a set of a delivery subjelivering the delivery object, a
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departure base and the delivery base indicatingiga position of delivery means
moving the delivery object or the delivery subjecatd times based the start time of
delivery, and the branch information indicatingaloates of the delivery object, the
delivery subject, and the delivery means relatettiéadelivery between two pieces of
point information related to the delivery of thdidery object among the pieces of point
information.
[Claim 13]

The delivery plan system according to claims 12,

wherein the delivery plan generation unit is cgufed to generate point
information regarding an entrance having a sendratrance and a time of the delivery
base, point information regarding an exit havirggaof an exit and a time of the delivery
base, and point information regarding a placelierdelivery object having a set of a
time and each delivery object related to the dejivmse with respect to one delivery
base in the time space network model, and set saiBow rates of the delivery subject
and the delivery object between the point infororatiegarding the entrance and the
point information regarding the delivery object @®tween the point information
regarding the exit and the point information regagdhe delivery object to O or 1.
[Claim 14]

A delivery plan method comprising:

causing a delivery plan system to divide a dejiy@oblem indicated by initial
conditions into delivery problems having a smadiee in a delivery problem in which a
delivery object is delivered to a delivery baseihg\wa demand, and to generate a
delivery plan for the delivery problems obtainedthy division.
[Claim 15]

A program causing a computer of a delivery plasteay to function as:
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means for dividing a delivery problem indicatedifyial conditions into
delivery problems having a smaller size in a deliy@oblem in which a delivery object
is delivered to a delivery base having a demand; an

means for generating a delivery plan for the @giinproblems obtained by the

division.



