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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 plagraystem, a delivery planning
method, and a program.

Priority is claimed on Japanese Patent Applicaon2016-051550, filed
March 15, 2016, the content of which is incorpaddterein 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 a boarding time or the
like, and use the vehicle when they want to useAts one form of car sharing, there is a
use mode called a drop-off type (one-way type). drivp-off type car sharing, a user can
use a common vehicle up to a predetermined pat&ingear a destination and can drop
off the vehicle at the parking lot as it is. Irchwa type of car sharing, it is necessary to
deliver a vehicle used by a user to another parkinghere there is a new need for use.
[0003]

In addition, even in a case of so-called travglbalesman problem in which a
service man travels to a customer in order to pi@wn after-sales service for a product
purchased by the customer, a similar situation iscegarding the movement of the
service person, parts necessary for the providi@nservice, or the like. For example,

it is necessary to select an effective route itumgon where a product which is a target
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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 situationrevaeservice person performing various
types of after-sales service in one round trip isdvem a certain customer to another
customer who needs the same part to provide theseand returns the used part to its
original place.

[0004]

Note that Patent Document 1 discloses a techrigjuzeating a transport plan
for transporting loads from a plurality of delivapgses to a plurality of delivery
destinations at designated dates using a plulitsansport means.

[Citation List]
[Patent Literature]
[0005]

[Patent Document 1]

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

[Technical Problem]
[0006]

Incidentally, even in a case of delivery of a w#hin car sharing, there is a
likelihood that a technique such as Patent Docurhel@scribed above can be applied in
a case of a method in which a vehicle is carried tmuck and delivered. However, in a
case where a vehicle is delivered in car sharhmyetis also a method in which a
delivery staff memberboards a vehicle to be dedéideand drives to a target parking lot.
Such a method in which delivery is performed byrdoay a delivery object itself is

referred to as boarding transport. Regarding ixelgl method of the related art in
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which loads or the like are delivered by being Exdhdn a vehicle, a method of
optimizing a delivery route according to a matheoadtmodel, and the like have been
provided. However, a technique for performing wyati delivery planning in delivery
including boarding transport has not been provided.

Similarly, in a case where parts used for a seraie delivered to a customer in
an after-sales service round trip, a round trim@an be made by a method in the related
art when only parts are delivered to each custdroer a service center. However,
regarding a case where a service person moveguith, a case where parts are
delivered from a certain customer to another custpamcase where a service person
takes the remaining parts to the next customertlaantike, a technique for making an
optimal round trip plan of a service person hashean provided, similar to boarding
transport.

[0007]

In addition, generally, a combination optimizatigmoblem of discrete values
often uses a method called linear relaxation, ithat method in which a problem is
solved by once replacing the problem with a comusuvalue problem and an optimal
solution is obtained from an obtained relaxatioitson. However, when there are
many complicated restrictions like a delivery peh| an excessive calculation time is
required in this state, and thus it is necessadetdse a solution in a practical time.
[0008]

An object of the present invention is to providdedivery planning system, a
delivery planning method, and a program which agable of solving the
above-described problem and to reduce a calculéitian
[Solution to Problem]

[0009]



10

15

20

25

4

According to a first aspect of the present invamtia delivery planning system
includes an initial condition setting unit thatisnfigured to receive inputs of a demand
guantity and a supply quantity of a delivery objecteach delivery base which is a place
where any one of the delivery object, a delivetyjsct, and a delivery means moving the
delivery object or the delivery subject stays, inmation regarding one or a plurality of
departure bases which indicates initial positiointhe delivery subject and the delivery
means, information regarding a delivery means aaeligery subject which are usable in
the departure base, and information regarding igedgldeadline, to thereby set initial
conditions in a delivery plan, and a delivery ptgmeration unit that is configured to
calculate pieces of point information having acfahe delivery base, the departure base,
and a time according to start of delivery and pseafebranch information indicating flow
rates of the delivery object, the delivery subjecid the delivery means related to
delivery of the delivery object between two pieoégpoint information related to the
delivery among the pieces of point informationthereby generate at least one set of the
pieces of branch information in a case where aségliobject satisfying the demand
quantity within the delivery deadline is deliverteda delivery base in which the demand
guantity is set.

[0010]

The delivery plan generation unit in a second etspkthe present invention
calculates an evaluation value for the generatedfgbe pieces of branch information,
and may determine a set of pieces of optimal bramfonmation on the basis of the
evaluation value.

[0011]
The delivery plan generation unit in a third aséc¢he present invention

generates pieces of branch information indicatiegflow rates between the different
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delivery bases, and pieces of branch informatidicating the flow rates within the
same delivery base and the same departure base.
[0012]

The delivery plan generation unit in a fourth aspd the present invention
generates point information regarding an entraasniy a set of an entrance and a time
of the delivery base, point information regardimgexit having a set of an exit and a time
of the delivery base, and point information regagda place for the delivery object
having a set of a time and each delivery objectteel to the delivery base with respect to
one delivery base, and may set values of flow ratéise delivery subject and the
delivery object between the point information refyjag the entrance and the point
information regarding the delivery object and bedwéhe point information regarding
the exit and the point information regarding théwéey object to O or 1.

[0013]

The delivery plan generation unit in a fifth aspefcthe present invention sets
an objective function for minimizing costs accoglio the flow rates and moving times
of the delivery subject, the delivery means, amddélivery object, and determine a set
of the pieces of branch information by solving ateger programming problem
including the following conditions in constraintratitions, the conditions including: a
difference between a flow rate for entering thevéey base and a flow rate for leaving
the delivery base is 0 with respect to each ofdélesery object, the delivery means, and
the delivery subject, each of the flow rate of diedivery objects, the flow rate of the
delivery means, and the flow rate of the delivargjscts is equal to or greater than 0,
each of the flow rate of the delivery objects amelflow rate of the delivery subject
within the delivery base is equal to or less thathé flow rate of the delivery subjects

related to the flow rate of the delivery objectd i& a case where the flow rate of the
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delivery objects within the delivery base, the dety subject necessarily boards the
delivery means during movement from the delivergeb another delivery base, the
number of delivery subjects boarding the delivesams during movement from the
delivery base to another delivery base is equat tess than the number of boardable
persons, the sum of the delivery objects, whidb ise loaded on the delivery means, and
the delivery means during movement from the dejilese to another delivery base is
equal to or less than the amount of loading orddiery means related to the
movement, the delivery subject gets on the deliveeans in a case of staying within the
delivery base, and the number of delivery subjentsoard the delivery means is equal to
or less than the number of persons able to boaactase of staying within the delivery
base.

[0014]

The delivery plan generation unit in a sixth asméthe present invention sets
an objective function for minimizing moving timekthe delivery subject, the delivery
means, and the delivery object instead of the dilbéunction for minimizing the costs,
and may determine a set of the pieces of branchnnrdtion by solving the integer
programming problem.

[0015]

The delivery plan generation unit in a seventteaspf the present invention
may determine a set of the pieces of branch infoomdy adding constraint conditions
related to the delivery means leaving the deliv@yge supplying the delivery object.
[0016]

The delivery plan generation unit in an eighthexsf the present invention is
configured to determine a set of the pieces ofdiranformation by adding constraint

conditions related to the delivery means entelftiregdelivery base having a demand for
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[0017]

The delivery plan generation unit in a ninth aspéthe present invention is
configured to determine a set of the pieces ofdiranformation by adding constraint
conditions related to a relationship between are@®e and a decrease in the number of
delivery objects in a place for the delivery objedthin the delivery base and the number
of delivery subjects entering the place.

[0018]

The delivery plan generation unit in a tenth aspéthe present invention is
configured to determine a set of the pieces ofdranformation by adding constraint
conditions related to an increase and a decreabe imumber of delivery objects in the
place for the delivery object within the delivergse.

[0019]

The delivery plan generation unit in an eleverspeat of the present invention
is configured to determine a set of the piecesanth information by adding constraint
conditions related to the order of addition andrigdout of the delivery objects with
respect to a plurality of places for the delivebjexts in a case where there are the
plurality of places for the delivery objects withhre delivery base.

[0020]

The delivery plan generation unit in a twelfth esipof the present invention is
configured to determine a set of the pieces ofdiranformation by adding constraint
conditions related to the number of delivery meamtgring the delivery base.

[0021]
According to a thirteenth aspect of the presevemtion, the delivery object is

movable by the delivery subject onboard the dejivdsject, and the branch information
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calculated by the delivery plan generation unit nmyude branch information indicating
that the delivery subject boards the delivery abjeenove the delivery object, in
addition to branch information indicating movemehthe delivery object by the
delivery means.

[0022]

According to a fourteenth aspect of the preserdrntion, a delivery planning
method includes causing a delivery plan deviceteive inputs of a demand quantity
and a supply quantity of a delivery object for edehvery base which is a place where
any one of the delivery object, a delivery subjaot a delivery means moving the
delivery object or the delivery subject stays, mfation regarding one or a plurality of
departure bases which indicates initial positioihthe delivery subject and the delivery
means, information regarding a delivery means ateligery subject which are usable in
the departure base, and information regarding isetgldeadline, to thereby set initial
conditions in a delivery plan, and calculate pieafgoint information having a set of the
delivery base, the departure base, and a time @diogoio start of delivery and pieces of
branch information indicating flow rates of theidety object, the delivery subject, and
the delivery means related to delivery of the d@lpvobject between two pieces of point
information related to the delivery among the pseckpoint information, to thereby
generate at least one set of the pieces of brafichmation in a case where a delivery
object satisfying the demand quantity within théviey deadline is delivered to a
delivery base in which the demand quantity is set.

[0023]

According to a fifteenth aspect of the presenémtion, a program causes a

computer of a delivery plan device to function asams for receiving inputs of a demand

quantity and a supply quantity of a delivery objecteach delivery base which is a place
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where any one of the delivery object, a delivettyjsat, and a delivery means moving the
delivery object or the delivery subject stays, mfation regarding one or a plurality of
departure bases which indicates initial positiointhe delivery subject and the delivery
means, information regarding a delivery means aaeligery subject which are usable in
the departure base, and information regarding imetgldeadline, to thereby set initial
conditions in a delivery plan, and means for calting pieces of point information
having a set of the delivery base, the departuse,l@nd a time according to start of
delivery and pieces of branch information indicgtitow rates of the delivery object, the
delivery subject, and the delivery means relatedetorery of the delivery object

between two pieces of point information relatethi® delivery among the pieces of point
information, to thereby generate at least one fséteopieces of branch information in a
case where a delivery object satisfying the dengprzahtity within the delivery deadline
is delivered to a delivery base in which the demaumahtity is set.

[Advantageous Effects of Invention]

[0024]

According to the above-described delivery planrapstem, delivery planning
method, and program, it is possible to make a dsfiplan for minimizing costs and a
moving time in a case where a delivery staff memio&s up delivery objects exist in
various places and deliver the delivery objectappropriate delivery destinations.

[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 inwemnti

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

embodiment of the present invention.
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Fig. 3 shows an example of a time space networtdkeirmccording to the
delivery plan in the first embodiment of the prdsemention.

Fig. 4 is a flowchart showing an example of awd&ly plan generation process
in the first embodiment of the present invention.

Fig. 5 is a functional block diagram showing aaraple of a delivery planning
system in a second embodiment of the present irorent

Fig. 6 is a first diagram showing a time spacevoet model according to a
delivery plan in the second embodiment of the preseention.

Fig. 7 is a second diagram showing a time spatweank model according to the
delivery plan in the second embodiment of the preswention.

Fig. 8 is a third diagram showing a time spacevosgt model according to the
delivery plan in the second embodiment of the preswention.

Fig. 9 is a fourth diagram showing a time spadevaek model according to the
delivery plan in the second embodiment of the preswention.

Fig. 10 is a fifth diagram showing a time spacevoek model according to the
delivery plan in the second embodiment of the preseention.

Fig. 11 is a first diagram showing an example ofiain the second embodiment
of the present invention.

Fig. 12 is a second diagram showing an exampéeantt in the second
embodiment of the present invention.

Fig. 13 is a third diagram showing an example ofitin the second
embodiment of the present invention.

Fig. 14 is a fourth diagram showing an example oiit in the second
embodiment of the present invention.

Fig. 15 is a fifth diagram showing an example etiain the second
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embodiment of the present invention.

Fig. 16 is a sixth diagram showing an example aditain the second
embodiment of the present invention.

Fig. 17 is a seventh diagram showing an exampéait in the second
embodiment of the present invention.

Fig. 18 is an eighth diagram showing an example @it in the second
embodiment of the present invention.

Fig. 19 is a ninth diagram showing an example aiitain the second
embodiment of the present invention.

Fig. 20 is a tenth diagram showing an exampleaftan the second
embodiment of the present invention.

Fig. 21 is an eleventh diagram showing an exampéecut in the second
embodiment of the present invention.

Fig. 22 is a twelfth diagram showing an example otit in the second
embodiment of the present invention.

Fig. 23 is a diagram showing an example of aictiin in the second

embodiment of the present invention.

Fig. 24 is a diagram showing an example of a jpmobdf a delivery plan in the

second embodiment of the present invention.

Fig. 25 is a first diagram showing an example césult of making a delivery

plan in the second embodiment of the present inwent

Fig. 26 is a second diagram showing an exampéerefult of making a delivery

plan in the second embodiment of the present imwent
[Description of Embodiments]

[0026]
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<First Embodiment>

Hereinafter, a delivery planning system accordingn embodiment of the
present invention will be described with referete&igs. 1 to 4.

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
device. The computer device is configured to idelother hardware such as a
computational unit such as a Central Processing (@#U), 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 calt@d a 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 vehidéte shared by users is delivered to a
place where a user starts using the vehicle in-dfbfype car sharing is taken as an
example. In a case where a delivery object isrdedd, it is required that, for example,
a delivery means and a delivery route for miningzaosts be selected. Regarding
making a delivery plan for minimizing costs, vasomethods have been provided so far.
However, the delivery of a vehicle in car sharigglifferent 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
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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 beeck loads a remaining vehicle on

the truck, and delivers the vehicle to a base wiiene is a shortage of vehicles. (2) A
plurality of delivery staff members board a delivgehicle and move to each base.
When the delivery staff members arrive at the @sere there is a remaining vehicle,
some of the delivery staff members boarding thesesl 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). khsacase, 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 determining aidety plan, for example, for

minimizing costs nu introducing a mathematical mauahel restrictions according to
mathematical knowledge with respect to a delivéay pn a case where boarding
transport can be performed.

[0028]

As shown in Fig. 1, the delivery plan device 1€liies an initial condition
setting unit 11, a delivery plan generation unitd®2 input and output unit 13, and a
storage unit 14.

The initial condition setting unit 11 sets infortioa such as a delivery object
which is movable by a delivery subject onboarddbkvery object, the delivery subject,
a demand quantity and a supply quantity of deliahjects for each delivery base which
is a place where any delivery means moving a dslibject or a delivery subject stays,

information regarding one or a plurality of depagtbases indicating the initial positions
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of a delivery subject and a delivery means, infdromaregarding a delivery means and a
delivery subject which are usable in a departusepand information regarding a
delivery deadline, as initial conditions in caldirg a delivery plan. These parameters
will be described later in detail.

The delivery plan generation unit 12 calculatexes of point information
having a set of a delivery base, a departure lamska time 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 a base.

The input and output unit 13 receives a user'stinperations. In addition, the
input and output unit 13 outputs information regagda delivery plan and the like
according to the set of pieces of branch infornmagienerated by the delivery plan
generation unit 12 to a display or the like.

The storage unit 14 stores various informatioressary for the generation of a
delivery plan.

The delivery plan generation unit 12 is realiZed example, by reading out and
executing a program from the storage unit 14 byatal Processing Unit (CPU)
included in the delivery plan device 10.

[0029]
Fig. 2 is a diagram showing an example of a defiyéan in the first

embodiment of the present invention.
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An example of delivery of a delivery object (vdbijcn 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 deliveryeabjand the delivery of the delivery
object is started (departure base). In additigmr&ing lot A, a parking lot B, and a
parking lot C are bases (delivery bases) servirmdalivery source or a delivery
destination of the delivery object. A user of tiedivery object reserves the delivery
object using a predetermined reservation systetieolike. The user inputs
information such as the number of delivery objeéatbe used, a place where the use of
the delivery object is started (for example, thekjpay lot B) from the reservation system.
In a case where the user desires to use the debbgect from the parking lot B, the user
can use the delivery object when the delivery dligealready present in the parking lot
B. However, in a case where the delivery objeabispresent in the parking lot B, the
delivery staff member needs to move the delivefjgatfrom another parking lot to the
parking lot B. In the drop-off type car sharingr €xample, the user drops off the
delivery object at the parking lot A when the defiy object is used from the parking lot
B to the parking lot A. Then, for example, a siitoia 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 lots Ato C where there is demand  Inseaaf the example of Fig. 2, there are
two remaining delivery objects at the parking lotahd there is one delivery object
shortage in each of the parking lot B and the parkot C. The delivery staff member
at the center delivers each of the two remainiriyels objects at the parking lot A to
the parking lot B and the parking lot C, so th&t tiser can use the delivery object as
desired. Fig. 2 shows an example of the realimaticdelivery satisfying this condition.

[0030]
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First, two delivery staff members (k, 1) from tbenter boards one delivery
vehicle 1 (delivery means) and move to the parkoé (1). In the parking lot A, the
delivery staff member k boards one delivery obmmdtof the two remaining delivery
objects and moves to the parking lot B. In addititve other delivery staff member |
also boards the delivery vehicle 1 in this state mwoves to the parking lot B (2). In the
parking lot B, the delivery staff member k parke tlelivery object at the parking lot B
and boards the delivery vehicle 1 driven by théveey staff member|. The delivery
staff members k and | return to the parking lot@wi the parking 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 theipgrlot C. In addition, the delivery
staff member | boards the delivery vehicle 1 irs ttate and moves to the parking lot C
(4). Inthe parking lot C, the delivery staff mesnli parks the delivery object at the
parking lot C and boards the delivery vehicle Yehiby the delivery staff member .
The delivery staff members k and | return to thekiogy lot A from the parking lot B (5).
When delivery is performed by such a procedureues’s request can be satisfied. In
the present embodiment, a method of deliveringlizetg object 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 etadae delivery methods.

[0031]

Fig. 3 shows an example of a time space networdtetaccording to the
delivery plan in the first embodiment of the prdsemention.

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

The vertical axis in Fig. 3 represents the elajgeme, and the horizontal axis

represents the location of each base. In the dggwai point in time and space
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represents each base at each time. In the draanngirow connecting two points
represents the movement of each of a delivery gkgedelivery vehicle (delivery means),
and a delivery staff member (person) in time aratep Each arrow represents a
movement source base, a movement destination &iade, period of time required for
movement. A solid arrow represents movement betweases, and a double line arrow
represents a delivery object, a delivery vehiahel a delivery staff member staying in
the same base (movement between times). In addéach element of a matrix
displayed together with each arrow represents eatife number of delivery objects, the
number of delivery vehicles, and the number ofvéey staff members having moved by
delivery indicated by an arrow, and representsitimaber of moved delivery objects, the
number of moved delivery vehicles, and the numib@enaved delivery staff members in
order from above. For example, in a case of asotiow 31, it is indicated that there is
no delivery object, one delivery vehicle, and tvabivkry staff members having moved
from the center to the parking lot A between tirmgand t=1. In addition, a double
line arrow 32 indicates that there are two deliv@bjects, no delivery vehicle, and no
delivery staff member having stayed in the parkotgh between times t=0 and t=1.
Further, in a case of a solid arrow 33, it is iatkd that there are one delivery object, one
delivery vehicle, and two delivery staff membersihg moved from the parking lot A to
the parking lot B between times t=1 and t=2. Idifion, a double line arrow 34
indicates that there is one delivery object, naveey vehicle, and no delivery staff
member having stayed in the parking lot A betwemes t=1 and t=2. The number of
delivery objects at the parking lot A is changemhirtwo to one because the delivery staff
memberhas boarded one delivery object out of tled®livery objects and has moved to
the parking lot B. The same is true of the otlmezvas. Note that one arrow will be

called a branch. A set of the branches in Figor8esponds to the delivery plan
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described in Fig. 2. A case where a delivery dligdelivered may be accompanied
with a time-related action such as meeting a dsfigseaff member or a delivery means at
a parking lot. In the existing mathematical maeddted to a delivery plan, modeling is
often performed by setting a base as a point amdiibvement of a delivery vehicle
between bases as a branch. In the present embudimedeling is performed in a
two-dimensional space network. Thereby, it is fldedo represent not only spatial
movement between bases but also the movementadfiale or a person with time
interposed.

[0032]

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 parkingltms not exceed a parking space of a
parking lot.

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

(4) A delivery staff member necessarily boardslaveley object or a delivery means
during movement, and the number of persons duriogement is equal to or less than

the sum of the number of persons capable of boguaitkelivery object and a delivery



10

15

20

25

18

means.
[0033]

In order to solve the above-described integer qamgning problem, the delivery
plan generation unit 12 generates a branch betpei@its according to deliver as shown
in Fig. 3 on the basis of information regarding ithiéal conditions received by the initial
condition setting unit 11, and generates a plyralitsets of branch information
indicating that delivery objects can be deliveread tbase where a demand quantity is set
So as to satisfy demand quantities of respectigedwithin a delivery deadline. The
delivery plan generation unit 12 selects a seiextgs of branch information for
minimizing costs from among sets of a pluralitypggces of branch information. Note
that more specific details of the objective functamd the constraint conditions will be
described in a second embodiment.

[0034]

Fig. 4 is an example of a flowchart of a delivpfgn generation process in the
first embodiment of the present invention.

First, a delivery staff member performing a daiywplan inputs initial
conditions of a delivery plan to the delivery pdgvice 10. The input and output unit
13 receives the input and outputs the receivednmdtion to the initial condition setting
unit 11. The initial condition setting unit 11 awes information regarding the initial
conditions input by the delivery staff member (s&41). The initial condition setting
unit 11 sets the acquired information regardinginiiteal conditions to be initial
conditions of the delivery plan. The initial cotidihs 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
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deadline, and the like.

Next, the delivery plan generation unit 12 geresdiranch information so as to
satisfy the above-described constraint conditionthe time space network model shown
in Fig. 3, and generates a plurality of sets ohbhainformation for performing delivery
S0 as to satisfy a demand number in each baseaigdbivery deadline (step S12).

Next, the delivery plan generation unit 12 caltagecosts for each of the
generated sets of branch information (step S13pr ekample, a unit cost generated per
unit time for each of delivery vehicles, delivetgf§ members, and delivery objects is
recorded in the storage unit 14 in advance, andelieery plan generation unit 12
calculates costs (the sum of costs required fodétieery vehicles, the delivery staff
members, and the delivery objects) for each bréayamultiplying unit costs of the
delivery vehicles, the delivery staff members, #radelivery objects by a time indicated
by each branch. The delivery plan generation 1@italculates and adds up costs for
each branch included in the sets of branch infdomat The added-up costs are costs
for one set of branch information. The delivergrpbeneration unit 12 calculates the
costs for each of all of the sets of branch infdrama

Next, the delivery plan generation unit 12 comparests calculated for the
calculated respective sets with each other, amttseh set of branch information for
minimizing costs (step S14). The selected setafidh information indicates the
movement of delivery objects, delivery means, aglivdry staff members with elapse of
time from the states of a departure base and ezlotery base indicated by the initial
conditions (Fig. 3). Therefore, when delivery xeeuted on the basis of the set of
branch information, it is possible to perform tredivery according to a demand from
users. That is, the set of branch informationdglavery plan to be obtained.

[0035]
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Mathematical models and programs of delivery pthas have existed are
limited to a case where delivery objects are dedigien a state of being loaded on a
transport means such as trucks or railroads. Réegpa case where boarding transport
is included like the delivery of a vehicle, theseailikelihood that a solution can also be
obtained by adding constraint conditions usingekisting technique, but it is considered
that there is no practicality because the numbepofbinations of means and routes
increase exponentially, in addition to the complerf constraint conditions.

According to the present embodiment, formulatioma asinimum cost flow problem of a
time space network model is performed in calcugpéirdelivery plan for a delivery
object applicable to boarding transport, and thispossible to obtain a delivery plan
for minimizing costs among executable delivery rodth

[0036]

<Second Embodiment>

Hereinafter, a delivery planning system according second embodiment of
the present invention will be described with refeeto Figs. 5 to 26.

In the second embodiment, a graph (point inforamatind branch information
indicating the movement of delivery staff membeledjvery objects, and delivery
means) within a delivery base is further addedhéctime space network model in the
first embodiment. Thereby, the inside of the dalwbase is treated as a 0-1 integer
programming problem. In the 0-1 integer prograngyproblem, the width of a
variable is limited as compared to an integer @ogning problem, and thus the number
of combinations is reduced, thereby achieving acgdn in a calculation time. Further,
in the second embodiment, the speed of calculaiturther increased by adding a cut.
Note that, in the second embodiment, it is possibl®ore effectively insert a cut by

subdividing movement within a delivery base.
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[0037]

Fig. 5 is a functional block diagram showing aaraple of a delivery planning
system in the second embodiment of the presenniiore

Among components according to the second embodioi¢he present
invention, the same functional units as those dtoisig the delivery plan device 10
according to the first embodiment of the presemtimion are denoted by the same
reference numerals and signs, and a descriptioadhwill be omitted.

A delivery plan device 10a according to the secamtbodiment includes a
delivery plan generation unit 12a instead of thévdey plan generation unit 12 among
the components in the first embodiment.

The delivery plan generation unit 12a generatést jiformation having a set
of an entrance and a time of one delivery basatpaiormation having a set of an exit
and a time of the delivery base, and point inforamahaving a set of times with respect
to each of delivery objects according to the dejivease, and sets the values of flow
rates of delivery staff members and delivery olgjéettween the point information
regarding the entrance and the point informatigiareing the delivery object to O or 1,
in addition to the function of the delivery plamgeation unit 12. In addition, the
delivery plan generation unit 12a sets the valddow rates of delivery staff members
and delivery objects between the point informatiegarding the exit and the point
information regarding the delivery object to 0 or 1
[0038]

Here, parameters to be input to the delivery plewice 10a by a person making
a delivery plan will be described. The input paggens include the following items.

That is, the items include a set of departure é3epot), a set of delivery bases

(W), a delivery deadline (dI), time of one sect{bi), a set of types of delivery objects (P),
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a set of types of delivery vehicles (D), an amaifribading on a delivery means (cp), the
cost of delivery object cx (yen/minute), the casaaelivery vehicle cy (yen/minute), the
cost of a delivery staff member cz (yen/minutep@ving time matrix M (for example, a
moving time from a delivery base wl to a deliveag® w2 using a delivery means d is
set to be m[d][w1][w2]), a supply quantity in eduadise "supply" (for example, a supply
guantity of d in a delivery base w is set to bepbywv, d]), a demand quantity in each
delivery base "demand" (for example, a demand dfyasftd in the delivery base w is

set to be demand[w, d]). An initial condition gggtunit 11 acquires these parameters
and sets the parameters as initial conditionsdglizery plan.

[0039]

In addition, the delivery plan generation unit b2dputs a flow rate x ((v,S),
(w,t)) of delivery objects flowing through a timpace network in an optimized delivery
plan, a flow rate y ((v,s), (w,t)) of delivery veles, and a flow rate z ((v,s), (w,t)) of
delivery staff members to an input and output @Bijtas output items. Note that a
branch departing a delivery base v at time s andrag at the delivery base w at time t is
expressed by ((v,s), (w,t)). Note that the outfmms also include costs required for
delivery, and the like.

[0040]

Fig. 6 is a first diagram showing a time spacevoet model according to a
delivery plan in the second embodiment of the preswention.

A time space network to be used in the second dimtamt will be described
with reference to Fig. 6. Hereinafter, a placevs#itbe set to be N, a time set will be
set to be T, and a graph G of the time space nktwitirbe set to be (V, E). Here, V
represents a point set, and E represents a brahchBnhe point set V is defined as

follows.
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V={(w,d,p,)WOW,d{0} OP,pISe tOIT}

Here, $¢={0,1}(d=0), S\4¢={0,1,...,m} (¢#0). In addition, d=0 indicates the
road at an entrance and an exit of a delivery ba¥éhen d=0, & has a value of 0 or 1,
but S,4=0 and f¢=1 indicate the entrance and the exit, respectivelly addition, in a
case of 0, d indicates the type of delivery object, and I$as values of 0tom. In
addition, m is a supply quantity-1 or a demand ¢jtiath with respect to the delivery
object d in the delivery base w. For example, aase where three delivery objects a
are left in the delivery base w (supply quantity=8); has values of 0, 1, and 2. In
addition, for example, in a case where there isoatage of four delivery objects a in the
delivery base w (demand quantity=4)y$8as values of 0, 1, 2, and 3. Note that a point
of d=0 is called a road and a point ef0ds called a port with respect to a certain
delivery base w. The port indicates a place wbheedelivery object d is disposed.
[0041]

Fig. 6 shows a time space network in a case obB€@}, W={1,2}, P={a},
T={0,1,2}, S;={0} (a supply quantity with respect to a delivasigject 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 setlEbeidescribed with reference to Fig.
7.

[0042]

Fig. 7 is a second diagram showing a time spateank model according to a
delivery plan in the second embodiment of the preswention.

Hereinafter, the branch set E is set to be EHEE,. In addition, k
represents a branch set of delivery objecisegresents 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 moweaid¢he delivery
objects between the basegx Eepresents a set of branches in which the deliobjgcts
stay on the road of the delivery base (meetinfpelike), E,x represents a set of
branches indicating the movement of the delivefjgas from the road to the port,k
represents a set of branches indicating the moveaofi¢he delivery objects from the port
to the road, andzrepresents a set of branches in which the deliobjgcts stay at the
port.

[0043]

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

Ey=Ewwy ) Ewy L Bwpyl Epuy

Ewwy represents a set of branches indicating the moneai¢he delivery means
between the basesyFepresents a set of branches in which the delirergns are
staying on the road of the delivery base (meetmh®like), E,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 moweai¢he delivery means from the
port to the road.

[0044]

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

E-=EwwzU Ewz0 Ewp U Epwz

Ew: represents a set of branches indicating the moneaig¢he delivery staff
members between the baseg; EEpresents a set of branches in which the delisefy
members stay on the road of the delivery base (nteet the like), &y, represents a set
of branches indicating the movement of the deliveaff members from the road to the

port, and B, represents a set of branches indicating the moweaiehe delivery staff



10

15

20

26

members from the port to the road.
[0045]

Fig. 7 shows a display example of the branchdefised above. A solid
arrow in an oblique direction indicates a branciregponding to each of the sets&
Ewy, and Ew,. A double line arrow in a vertical direction igdies a branch
corresponding to each of the sefg,BE.y, Evz. A two dots-dashed arrow in a
horizontal direction indicates a branch correspogdo each of the sets,fx, Ewpy, and
Ewpz An dotted-dashed arrow in an oblique directiodicates a branch corresponding
to each of the sets)&, Eywy, and By,. A dashed arrow in the vertical direction
indicates a branch corresponding to the get E

In the present embodiment, the inside of a delibaise is treated as a 0-1
integer problem, the branches of the alternatirgdats-dashed arrow in a horizontal
direction, the alternating dotted-dashed arrownimhlique direction, and the dashed
arrow in a vertical direction are branches addetiénpresent embodiment in association
with the 0-1 integer problem.
[0046]

Fig. 8 is a third diagram showing a time spac&ogt model according to the
delivery plan in the second embodiment of the preswention.

Flow rate vectors set for respective branchesheiltlescribed with reference to
Fig. 8. As shown in (a) of Fig. 8, the followinigv rate vector is set for each branch e.

[0047]

x[d,e]
ylde]
z[e]
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[0048]

In this flow rate vector, x[d, e](dP,&JEy) indicates a flow rate of delivery
objects, y[d, e](dD,ellEy) indicates a flow rate of delivery vehicles, afel@E,)
indicates a flow rate of delivery staff members.onm@ examples will be described. In

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

[0049]

a
VEHICLE

PERSON

[0050]
A branch e shown in (b) of Fig. 8 indicates thevemoent of one a, one delivery
10 vehicle, and two delivery staff members (person$jurther, in a case of P={a,b} and
D={vehicle,bicycle}, a flow rate vector is as folls.

[0051]

4 A
a

b
VEHICLE

BICYCLE

PERSON
- J

15 [0052]
A branch e shown in (c) of Fig. 8 indicates thevament of one a, one b, one
delivery vehicle, one bicycle, and two deliveryfstaembers (persons).

[0053]
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Fig. 9 is a fourth diagram showing a time spadevak model according to the
delivery plan in the second embodiment of the preseention.

In Fig. 9, a flow rate vector is as follows.

[0054]
a
VEHICLE
PERSON
[0055]

Fig. 9 shows a time space network model in a edwze one delivery object a
is moved from the delivery base 1 to the deliveage2. First, two delivery staff
members and one delivery vehicle move from a Degibtto the delivery base 1 (solid
arrow 91). In the delivery base 1, one deliveaffshember moves to a place for the
delivery object a (port 0) (alternating two dotskled arrow 92). Further, at the port O
of the delivery object a, the delivery object plissent from time 0 to time 1 (dashed
arrow 93). Subsequently, one delivery staff menamet one delivery object a move to
the exit of the delivery base 1 (alternating dotieshed arrow 94). Next, one delivery
object a, one delivery vehicle, and two delivegffsmnembers move from the exit of the
delivery base 1 to the entrance of the delivergl#agsolid arrow 95). Next, one
delivery staff member and one delivery object a entw/the port O of the delivery base 2
(alternating two dots-dashed arrow 96). Subsedyemte delivery staff member
moves from the port O to the exit of the deliveagé 2 (alternating dotted-dashed arrow
97). Next, two delivery staff members and onewdeli vehicle move from the exit of
the delivery base 2 to a Depot entrance (solid:a@8). At the port O of the delivery

base 2, the delivery object a is present from e time 3 (dashed arrow 100). As
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shown in Fig. 9, in the present embodiment, a psiatlocated for each delivery object a
and a point is allocated to each of an entranceaarekit of a delivery base in the
delivery base 1 and the delivery base 2. Forrdason, the value of each element of a
flow rate vector within the delivery base 1 and diedivery base 2 is 0 or 1. Thereby,
the inside of the delivery base is treated as arflefjer programming problem, and thus
it is possible to reduce a calculation time.

[0056]

Fig. 10 is a fifth diagram showing a time spacevoek model according to the
delivery plan in the second embodiment of the preseention.

Fig. 10 shows a time space network model obtaibingepresenting the time
space network model shown in Fig. 3 of the firsbediment by a method in the second
embodiment. In the present embodiment, the peintepresented by the column of the
parking lot A in Fig. 3 is represented by pointssett respective columns (1,0,0,0),
(1,a,0,0), and (1,a,1,0) obtained by subdivisiofhe same is true of the parking lot B
and the parking lot C.

In addition, point sets corresponding to an emgaand an exit are imparted to
each of the center and the parking lot A to théiparlot C.

[0057]

Next, a cut for further reducing a calculationdimill be described. In an
integer programming problem, an inequality thabanpin an executable region can
satisfy is called a valid inequality. Since idifficult to solve the integer programming
problem, the integer programming problem is ofteatied as a linear relaxation problem
from which integer conditions are first excluded'he addition of a valid inequality
cutting a solution space of the linear relaxatiombfem is called the addition of a cut.

The linear relaxation solution approaches an imtegémal solution by the addition of a
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cut, thereby exerting a strong effect on the acatten of calculation. In addition, the
executable region is not cut by the addition ofia and thus the optimality of a solution
is secured.
[0058]

Fig. 11 is a first diagram showing an example ofiein the second embodiment
of the present invention.

Fig. 11 is a diagram showing a cut related toniin@ber of delivery vehicles
leaving a road with a supply object.

E; represents a set of branches entering the roddearepresents a set of
branches leaving the road. The following Expras$/) is established by constraint
conditions 5 and 6 to be described later.

[0059]

Z y(e)2|_ﬁi_ﬂ

eGEI

- (A)

[0060]

Expression (A) is a cut related to the numberadivéry vehicles leaving a road
with a supply object. Note that the right sidd&kpression (A) indicates that digits
after a decimal point of a value obtained by diviftk by B-1 are rounded up. The
same is true of the following expression.

Here,a represents a maximum number of persons capaltleavtling delivery
objects in all delivery objects. In additighrepresents a maximum number of persons
capable of boarding delivery vehicles in all detweehicles.

[0061]

Fig. 12 is a second diagram showing an exampéeaott in the second
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embodiment of the present invention.

Fig. 12 is a diagram showing a cut related tontin@ber of delivery vehicles
entering a road with a demand object.

Here, k& represents a set of branches entering a road;amgresents a set of
branches leaving the road. The following Expras$i) is established by the
constraint conditions 5 and 6 to be described.later

[0062]

E y(e)>r 1_]

eEE2

-+ (B)

[0063]

Expression (B) is a cut related to the numberativdry vehicles entering a road
with a demand object.

Here,a represents a maximum number of persons capaltleavtling delivery
vehicles in all delivery objects. In additighrepresents a maximum number of persons
capable of boarding delivery vehicles in all detiveehicles.

[0064]

Fig. 13 is a third diagram showing an example ofitin the second
embodiment of the present invention.

Fig. 13 is a diagram showing a cut related tontin@ber of delivery vehicles
leaving a road with a supply object until time Note that the leaving until time t means
leaving before time t-1.

Here, k& represents a set of branches entering the roéichbyt, and &
represents a set of branches leaving the roadr®gyttiand Erepresents a set of vertical

branches of a port which come out at time t. Tdtl®Wing Expression (C) is
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established by the constraint conditions 5 andlfietdescribed later.

Z y(e)+2 x(e)= {:BL_]T e (0)

ec€E; e€k;

[0065]

[0066]

Expression (C) is a cut related to the numberetif’dry vehicles leaving a road
with a supply object by time t.
[0067]

Fig. 14 is a fourth diagram showing an example oiit in the second
embodiment of the present invention.

Fig. 14 is a diagram showing a cut related tontin@ber of delivery vehicles
leaving a road with a demand object after time t.

E; represents a set of branches entering the roséichbyt, B represents a set of
branches leaving the road by time t, anddpresents a set of vertical branches of a port
which enter the road at time t. The following Eegsion (D) is established by the

constraint conditions 5 and 6 to be described.later

Z y(e)+2 x(e)Zl_;B_chq C e (D)

eEEz eEE3

[0068]

[0069]
Expression (D) is a cut related to the numberedifzdry vehicles leaving a road
with a demand object by time t.

[0070]
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Fig. 15 is a fifth diagram showing an example obiain the second
embodiment of the present invention.

Fig. 15 is a diagram showing a cut obtained byaeging the cuts described in
Figs. 11 and 13.

E: represents a set of branches leaving a road leyttiia represents a set of
branches entering the road by time t, apdelpresents a set of vertical branches of a port
which come out at time t.  In addition, represents a set of vertical branches of a road
which enter the road at time t. The following ioatity (cut) (E) is derived by a
numerical expression operation of the same resmiexpression as those described in

Figs. 11 and 13.

[0071]
a
V(E)+x(Ey)+x(E3)+z(eq) > |—,B_-1—| .« - (B)
[0072]
The above expression is established in a roadchfavsupply quantity of a.
[0073]

Fig. 16 is a sixth diagram showing an example aifitan the second
embodiment of the present invention.

Fig. 16 is a diagram showing a cut obtained byaeging the cuts described in
Figs. 12 and 14.

E: represents a set of branches entering a roadtiafiet, & represents a set of
branches leaving the road at time t, apddpresents a set of vertical branches of a port
which enter the road at time t. In additioprepresents a set of vertical branches of the
road which come out at time t. The following inafity (cut) (F) is derived by a

numerical expression operation of the same restniexpression as those described in



10

15

20

34
Figs. 12 and 14.

[0074]
a
V(E)+x(Ez)+x(Es)+z(eq) > %_77 e (F)
[0075]
The above expression is established in a roadchfavsupply quantity of a.
[0076]

Fig. 17 is a seventh diagram showing an exampé&ait in the second
embodiment of the present invention.

Fig. 18 is an eighth diagram showing an example @it in the second
embodiment of the present invention.

A cut operating between a road and a port willescribed with reference to
Figs. 17 and 18.

Here, x(e) represents the number of delivery dbjen a branch e, and z(e)
represents the number of persons on the branckig. 18 is a table in which
relationships between zjex(e), x(&), and x(g) are arranged. For example, in a case
where a delivery staff member does not enter thiefpmm the road, the number of
delivery objects at the port does not change.

Further, in a case where a delivery staff memhare the port from the road,
the number of delivery objects at the port changeeessarily. For example, when (e
is 1, itis indicated that the delivery objects tieen. In addition, for example, when
X(es) is 1, itis indicated that the delivery objects Arought. The following expression
is obtained from the table of Fig. 18.

Z(&)-x(e2)+x(€3)-x(€2)=0

This expression is a cut operating between the aoa the port. By adding
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this cut, it is not necessary to meaninglesslygrerfcalculation in a case where the
delivery staff member enters and out of the port.
[0077]

In addition, it is possible to add a monotonoustreasing cut to a port with a
demand. The monotonously increasing cut is sgecguch that, at the port with a
demand, the number of delivery objects only inaeedsom 0 to 1, and does not return to
0 again after increasing from 0 to 1.

[0078]

In addition, it is possible to add a monotonow#ygreasing cut to a port with a
supply. The monotonously decreasing cut is sptsuch that, at the port with a
supply, the number of delivery objects only decesadsom 1 to 0, and does not increase
to 1 again after decreasing 1 to O.

[0079]

In addition, it is possible to add a cut for detgring the order satisfying a
request at the port with a demand. Specifica#lgarding branches from the road to the
port with a demand, a condition that delivery otgeare brought in ascending order of a
port number is added.

[0080]

In addition, it is possible to add a cut for detiring the order satisfying a
request at the port with a supply. Specificalbgarding branches from the port with a
supply to the road, a condition that delivery otgeare taken out ascending order of a
port number is added.

[0081]
Fig. 19 is a ninth diagram showing an example aiitain the second

embodiment of the present invention.
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Fig. 20 is a tenth diagram showing an exampleaftan the second
embodiment of the present invention.

A cut of the number of delivery vehicles will bestribed with reference to Figs.
19 and 20.

E; represents a set of branches entering a roashat tie represents branches
entering a port from the road at time t, apdepresents branches entering the road from
a port with a demand at time t-1.  Fig. 20 is detao which relationships between 2(e
z(e), and y(g) are arranged. Here, y(E) represents the totabeu of delivery
vehicles of branches of a branch set E, and zpegsents the number of persons on a
branch e. The following expression is obtainednfitbe table of Fig. 20.

Z(e)=z(e)+y(Ea)

This expression is a cut of the number of deliwezigicles.

[0082]

Fig. 21 is an eleventh diagram showing an examf#cut in the second
embodiment of the present invention.

Fig. 21 shows an example of results in a caseavdéinear relaxation problem
is solved without the cut of the number of deliveehicles described in Figs. 19 and 20.
As shown in the drawing, in a case where a cut@ftumber of delivery vehicles is not
applied, there is a likelihood that 3/4 deliverhiaes come. However, actually, one or
more delivery vehicles are supposed to come.

[0083]

Fig. 22 is a twelfth diagram showing an example otit in the second
embodiment of the present invention.

Fig. 22 shows an example of results in a caseavdéinear relaxation problem

is solved by adding the cut of the number of dejiweshicles described in Figs. 19 and
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20. As shown in the drawing, in a case where attiie number of delivery vehicles
is added, one or more delivery vehicles have toeconfrom Figs. 21 and Fig. 22, it can
be understood that it is possible to exclude urratiical case where 3/4 delivery
vehicles come from a calculation target by addingta

[0084]

In this manner, a range of a solution is limitgdalding a cut, and the speed of
calculation is increased. Specifically, in a cadere cuts including the
above-described cut are added with respect totagen programming problem requiring
several hours in a case where a cut is not addsalte a problem, it is possible to solve
the integer programming problem in a few minutes.

[0085]

As described above, the treating of the inside délivery base as a 0-1 integer
programming problem and the addition of a cut Haaen described as countermeasures
for increasing the speed of processing in the steambodiment. Next, an objective
function and restrictions of an integer programmnpngblem will be described more
specifically than in the first embodiment. In adzxh, a delivery means will be
described with respect to each of a case whereedglis performed using a delivery
vehicle and a bicycle (a case where delivery ifopered using only a delivery vehicle is
also included) and a case where delivery is pedrosing a truck. Note that a bicycle
which is a delivery means is used such that a eiglistaff member moves to a delivery
base with a supply while riding a bicycle, loads Hicycle on a remaining vehicle in that
place, and drives the remaining vehicle to a dglibase with a demand.

[0086]
First, an objective function will be describedn the first embodiment, a case

where costs are minimized has been described esaanple. In the present
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embodiment, a description will be given inclusifea@ase where a moving time
required for delivery is minimized.
(Case Where Delivery is Performed Using Deliverpidke and Bicycle)

1. An objective function in a case where costslireg for delivery is minimized
is obtained by multiplying costs of each of a defiwobject, 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 movinmge required for delivery is
minimized is obtained by adding up moving times@felivery object, a delivery vehicle,
and a delivery staff member.

[0087]
(Case Where Delivery is Performed Using Truck)

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

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

[0088]

Next, restrictions will be described.

(Common To Case Where Delivery is Performed UsieiMery Vehicle and Bicycle and
Case Where Delivery is Performed Using Truck)

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 at a point

in time when delivery is started. A flow rate @liglery objects entering a port with a
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demand is set to 1 at a point in time when deliveigompleted. At the other points, a
flow rate of coming-in delivery objects and a floate of coming-out delivery objects are
equal to each other.
[0089]
(2) Regarding flow rate of delivery vehicles

A flow rate of delivery vehicles leaving a roadwhich the delivery vehicles
exist at a point in time when delivery is startedresponds to the number of existing
delivery vehicles. A flow rate of delivery vehislentering a road on which the delivery
vehicles exist at a point in time when deliverganpleted corresponds to the number of
existing delivery vehicles. At the other pointdlaav rate of coming-out delivery
vehicles and a flow rate of coming-in delivery \&és are equal to each other.
(3) Regarding flow rate of delivery staff members

A flow rate of delivery staff members leaving adoon which the delivery staff
members exist at a point in time when deliverytasted corresponds to the number of
delivery staff members. A flow rate of delivera$tmembers entering a road on which
the delivery staff members exist at a point in tivieen delivery is completed
corresponds to the number of delivery staff memberd the other points, a flow rate of
coming-out delivery staff members and a flow rdteaming-in delivery staff members
are equal to each other.

2. Capacity restriction

An amount of movement of delivery objects and pesswithin a delivery base
is equal to or less than 1.
[0090]

3. Restriction 1 within delivery base

OelEwp (Eap is shown in Fig. 23)
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(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 thamitimber of delivery staff
members.

[0091]

4. Restriction 2 within a delivery base

OelEpw (Epw is shown in Fig. 23)

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

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 pdidt o
delivery objects do not come out on a road fropoid.
(3) In either case,

the number of bicycles is equal to or less thamitimber of delivery staff
members.
[0092]

Hereinafter, a case where delivery is performeuigua delivery vehicle and a
bicycle and a case where delivery is performedguaitruck will be described separately.
(In Case Where Delivery Is Performed Using Deliveehicle And Bicycle)

5. Restrictions on branches in case of movement fsrase to another base

UellEww
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(1) When e is a branch of a bicycle and a branah\athicle,

there may be a case where delivery staff membespectively boarding the
bicycle and the vehicle move separately and a\wasee a delivery staff member moves
in the vehicle with the bicycle loaded thereon, eegtrictions 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
bicycles is equal to or less than the number ofdbés loadable on the vehicle.
(2) When e is a branch of a bicycle but not a nasfa vehicle (moves in a bicycle),

the number of bicycles and the number of persoashee same.
[0093]

6. Restrictions on branch staying in delivery base

Restrictions are as follows: a person necesdsaodyds a vehicle; and the
number of persons is equal to or less than the euwitpersons able to board.
[0094]
(Case Where Delivery is Performed Using Truck)

5. Restriction on branch during movement fromwaéely base to another
delivery base

Restrictions are as follows: a delivery staff memiecessarily boards a truck;
the number of delivery staff members is equal tess than the number of persons able
to board; and the total volume of delivery objastequal to or less than the amount of
loading of the truck.
[0095]

6. Restriction on branch staying in base

Restrictions are as follows: the number of deinsaff members is equal to or

less than the number of persons able to boardtrentbtal volume of delivery objects is
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equal to or less than an amount of loading of rinekt
[0096]

The delivery plan generation unit 12a generati®a space network model
obtained by dividing a delivery base in a road (dss@d a parking port #0) in step S12
of Fig. 4, and further calculates branch informatising the constraint conditions and
the added cuts. According to the present embodinteninside of a delivery base can
be modeled as a 0-1 integer programming problechffaus it is possible to obtain an
effect that time required for the calculation afeivery plan can be reduced, in addition
to the effects in the first embodiment.  Furtheis possible to drastically reduce a
calculation time by the addition of a cut. Theregbgre is an improvement in the
convenience of a person making a delivery plan sisch lower cost delivery plan being
selectable by comparing delivery plans calculatedlu various initial conditions with
each other.

[0097]

Next, an example in which a delivery plan is cilted by the delivery plan
device 10a of the present embodiment will be dbedki

Fig. 24 is a diagram showing an example of a mbdf a delivery plan in the
second embodiment of the present invention.

A point 0 (depot) in Fig. 24 is a departure bas€he other points 1 to 9 are
delivery bases. For example, "d1:2" at the poiimtdicates a state where two delivery
objects d1 are left, and "d2:-1" at the point Sdatks a state where there is a shortage of
one delivery object d2. In addition, "d1:-1, d24dt"the point 2 indicates a state where
there is a shortage of one delivery object d1 areddelivery object d2 is left. A
problem that the delivery objects d1 to d3 arevee#id so as to eliminate a state where

there is a shortage of the delivery objects d13tandhe respective delivery bases is
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considered from a state where the delivery objgtt® d3 shown in Fig. 24 are
unevenly distributed. Hereinafter, a descriptial be given of an example of a
delivery plan calculated by the delivery plan devi®a with respect to each of a case
where delivery is performed using a vehicle anicgdbe and a case where delivery is
performed using a truck.
[0098]

1. Case where delivery is performed using vetaal bicycle
(1) Input

[One delivery vehicle, three bicycles, and thrdevely staff members at depot

[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

[The number of persons able to board of delivehjale: 4, the number of
loadable bicycles: 1

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

0

[OoThe number of persons able to board of d2: 4ntmber of loadable bicycles:
1

[OThe number of persons able to board of d3: 2ntmber of loadable bicycles:
0
[0099]

(2) Objective function

Minimization of costs
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(3) Output

[Delivery is performed using one delivery vehidag bicycle, and two delivery
staff members as shown in Fig. 25.

[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 a delivery means, a delivetrgfsmember, and a delivery deadline
which are set under initial conditions.
[0100]

Fig. 25 is a first diagram showing an example césult of making a delivery
plan in the second embodiment of the present imwent

In Fig. 25, a delivery plan for the delivery vabg d1 to d3 for minimizing costs
is displayed. According to the delivery plan cédted by the delivery plan device 10a,
delivery is performed by dividing a delivery rougo two routes of a delivery route 1
indicated by S1 to S7 and a delivery route 2 intéiddoy T1 to T9. A delivery staff
member taking charge of the delivery route 1 monesder of S1 to S7 to perform
delivery. A delivery staff member taking chargetté delivery route 2 moves in order
of T1 to T9 to perform delivery. Note that theidety staff member of the delivery
route 1 and the delivery staff member of the dejiveute 2 meet each other at the
delivery base 7, and move from the delivery basetlie delivery base 2 together. Note
that, although not shown in Fig. 25, a flow ratef xlelivery objects ((depot, departure
time), (delivery base 3, arrival time))=0, a floate y of delivery vehicles ((depot,
departure time), (delivery base 3, arrival time))afid a flow rate z of delivery staff
members ((depot, departure time), (delivery baserBjal time))=2 are output as output

items with respect to, for example, S1. This d=lpwplan can also represented by the
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time space network models shown in Figs. 6, 7né,X0 using these pieces of
information.
[0101]

2. Case where delivery is performed using truck
() Input

[One truck and two delivery staff members at depot

[Delivery deadline: 120 minutes

[Costs of truck: 25 yen/minute

[Costs of delivery staff member: 17yen/minute

CAmount of loading on truck: 16

[t is assumed that the volume of d1 is 2, the ma&wf d2 is 4, and the volume
of d3 is 3.
[0102]
(2) Objective function

Minimization of costs
(3) Output

[Delivery is performed using one truck and onewvdsli staff member as shown
in Fig. 26.

[Costs of delivery: 3456 yen

[Required time: 80 minutes
[0103]

Fig. 26 is a second diagram showing an exampéerefult of making a delivery
plan in the second embodiment of the present inwent

In Fig. 26, a delivery plan for the delivery veke®d1 to d3 for minimizing costs
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is displayed. In a case of the delivery plan of 26 which is calculated by the delivery
plan device 10a, delivery is performed by a deliveute indicated by 1 to 9. Similarly
to Fig. 25, output items include time informati@yarding departure and arrival
according to the movement of each delivery basdlamdrates of delivery objects,
delivery vehicles, and delivery staff members.

[0104]

As shown in Figs. 24 to 26, according to the presenbodiment, it is possible
to calculate a delivery plan for minimizing costsharespect to a case where a boardable
delivery object is delivered using a delivery védiand a bicycle and a case where a
boardable delivery object is delivered using akrucln addition, a person making a
delivery plan can compare delivery plans calculdgdetting various initial conditions
with each other to examine how many delivery stedimbers delivery and what kind of
delivery means may be used to perform delivery. teNloat, although an example of the
minimization of delivery costs has been descrilited,possible to calculate a delivery
plan for minimizing a delivery time by setting thregnimization of a moving time
required for delivery as an objective function asatibed above. Further, in the
above-described example, there is only one depabase, but it is also possible to
calculate a delivery plan in a case where theraalerality of departure bases. In
addition, the second embodiment is more preferfabla the viewpoint of a time
required for calculation. However, for examples iroblems treated in Figs. 24 to 26
can be solved by the delivery plan device 10 offitls¢ embodiment.

[0105]

The process of each processing in the above-tescdelivery plan devices 10

and 10a is stored in a computer-readable recordedjum in the form of a program, and

the process is performed by reading out and exagtitie program by a computer of a
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delivery planning system. Here, the computer-rbbdeecording medium refers to a
magnetic disk, a magneto-optical disk, a CD-RONDMD-ROM, a semiconductor
memory, and the like. In addition, the comput@&gpam may be delivered to the
computer through a communication line, and the agemreceiving the computer
program may execute the program.

[0106]

In addition, the program may be a program forizea some of the
above-described functions. Further, the program Ingaa so-called differential file
(differential program) that can realize the aboesatibe functions by a combination
with a program recorded in a computer system iraade.

In addition, the delivery plan devices 10 and df2sy be constituted by one
computer, or may be constituted by a plurality @ihputers which are communicably
connected to each other.

[0107]

In addition, components in the above-describedaglimbent can be

appropriately replaced with well-known componenitheut departing from the scope of

the present invention. In addition, the techngmdpe of the present invention is not
limited to the above-described embodiments, anyamodifications can be added
without departing from the scope of the presentimivon. For example, the present

invention can also be applied to delivery, supahgd after-sales service round trips of

delivery objects applicable to boarding transpoih addition, the present invention can

also be used for delivery of delivery objects nmtlacable to boarding transport.
[0108]

For example, in an after-sales service, it is agagy to provide a service by

going to a customer or visiting a plurality of austers after supplying parts required for



10

15

20

25

48

the after-sales service. When the above-descniztematical model is applied by
setting a delivery object to be parts or the likedifor the after-sales service, setting a
delivery subject to be a service person, settidglaxery means to be a vehicle used for
movement of the service person, a delivery vehitgiired for the transport of parts or
the like, or the like, setting a base to be a qustoor an installation location of a product
to be subject to the after-sales service, it isinbs to solve an integer programming
problem by the methods described in the first aasobsd embodiments, and to calculate
an effective rout (traveling means, traveling celifer minimizing travelling cost or
times in a case where the service person perfdrenafter-sales service for a plurality of
customers. Taking Fig. 2 as an example, the paulkinA to the parking lot C (delivery
base) may be set to be customers providing ansdtes service, the vehicle (delivery
object) may be set to be a part, a car (delivergmaepmay be set to be a means used for
movement of a service person, and a delivery peidelivery subject) may be set to be
the service person. Further, in a case of an-afties service, not only visiting to
customers but also operations such as inspectibmegairs for the customers are
performed. According to the delivery plan devié®sand 10a using a time space
network model, it is possible to model an effectivate of a service person by taking
these operation times into consideration.

[0109]

Costs required for delivery and a moving time resglifor delivery are
examples of evaluation values. A delivery staffmber is an example of a delivery
subject, a delivery vehicle, a truck, and a bicyrke examples of delivery means, and a
shared vehicle in car sharing is an example ofliaeig object.

[Industrial Applicability]

[0110]
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According to the above-described delivery planrgpstem, delivery planning
method, and program, it is possible to make a dsfiplan for minimizing costs and a
moving time in a case where a delivery staff mendodlects delivery objects present in
various places and deliver the delivery objectappropriate delivery destinations.
[Reference Signs List]

[0111]

10, 10a Delivery plan device

11 Initial condition setting unit

12, 12a Delivery plan generation unit

13 Input and output unit

14 Storage unit
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[CLAIMS]

What is claimed is:
[Claim 1]

A delivery planning system comprising:

an initial condition setting unit that is configuakto receive inputs of a demand
guantity and a supply quantity of a delivery objecteach delivery base which is a place
where any one of the delivery object, a delivetyjsct, and a delivery means moving the
delivery object or the delivery subject stays, ifation regarding one or a plurality of
departure bases which indicates initial positioihthe delivery subject and the delivery
means, information regarding a delivery means ateligery subject which are usable in
the departure base, and information regarding igetgldeadline, to thereby set initial
conditions in a delivery plan; and

a delivery plan generation unit that is configure@alculate pieces of point
information having a set of the delivery base,dbparture base, and a time according to
start of delivery and pieces of branch informatiwticating flow rates of the delivery
object, the delivery subject, and the delivery nseraated to delivery of the delivery
object between two pieces of point information tedieto the delivery among the pieces
of point information, to thereby generate at least set of the pieces of branch
information in a case where a delivery object §atig the demand quantity within the
delivery deadline is delivered to a delivery base/hich the demand quantity is set.
[Claim 2]

The delivery planning system according to claim 1,

wherein the delivery plan generation unit is cgufed to calculate an evaluation
value for the generated set of the pieces of branformation, and determine a set of

pieces of optimal branch information on the basite evaluation value.
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[Claim 3]

The delivery planning system according to claior 2,

wherein the delivery plan generation unit is cgufed to generate pieces of
branch information indicating the flow rates betwelifferent delivery bases, and pieces
of branch information indicating the flow rates hit the same delivery base and the
same departure base.
[Claim 4]

The delivery planning system according to any @ngaims 1 to 3,

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, and set values of flow rates of the deligabject and the delivery object between
the point information regarding the entrance amdpbint information regarding the
delivery object and between the point informatiegarding the exit and the point
information regarding the delivery object to O or 1
[Claim 5]

The delivery planning system according to claim 4,

wherein the delivery plan generation unit is cgafed to

set an objective function for minimizing costs acling to the flow rates and
moving times of the delivery subject, the delivergans, and the delivery object,

and determine a set of the pieces of branch irdtan by solving an integer
programming problem including the following condits in constraint conditions, the

conditions being follows:
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wherein a difference between a flow rate for entethe delivery base and a

flow rate for leaving the delivery base is O wieispect to each of the delivery object, the

delivery means, and the delivery subject;

wherein each of the flow rate of the delivery algethe flow rate of the
delivery means, and the flow rate of the delivargjscts is equal to or greater than O;

wherein each of the flow rate of the delivery abgeand the flow rate of the
delivery subject within the delivery base is eqoabr less than 1;

wherein the flow rate of the delivery subjectsitetl to the flow rate of the
delivery objects is 1 in a case where the flow cditdhe delivery objects within the
delivery base is 1,

wherein the delivery subject necessarily boardsidivery means during
movement from the delivery base to another deliarse;

wherein the number of delivery subjects onboaedd#livery means during
movement from the delivery base to another deliberse is equal to or less than the
number of persons able to board;

wherein the sum of the delivery objects, whictoibe loaded on the delivery
means, and the delivery means during movement fhendelivery base to another
delivery base is equal to or less than an amoulttagfing on the delivery means related
to the movement;

wherein the delivery subject boards the delivegans in a case of staying
within the delivery base; and

wherein the number of delivery subjects onboaeddélivery means is equal to
or less than the number of persons able to boaactase of staying within the delivery
base.

[Claim 6]
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The delivery planning system according to claim 5,

wherein the delivery plan generation unit is cguafed to

set an objective function for minimizing movinges of the delivery subject,
the delivery means, and the delivery object inste#fatie objective function for
minimizing the costs, and

determine a set of the pieces of branch informaip solving the integer
programming problem.
[Claim 7]

The delivery planning system according to claior B,

wherein the delivery plan generation unit is cgufed to determine a set of the
pieces of branch information by adding constraamditions related to the delivery
means leaving the delivery base supplying the dsfiobject.
[Claim 8]

The delivery planning system according to any @ngaims 5 to 7,

wherein the delivery plan generation unit is cgufed to determine a set of the
pieces of branch information by adding constraamditions related to the delivery
means entering the delivery base having a demarttidalelivery object.
[Claim 9]

The delivery planning system according to any @ingaims 5 to 8,

wherein the delivery plan generation unit is coafed to determine a set of the
pieces of branch information by adding constraawtditions related to a relationship
between an increase and a decrease in the numdbeliadry objects in a place for the
delivery object within the delivery base and thenber of delivery subjects entering the
place.

[Claim 10]
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The delivery planning system according to any @ngaims 5 to 9,

wherein the delivery plan generation unit is cgufed to determine a set of the
pieces of branch information by adding constraamtditions related to an increase and a
decrease in the number of delivery objects in thegfor the delivery object within the
delivery base.
[Claim 11]

The delivery planning system according to any a@ihgdaims 5 to 10,

wherein the delivery plan generation unit is cgufed to determine a set of the
pieces of branch information by adding constraamditions related to the order of
addition and taking-out of the delivery objectshwiéspect to a plurality of places for the
delivery objects in a case where there are thaliiyiof places for the delivery objects
within the delivery base.
[Claim 12]

The delivery planning system according to any @ngaims 5 to 11,

wherein the delivery plan generation unit is cgufed to determine a set of the
pieces of branch information by adding constraamtditions related to the number of
delivery means entering the delivery base.
[Claim 13]

The delivery planning system according to any a@ingdaims 1 to 12,

wherein the delivery object is movable by thedsly subject onboard the
delivery object, and

the branch information calculated by the delivelgn generation unit includes
branch information indicating that the delivery gadb boards the delivery object to move
the delivery object, in addition to branch informatindicating movement of the

delivery object by the delivery means.
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[Claim 14]

A delivery planning method comprising:

causing a delivery plan device to

receive inputs of a demand quantity and a suppantity of a delivery object
for each delivery base which is a place where areyad the delivery object, a delivery
subject, and a delivery means moving the delivéigai or the delivery subject stays,
information regarding one or a plurality of depagtbases which indicates initial
positions of the delivery subject and the delivergans, information regarding a delivery
means and a delivery subject which are usableem#parture base, and information
regarding a delivery deadline, to thereby setahionditions in a delivery plan, and

calculate pieces of point information having acfeéhe delivery base, the
departure base, and a time according to startlivfedyg and pieces of branch information
indicating flow rates of the delivery object, thelidery subject, and the delivery means
related to delivery of the delivery object betwé®n pieces of point information related
to the delivery among the pieces of point informatito thereby generate at least one set
of the pieces of branch information in a case wiaedelivery object satisfying the
demand quantity within the delivery deadline is\dkd to a delivery base in which the
demand quantity is set.
[Claim 15]

A program causing a computer of a delivery plaviaeto function as:

means for receiving inputs of a demand quantityasupply quantity of a
delivery object for each delivery base which idace where any one of the delivery
object, a delivery subject, and a delivery meansingpthe delivery object or the
delivery subject stays, information regarding one plurality of departure bases which

indicates initial positions of the delivery subjectd the delivery means, information
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regarding a delivery means and a delivery subjéathvare usable in the departure base,
and information regarding a delivery deadline hieréby set initial conditions in a
delivery plan; and

means for calculating pieces of point informati@ving a set of the delivery
base, the departure base, and a time accordinigrta§delivery and pieces of branch
information indicating flow rates of the deliverpject, the delivery subject, and the
delivery means related to delivery of the delivebject between two pieces of point
information related to the delivery among the pgecgtpoint information, to thereby
generate at least one set of the pieces of braficimation in a case where a delivery
object satisfying the demand quantity within théwéey deadline is delivered to a

delivery base in which the demand quantity is set.



