DESCRI PTI ON

Title of Invention: DELIVERY PLAN MAKI NG SYSTEM AND DELI VERY

PLAN MAKI NG METHOD

Technical Field
[ 0001]
The present invention relates to a techni que of nmaking

a delivery plan of articles.

Background Art
[ 0002]

As a background art in this technical field, there is
JP- A-2011-164739 (PTL 1). This patent literature describes
"a delivery plan making nethod capable of alleviating the
arrival time to advance the arrival time in response to
designationof thearrival tinmezone of anorder andcontrolling
t he bal ance bet ween observance of t he desi gnated ti ne zone and

t he nunber of vehicles is provided" (refer to ABSTRACT).

Citation List
Patent Literature
[ 0003]

PTL 1: JP-A-2011-164739



Summary of I nvention
Techni cal Probl em
[ 0004]

PTL 1 describes a nechani smof reduci ng the nunber of
vehicles by alleviating arrival tinme information when an
article designatedindelivery order informationis delivered
to a delivery destination. However, if the delivery
destination is in a multi-tenant building or near a crowded
station, an adj ust nent wi t h nei ghbor hood stores i s necessary.
Therefore, in practice, the arrival tinme cannot be changed.
On the other hand, there are also restrictions on delivery
conditions that do not require an adjustnment with delivery
destinations, such as an expressway usabl e di st ance or act ual
wor king hours of a truck driver. By alleviating these
restrictions, the nunber of vehicles may be reduced. There
are a plurality of changeable restrictions, and the actual
di fficulty of change vari es dependingontherestrictions. In
order for a delivery plan maker to select restrictions that
can be changed as easily as possible, it isnecessarytoconpare
and confirm the results of <changing a plurality of
restrictions.

[ 0005]

In addition, anmong the restrictions that do not require

an adjustnment with delivery destinations, there are sonme

restrictions which generate a cost such as an expressway t ol



or a wage of a driver when alleviated. Accordingly, in order
toreducethedeliverycost, itisinsufficient tonerelyreduce
t he nunber of vehicles, andit i s necessarytoreduce adelivery
cost i ncludi ng a vehicl e charge, an expressway tol |, and a wage
of a driver.

[ 0006]

In the mechani smdisclosed in PTL 1 in which only the
arrival tinmeinformationistargetedtobealleviatedtoreduce
t he nunber of vehicles, the results of changing a plurality
of restrictions cannot be compared and confirnmed, and the
reduction of the delivery cost by therestriction alleviation
cannot be cal cul at ed.

[ 0007]

Therefore, there is provided a delivery plan naking
systemt hat cal culates aplurality of restrictionalleviation
pl ans (a conbi nati on of restrictions, and an all eviationw dth
of each restriction) capable of alleviating a plurality of

restrictions andreduci ngadeliverycost, and adelivery cost.

Sol ution to Probl em
[ 0008]

According to the invention for achieving the
above-descri bed object, there is provided a delivery plan
maki ng systemthat nmakes a delivery plan of an article, the

systemincluding: a storage unit that stores a restriction



condi tion for maki ng a delivery plan and cost i nformati on used
for calculating a delivery cost based on the delivery plan;
a delivery plan maki ng and cost cal cul ating unit that nakes
adeliveryplanbeforealleviationof therestrictioncondition
so as to satisfy the restriction condition and calcul ates a
del i very cost of the delivery planbeforethealleviationbased
on the cost information; and a restriction alleviating unit
that alleviates the restriction condition to generate a
restrictionalleviationplan, inwhichthedelivery plannaking
and cost cal cul ating unit further nmakes a delivery plan after
all eviation of therestriction condition so as to satisfy the
restriction alleviation plan and cal cul ates a delivery cost
of the delivery plan after the alleviation based on the cost
i nformati on, and outputs the restriction alleviation plan if
the delivery cost of the delivery plan after the alleviation
is lower than the delivery cost of the delivery plan before

the alleviation.

Advant ageous Effects of Invention
[ 0009]

Accordi ngto one aspect of theinvention, adelivery cost
can be reduced by calculating and providing a restriction
al l eviation plan.

[ 0010]

bj ects, configurations, and effects other than those



descri bed above will be clarified by the description of the

enbodi nments bel ow.

Bri ef Description of Draw ngs
[0011]

[Fig. 1] Fig. 1is ablockdiagramillustratingan exanpl e
of a functional configurationof adelivery plan naki ng devi ce
according to an enbodi nent of the invention.

[Fig. 2] Fig. 2isablockdiagramillustratingan exanpl e
of a hardware configuration of the delivery plan maki ng devi ce
according to the enbodi nent of the invention.

[Fig. 3] Fig. 3is aflowhart illustrating an exanple
of a delivery plan nmaking process that is executed by the
del i very pl an maki ng devi ce according to the enmbodi ment of the
i nvention.

[Fig. 4] Fig. 4is adiagramillustrating an exanpl e of
store information that is referred to by the delivery plan
maki ng devi ce according to the enbodi nent of the invention.

[Fig. 5] Fig. 5is adiagramillustrating an exanpl e of
hub informationthat isreferredto by the delivery plan naki ng
devi ce according to the enbodi nrent of the invention.

[Fig. 6] Fig. 6is adiagramillustrating an exanpl e of
driver information that is referred to by the delivery plan
maki ng devi ce according to the enbodi nent of the invention.

[Fig. 7] Fig. 7is adiagramillustrating an exanpl e of



truck information that is referred to by the delivery plan
maki ng devi ce according to the enbodi nent of the invention.

[Fig. 8 Fig. 8is adiagramillustrating an exanpl e of
expressway toll informationthat isreferredtobythedelivery
pl an making device according to the enbodinment of the
i nvention.

[Fig. 9] Fig. 9is adiagramillustrating an exanpl e of
di stance information that is referred to by the delivery plan
maki ng devi ce according to the enbodi nent of the invention.

[Fig. 10] Fig. 10 is a diagramillustrating an exanple
of speed information that is referred to by the delivery plan
maki ng devi ce according to the enbodi nent of the invention.

[Fig. 11] Fig. 11 is a diagramillustrating an exanpl e
of restriction alleviation condition information that is
referred to by the delivery plan maki ng device according to
t he enbodi nent of the invention.

[Fig. 12] Fig. 12 is a diagramillustrating an exanple
of arestriction alleviationconditionsettingscreenthat is
out put fromthe delivery plan maki ng devi ce according to the
enbodi ment of the invention.

[Fig. 13] Fig. 13 is a diagramillustrating an exanpl e
of deliveryplanpathinformationthat i s storedbythedelivery
pl an making device according to the enbodinment of the
i nvention.

[Fig. 14] Fig. 14 is a diagramillustrating an exanple



of normal delivery plan cost information that is stored by the
del i very pl an maki ng devi ce according to the enmbodi ment of the
i nvention.

[Fig. 15] Fig. 15is aflowhart illustrating an exanpl e
of arestriction alleviation process that is executed by the
del i very pl an maki ng devi ce accordi ngto the enbodi nent of the
i nvention.

[Fig. 16] Fig. 16 is a diagramillustrating an exanpl e
of restrictionalleviationdelivery plancost informationthat
is stored by the delivery plan maki ng devi ce according to the
enbodi nent of the invention.

[Fig. 17] Fig. 17 is a diagramillustrating an exanple
of restriction alleviation condition conbinationinformation
that is stored by the delivery plan maki ng device according
to the enbodi nent of the invention.

[Fig. 18] Fig. 18 is a diagramillustrating an exanple
of restriction alleviation and delivery cost display screen
that i s output fromthe delivery plan maki ng devi ce accordi ng
to the enbodi nent of the invention.

[Fig. 19] Fig. 19 is a diagramillustrating an exanpl e
of a graph display of restriction alleviations and delivery
cost ampounts that are output fromthe delivery plan making
devi ce according to the enbodi mnent of the invention.

[Fig. 20] Fig. 20 is a diagramillustrating an exanple

of a delivery plan Gantt chart display screen that is output



from the delivery plan making device according to the

enbodi ment of the invention.

Description of Enbodi nents
[0012]

Hereinafter, enbodinents wll be described wth
reference to the draw ngs.
[0013]

Fig. 1is a block diagramillustrating an exanple of a
functional configuration of a delivery plan naking device
according to the enbodi nent of the invention.

[0014]

The delivery plan nmaki ng device 100 i ncl udes an input
unit 110, a storage unit 120, a delivery plan nmaki ng and cost
calculating unit 130, arestriction alleviatingunit 140, and
a display unit 150.

[0015]

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

[0016]

As descri bed bel ow, the st orage unit 120 stores dataread
by the i nput unit 110 and data cal cul ated by the delivery pl an
maki ng and cost cal culating unit 130.

[0017]

The del i very pl an maki ng and cost cal cul ating unit 130



reads store information 160, hub information 161, driver
information 162, truck information 163, expressway toll
i nformati on 164, distance infornmation 165, speed i nfornmation
166, and restriction alleviation condition informati on 167,
whi ch are stored in the storage unit 120, cal cul ates delivery
plan path information 168, normal delivery plan cost
i nformation 169, restriction alleviation delivery plan cost
information 170, and restriction alleviation condition
conmbi nation information 171, and stores the calculation
results in the storage unit 120.

[ 0018]

The restriction alleviating unit 140 selects
restrictionstobealleviatedfromtherestrictionalleviation
condition information stored in the storage unit 120, and
generates a restriction alleviation plan (that is, a
conmbi nation of the restrictions, and an all eviation w dth of
each restriction) which alleviates the selected restrictions
st epwi se.

[ 0019]

The display unit 150 is a user interface for displaying
the delivery plan path information, the normal delivery plan
cost information, the restriction alleviation delivery plan
cost information, and the restriction alleviation condition
conmbi nation i nformati on, which are cal cul at ed.

[ 0020]



The delivery plan nmaking device 100 is controlled by a
delivery plan nmaki ng program that executes a delivery plan
maki ng process.

[0021]

Fig. 2is a block diagramillustrating an exanple of a
har dwar e confi gurati on of the delivery plan maki ng devi ce 100
according to the enbodi mrent of the invention.

[0022]

The delivery plan making device 100 includes a CPU
(Central Processing Unit) 201, a RAM (Random Access Menory)
210, a ROM(Read Only Menory) 220, an auxiliary storage device
230, a di spl ay devi ce 240, an i nput devi ce 250, a nmedi umr eadi ng
devi ce 260, and a conmuni cati on device 270.

[0023]

The CPU 201 is a unit that executes vari ous operations.
The CPU 201 executes various processes by executing a
predeterm ned delivery plan maki ng program | oaded fromthe
auxiliary storage device 230 to the RAM 210. Actually, the
CPU 201 executes a process that is executed by the restriction
alleviating unit 140 and the delivery plan making and cost
cal culatingunit 130 accordi ng tothe embodi nent i n accordance
with the delivery plan maki ng program
[ 0024]

The delivery plan making programis, for exanple, an

application programthat is executable on an OS (Operation

10



System program
[ 0025]

The del i very pl an maki ng programmy be installed, for
exanple, in the auxiliary storage device 230 froma portable
storage nmedi umthrough the nedi umreadi ng device 260.

[ 0026]

The RAM 210 is a nenory that stores a program to be
execut ed by the CPU 201, data required to execute t he program
and the |ike.

[0027]

The ROM 220 is a nenory that stores a programrequired
to activate the delivery plan nmaki ng devi ce 100 and the |ike.
[ 0028]

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

[0029]

The storage unit 120 illustrated in Fig. 1 corresponds
to at | east a portion of a storage area of the RAM210 and t he
auxiliary storage device 230. For exanple, information from
the store information 160 to the restriction alleviation
condition conbination information 171 are stored in the
auxiliary storage device 230. |If necessary, at |east a part
of the informati on may be copied to the RAM 210.

[ 0030]

11



The di splay device 240 is, for exanple, a device such
as a CRT di spl ay, an LCD(Li qui d Crystal Di splay), or anorganic
EL (El ectro-Lum nescence) displ ay.

[0031]

The i nput device 250 is, for exanple, a device such as
a keyboard, a nouse, or a m crophone.

[0032]

The medi um readi ng device 260 is a device that reads
i nformati on of a portable storage nedium such as a CD- ROM
[0033]

The comuni cati on devi ce 270 i nput s and out puts datafrom
and to an external device through a network 280.

[0034]

The del i very pl an maki ng devi ce 100 may obtain the store
i nformation 160 froma store delivery anount nmanagi ng device
290 through the network 280.

[ 0035]

The del i very pl an maki ng devi ce 100 may obt ai nt he dri ver
information 162 froma driver information managi ng devi ce 292
t hrough the network 280.

[ 0036]

The delivery plan making device 100 may obtain the
expressway toll information 164 and the di stance i nformation
165 froma road i nformati on managi ng devi ce 294 t hrough the

net wor k 280.

12



[0037]

The di spl ay device 240 corresponds to the display unit
150illustratedinFig. 1, and the i nput devi ce 250, the nedi um
readi ng devi ce 260, andt he communi cati on devi ce 270 corr espond
to the input unit 110 illustrated in Fig. 1.

[0038]

Fig. 3 is a flowhart illustrating an exanple of the
del i very pl an maki ng process that is executed by the delivery
pl an maki ng device 100 according to the enbodi nent of the
i nvention.

[0039]

Inthe delivery plan nmaki ng process, (1) the i nput unit
110 executes an external data readi ng process 310 and stores
the read data in the storage unit 120. Next (2) the delivery
pl an maki ng and cost cal cul ating unit 130 executes a delivery
pl an nmaking process 320. Next, (3) the restriction
alleviating unit 140 executes a restriction alleviation
process 330 to generate a restriction alleviation plan, and
(4) retrieves the result stored in the storage unit 120 and
di splays the retrieved result on the display unit 150.

[ 0040]

Hereinafter, the respective processes (1) to (4)
illustratedinFig3 wll be describedw threference to Figs.
4 to 20.

[ 0041]

13



(1) External Data Readi ng Process 310

Inthe external data reading process 310 illustrated in
Fig. 3, the input unit 110 reads the store information 160,
the hub i nformati on 161, the driver i nformation 162, the truck
information 163, the expressway toll information 164, the
di stance i nformati on 165, the speed informati on 166, and the
restriction alleviation condition information 167, which are
external data, and stores the external datainthe storage unit
120. Specifically, the input unit 110 obtains the externa
data fromthe medi umreadi ng devi ce 260 or the comuni cati on
device 270 and stores the obtained external data in the
auxiliary storage device 230.

[0042]

Fig. 4is adiagramillustrating an exanpl e of the store
information 160 that isreferredto by the delivery plan naki ng
devi ce 100 according to the enbodi nent of the invention.
[0043]

The store informati on 160 i ncl udes at | east data itens
that define a store nane 410, a store delivery anount 420, an
avail abl e store delivery tinme 430, and a store | ocati on 440.
For exanple, the first record of the store information 160
illustrated in Fig. 4 indicates that a store having the name
"A" (hereinafter, alsoreferredtoas "store A"; the sane shal |
be appliedtotheother stores) i sl ocatedinKanmakura, Kanagawa

prefecture and it is necessary to deliver 1 ton of products
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to the store during a period from0:00 to 1:00. That is, the
avail abl e store delivery tine 430 is a part of restriction
conditions that needto be satisfiedfor nmaki ng adelivery plan
in the enbodi nent.

[0044]

Fig. 5is adiagramillustrating an exanple of the hub
information 161 that isreferredto by the delivery plan naking
devi ce 100 according to the enbodi nent of the invention.

[ 0045]

The hub information includes at | east data itens that
define a hub nanme 510 and a hub | ocation 520. The exanpl e of
Fig. 5 indicates that a depot as a hub where, for exanple,
products are tenporarily storedandhandl edis|ocatedinKouza,
Kanagawa prefecture.

[ 0046]

Fig. 6isadiagramillustrating an exanpl e of the driver
information 162 that isreferredto by the delivery plan nmaki ng
devi ce 100 according to the enbodi nent of the invention.
[0047]

The driver information 162 is information relating to
a driver as a delivery worker in the enbodi nent, and i ncl udes
at least data itens that define a driver nane 610, actua
wor kabl e tine of adriver 620, and an overtime cost (unit cost)
630. The exanple of Fig. 6 indicates that a driver having a

name "A" i s wor kabl e for 180 m nutes and, if the actual working

15



ti me exceeds 180 m nutes, the unit cost is 2000 yen per hour.
In the enbodi nent, the actual workable time of a driver 620
is apart of restriction conditions that need to be satisfied
for making a delivery plan. |In addition, in the enbodi nment,
t he overtinme cost 630 is a part of the cost information used
for cal cul atingadeliverycost basedonthe nade delivery pl an.
[0048]

Fig. 7is adiagramillustrating an exanpl e of the truck
information 163 that isreferredto by the delivery plan naki ng
devi ce 100 according to the enbodi nent of the invention.

[ 0049]

The truck i nformation 163 i ncl udes at | east data itens
t hat define a truck name 710, a maxi mum| oad capacity 720, a
charge per truck 730, and a truck driver 740. Further, the
truck i nformati on 163 may define a truck unl oading tine 750.
The exanpl e of Fig. 7 indicates that the maxi numl oad capacity
of a truck having a nane "normal truck"” is 5 tons, the one-day
charge thereof per truck is 10000 yen, the nanme of the driver
who uses the truck is "A", and the tinme required to unl oad
products fromthe truck is 40 minutes. Inthe enbodi nent, the
truck charge 730 is a part of the cost information used for
cal cul ating a delivery cost based on the nade delivery pl an.
[ 0050]

Fig. 8 is a diagramillustrating an exanple of the

expressway toll information 164 that is referred to by the

16



delivery plan maki ng device 100 accordi ng to the enmbodi nent
of the invention.
[ 0051]

The expressway toll information 164 includes at |east
data itens that define a section 810 and an expressway tol
820. An exanple of the first record of Fig. 8 indicates that,
if an expressway is used for novenent between the depot and
the store A, a toll of 4000 yen is required. Likew se, the
expressway toll i nformati on 164 i ncl udes i nformati on of atoll
if an expressway i s used for novenent between any hub and any
store and between one store and another store. In the
enbodi nent, the expressway toll information 164 is a part of
t he cost i nformati onused for cal cul ati ngadelivery cost based
on the made delivery plan
[ 0052]

Fig. 9 is a diagramillustrating an exanple of the
di stance information 165 that is referred to by the delivery
pl an maki ng device 100 according to the enbodi nent of the
i nvention.

[ 0053]

The di stanceinformati on165incl udes at | east dataitens
t hat define From910 i ndicating a departure store or the hub,
To 920 i ndicating an arrival store or the hub, a general road
di stance 930, and an expressway distance 940. For exanple,

t he secondrecord of Fig. 9indicatesthat ageneral roadtravel
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di stance of atruck or the like fromthe departure of the store
Atothearrival of thestoreBis 10 kmandthereis noexpressway
used for the novenent. |f thereis an expressway secti on which
can be used for novenent fromthe store Ato the store B, the
l ength of the section is defined as the expressway di stance
940. Li kewi se, the distance information 165 includes
i nformati on of atravel distance between any hub and any store
and between one store and another store.

[ 0054]

Fig. 10is adiagramillustrating an exanpl e of the speed
information 166 that isreferredto by the delivery plan maki ng
devi ce 100 according to the enbodi nent of the invention.

[ 0055]

The speed i nformation 166 i ncl udes at | east data itens
t hat define a general road speed 1020 and an expr essway speed
1030. Further, the speed information 166 may define a tine
zone 1010. The exanple of Fig. 10 indicates that a genera
road i s possible to travel at 30 kmper hour and an expr essway
is possibletotravel at 60 kmper hour. These val ues may be,
for exanple, an average speed or the like that is enpirically
obt ai ned. For exanple, if the speed varies depending ontine
zones dueto heavy trafficor trafficcontrol, different speeds
may be defined for the respective tinme zones.

[ 0056]

Fig. 11 is a diagramillustrating an exanple of the

18



restriction alleviation condition information 167 that is
referred to by the delivery plan maki ng devi ce 100 accordi ng
to the enbodi ment of the invention.

[ 0057]

The restriction alleviation condition information 167
i ncludes at | east dataitens that defineat | east arestriction
nunber 1110, an alleviation condition 1120, an alleviation
width 1130, a maxinmum alleviation anmount 1140, and an
applicability 1150. The alleviationcondition 1120 refersto
arestrictionconditionthat is atarget for alleviation, the
alleviationwidth1130referstoapitchw dthof analleviation
amount if the alleviation condition is released, and the
maxi mum al | evi ati on amount 1140 refers to a maxi numval ue of
t he all owabl e all eviati on anmount.

[ 0058]

For exanple, the first record of Fig. 11 indicates an
al l eviation conditioninwhichthe avail able delivery tinme of
the store A can be advanced in units of 30 m nutes and can be
advanced up to 60 m nutes. However, a value "Fal se" of the
applicability 1150 corresponding to this alleviation
condition represents that this alleviation condition is not
applicable(that is, thisalleviationconditionisnot atarget
for restrictionalleviation). The value of the applicability
1150 can be set by a user through a restriction alleviation

conditionsettingscreen (Fig. 12) descri bed bel ow. Wenthis
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alleviation condition is applicable, and the maxinum
all eviation anmount "60 mnutes" is applied, the avail able
delivery tine of the store Ais advanced by 60 m nutes and t he
delivery tine is extended to a period of 11: 00 to 1: 00 (refer
to Fig. 4).
[ 0059]

O her exanpl es of the alleviation condition of Fig. 11
i ncl ude post ponenent of the available delivery time of the
store D, reduction of an expressway usable distance, and
extension of actual working tinme. The postponenent of the
delivery time represents that the available delivery tine
ext ends by post poningtheterm nationof theavail abl edelivery
time. The expressway usable distance refers to a shortest
distance for the use of an expressway, that is, a value
i ndicating the | east travel distance (km allow ng the use of
an expressway, and is storedin the storage unit 120 as a part
of the restriction conditions. For exanple, if the val ue of
the expressway usable distance is 30 km the use of an
expressway is allowed when the travel distance is 30 km or
longer. If the value is alleviated to 0 km the use of an
expressway is allowed regardless of the distance. The
ext ensi on of the actual working tinme represents that a driver
wor ks for | onger than actual workable tinme of the driver, and
a cost for the excess working tinme is cal cul ated based on the

overtime unit cost.
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[ 0060]

The restriction alleviation conditions illustrated in
Fig. 11 are nerely exenpl ary, and an al |l evi ati on condi ti on can
be set for any restrictionsthat needto be satisfiedfor making
a delivery plan. By alleviating the restriction, a delivery
pl an can be nade based on a restriction condition that cannot
be set before the alleviation. For exanple, the kind of a
usabl e truck (maxi mum | oad capacity), the nunber of trucks,
and the like may be considered as restrictions that can be
al I evi at ed. In addition, use conditions of not only an
expressway but also various roads may be considered as
restrictions that can be alleviated. In addition, all the
above-described restriction conditions may be al |l evi ated, or
only a part of restriction conditions nmay be alleviat ed.

[ 0061]

Fig. 12 is a diagram illustrating an exanple of a
restriction alleviation condition setting screen that is
out put fromthe delivery plan maki ng devi ce 100 according to
t he enbodi ment of the invention.

[ 0062]

The restriction alleviation condition setting screen
di splays the restriction alleviation condition information
167 defined by the external data. For each of therestriction
all eviation conditions, atarget setting box 1210 for setting

whet her or not to set the restriction alleviation condition
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as atarget for restriction alleviationis provided such that
a selection by a user is accepted. In the enbodinent,
alleviation conditions that are checked by the user in the
target setting box 1210 are set as targets for restriction
alleviation. After the setting of the target for restriction
alleviationby theuser, therestrictionalleviationcondition
i nformation 167 stored in the storage unit 120 is retrieved
for each of the restriction alleviation conditions. If the
corresponding restrictionalleviationconditionisthetarget
for restriction alleviation, the applicability 1150is set as
True, and if not the target for restriction alleviation, the
applicability 1150 is set as Fal se.

[ 0063]

I nthe enbodi nent, a"storeDdeliverytinepostponenent”
condition of extending the term nation of the delivery tinme
430 of the store D defined by the store information 160, an
"expressway usable distance” condition of extending the
shortest di stance for the use of an expressway, and an "act ual
wor king tinme extension"” condition of extending the actua
working tinme of a truck driver are set as targets for
restriction alleviation. That is, if the user checks the
t arget setting boxes 1210 of the al | evi ati onconditionsinFig.
12, the information is input to the restriction alleviation
condition information stored in the storage unit 120. In the

restrictionalleviationconditioninformationillustratedin
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Fig. 11, the applicability 1150 of the all eviation conditions
of the restriction nunbers 2, 3, and 4 set as the targets for
alleviationin Fig. 12 are set as True, and the applicability
1150 of the other alleviation conditions are set as Fal se.
[ 0064]

In the enbodi ment, two types including a general road
and an expressway are used as road types. However, another
road type may be further added. In addition, the restriction
alleviation condition information 167 may be generated by
readi ng t he external data, displayingthe setting screen, and
sel ecting alleviation conditions as targets for restriction
al I evi ati on.

[ 0065]

When t he i nput of the external dataillustratedin Figs.
4 to 11 ends, the delivery plan maki ng device 100 starts (2)
t he delivery plan making process 320.

[ 0066]

(2) Delivery Plan Making Process 320

In the delivery plan maki ng process 320 illustrated in
Fig. 3, the delivery pl an naki ng and cost cal cul ati ng unit 130
nmakes a del i very pl an suchthat atruck canarrive at each store
wi thintheavailabl edeliverytine430of thestoreinformation
160 stored in the storage unit 120 and the actual working tine
of the truck is within the actual workable tine of the driver

620 of the driver information 162 stored in the storage unit
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120, assigns a delivery plan nunber, and stores the delivery
planinthe delivery plan path information 168. The delivery
pl an maki ng and cost cal cul ati ngunit 130 nakes adelivery pl an
for exanple, using a general delivery plan making algorithm
usi ng netaheuristics or the Ilike.

[0067]

Fig. 13 is a diagramillustrating an exanple of the
delivery plan path information 168 that is stored by the
delivery plan maki ng device 100 accordi ng to the enbodi nent
of the invention.

[ 0068]

The del i very pl an path information 168 i ncl udes at | east
data itens that define a delivery plan nunber 1310, a truck
nunber 1320, a truck nanme 1330, From(a store or hub name from
whi ch a truck departs) 1340, To (a store or hub name at which
atruckarrives) 1350, tinmerequiredfor the novenent of atruck
1360, awork time 1370, an expressway use 1380, and t ot al act ual
wor ki ng tinme 1390.

[ 0069]

Fig. 13 illustrates an exanple of information relating
to a path of one delivery plan having a delivery plan nunber
"No. 0". Inthis plan, four normal trucks havingtruck nunbers
"No. 1" to "No. 4" are used, and the truck havi ng a truck nunber
"No. 1" noves for delivery in order of the depot, the store

A, and the store Band returns to the depot. The other trucks
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reci procat e bet weent he depot andthe store C, bet weent he depot
and the store D, and between the depot and the store E,
respectively. The travel tine 1360 in a section between the
depot and each store and asecti on betweentherespective stores,
theworktime 1370, andthe total actual workingtime 1390 whi ch
is the sumthereof are calculated. The expressway use 1380
represents whet her or not the use of an expressway i s al |l owed
in each of the sections, and "x" illustrated in Fig. 13
represents the use of an expressway is not allowed in the
secti on.

[ 0070]

After making the delivery plan, the delivery pl an maki ng
and cost calculating unit 130 generates delivery plan cost
i nformation using the delivery plan path information 168, the
driver information 162, the truck information 163, and the
expressway toll information 164 storedinthe storage unit 120.
If restriction alleviation is not executed when making the
delivery plan, the delivery plan cost information is stored
in the normal delivery plan cost information 169. | f
restriction alleviation is executed, the delivery plan cost
informationis storedintherestrictionalleviationdelivery
pl an cost information 170.

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

del i very pl an maki ng and cost cal cul ati ng unit 130 cal cul ates
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a total truck cost 1430 which is the sumof truck charges, a
t ot al expressway cost 1440 whichi s the sumof expresswaytolls
and a total overtime cost 1450 which is the sumof overtine
wages of the drivers, usingthe delivery plan pathinformation
168 stored in the storage unit 120, and adds the three costs
to calculate a total delivery cost 1420.
[0072]

The total truck cost 1430i s obtai nedas follows. First
t he del i very pl an nmaki ng and cost cal cul atingunit 130 extracts
information corresponding to the delivery plan nunber 1310
whose cost is desired to be calculated fromthe information
included in the delivery plan path information 168 such t hat
t he val ues of the truck nunbers 1320 do not overl ap each ot her.
Next, the truck name 1330 of information is specified,
i nformati on having the truck name 710 as the correspondi ng
truck name fromthe truck i nformati on 163 stored i nthe storage
unit 120 is specified, and the truck charge 730 of the
information is added to the total truck cost. In the exanple
of Fig. 13, the delivery pl an maki ng and cost cal cul ati ng unit
130 extracts first-line information as information in which
t he truck nunber 1320 is No. 1. Since the truck nane 1330 of
the first-line information is nornmal truck, information in
whi ch the truck name 710 is normal truck is specified fromthe
truck i nformation, and a truck charge of 10000 yen i s added.

Li kewi se, the delivery plan maki ng and cost cal cul ati ng unit
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130 extracts fourth-line information as i nformation i n which
t he truck nunber 1320i s No. 2, extracts sixth-lineinformation
as information in which the truck nunber 1320 is No. 3, and
extracts eighth-line information as i nformation in which the
truck nunber 1320 is No. 4, and 10000 yen is added for each
information. As aresult, the total truck cost 1430 i s 40000
yen.

[0073]

The total expressway cost 1440 is obtained as fol |l ows.
Regarding information corresponding to the delivery plan
nunber 1310 whose cost is desired to be cal culated fromthe
informationincludedinthedeliveryplanpathinformtion168,
i f the expressway use 1380 i ndi cates t he use of an expressway,
the delivery plan naking and cost calculating unit 130
retrieves the expressway toll information 164 stored in the
storage unit 120, specifies the section 810 that matches with
a section of the corresponding information fromthe From1340
tothe To 1350, and adds t he expressway tol| 820 of t he specified
informationtothe total expressway cost 1440. 1Inthe exanple
of Fig. 13, the expressway use 1380 on all the lines of the
delivery plan path information indicates that the use of an
expressway i s not all owed, and thus the total expressway cost
is 0 yen.

[0074]

The total overtine cost 1450 is obtained as foll ows.
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Regarding information corresponding to the delivery plan
nunmber 1310 whose cost is desired to be calculated fromthe
informationincludedinthedeliveryplanpathinfornmation168,
t he delivery plan making and cost cal culating unit 130 adds
the total actual working tinme 1390 of information having the
sane truck number 1320, and obtains the total actual truck
wor king time for each truck nunber. Next, the delivery plan
maki ng and cost calculating unit 130 retrieves the truck
information 163 stored in the storage unit 120, specifies
i nformati on having the same truck name 710 as the truck name
1330 of each truck number 1320, and specifies the actual
wor kabl e ti me of the driver 620 of i nformation having the sane
driver nane 610 in the driver information 162 stored in the
storage unit 120 as the truck driver 740 of the specified
i nformation. Further, the delivery plan maki ng and cost
calculatingunit 130 cal cul ates a difference between t he tot al
actual truck working time and the specified actual workabl e
time of the driver 620, for each truck nunmbers 1320 cal cul at ed
above, as overtinme hours. |[If the overtine hours are positive,
a value of "Overtime Hours x Overtinme Unit Cost of Driver
Informati on 630" is added to the total overtime cost 1450.
[0075]

In the enbodinment, all the truck nanmes 1330 of the
delivery plan path i nformation are normal truck, and the truck

driver 740 of the truck information 163 is A. In the driver
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information 162, the actual workable tine of the driver 620
of the driver Ais 180 m nutes. On the other hand, the total
actual truck working time of the truck nunmber No. 1 of the
delivery plan path information 168 i s 60 m nutes + 60 m nutes
+ 20 m nutes = 140 nm nutes, whichis shorter than 180 m nut es.
Li kewi se, the total actual truck working tinme of the truck
number No. 2to No. 4 is shorter than 180 m nutes. Therefore,
the total overtine cost is 0 yen.

[0076]

The above-descri bed cal cul ati on of the delivery cost is
nerely exenplary. Actually, the delivery cost can be
cal cul ated using various nethods based on various cost
information. For exanple, a plurality of kinds of trucks
havi ng di fferent maxi num| oad capacities are usable. |If the
charge for use varies depending on the kinds, the truck
i nformation 163 i ncl udes i nformati on of the charge for use for
each ki nd of atruck as cost i nformati on, and the delivery pl an
maki ng and cost cal cul ati ngunit 130 may cal cul ate the del i very
cost basedthereon. Inaddition, if theunit cost (hourly wage)
in the actual working time varies depending on drivers, the
driver information 162 includes information of the unit cost
inthe actual workingtime for eachdriver as cost i nformati on,
and the del i very pl an maki ng and cost cal cul ati ng unit 130 may
calculate the delivery cost based thereon. In addition, if

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

Fig. 14isadiagramillustratinganexanpl e of the nornal
delivery plan cost information 169 that is stored by the
delivery plan nmaki ng device 100 according to the enbodi ment
of the invention.

[0078]

The normal delivery plan cost information 169 incl udes
at least dataitens that define the total delivery cost 1420,
the total truck cost 1430, the total expressway cost 1440, and
the total overtine cost 1450. The contents thereof are as
descri bed abovewi threferencetoFig. 13. The nornal delivery
pl an cost i nformation 169 may further i nclude a delivery plan
nunber 1410 that specifies the delivery plan used for
cal cul ating the cost.

[0079]

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

[ 0080]

(3) Restriction Alleviation Process 330

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

executed on the generated restriction alleviation plan by the

30



delivery plan maki ng and cost calculating unit 130 to nake a
delivery plan, and the restriction alleviation delivery plan
cost information is generated.

[ 0081]

Fig. 15 is a flowhart illustrating an exanple of the
restriction alleviation process that is executed by the
delivery plan maki ng device 100 accordi ng to the enmbodi nent
of the invention.

[ 0082]

Intherestriction alleviation process 330, first, the
restrictionalleviating unit 140 executes (3-1) arestriction
alleviation extraction process 1510 of retrieving the
restriction alleviation condition information 167 stored in
the storage unit 120 and sel ecting one restriction where the
delivery cost can be reduced by alleviating the restriction
to the maxinmum and making a delivery plan. Next, the
restrictionalleviating unit 140 executes (3-2) arestriction
all eviation plan generating process 1520 of conmbining a
plurality of restrictions selected in (3-1) and changing the
restrictions stepwise by the alleviation width 1130 of the
restriction alleviation condition information 167 stored in
the storage unit 120to generate arestrictionalleviationplan.
Next, the restriction alleviating unit 140 executes (3-3) a
del i very pl an maki ng and cost cal cul ati ng process 1530 of the

generated restriction alleviation plan. The restriction
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alleviating unit 140 repeats (3-2) and (3-3) wuntil a
restriction alleviation termnation condition is satisfied.
The restriction alleviation term nation condition is, for
exanpl e, nmaking of delivery plans for all the restriction
al I evi ati on pl ans.
[0083]

Herei nafter, each of the processes of Fig. 15 will be
descri bed.
[ 0084]

(3-1) Restriction Alleviation Extraction Process 1510

When t he applicability 1150 of eachinformationincl uded
in the restriction alleviation condition information 167
storedinthestorageunit 120is True, the delivery pl an maki ng
and cost calculating unit 130 and the restriction alleviating
unit 140 execute the follow ng process. That is, the
restriction alleviating unit 140 alleviates the alleviation
condi tion 1120 of the correspondi ng i nformati ontothe maxi num
al I evi ati on amount 1140, and t he del i very pl an maki ng and cost
cal culatingunit 130 executes t he delivery pl an maki ng process
320 based onthe all eviatedrestrictionconditionstogenerate
the delivery plan cost information. 1In a case where a total
del i very cost 1620 (refer to Fig. 16) of the generated delivery
pl an cost information is lower than the total delivery cost
1420 of the nornal delivery plan cost information (that is,

before the alleviation) stored in the storage unit 120 (t hat
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is, the cost is reduced by alleviating the correspondi ng
restriction condition), the applicability 1150 of the
corresponding information is True. O herw se, t he
applicability 1150 of the information is Fal se.

[ 0085]

Even when the alleviation condition 1120 is alleviated
to the maxi nrumal | evi ati on amount 1140 as descri bed above, if
the delivery cost cal cul ated based on the result thereof is
hi gher t han or equal tothedelivery cost beforethealleviation,
it isdetermnedthat the cost isnot |ikelyto bereduced even
after the alleviation, and the alleviation condition 1120 is
excluded fromatarget for the fol |l owi ng process. Accordingly,
the following calculation for specifying the optinal
al | evi ati on anpunt i s not executedonthealleviationcondition
1120 where the cost i s not |i kelyto bereduced, and, therefore,
the cal cul ati on anmpbunt is reduced. However, if it is not
necessarytolimt thecal cul ati on amount, t he above-descri bed
process 1510 is omtted, and the applicability 1150 of all the
all eviation conditions 1120 is set as True, and the fol | owi ng
process nay be executed on all the all eviation conditions 1120
as targets.

[ 0086]

In the enbodinent, the above-described process is

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

1110 of therestriction all eviation conditioninformation 167
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of Fig. 11. Inthecase of thevalue?2of therestrictionnunber
1110, the avail abl e delivery tine of the store Dis postponed
by 120 minutes. That is, while the avail able store delivery
time 430 of the store Din the store information 160 of Fig.
4 is 2:50 to 3:30, the available store delivery tinme of the
store D is postponed to 2:50 to 5:30 with the restriction
alleviation. |If thedelivery plan making and cost cal cul ati ng
unit 130 executes the delivery plan nmaki ng process 320 under
this condition, a delivery plan using three normal trucks is
obt ai ned, and the cost becones that the total truck cost is
30000 yen, the total expressway cost is O yen, the tota
overtine cost is O yen, and the total delivery cost is 30000
yen. Thistotal delivery cost of 30000 yeni s noreinexpensive
thanthetotal delivery cost of 40000 yen of t he normal delivery
plan cost information illustrated in Fig. 14, and thus the
applicability 1150 of the restriction alleviation condition
information is still True.
[ 0087]

When t he above-descri bed process i s execut ed onthe val ue
3 of the restriction nunber 1110, a delivery plan where three
normal trucks are used and one expressway section is used is
obtained, and the total truck cost is 30000 yen, the total
expressway cost i s 4000 yen, the total overtine cost is O yen,
and the total delivery cost is 34000 vyen. When the

above-descri bed process is executed on the value 4 of the

34



restriction nunber 1110, a delivery plan where three norm
trucks are used and one hour is required as the overtine tine
is obtained, and the total truck cost is 30000 yen, the total
expressway cost is 0 yen, thetotal overtine cost is 1000 yen,
and the total delivery cost is 31000 yen. As a result, the
val ues 2, 3, and 4 of therestrictionnunber 1110 ar e extract ed.
[ 0088]

(3-2) Restriction Alleviation Plan Generating Process
1520

The restriction alleviating unit 140 retrieves the
restriction alleviation condition information 167 stored in
the storage unit 120, selects one or nore restrictions where
the applicability 1150 is True, alleviates each of the
restrictionsbythealleviationw dth 1130 of the correspondi ng
information to determ ne the alleviation anount, and nmakes a
restriction alleviation plan. In the enbodinent, three
all eviationconditionsincludingthestoreDtine postponenment
t he expressway usabl e di stance, and the actual working tine
ext ensi on where the applicability 1150 is True are sel ected
fromtherestrictionalleviationconditioninformation 167 as
targets for generating the restriction alleviation plan.
[ 0089]

For example, if only the store D delivery tine
post ponenent i s sel ected, therestrictionalleviatingunit 140

post pones the delivery tine of the store Don a 10-m nute basi s
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such that a restriction alleviation plan where the delivery
timeof thestoreDis postponedby 10 m nutes, andarestriction
al l eviation plan where the delivery tinme of the store Dis
postponed by 20 mnutes, and generates 12 restriction
alleviation plans including a restriction alleviation plan
alleviated up to 120 m nutes at nost. Likewise, if only the
expressway usable distance is selected, the restriction
alleviating unit 140 reduces the expressway usabl e di stance
on a 10- kmbasi s suchthat arestrictionalleviationplanwhere
t he expressway usabl e distance is 100 km and a restriction
al l eviation plan where the expressway usabl e distance is 90
km and generates 10 restriction alleviation plans including
arestrictionalleviation plan alleviated upto O kmat nost.
If an initial value of the expressway usabl e di stance before
thealleviationisinfinite(that is, an expressway i s not used
regardl ess of the travel distance), it is not possible to
cal cul ate t he expressway usabl e di stance after the al |l evi ati on
by applying the alleviation width to the initial value
Therefore, a value (for exanple, 100 km of the expressway
usabl e di stance whenthe al l eviationis executedtothe m ni num
may be predeterm ned. The sane cal cul ati on as above can be
executed on the actual working tinme extension.
[ 0090]

In addition, for exanple, if two conditions including

the store D delivery tinme postponenent and the expressway
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usabl e di stance are sel ected, therestrictionalleviatingunit
140 makes al | the conmbi nati ons of restrictionalleviationplans
for each alleviation amount of each restriction, such as a
restriction alleviation plan where the delivery tinme of the
store Dis postponed by 10 mi nutes and t he expressway usabl e
distance is 100 km or a restriction alleviation plan where
the delivery time of the store D is postponed by 20 m nutes
and the expressway usabl e distance is 100 km
[0091]

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

(3-3) Delivery Pl an Maki ng and Cost Cal cul ati ng Process
1530 of Restriction Alleviation Plan

The del i very pl an maki ng and cost cal cul ating unit 130
executes the delivery plan making process 320 on the
restriction alleviation plan determ ned by (3-2) to generate
the delivery plan cost information.
[ 0093]

If thetotal delivery cost of the generateddelivery plan
cost information is lower than the total delivery cost 1420
of the normal delivery plan cost i nformation 169 storedinthe
storage unit 120, the delivery pl an maki ng and cost cal cul ati ng
unit 130 assigns a delivery plan nunber, stores the generated

delivery planinthedelivery planpathinformtion168, stores

37



the restriction alleviation plan used for generating the
delivery plan in the restriction alleviation condition
combi nationinformation 171, and stores the generateddelivery
pl an cost informationintherestrictionalleviationdelivery
pl an cost information 170.

[ 0094]

In the enbodiment, as a result of executing (3-2) and
(3-3), five restriction alleviation condition conbinations
illustratedinFig. 17aregeneratedasrestrictionalleviation
combi nati ons whi ch reduce the total delivery cost to be | ower
than the total delivery cost 1420 of the normal delivery plan
cost information 169. In the delivery plan nunbers No. 1, No.
2, and No. 3 of Fig. 17, a single restriction condition (for
exanple, the store D delivery tine in No. 1) is alleviated.
Inthe delivery plan nunbers No. 4 and No. 5, two restriction
condi tions (for exanple, whether or not to use an expressway
and the store Ddelivery time in No. 4) are alleviated. The
delivery plan cost for a delivery plan nunber 1710 of Fig. 17
is storedininformtion having the same delivery plan nunber
1610 of Fig. 16. For exanple, the delivery plan nunber No.
lisanrestrictionalleviationplanwherethe store Ddelivery
time is postponed by 10 mnutes, and the restriction
all eviationdelivery plancost information170indicatesthat,
when the restriction conditionis alleviated accordingtothe

restrictionalleviationplan, thetotal delivery cost i s 30000
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yen, the total truck cost 30000 yen, and the other cots are
0 yen.
[ 0095]

Fig. 16 is a diagramillustrating an exanple of the
restriction alleviation delivery plan cost information 170
that i s stored by the delivery pl an maki ng devi ce 100 accor di ng
to the enbodi nent of the invention.

[ 0096]

The restriction alleviation delivery plan cost
information 170 includes at | east data itens that define the
del i very pl an nunber 1610, thetotal deliverycost 1620, at ot al
truck cost 1630, a total expressway cost 1640, and a total
overtime cost 1650.

[0097]

Fig. 17 is a diagramillustrating an exanple of the
restrictionalleviationconditionconbinationinformtion171
that i s stored by the delivery pl an maki ng devi ce 100 accordi ng
to the enbodi nent of the invention.

[ 0098]

The restriction alleviation condition conbination
information 171 includes at | east data itens that define the
delivery pl an nunber 1710, arestrictionalleviation 1720, and
an alleviation width 1730.

[ 0099]

After the end of the delivery plan making and cost
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cal cul ati ng process 1530 of the restriction alleviation plan,
t he delivery pl an maki ng and cost cal cul ating unit 130 checks
(process 1540) theterm nation condition (for exanpl e, whet her
or not delivery plans are made for all the restriction
al l eviation plans). If the termnation condition is not
satisfied, the process returnsto (3-2). In a case where the
term nation condition is satisfied, a result output process
340 starts.
[0100]

(4) Result CQutput Process 340

In the result output process 340 of Fig. 3, the display
unit 150 displays the delivery plan path information, the
restriction alleviation delivery plan cost information, and
therestrictionalleviationconditionconbinationinformation
stored in the storage unit 120. For exanple, the CPU 201 may
generate data of a screen that displays the restriction
al l eviationplanandthedeliverycost cal cul at ed basedt her eon,
and the i ke to output to the display device 240 such that the

di spl ay device 240 displays the corresponding screen. An

exanpl e of the displayed results is illustrated in Figs. 18
to 20.
[0101]

Fig. 18 is a diagram illustrating an exanple of

restriction alleviationand delivery cost di splay screen that

is output fromthe delivery plan maki ng devi ce 100 accordi ng

40



to the enbodi ment of the invention.
[0102]

The restriction alleviation and delivery cost display
screen di spl ays a conbi nation of the restriction alleviation
condition conbination information 171 and the restriction
al l eviation delivery plan cost information 170 stored in the
storage unit 120. The restriction alleviation and delivery
cost di splay screen includes at | east data itens that display
thetotal deliverycost obtainedbytherestrictionalleviation
and the alleviation wi dth of each restriction. Accordingly,
t he user can easily understand a conbi nation of restriction
al l eviati ons necessary for reducing the delivery cost and
wi dths of the restriction alleviations.

[0103]

Fig. 19is a diagramillustrating an exanple of a graph
di splay of restriction alleviations and delivery cost amounts
that are output from the delivery plan making device 100
according to the enbodi mrent of the invention.

[ 0104]

The graph display of restriction alleviations and
delivery cost anounts displays the restriction alleviation
condition conbination information 171 and the restriction
all eviation delivery plan cost information 170 stored in the
storage wunit 120. The graph display of restriction

all eviations and delivery cost amounts displays the tota
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delivery cost withrespect toaxesrepresentingthealleviation
wi dths of the restriction conditions necessary for reducing
the delivery cost, which were obtained by retrieving the
restrictionalleviationdeliveryplancost information 170 and
therestrictionalleviationconditionconbinationinformtion
171. Inthe enbodinment, acircle 1910 (or any arbitrary figure
may be used) is displayed at a position on a coordi nat e space
corresponding to the sizes of the two alleviationw dths with
the store Ddelivery tinme postponenent as the horizontal axis
and the actual working hour extension as the vertical axis,
and the delivery cost is displayed using the sizethereof. In
addi tion, the nunerical val ue of the delivery cost is displayed
inthe circle 1910 or a speech bal loon 1920 corresponding to
the circle 1910. Accordingly, the user can easily understand
the total delivery cost with respect to the cost generated by
the restriction alleviation

[ 0105]

Fig. 20isadiagramillustratinganexanpleof adelivery
pl an Gantt chart di spl ay screenthat i s output fromthedelivery
pl an maki ng device 100 according to the enbodi nent of the
i nvention.

[ 0106]

The delivery plan Gantt chart display screen displays

t he delivery plan path informati on stored i n the storage unit

120. In the delivery plan Gantt chart display screen, the
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hori zontal axis represents the tinme, and the vertical axis
represents the truck (for exanple, the truck nunmber). The
delivery plan path information storedin the storage unit 120
isretrievedanddi splayedusingaframe 2010i nwhichthew dth
represents the time required for the work content of the truck
by the user specifying the delivery plan nunber. In the
enbodi nent, novenent using a general road is displayed with
an oblique |ine background, novenent using an expressway is
di spl ayed with a dot background, and unl oading is displayed
wi th no background in the frame 2010. Accordingly, the user
can easily understand the work contents of the truck. The
enbodi nent di spl ays t he background pattern changi ng accordi ng
to the work contents. However, each of the work contents may
be di splayed by bl ue or red.

[0107]

According to the enbodi nent of the invention described
above, a plurality of restriction alleviation plans are
automatically made, the respective delivery costs are
cal cul ated, and the calculationresult is displayedin aform
that the user can easily understand. The user can sel ect
restrictions which are easily changeable, such that the
delivery cost can be reduced.

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

enbodi ments and i ncl udes vari ous nodi ficati on exanpl es. For
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exanpl e, the enbodi ment s have been descri bedindetail inorder
to easily describe the invention, and all the above-descri bed
configurations nmay not necessarily to be included. In
addition, addition, deletion, and substitution of another
configuration can be made for a part of the configuration of
each enbodi nent .

[0109]

In addition, sone or all of the above-described
respective configurations, functions, process units, process
means, and the |i ke may be realized by hardware, for exanple,
by designing an integrated circuit. In addition, the
respective configurations, functions, and the |ike my be
reali zed by software by a processor i nterpreting and executing
a programthat realizes each of the functions. Infornmation
of a program atable, afile, or the like that realizes each
of the functions can be stored in a recordi ng devi ce such as
a nmenory, a hard disk, or an SSD (Solid State Drive) or a
non-transitory data storage nmedi umsuch as an I C card, an SD
card, or a DVD
[0110]

In addition, control Ilines and information |ines
i ndi cat e what i s consi dered necessary for the expl anati ons but
all control lines or information |ines necessary for the
products are not necessarily included. |t can be considered

that al nost of all conponents are actually interconnected.
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CLAI M5

[Caiml1]

A del ivery pl an maki ng systemf or nmaki ng a delivery pl an
of an article, the system conpri sing:

a storage unit that stores arestriction condition for
making a delivery plan and cost information used for
calculating a delivery cost based on the delivery plan

a delivery plan maki ng and cost calculating unit that
makes a delivery plan before alleviation of the restriction
conditionto satisfy therestrictioncondition and cal cul ates
a delivery cost of the delivery plan before the alleviation
based on the cost information; and

a restriction alleviating unit that generates a
restriction alleviation plan by alleviating the restriction
condi ti ons, wherein

the delivery plan making and cost calculating unit
further makes a delivery plan after alleviation of the
restriction conditionto satisfy the restriction alleviation
pl an and cal cul ates a del i very cost of the delivery plan after
the alleviation based on the cost information, and

outputstherestrictionalleviationplanif thedelivery
cost of the delivery plan after the alleviationis |ower than

t he del i very cost of the delivery plan before the all eviation.
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[Caim2]

The delivery plan nmaking systemaccording to claim1,
wher ei n

the storage wunit further stores a restriction
al l eviationconditionindicatingamxi numall evi ati on anount
of the restriction condition

t he deli very pl an maki ng and cost cal cul ati ng unit makes
a restriction alleviation plan in which the restriction
conditionis alleviated up to the maxi mrumall evi ati on amount
to make a delivery plan after the alleviation, and cal cul ates
adeliverycost of thedeliveryplanafter thealleviationbased
on the cost information, and

if the delivery cost of the delivery plan after the
alleviation is | ower than the delivery cost of the delivery
pl an before the all evi ati on, the delivery pl an nmaki ng and cost
calculating unit nmakes one or nore restriction alleviation
pl ans in which the restriction conditionis alleviated up to
an alleviation amount smaller than the maximum all evi ation
amount t o make one or nore del i very plans after the all evi ati on,
and cal cul at es deli very costs of the one or nore del i very pl ans

after the alleviation based on the cost information

[C ai m 3]
The delivery plan making system according to claim 2,

wherei n
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the restriction alleviation condition includes a pitch
wi dth of an alleviation anpunt, and

the delivery plan making and cost calculating unit
alleviates the restriction condition up to one or nore
al l eviation amounts determ ned based on the pitch width to

generate the one or nore restriction alleviation plans.

[ C ai m 4]

The delivery plan naking systemaccording to claim1,
wherein

the restriction condition includes at |east one of a
delivery tine of the articles to a delivery destination, an
actual working tinme of a delivery worker, and a use condition
of a road for delivery, and

the cost information includes at | east one of a charge
for use of a vehicle for delivery, an overtinme wage of the

delivery worker, and a toll of the road.

[C ai m 5]

The delivery plan nmaking system according to claim4,
wher ei n

the storage unit further includes delivery destination
information indicating |ocations of one or nore delivery
destinations and an article amount to be delivered to each

del i very destination, hubinformationindicatinglocations of
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one or nore delivery hubs, speed information indicating a
novi ng speed on a path where the vehicle travels, worker
i nformationindicatingthe actual workingtinme of the delivery
wor ker, vehicleinformationindicatingamaxi numl oad capacity
of the vehicle, the delivery worker who uses the vehicle, and
atimerequired to unload the articles fromthe vehicle, and
di stanceinformationindicatingatravel di stance between each
of t he hubs and each del i very destinationand atravel di stance
bet ween the respective delivery destinations, and

t he deli very pl an maki ng and cost cal cul ati ng unit makes
t he delivery pl an before the all eviati on and t he del i very pl an
after thealleviationtosatisfytherestrictionconditionand
the restriction alleviation plan based on the delivery
destination information, the hub information, the speed
information, the worker information, and the distance

i nformati on.

[ C ai m 6]

The delivery plan making system according to cl ai m 4,
further conprising

a display unit that displays a kind and an al |l evi ati on
anount of the restriction condition alleviated in the
restriction alleviation plan and a cost of the delivery plan

after the alleviation.
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[Caim7]

The delivery plan nmaking system according to claim®,
wher ei n

t he di splay unit displays the kind and the alleviation
anount of the restriction condition alleviated in the
restrictionalleviationplanandthe cost of the delivery plan
after the alleviation by displaying a figure having a size
corresponding to a si ze of the cost of the delivery plan after
the alleviation at a position on a coordinate space
corresponding to the alleviation amunt of the restriction

condi ti on.

[Cai m 8]

A delivery pl an maki ng net hod f or maki ng a del i very pl an
of articles by a conputer systemincl uding a processor and a
storage device connected to the processor, wherein

t he storage device storing arestriction condition for
making a delivery plan and cost information used for
cal culating a delivery cost based on the delivery plan, and

the delivery plan nmaking nethod conpri sing:

afirst process wherethe processor nakes adelivery plan
before all eviationof therestrictionconditiontosatisfythe
restrictionconditionand allow ngthe processor to cal cul ate
a delivery cost of the delivery plan before the alleviation

based on the cost information;
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a second process where the processor generates a
restriction alleviation plan by alleviating the restriction
condi ti on;

athirdprocess wherethe processor nakes adelivery plan
after alleviationof therestrictionconditionsoastosatisfy
the restriction alleviation plan, and cal cul ates a delivery
cost of the delivery plan after the alleviation based on the
cost information, and

a fourth process where the processor outputs the
restriction alleviation plan if the delivery cost of the
delivery plan after the alleviationis|ower than the delivery

cost of the delivery plan before the alleviation.

[Cai m9]

The delivery plan naki ng met hod according to claimS8,
wherein

the storage device further stores a restriction
al l eviationconditionindicatingamxinumalleviation anount
of the restriction condition,

t he second process i ncl udes a process where t he processor
generates a restriction alleviation plan in which the
restriction condition is alleviated up to the maxi num
al l eviati on anount, and

the third process includes

a process where t he processor makes adelivery planafter
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the alleviation to satisfy the restriction alleviation plan
in which the restriction condition is alleviated up to the
maxi mumal | evi ati on anount, and cal cul ates a delivery cost of
the delivery plan after the alleviation based on the cost
i nformati on, and

a process where, if the delivery cost of the delivery
plan after the alleviationis |ower than the delivery cost of
the delivery plan before the alleviation, the processor
generates one or nore restriction alleviation plans in which
the restriction conditionis alleviated up to an alleviation
anount smal | er than t he maxi numal | evi ati on anount to make one
or nore delivery plans after the alleviation, and cal cul ates
delivery costs of the one or nore delivery plans after the

al l eviati on based on the cost information.

[C ai m 10]

The delivery plan maki ng met hod according to claim?9,
wher ei n

the restriction alleviation condition includes a pitch
wi dth of an alleviation anount, and

the third process i ncl udes a process where t he processor
generates the one or nore restriction alleviation plans by
alleviating the restriction condition up to one or nore

al l eviation amounts determ ned based on the pitch w dth.
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[Caim11]

The delivery plan nmaki ng met hod according to claimS8,
wher ei n

the restriction condition includes at |east one of a
delivery tine of the articles to a delivery destination, an
actual working tinme of a delivery worker, and a use condition
of a road for delivery, and

the cost information includes at | east one of a charge
for use of a vehicle for delivery, an overtine wage of the

delivery worker, and a toll of the road.

[Caim12]

The del i very pl an maki ng met hod according to claima1l1l,
wher ei n

t he st orage devi ce further i ncl udes del i very desti nation
information indicating |ocations of one or nore delivery
destinations and an article amount to be delivered to each
del i very destination, hubinformationindicatinglocations of
one or nore delivery hubs, speed information indicating a
travel speed on a path where the vehicle travels, worker
i nformationindicatingthe actual workingtinme of the delivery
wor ker, vehicleinformationindicatingamaxi numl oad capacity
of the vehicle, the delivery worker who uses the vehicle, and
atinme required to unload the articles fromthe vehicle, and

di stanceinformationindicatingatravel di stance between each
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hub and each del i very desti nati on and atravel distance between
the respective delivery destinations,

the first process includes a process of making the
deliveryplanbeforethealleviationtosatisfytherestriction
conditi on based on the delivery destination information, the
hub i nformati on, the speedi nfornmation, the worker i nformation,
and the distance information, and

the third process includes a process of making the
delivery plan after thealleviationtosatisfytherestriction
al l eviation pl an based onthedelivery destinationinformation,
the hub information, the speed information, the worker

i nformati on, and the di stance i nformati on.

[Caim 13]

The del i very pl an maki ng met hod according to claima1l1l,
wherein

t he conputer systemfurther includes a display device
connected to the processor, and

the fourth process i ncl udes a process where the displ ay
device displays a kind and an alleviation amunt of the
restriction condition alleviated in the restriction
all eviation plan and a cost of the delivery plan after the

al |l evi ati on.

[C ai m 14]
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The del i very pl an maki ng met hod according to claim13,

wherein the fourth process i ncl udes a process where the
di spl ay devi ce di splays the kind and the all eviation anmunt
of the restriction condition alleviated in the restriction
all eviation plan and the cost of the delivery plan after the
al I evi ati on by di splaying afigure having a size correspondi ng
toasizeof thecost of thedeliveryplanafter thealleviation
at a position on a coordinate space corresponding to the

al l eviation amobunt of the restriction condition.

54



