14 March 2005 VI SI TI NG PLAN GENERATI ON METHOD AND SYSTEM BACKGROUND OF THE
| NVENTION Field of the Invention The present invention relates to a nethod
for generating a visiting plan and a systemtherefor. Mre particularly,

the invention pertains to a visiting plan generating met ho%f%ml‘??ébgm
wherein, for a plurality of -groups having invariable and/or variable

menbers (persons or apparatuses) to visit a plurality of destinations on a

task-shari ng basivisopiNgnemay JERERATRY weitop] Ui seraRs, optimum
(0]

destination assignnent to the plural groups, an ptimum pl anni ng for each
of the plural groups can be carried out. Description of the Related Art As
a typical exanple of a problemconcerning generation of an optinum
visiting plan, there is BAckaReUNDnafhennt ixwEnTPswbl em cal | ed t he
Travel i ng, sal. espan Problem in which an order of visiting a plurality of
cities tﬁ?‘ﬁhﬁh"g R haveRbiam path is to be determned on the assunption
that a visit st be made to each of the plural cities only once. That is
to say, in the' P§RRRSSDginYeasHAR Trbdtesmtoaatmattald diost generaningel v
determ ngdvgsccordi ng to ﬁa order of visiting cities is used as a cost

8t #

function to SesR&hf M SRR eEBECExafi®e Partigydaativmatiee sol ution

tothe T | Probl em has, bee roposed by Hopfield, J. J. and
Tank, D. EW%%%?F%%géggHsJEg 2 TARKE1EP éﬁ(qmat'mmqhodc@rmt ation

of recisg9BEenNwn&PLH ZaL L0 L ol ogi cal bernetics, 52, pp. 141

152) using the Hopfield noge? ﬁ_]g%ﬁg?%%gﬁ&ps( f??z/!i)n%gtﬂ"&ﬁlaﬁ-%rch

2005 wi t Angradedareap0B8SReNBYEs COLLESL ALY E, £O l.onal, properties Ilike

t hose. of two- stat-e neurons; Pr%cte)%d?ngs O?Pt%%\%neaq) RIRAES
plurality of destinations on a task-sharing basis, optimum

formation of the plural groups, optimum destination assignment

to the plural g;:t:cn.;.paf and optimum planning for each of the plural

groups can bhe carried out.

Description of the Related Art

As a typical example of a problem concerning generation
of an optimum visiting plan, there is a classic mathematical
problem called the Traveling Salesman Problem, in which an order
of visiting a Plurality of cities through a minimum total path
is to be determined on the assumpéion that a visit must be made
to each of the plural cities oniy cence. That is to say, in the
Traveling Salesman Problem, a trave‘l distance uniquely
determined according to an order of visiting cities is used as

a cost function to seek an optimum solution. For example, an

approximate solution to the Traveling‘Sales'man Problem has been

Proposed by Hopfield, J, J. and Tank, D. W. (Hopfield, J. J.

& Tank, D. W., (1985) "“Neurain Computation of Declisions in

Optimization Problems, Biological Cybernetics, 52, pp. 141 -

152) using the Hopfield model (Hopfield, J. 3., (1984) Neurons



Acadeny of Sciences, USA, 81, pp. 3088 - 3092). In the Traveling Sal esman
Probl em handl ed in conventional solution nethods, however, optim zation
has been attenpted on the prem se that a single salesman is to visit al
the cities of interest. In a situatiop where one sal esman Cn%“r(h%}crfﬁdﬁ al |
the cities of interest, it is required to nake assignnent to a plurality
of sal esnen. An optinum solution nethed in such a case has not been

devi sed Hetestadied rhonener. hBSU/RY «Ck i VidEc bAVEMT E DhAD pi e ofidde
foregoing, it is an object of the present invention to provide a visiting
pl an gerﬂg‘r)%ﬂ i e afetHodwend tades nenrcbos ; pPoapebiivasryE Nigh® Wa odnamm
formation oi ﬁrou s, . optinum destination assignnent to the groups, and
opti mum# r@;fofgtﬁl%ﬁ-ofﬂﬁ%e &r.omps 3988n -oPi9Ri) zat i on probl em
concerning a Vi sghi Iaﬁﬁ_1 It is another abject of the present invention
to provide a Fir]ﬁ"g?pvpﬁ GEALP IR RIRRLRBN AL &) d0ceT RN WedlGTlg an
opti mum ' visiting plan applicable to_generation of such
action pf%l@%%péjet%:hfﬁdssﬁo gﬁ"gﬁ- p?%ﬁ‘,‘“eg?%"c’é%% has keen ageepeiadioh pl an.
In acco b shl o ohj f the present inventio there js provided
a techn%%séﬁn%%%ﬁﬁ%tv?s??ﬁ}ggp'?%{r:e?‘gan geh&fat’édt 0?9%1 prersd 458 of
groups isstgpeckodsgeneration of a visiting plan for an individual as in

t he conventional solution 3 14 March 2005 nethods for the Traveling

Sal esman Probl Bma AGoarH i Whe2Re ondSREELsRknt BERREESE el NYENLiON, at
| east information on a plurality of groups, information on nmenbers of each -
of the priries of olpseremd, i f AsTatdcail rA ARSMan@! 2333 @h@nitNRYt o OPti Mum

Plurality of salesmen. An optimum solution method in such a

case has not been devised heretofore, however.‘

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of the present
invention to provide a visiting plan generation method and
system for promptly carrying out optimum formation of groups,
optimum destination assignment to the groups, and optimum
pPlanning for each of the groups in an optimization problem
concerning a visiting plan.

It is another abject of the present invention to provide
a visiting plan generation method and system for making an
optimum solution for a visiting plan applicable to generation
of such action plans as a transportation plan, process plan,
and operation plan.

In accomplishing these objects of the present invention,
there is provided a technique in which a vigiting plan is
generated for a plurality of groups instead of generation of

avisiting plan for an individual a§ in the conventional solution




formati on of the plural groups and opti num desti nation assignnent to each
of the plural groups are nmade using a cost - function for evaluating a
visiting plan. Thus, in preparation of a visiting plan for a plurality of
groups to visit a plurality of destingtions on a task-sharifg\Rasi sooht
-is possible to carry out optinmumforiation of the plural groups, op?l mum
destination assignnent to the plural groups, and optinmum planning for each
of the pPEFRPAFrERHSheGiraNel ingnsatesmaanteoli ¢t anechediagpestoms t he

pr esent inventign usi ng the cost function, a maxinum cost value in a

pl ural i t $5BFChr 8hpEhe SPRERERT Znrentiaveralycdl exst irflamatiomhen gl ur al
groups i Lok pLze or cost values,in the plural groups are equalized.
Thus, i té%gg%ggYQ TV RRNAFAPETA L H PR AT RYTDEERH C LR ¢haf SR ¥ FRL act i ons
can be tgkgppat roma viewoint of the whole of the groups or

wi t hout gari ati oérllﬂl&,n&ggéf&%ﬁ%%% % h ﬁ%ﬂ%&’:"“&ﬁ i39e A iRter SRS

unassi gnedraleeli bRabEOpPnd Spi@ | ' nerati rocessi.ng operation of
a visiting plan, new ass?gnﬁgﬁtg%‘#“é%gaﬁa&ﬁg%@g cgeee&ﬁnﬁ i°g‘n and

re-formaksengamentheo Vdadt g1 cRleaP18E81 PEEEQE T80 AR dLQYLE9s cost
re-assi gnnent of already assigned destinhations and/or re-arrangenent of

groups, &ndcvisntfag eRladmartenlyos MEld iYL AN aW. t hmtad 'BE pPEEIPLPEY, It s
al so possible to make re-arrangenent of vari abl e- menber”™ groups as

requi r ed®f\in¥A st nénanisei fnec glidadlhrelo 2§06ugesid vakioh hsuagded, f or
group re-arrangenent, optinmum formation of the groups, optinum destination
assi gnneRt 495 EINATipnAIEE 2 sadkephaming Haanis nyt fior peashnDé doheaBFpUPS can
be carried out, accordi n%_to the resul't of cost calculation. in this
manner, SEESRFIYE Sormatiraiaf sheminrajegerubpompisitaddestination

assignment to the plural groups, and optimum planning for each

¢f the plural gIroups.

Further, in accordance with another aspect of the present

invention, using the cost function, a maximum cost value in a
Plurality of groups is minimized, an average cost value in the

Plural groups is minimized, or cost values in the plural groups

are equalized. Thus, it is possible to generate a visiting plan

So that visiting actions can be taken at low cogt from a viewpoint
of the whole of the groups or without variation in cost among
the groups.

8till further, if an unassigned destination is found
during generation pProcessing operation of a visiting plan, new
assignment of the unassigned destination and re-formation of
the visiting plan are perfofmed. As required, re-assignment
of already assigned destinations and/or re-arrangement of

groups, and visiting plan re-formation therewith can be

performed. It is also possible to make re-arrangement of

variable-member groups as required. When the unassigned




of the present invention, for a-plurality of groups having "invariable

and/ or variable nenbers (persons or apparatuses) to visit a plurality of
destinations on a task-sharing basis, it is possible to pronptly
acconplish optimum formation of vari agl e- menber groups, opt1i4nMg\.ch 00
destination assignnent to the groups, and optinmum pl anni ng for eac% o? th
groups. The present invention can. theréfore provide an effective method
appl i caliies cimn gisteral iamed HC YRR %-agq-raaggﬁ,_eatt,rggscﬁ%;"ation pl an,
process plan, and operation plan. In accordancé wth another aspect of the
present fowmetiomof the HEAGAL 0BG iAumi $dd ¢ 110k 0 S aia (W e Bl e al 1ty of
groups are to visit a plurality of destinations on a task-sharing basis,
at | eastg¥oHms nendremrigre il anmiingg i eachnber Faki greapsneghers Of the
plural groups, and information on the destinations are iInput, and optinmum
for mat i STROF APt AT HGitdufe A Tesudumedesbsnatadouassignmentnto each
of the plllljral roups are made using a cost function for evaluating the

vi siting™pf mnhﬁ”ﬁxs accrEdngsbnt thewdmitdmannikes genevasibhaendichahrry out
opti rrumé@rt éi on of the groups; optinumdestination assignment to the
groups, and OptY HEHTDF aHhTSRF ¥t 2P lialigvoefs 9rPypshdaming, at | east

one of PELSE] ratl ons. _Jnhcluding m nim zati on processing for
i ni ni zﬁlg a %ﬁ%ﬁ%ﬁﬁ@t& Qgriibfﬁmb?%%“@ﬁfﬁ%n? PTa2BPAFaFPE§SbitYr oups,

mnimzaki®De A i Lot ol zi an average cost value, in the plural
groups, and teq%@éﬁ%%ggrgg%&%él?%r [y Fal-P2 ﬁa?’EBéng RFELE  ihtt he

plural s opEssilsl&ats | SFbmIE LW Abrh1G8H JoHAHINC Forkid Si’on?ﬁ:tfi mm
ot K8

formation of the groups, optinum destination assignment groups, and '
opt i mum Y ehah he- hembeadraipd, hepgiAunRsasam Der 1 AF GYMlgnaaed aL Ly cost
froma viewpoint of the whole of the .
groups, and optimumplanning for each of the groups. The present
invention can therefore provide an effective method applicable

to generation of su¢h action plans as a transportation plan,
Process plan, and operation plan.

In accordance with another aspect of the present invention, .
for generating a visiting plan 'in which a plurality of groups
are to visit a plural-ity'of destinations on a task-sharing basis,
at least information on ﬁhe Plural groupsd, information on

members of the plural groups, and information on the

destinations are input, and optimum formation of the plural

groups and aoptimum destipnation assignment to each of the plural

groups are made using a cost function for evaluating the visiting

Plan. Thus, the present invention makes it possible to carry

out optimum formation of the groups, optimum destination

asslgnment to the groups, angd optimum planning for each of the

groups,

Furthermore, at least one of processing operations

including minimization pProcessing for minimizing a maximum cost



groups. It is also possible to acconplish optinmumformation of the groups,
opti mum destination assignnent to the groups, and optimm planning for
each of the groups without variation in cost according to the result of
cost calculation. Still further, in aaggordance with another aspertny hos he
present invention, if there is an unassigned destination, new assignnent
of the unassigned destination and visiting plan re-formation therewith are
per f or n¥@Luss imequinladalicvassi geoeps. ohinintadyiasspgsedssibss i fad i ons and
visiting, plan re-formation therewith can be perfornmed. Thus, any

unassi gREd iPERing @ Rvenagee cadtiedalardiny ehenpl hratidgtoops pfand he

unassi gned destination, optinmumformation of the groups, optinmm

dest i natY B HE3GATERTOE 93 $ing §P5 REsa ldird ngpe ¢ R Lplearin hlge bduredch of the
groups can he carried out according to the result of cost calcul ation.
Still fATHE® % REHFardE WetR%arofREL A8pesioBs tThus.prastdmun nvent i on,

there i A [ sitin | an_generation nethod erein, for a
plural i t%y 0 dgfr%gﬁﬁg #é%i#gmﬁ%ﬁ\ea?wég‘f“ém T A éﬁﬁ\igﬁﬁﬁﬁér"so tt$evisit a

lural it e k- shar i ng, basi tinmum formation of
Var abl & aainsr Sad enahl p1doh 88 FOF. eAn 2. ERRNEROUPD £AE BPural

groups, deddliRfe?U051300c0pL! FUR AWMLY o2aER-Ofn1ie U Yol OrouPs

are acconplished. In the visiting plan ge i on nMet ho

i nf or matgmum. t he plutabodgsbsglé ORS, adddml PRIk Vb OMudd & o Aila$s@ly 97 Oups,
and information on the plural nenbers are input, and new assignnment of an

unassi grefl Westgralion optdmiinS ks 80naPlen 4051 QhABL £ OFb TR Qi AT €
performed using a. cost function for visiting plan evaluation, As
requi r e?*4 SRS PRRNdRY BbF cerbh asSitjredrdepsi wathoms varrd/aasi on
re- arranﬁ_(]arrent of the_, . -

Cost according to the result of cost caleculation.

Still further, in accordance with another aspect of the
present invention, if there is an unassigned destination, new
assignment of the unassigned destination and vigiting plan
re-formation therewith are performed. As required,
re-assignment of already assigned destinations and visiting
plan re-formation therewith can be performed. Thus, any
unassigned destination can be added, and even with addition of
the unassignad destination, optimum formation of the groups,
optimum destination assignment to the groups, and optimum
planning for each of the groups can be carried out according
to the result of gost calculation.

Still further, in accordance with another aspect of the

present invention, there is provided a visiting plan generation

method wherein, for a plurality of groups having invariable
and/or variable members to visit a plurality of destination on
a task-sharing basis, optimum formation &f variable-membex

groups, optimum destination assignment to the plural groups,




vari abl e-menber groups and visiting plan re-formation therewith are
performed. Further, at |east one of processing operations including
m nim zation processing for mnimzing a maxi numcost value in the plural
groups, mnimzation processing for nim zing an average Cﬁ?MéﬁﬁiE@O%”
the plural groups, and equalization processing for equalizing coSt values
in the plural groups is carried out. Thus, optinmumformation of the groups,
opti mum sedt opaimen p5arPINENfot Ceddie &f OUPS p ORfAIYE dYeanning for
each of the groups can be acconplished. Still urﬁher, I'n accordance with
anot her aspesplbfhefle Tor ehentisivieni bDan Jdifira disokhovhsed & visiting pl an
generation_ nethod in which the information on destinations contains
| ocat i ons"EPTPREigRSPRNBRE OPburahddest iegricned, e dmftdamidmonheof the
destinatigns glso contains conditions of tasks to be perforned at the
dest i nat PORE2! NP Sy @BAR HEP ERA tiAN onothe Pdnsadfmempe te atrienttpobs and t he
conditioggdogethgstasks tqﬁgﬁﬁferforned at the destinations, it is
possi bl e°t0 make®* ST FREMT ¢ YGRSl anes desrizatapni pad vbsithngi on
assi gnne t,o t nd optimum pl anning for each of the groups.
Still fu‘?tiﬁ’e‘r‘?e ingré%:%r aﬁ%grﬁwfﬁﬂﬁfcﬁ BEF?%’\E‘B% {483 REOFF m%hg@@%
present FA¥Et E9RiakN e | rmgtion _on_any group .contains
attributes ofiﬁﬁglaéoﬁ% i%%%?%%.ﬂ%gbr aFFgﬁﬁéegat?FFBEFéQQ%FﬁES?fand
group coasteabdpt ssk n k0l bel onging to the group and t hat
the group is a? var ?ggigg ﬁ%ﬁ%ﬁe‘?&g?%%ge%ﬁ{ faﬁeébar%hap B i°ofg tg"ﬁpa Is al so
i ndi cat edarThbde-mesbedi §gotPs CHRE 261 SLE 644 CHL A FESARGId M, 0T OUPS, it s
possible to carry out optinumformation of the groups, oﬁtlnun1destination
assi gnnefibergwihd greoupsrfambd OpFuritiiep), 280i 1w ObRAGE Blotbss BLQUPS.
Still further, .in case that the attribute values of any

operations including minimization processing for minimizing a

maximum cost value in the plural groups, minimization processing
for minimizing an average cost value in the plural groups, and
equalization processing for equa.,lizing cost values in the plural
groups is carried out. ‘I‘.hus, op;imum formation of the groups,
optimum destination assignment tcl': the groups, and optimum.
planning for each of the groups can be accomplished.

Still further, in accordance with another aspect of the
Present inventian, there is provided a visiting plan generation
method in which the information on destinations contains
locations of the destinations, and as required, the information
of the destinations also contains conditions of tasks to‘ be

Performed at the destinations. fThus, aceording to thea

locations of the destinations and the conditions of the tasks
to be performed at the destinations, it is possible to make
optimum formation of the groups, optimum destination assignment
to the groups, and optimum planning for each of the groups.

Still further, in accordance with another aspect of the



group are variable, initial group formation data is also indicated. Thus,
with an initial group formation taken into account as a group
characteristic, optimum formation of the groups, optinum destination

assignnment to the groups, and optinmum,pl anni ng f.or each of can
be. carried out. Still further, in acgrdance wi t h anot her a{si;;g/lﬁ%rggeﬁﬁe

present invention, in case that constrains f or any group include a

rel at i orpsd geremUiTy sremiver.s irelcangi REato ikfSrgatiRnaRa bRgt grblg group is an
i nvari abl e -nenber group, data of group formation is also indicated. In

case t haROR%RL g APLTHOUL amrdfattihe meoner ( igvard abillze oraviarigbagnber of
accommodabl e menbers and desi gnations thereof are indicated. Thus,,,

accor di iy totPEHhrerk s s tans ayfoure woass risdindsgifoy  consespdatinge groups, it
IS possible to car out optimum formation of the groups, optinum

dest i natT O &35S 1% thhf GFYP &0 SPEitmFRepIsEdwPengdsf er  each of the
gr oups. | urther. in accordance W th anaother aspect of the present

i nvent i o‘%é%él?%er?%?'ﬁ?ﬁr AR, rdhitfer® lc GFetth & or adhiore 98 ta4 iRRARE©2005

bili d ) I i val ent
her ot 0) S5 By ke o SAFOEPEy ot PHEF EOCBELPRLER F oFSERRSAIE Shi ng o

task or @ry@bsle £AU ¥alsatsdinensgt %%rrﬂ-g#%b??t@%ﬁgﬁ‘dkgg’é‘ggi;%??‘%ﬁct eristics

of respective menbers, optinum forma e grou ik si gnment

Lo the osoupss, apl 1Mk desR AlAMIDG Jloianlt Ao U6 Qugy cqpabe carried
ot her

out. Still further, in accordance with an aspect “of e present
i nvent i oPp tiémemsplinmind OfoX s S P ddugdLNt i nherent in each group
and/or a threshold inherent therein. Thus, in a fashion in which a ratio

of loads on re¥pel ifurtdrarupin tasspenatimte opfdinund eanaksoss oiny he
groups, ggctnlxguartnre variable, initial group formation data i 1
i8 also
indicated. Thus, with an initial group formation taken into
account as a group characteristic, optimum formation of the
groups, optimum destination assignment to the groups, and
optimum planning for each of the groups can be carried cut.
Still further, in accordance with another aspect of the
present invention, in case that constrains for any group include

a relationship among members belonging to the group and that

Lhe group is an invariable-member group, data of group formation

is also indicated, 1In case that the group is a variable-member

group, the maximum number of accommodable members and
designations thereof are indicated, Thus, according to
characteristics of members belbnging to respective groups, it
1s possible to carry out optimum formation of the groups, optimum
destination assignment t6 the grodps, and optimum planning for
each of the groups.

Still further, in accordance with another aspect of the

present invention, information on any member contains a mobile



destination assignment to the groups, and optinum planning for each of the
groups can be carried out. Still further, in accordance wi th anot her aspect
of the present invention, a value of a cost function (cost val ue)

represents a val ue of distance (or a value which can be repyr '
terms of distance through conversion) and/or a val ue of tiﬁgpﬁgﬁggggg?ue

whi ch can be represented in terns of tinme through conversion) Thus, in

ter ms ofcapaie 1t ydicH aee mer®Rid MUMspeeBRbEORoVEnbRE GEOHPFaLRRLI MUM
destination assignnent to the groups, and optinmum planning for each of the

groups caunibmlemtr kbdretd) a%id hlwdniidetapabi BLEQI ([daPiRe Wd Be aaQiher aspect
of the resent invention, at the tine of new assignnent of an unassigned
dest i natfahassdmpldshing pltaskrer fovahte eoutivaienitt bhegeosp, IR@Gtion is
made for the unassigned destination, tentative assignnment of the

unassi gristF Y Ih e shanasregdmdgdicsn off rsspeetiyei membessti agtphan, and
tentatiyé cost calculgtion are 9. 14 March 2005 performed for each group,
the unastTJIt Yoot HEE| FFPYRS f GRFAMUR 25SEIRMERE (19 Ahgr STeupswiang a

m ni num tive cost d the tentative visiting plan is adopted
for mal | yépe%“ﬁ“s",‘ %‘W%‘s’&ﬁ %ﬁerﬁ“&’r Y ENFn JEONG R F2R B REFFARACAREPe
acconpl i shed t lay.. 1L furthe I n accordance w th anot her aspect of
the present iﬁggﬁ?igﬁftpﬁ&gr%ﬂpgé%ﬁiéﬁﬁ%ﬁne%a F@8§§e§ @fBﬁﬁtH§€FW6 a
m ni UM gosdeeé {dfe i dENta RUS QiR 303856 4% Z@%? ieﬂ?w '

X % PRIE&E promptly and

assi gnment of the unassigned destination can be acconpli's
opti mal | ynhétént {nrdden giduRGhAAANGE twget;h%gfat Nehe3eMECknAkalihe Present

i nvention, in re-assignnment of already assignhe
Thus, in a fashion in which a ratio of loads on respective groups
is specified, optimum foimationfdf the groups,'optimﬁm
destination assignment to the groups, and optimum plaaning for
each of the groups can be carried out.

Still further, in accordance with another aspect of the
present invention, a value of a cost function (cost value)
represents a value of distance (or a value which can be
represented in terms of distance ﬁhrough conversion) aﬁd/&r a
value of time (or a value which can be represented in terms of
time through conversion). Thus, in terms of time or distance,
optimum formation of the groups, optimum destination assignment
to the groups, and optimum plannihg for each of the groups can
be carried out.

still further, in accordance with another aspect of the
presentinvention,atthetimeofnewassignmentofanunassigned
destination and visiting plan re-formation therewith, group
selection is made for tha unassigned destination, tentative
assignment of the unassigned destination, re-form;tion of a

tentative vigiting plan, and tentative cost calculation are



destinations and visiting plan re-formation therewith, a plurality of
groups are selected, the selected plural groups are divided into a group
havi ng a maxi num cost (group A) and a set of the other groups, already
assigned destinations are tentatively unassigned fromthe gr
tentative visiting plan re-formation ﬁﬁd tentative cost (téﬁ#gkﬁgézgggt A)
calculation are perforned for the group A tentative assignnent of the
tent ati vieéyfonass ifgreshclegtoap! icdRSund S Hd Y 8e¥t $hht onAlAfotRaf o MaLI ON,
and tentative cost calculation are perforned for each group belonging to
the set »fsideedthera gyowys harithd fa aimiimualmeheatavievecsest akd eahat i ve
cost a) and the tentative cost A are lower than an original cost of the
group A teRRthivoeviebhingiphan timtadmvieed dficoawh e t ®huati uewcost A and
tentative Cost B are adopted formally. Thus, re-assignnment of the already
assi gned®*WRLYPHGRF RS Bt Berashignesy ipasien ganshe| aceéomphishedn
accordanﬁgowbg? anot her aspect of the 10 14 March 2005 present invention,
in sel eckron~or¥a plurality of groups, at |east a group having a maxi num
cost at the cu Lt of .tine and/or a group having a m ninmum cost at
the current po%%?f%fﬂ%{tiqlr?er’aﬁé‘ ggFﬁﬁaéﬂ?eT‘ﬁh%ﬁ‘ ﬁ‘g’% FeRest 6f ERe al ready
assi gnedprdgsh k NAt+ OIS &N ;he i out. pronpt and. opti ly, Still
further, " accof%ance é/:rvlgt ﬁlﬁaﬁgﬁérse%sepée%’t%f g‘?hggaig&gﬁfmgﬁ{}%ﬁw%n, in
vari abl eameidhaiugcddt Ee-&X t i SEL -forpation
therewith, a variable- rrenbeér %33353@ ?ﬁ%io\ghéé gnﬁigggg% clrhe\ ere’is
smal | er fEamstsignme MR s s 13fn RCEOITDLAP] §n RERAAL §ci:8m§f5.§ﬁ£§d’
unassi gned nenbers are selected wthin a range that group constraints are
sati sfi eBromph¢y andt hetimabeys thus selected is tentatively assigned to
t he sel ected varjabl e-nmenber group, tentative visiting plan

Still further, in accordance with another aspect of the

present invention, in re-assignment of already assigned
destinations and visiting plan re-formation therewith, a
Plurality of groups are selected, the selected plural groups
are divided into a group having a maximum cost (group A) and
a set of the other groups, already asgsigned destinaéions are
tentatively unassigned from the group A, tentative vigitingplan
re-formation and tentative cost (tentative*cost A) calculation
are performed for the group A, tenta:iva asgignment of the
tentatively unassigned destinations, tentative Visit.ing plan
re-formation, aﬁd tentative cost calculation are performed for
each group belonging to the set qf the-other groups, and if a
minimum tentative cost (tentative cost B} and the tentative cost
A are lower than an original cost of the group A, tentative
conditions that have caused the tentative cost A and tentative

COSt B are adopted formal ly. Thus, re-assignment of the é.lréady

assigned destinations can be carried out promptly.

Still furthar, in accordance with anot:her. aspect of the



re-formation and tentative cost calculation are perforned, and if a
mnimmtentative cost is lower than an original cost of the selected
vari abl e-menber group, tentative conditions that have caused the m ni num
tentative cost are adopted fornmally. us, addition of the.prﬁﬁég 66
menbers to the vari abl e- menber group1 an be carried out pronptly. gtl?|
further, in accordance with another aspect of the present invention, in

vari abl ePRefeRE INCRNEisel ecin erladieg ofaki phlealRaPes F 05 HsPss i Namhi ch the
nunber of nenbers is smaller than the maxi mum nunber of acconmodabl e
menber s, 1$2%5 5 GBPEP RBHIAIT §rivwspl v icog taa t rtdre munrahs gaole: val timef
difference_between the nunber of nmenbers and the nmaxi mum nunber of
acconmodABFE° FehtEr VR Daing PeMiminud casdi atobhef cuheentmassignesi menber s
to the V@riabl e- nenber ‘grogip can be carried out:pronptly and optimally. 11
14 March-2B05 & PR °Fbf T hethysh BRcdf #hghnBent ©f themReeadypessioied he

present } | | n.Vvar.i abl e- er group re-arrangenent and visiting

pl an re-?%gﬁg{léggo?%e? %?%,cyﬁ??ﬁﬂ‘g-qmlygﬁ&ﬁp°ﬁt§@éﬂé’ct ed, at l.east
one of menber t LLabl e-me r gro I S unassi gned,

unassi gned rr\e?rsbéelj];ls£ rﬁe&%s%c'egge%éﬁfﬁ?ﬁcﬁ "?gﬁb@qﬁfg{érgﬁﬁﬁc'éoﬂgt?]&? nts are
sati sfi eflres@r€n fenien® JLRUS, ed is tentatively assigped to
the sel ected variablo: ngnbgél%%ou%tﬁt 2“%%“3’%’\/%"%‘?&%% ﬁﬁrﬁfxgﬁ\é‘e -7‘% mat i on

and tentueisyeicggilanheuitarna®iane:PErERL PRd.a 3941 abi e2mBiB tative
cost is lower than an original cost of :the sael ectlg'g Saplma‘{'gleg?ﬂgr’w"gﬁ;r group,

tent ati vén edridit thesurbetr ohaeabegeshd shb® 1 B MHAAT: 6 Hadlinig, E‘S’rﬁﬁei‘ S

adopted formally. Thus, assigned nenbers bel onging to a vari abl e- nenber

group caff pecerepdable memhexm abs | aelbsk tedib el ¥ iHEd hembers are
selected within a range that group constraints are satisfied,
each of the members thus selected is tentatively assigned to
the selected variable-member group, tentative visiting plan
re-formation and tentative cost caléulatioﬁ are performed, and
if a minimum tentative cost is lower than an original cost of
the selected variable-member group, tentative conditiens that
have caused the minimum tentative cost are adopted formally.
Thus, addition of the unassigned members to the variable-maember
group can be carried out Promptiy.

Still further, in accordance with another aspect of the
present invention, in variable-member group selection, among
variable-member groups in which the number of members is smaller
than the maximum number of accommodable members, a
variable-member group having a maximum absolute value of
difference between the number of members and the maximum number
0f accommodable members is selected. Thus, addition of the

unassigned members to the variable-member group can be carried

out promptly and optimally.



Still further, in accordance with anot her aspect of t he present invention,
I n vari abl e-nenber group selection, a variabl e-nenber group having a

maxi num cost at the current point of tine is selected. Thus, assigned
menbers belonging to a variabl e-nenber group can be exchangegdywi

unassi gned nenbers pronptly and opti ﬁ'&l ly. Still further, ?@ %‘é{t%lf %(r)\%e
wi th another aspect of the present invention, in variable-nmenber group
re-arrangement tadd fursher ngplaaromlanmenstitbnanacpénradpdyr aff the

vari abl e- menber , gr ougs are selected, the selected plural variabl e-nenber
groups FEEWMVFBEAFLPD: &V URTABP e nbeieeT Growp hewvd HEARg ersd amdc ost
(vari abl g- e rQu and a set of the other variabl e-nenber groups,
tentati \}:gi neﬁrfgleq{ pg%‘hgﬁg%"%a%’a% Shan R he o vt a i embfe 9 TgusUp

bel ongi ng tsx it et Qf other 12 14 March_2005 vari abl e- menber groups
and the vari abl e- rrém?g:r l;e:agt}ptoi&%wotjfhF‘ﬁmbgrf‘"aﬂﬁeggﬁa?eg?%ﬁﬁgconst raints are

sati sfi ethritelnot ol SHdd Rl r.e-f.ornat| apd. tentatjve cost
cal cul ation are perfOE\rym?J[du%rlgt %%aggﬁggfg?hgggfﬁé?nﬁ rPEBYET ReRbBr groups,

tentati welededd adiibal £eadOrumid QRoAB0LAREALINE, S5 adliQu Al on are

performed for the variabl e-nenber group A a tentative cos dHe set of

t he ot hevactardfabibe mn‘hefrsgﬁ:ﬁuassé§e§98@a£§dtdﬁéi'ti@eﬂf'htﬁii £t of the
vari abl e-nmenber group A to select a pair cost corresponding to a higher

one, and-h¥ seldqfierumardlakd eofnemblee pRiohpGOLkniathoweyisNadngNp0Lhgi nal
cost of the variapl e-nmenber group A (nmaximumcost), tentative conditions
that have® TERISERE {6 anAnt eRma Vit aigoot ¢hkopbariaoatreaper Adapéed ador mal | y.
Thus, meytber lnelxc;hange bet ween the variabl e-menber groups can be carried
out prorpt 1% MY FEPEREL Ve fORE clot dawar when anoehisinabeistofoft he
the selected variable-member group, tentative conditions that
have caused the minimum tentative cost is adopted formally,
Thus, assigned members belonging to a variabfle-member group can
be exchanged with unassigned members promptly.
Still further, in accordance with another aspect of the
prezent invention, in variable-member group selection, a
variable-member group having a maximum cost at the current point
of time is selected, Thus, assigned members belonging to a
variable-member group can be exchanged with unassigned members
promptly and optimally.
Still further, in accordance with another aspect of the
Present invention, in variable-member group re-arrangement and
visiting plan re-formation., a plufality of variable-member
groups are selected, the selected plural variable-member groups
are divided into a variable-member group having a maximum cost
(variable-member group A) and a set of the other variable-member

groups, tentative member exchange is made between each

variable-member group belonging to the set of the other



present invention, in selection of a plurality of variabl e-nenber groups,
a vari abl e-nenber group having a nmaxi mum cost at the current point of tine
is selected. Thus, menber exchange between the vari abl e-menber groups can

be carried out pronptly and optimally,,Still further, in ac £t h
anot her aspect of the present inventib%, In selection of a %fﬁ?gpﬁ?ngf

vari abl e- menber groggs, ei ther one of a variable-nenber group having a
maxi num ¥B3takier RENRRE eFRuUpDiand chet variablle anemiaet addcrRTREERGROUP
havi ng aaq%ﬂ{qyg%cost at the current point of tine is selected. Thus,
menber eXcharrge -DRE HEEHR FrAS %A inl 8 rawardss fresuptertat e vasitédgout
promptlyy9hitl. flrther. in_accordance with another aspect of the 13 14
Mar ch 2085§%r1ééseén AV 257 FERETELYS 9nsdvradauAatien anrypprdaryeder at i on

system C@apl kfkNgeri GRU for_receiving various kinds of necessary
i nformation for sti??n%hgfgﬁﬁaﬁng 5%?%%?'@?%?%r FENRS- e Figfe

menori zi ngsa.tihgt@la@kféypgmgﬁh%qldghgr F%Hggtieﬁg‘?&t%ﬂﬁ%m and an _optinum

state in preceding visiting plan conditions; At 1P%aREef or

new'y aspegiibi@edntosnafsvddedndeShblBbEOdyof S 258! GODENL, eans for
re-assigning an already assigned ﬁgg?%hé€f°H?zﬁrgu%%?535ﬁ$?uﬁ$§ﬁeﬁf nmeans

for re-ahﬁangtngfgtmapsth@&awhffaﬁxﬁfﬂﬁdﬁg}lg%yyiéqu LS ggghng,gh
visiting plan for each group; and cost cal culati on nmeans Tor carculating a

vi si ti ng3pFamtabhye ko teat lther vapiabhe t hefb ey Hrolp KR FWIRErBLEAN of the
groups, o%tinun1destina§ion assignnent to the groups, and optinum pl anning
for each®8f*t AB*gRERPRdLas the duighicadonet ehfli £f entoliyeinDn ha1fer bRer, in
accordangg W .t h_anot her aspect of the present invention, there is provided
with a visitrng pFf8ft *$ lower than an original cost of the

variable-member group A (maximum cost), tentative conditions

that bave caused the minimum value of the pair cost are adopted

formally. Thus, member exchange between the variable-member
groups can be carried out promptly.

Still further, in accordance with anothervaspect of the
present invention, in selection of a Plurality of
variable-member groups, a variable-member group having a
maximum cost at‘the current point of time is selected. Thus,
member exchange between the variable-member groups can be
carried out promptly and optimally.

Still further, in accordance with another aspect of the
pPresent invention, in selection of a plu;alicy of
variable-member groups, either one of a variable-member group
having a maximum cost at the current point of time and a
variable-member group having a minimum cost at the current point

of time is selected. Thus, member exchange between the

variable-member groups can be carried out promptly.

Still further, in accordance with another aspect of the




generation system wherein the input neans is so structured as to receive

at least information on destinations, information on groups, and

i nformati on on nenbers. Thus, based on each of these information, optinum

formati on of the groups, optinmum desti,nati on assi gnnent to hﬁﬁ ol; and
: . 14. March

optimum pl anning for each of the groups can be perforned efficrentlTy. As

nment i oned above, the present invention provides a visiting plan generation

net hod whersint, ihornaiphuretldde/ 18fprOF s a NAVd NG d HY ARk Y e AN SH

vari abl e nenbers (persons or apparatuses) to visit a plurality of

dest i nat3HsemFoaprdsinghar imgubasians fbri SePObeity @alr@ cRBORDLAY scconpl i sh
opti mum formation of variabl e-nmenber groups, optinum 14 14 NMarch 2005

dest i nat}¢FREBAT Y nfRrnatidre fpowisiting gikinmgeneraribng keaateeach of the
groups. The present invention is therefore usable as an effective nethod
in appl i%%{??‘gﬁé“%ﬁnﬁeq% NEMNF 1gdEN9 acsitane pakaB at a nredmpurmiiedn pl an,

process X ,operation plan. Accordingly, it is a general object of
t he pres%r’f?‘pt iozé)gﬁf'%oﬁnﬁoaﬁr‘g?ﬁ’d%“% shafiq itRgPpraadinacy bt vingrmbwd and

system f y rvin out optinmum formation of grqQups, optinmm
dest | nat%%@%‘gg%én'ne%%& t%é'{%e PSS AR F Fp it 29PAARIRE PBr each of the

gr oups iwnss L din | 5 r.Qfl ) ILng. a_visiting plan, Another
obj ect of t hsep%étineifgt%lﬁi\}eﬁ%taﬁ%n%?s %%q%r%%“\%léemgaﬁ/i ?’fi%g'_ap?[%frg’b‘é?‘%r ation
method aind alyehdip {041 4Rd BAsR0n0RL LAY Br i Y1 0L O] SLLLRG,PI an

applicable to generation of such action plans as a ransp%ﬂaﬁ?i pl an,
process péaarramgingparaiggn pbhanre JHSralOYSn aih iyt Rk PDI SRS apt Ures

and advantages of the present invention will becone nore apparent fromthe -

visiting plan for each group; and cost calculation means for
calculatinggxﬁ&itingplancostforeachgroup. fnthissystem,
optimum formation of the groups, optimum destination assignment
to the groups, and optimum planni;mg for each of the groups can
be carried out efficiently. |

Still further, in accordance with another aspect of the .
DPresent invention, there is provided with a vigiting plan
generation system whereiﬁ the input means is so structured as
to receive at least information onvdestiﬁﬁtions, information
on groups, and information on members. Thus, based on each of
these information, optimum formation of the groups, optimum
destination assignment to the groups, and optimum planning for
each of the groups can be performed efficiently.

As mentioned above, the present invention provides a
visiting plan generation method wherein, for a‘ pPlurality of
groups having invariable and/or variable members (persons or

apparatuses) to visit a plurality of destinations on a

task-sharing basis, it is possible to promptly accomplish

optimum formation of variable-member groups, optimum



followi ng detailed description with reference to the acconpanying

drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a block diagramof a
systemfor inplenmenting a visiting plan generation nethod in a preferred
enbodi nent of the present invention; FIG 2 is a diagrams |

i nformation on destinations in the priéerred enmbodi ment of hfwe"%“?%ggﬁ?
invention; FIG 3 is a diagram showi ng information on groups in the

pr ef er r edle eEDREt DBR ta L Jrli@ T €8 Efte Lﬁ\é%e»fsi,'oaﬁdjo‘%éﬁnd}@g&gﬁéggé HE 4is a

di agram showi ng i nformation on nenbers in the preferre iment of the

present ¢agemi e FrGupb.i e girageak) SHO¥h O0oh UsTRhie@B £8E 0L QMPEe and a
visiting plan therefor in the preferred enbodi ment of the present

i nvent i of® 30 ef fgctive meithgdain sbohingtdesticyinarasigmamiht ad©iogr oups in
t he prefeéred enbodi nent of the present invention;, FIG 7 is a diagram
show ng BefBAdishg fdadsprriakionsotan gpsapestplas pnéfomerad iombphament  of
the present inyvention, FIG 8 is a flowhart for explanation of a new
assi gnment  prOTEREFHE bheril iih Bywenerads Ao frddues Pnesens preferred
enbodi nen resent.iLnventjon;, FIG_9 is a flow chart for explaining
t he firsthﬁgﬁFkgg 93 2% é?gﬂh%h?liﬁ%%é%%ﬁ?mﬁ?ﬁﬁﬁ%ﬂﬁ9ﬂ1WﬂFHQQ~é§§ignnent
means i NgykRemP Loeat, _of the present invention, FIG 10 is a
fIomchartyformeiﬁ%gﬁgﬁﬁgﬁgg%quglggCBHé ?E#%muwﬁ qqm?9¥99a92i§ﬁﬂ%ﬁﬁ-
processi bgt@pBmalkenigQpRi LuSd . F I S fl.owmchart for
Bxpl anat i o pfte grotp s15AMAL Go She fBudd 'dad d QG

Planning for each of the groups in an optimization problem

concerning a visiting plan.

Another object of the present invention is to provide a
visiting plan generation method and system for making an optimum
solution for a visiting plan applicable to generation of such
action plans as a transportation plan, process plan, and
operation plan.

The above and othar objects, features and advantages of
the present invention will become more aﬁparent from thé

following detailed description with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a system for implementing

a visiting plan generation methoa in a preferred embodiment of

the present invention:
FIG. 2 is a diagram showing information on destinations
in the preferred embodiment of the presént invention;

FIG. 3 is a diagram showing infdrmation on groups in the

preferred embodiment of the present invention;



re-arrangement processing operation by group re-arrangenent neans in the
preferred enbodi nent of the present invention; FIG 12 is a flowhart for
expl anati on of another group re-arrangenent processing operation by the

group re-arrangement means in the preferred enbodi nent of tHaeBF&GSSHE
invention; FIG 13 is a flowhart for?téxpl anation of the fi r@t Ea‘Tq? o?

anot her group re-arrangenent processing operation by the group

rearrangenent Biand im & Héaprehesi® eioadormal 10h sheekbebd Mar£he 2005
present invention; and FIG 14 is a flowhart for explanation of the second

hal f  of P¥®EeFF &t pemieod tmenin gefrethie roosgsi ngvvapariain;on conti nued from
FI'G 13. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present
i nvention wil IFiw bet s diasen shestiaia Bermandipnob fegawplpe wnthar ef er ence
to FIGS. 1 eferring. to FIG 1, there is shown a block diagramof a

to.14. |
vi si ti ng” PR REnRI AR | BRETSER R oFhe My efRIRech erbodigiantngf (Hhen
generati od in a. preferred enbodi nent of the present invention. In
FIG 1. gg?%?%gcgnﬁﬁ?r&%‘" 11 indicates -input neans for receiving various
ki nds of infor [  ncl] ugdi at .least informati.on on destination,
i nf or mati on onﬂ;ér bagsi?aéndéjl%]gﬁ?aﬂ ns&’tciw&?gor?nw,“r EPEAERTEN U al 12
i ndi cat egrshgkein ERPr WA state taken at a,.
pr edet er?n' ne% ?)%i nt O%/rtl e c{g%(rgnup {or[ergrét i%gnf%hﬁr BapSGRsi f‘f’ﬁ@ngf%’ﬂf
destination aEEGgMMEY a BeboBEALNERES S b JRINA N M 3N nBRELIYM St at e N
preceding visiting plan conditions, reference nurferal 13 1 ndicates

new assi gAAERS hBatse forefemted antidiinthtabe WRaspraiedrdesbhAri LAY,
reference nunera I ndi cates re-assignnent neans for re-assigning an
f | 14 indi cat gnment f gning
al ready assi gnB¥G. 8 is a flowchart for explanation of a new assignment
processing operation by new-assignment means in the preferred -
embodiment of the present invention:

FIG. 9 is a flow chart for explainihg the firstc half of
a re-assignment Processing operation by re-assignment means in
the preferred embodiment of the present. invention;

FIG. 10 is a flowchart for explanation of the second half
of the re-assignment Processing operation continued from FIG.
9;

FIG. 11 is a flowchart for explanation of a group
re-arrangement Drocessing operation by group re-arrangement
means in the preferred embodiment of the present invention;

FIG. 12 is a flowchart for explanation of another group

re-arrangement procesgsing operation by the group
Te-arrangement means in the preferred embodiment of the present
invention;

FIG. 13 is a flowchart for explanation of the first half
of another group re-arrangement processing operation by the

gxXoup re-arrangement means in the preferred embodiment of the |




destination, reference nuneral 15 indicates group re-arrangenent neans for
re-arrangi ng groups, and reference nuneral 16 indicates plan re-formation
nmeans for re-formng a visiting plan for each group, reference nuneral 17
i ndi cates cost cal culation means for .calculating a visiting for
each group, and reference nuneral 18 fﬁ%icates out put means ypbﬁﬁ9ﬁ%§bﬁhrch
2005 delivering output data. The input neans 11 reads in the information
on destipraesens, innéntheni andn groups, and  infornmation on nenbers, and
retains these read-in information. Referring to FIG 2, there is shown an
exanpl e of infEFndtd &f diAlewshrnst fonexlenatisnantcthalestiondtianf 3 is  at
location .X.- 13, Y - 5", and a nenber visiting destination 3 is to
acconpl i ¥ TFEOWP £fd 3B TARIFBLALIRFAGE TS imY gpernsienicondtiomedafrexanpl e of
i nformat Lpg op,groups. For instance, group 2 is a invariable-nenber group
consi sting of nénbers 2 and 6, and a relationship between nenbers 2 and 6
belonging to this group indicates a condition that two nenbers are to be
positioned wthin a predeterm ned distance range (e.g., a constraint in a

situation whej ViSkt | ' L n W th each

ot her using tP§§§?%F§E???E§%g?agﬂngﬁbggg 5¥€#%§%§§2$@§#6§%F¥§%xwcD. G oup 3
I's a variabl e- nRatiafe il RS weh 88 oHBK] {1 How WEDEL o OF s JEAMS! Fok03 5 NLS group
is 3, any nenber may be made to belong to this group, a relatlonéﬁlp of
menber s Wadi ofit ezampleowdithi pefébetcd hE@errEeber sc@rgg t o be aligned
equidistantly, and nenbers 1 and 4 are provided in initial group
formation. RefBefenging € GIgQ. I hatedes ishaNowan aebamakedsza?rmf@f mat i on

on nenbers. Fgr.instance, menber 1 provides a nobile capability (speed of
Flgsvgﬁqa,gfnggﬁgbppigystem for implementing a visiting ’

plan generation method in a preferred embodiment »f the present

movenent } 88
invention. In FIG. 1, reference numeral 11 indicates input
means for receiving various kinds of information including at
least information on destination{ information on groups; and
information on membars, reference numeral 12 indicates state
memory means for memorizing a state taken at a predetermined
point of time (group formation, group visiting plan, destination
assignment, belongingness of members)'and an optimum state in
Preceding visiting plan conditions,.reference numeral 13
indicates new-assignment means for newly assigning an
unassigned destination, reference numeral 14 indicates
re-assignment means for Te-assigning an already assigned
destination, reference numeral 15 indicates group
re-arrangement means for re-arranging groups, and reference
numeral 16 indicates plan re-formation means for re-forning a
visiting plan for each group, refereﬁce numeral 17 indicates
cost calculation means for calculating a visiting plan cost for

each group, and reference numeral 18 indicates oﬁtput means for




(time requirement) of 3 for task A, a tine requirenent of 2 for task B,
and a tine requirenent of 100 for task C (i.e., nenber 1 is not good at
task C). Then, the state nmenory neans 12 is described below. Information
on destinations, information on groups;, and 18 14 March 2005 4 of hON on
menbers retained in the input nmeans 1?'7are fed to the statgldn@r?gé@@?r%gns
12, in which a state (including group formation, group visiting plan,

dest i nat iehivesiganentpuandatdel g ngpess mehnFenhershds ihheRel niti al i zed.
Thereafter, the state nmenory neans 12 updates and nenorizes a state

accor di nbnf?ﬁ“‘%%ﬁ‘anaﬁ a8 taa eiony. t iwt oo tissi gmytouesnank3, the

re- assi gnrrgnt neans 14, and the group re-arrangenent neans 15, which wl|
be expl arHeBTHBFE°R A% Pephess. 384 setizigst bhessrend-timeinfprmatibom. an

exanpl e of forﬁrgéi on, of %rﬁﬁs and a visjting plan therefor. For instance,
vari abl e- menber - group 3 FACT ties? nefRys i #he"s apems@mete I5dl onging to

this gro | s M1 S| tnation 9 for performng, task C, nenber Sis to
vi'sit CaotneRErREEh ok AREELAT R | agb ERekinChonger anasien 3 b1

desti nat pem Scd @LoPpeid ar ghng, task 8 e [i,n El 6, there (s shown an
exanpl e of destination ggéignm%l:t' F’ggg;r‘%e&pegﬁzté'?'siiﬁ?flgng&sta’éi'f.?'?l%tion 1

I s assigaedst @ogaedBma1 1 8AdedeRbi RAL N2 IS an unassigned destination.
Referring to FIG 7, there is shown an exanple of bel ongi ngness of nenbers

to groups. ForRefietaime, taerbel i, DdON0Ss tdhiP Wl JxaAA JTRYEer 3 is not

yet made to belong to any group. The state nenory neans 12 nenorizes these

condi ti oABfoxrmatéent he guabps. of Famaiess ik ,degigupatyi @@s agbecomes zero, the
invariable-member group consisting of members 2 and 6, and a

relationship between members 2 and & belonging to this group
indicates a condition that two members are to be positioned
within a predetermined distance range (e.g,, a constraint in
2 situation where two members go on a vigit while communicating
with each other using transceivers, or two members are connected
by a cord). Group 3 is a variable-member groups, the maximum
number of members in this group is 3, any member may be made
Lo belong to this group, a relationship of members indicates
a condition that three members a’re to be aligned equidistantly,

and members 1 and 4 are provided in initial group formation.

Referring to FIG. 4, there is shown an example of

information on members. For instance, member 1 provides a

mobile capability (speed of movement) of 7, a working capability
(time requirement) of 3 for task A, a time requirement of 2 for
task B, and a time requirement of 100 for tagk C (i.e., member
1l is not good at task ¢).

Then, the state memory means 12 is deseribed below.

Information on destinations, information on groups, and




state nenory neans 12 al so nenorizes a mninmumof a state cost F (X
attained so far. (State coat F (X) A cost in state X; to be distinguished

fromPi (Xi) representing a cost of visiting plan Xi for group "i" in
state X, which is calculated by the 1% 14 March 2005 cost CallthIHE?éH ans
16 to be explained later) That is to ?ay, the visiting plan generation

met hod of the present invention has a feature that a mninumof the state
cost F GREormatdemepni RedbeFar témainedeinitdiet ingupl a8agener aldeo Tt hod of
the present invention is characterized in that a maxi numcost value in
groups i€ PRI AF2EY DARP I TERRE kdstimuhlel 3 stgteupsnaledimg giduged. For
instancirc ha .sot ate cost F (X), is subjected to mnimzation as expressed
bel ow: 4 O% X TGP (s itking plani3drssipgrion assiggmenk. | andhi s

expr essiQn, I Fi i S function that returns a maxi mumvalue with
respect bgc])'cmq | gc:)#esﬁ ‘QESE?E}“P%FSZ.%S CePUT TG i3 - r haFR3Lhesmdibeer val ue

as a may Gl LN, Qr s.in state X i.s decreased. S (x), is a
functi o)ng% evgﬁg‘ggghvégi‘géjcli)aotrlé%atnr‘?ap‘gg’ﬁééfeﬁoa"?m‘Eﬁ alficc{ g n state

X, 1.eto & ldHMHJON ddtala v WS Ler.val ue as _cost yalues in groups
in state X are equalized. As aygorl\%r %ng gxasr%ﬁ?geg MEEER) }Xa ggﬁndard

devi at i ore -Gfs séayrinae medAet 1 ON i thil dr@ip Fe . 26X h 4 i
applicable. As to coefficients a and O%r cporf| [ ta%?ﬁ)élg'egeéka‘g%%& E;L}TA 0" nust

be sati sffiieth oriltlhée pogliamddaioral fhaast 1are0f them has a value. More
specifically, the state cost F (X) defined by Equation 1 takes a snaller

val ue as a naRefisncest ty&iTge 3 Ntheouds shows bal €xamp Se deCiBasad And/ or as
cost valogfes in groups in state X are €qualized. Through mnim zation of
the stat® AUHS (304 a visiting plan therefor. For instance,

variable-member group 3 includes members 1 and 5. Member 1
belonging to this group is to visit destination 9 for performing
task C, member 5 is to visit destination 1 for performing task

C, and member S is to visit destination § for performing task
B-

Referring to FIG. &, there is shown an example of

destination assignment to groups. For instance, destination

1 is assigned to group 3, and destination 2 is an unassigned

destination.

Referring to FIG. 7, there is shown an example of
belongingness of members to groups. For instance, member 1

belongs to group 3, and member 3 is not yet made to belong to

any group. The state memory means 12 memorizes these conditions.
After the number of unassigned destinations becomes zero, the
$tate memory means 12 also memorizes a minimum of a state cost

F (X) attained so far. (State cost F (X): A cost in state X;

to be distinguished from Pi (xi) representing a cost of visiting

Plan Xi for group "i" in state X, which is calculated by the



It is possible to carry out mnimzation of a maxi num cost value 20 14
March 2005 in groups and/or equalization of cost values in groups.
Further, for realizing mnimzation,"of an average cost val ue in groups
and/ or equalization of cost values in groups, the state coslt‘,r){ﬁ fa@z be
expressed as shown below, for exanplel®F (X) - a x AVE [Fi ( |)’:’ + X S
(xX) ..... (Egq. 2) In this expression, AVEI (Pi (Xi)] is a function for

ret urni RGAN AMAGE 1A HeaWst *ier‘?:f%pﬁ%t ek liiﬁeSflﬂez@Ei Iryad 1% o 2
function that returns a smaller value as an average cost value> it groups

i n stat eay, smeoneAahy P1oh ddhe rBeWoas 5eERBRNL £TBARS pLaskadescr i bed
below. State X nenorized in the sate nenory neans 12 is fed to the

new assiignmemtioredas 43feasing vt Al ADniAuhS MBRIHOB LtARANS3¥ F (9 be
explained | ater), the new assignnent neans 13 newy assigns an unassigned

dest i natibrieEEIRup. FIG 8 shows an exanple of a flowchart of internal
processing to be carried out in the new assignnent neans 13. As shown in

FIG 8, in stépTugyr, ther ddsisdngs pAabegenesasionxmeEh&t 6F fhe sel ecting
one or plural unassiligned, destinations. Then, in step $802, except groups

havi ng Mo HEHber8Y oBhd o8l g chriregesdFed i Ithaitny M Xjmumgheonawalge ni ni mum

cost at i [ of ti are _selected. Then,, for each sel ected
group (sitﬁgggééégéﬁe,mst%ceinfqg%zgﬁ Ag stlgpgrﬁaﬁr‘éc’F KERLURR VAR JRYRY Afifassi gned

desti natg ' Nt gt j.v [ ach egf,.ed gro t S803a) ,
and usi n%@t%ljé‘@ﬁﬁh %trolé: ?%%ﬁ%??%h%n}g%ﬁtsﬁf% Sgsf'ggﬁté{)i \}ggwgf?‘igﬁﬁg&"an anzzl a
tentati veinobiaedsn ded el PSP Hah sel ected group (step S803b). Then,

in step S804, a group "a" having a mninumtentative cost is 21 14 March
2005

F (X) = @ x MAXi [Fi (Xi)] + B8 x 8 (X) ..... (Eq. 1)

In this expression, MAXi [Fi (Xi)] is a function that
returns a maximum value with relspect to "i" of Fi (Xi), i.e.,
a function that retﬁrns. a smaller value as a maximum cost value
in groups in state X is decreased. § (X)-is a funetion that
evaluates variation with respect to "i% of Fi {Xi) in state X,
i.e., a function that returns a smaller value as cost value;s
in groups in state X are equalized. As a c¢comcrete example of
$ (X). a standard deviation or variance function for "iv of Fi
(X1) in state X is applicable. As to coefficients @ and S,
conditions "& = 0" and "BATA = 0" must be satisfied on the
premise that at least one of them has a value.

More specificaily, the state cost F (X) defined by
Equation 1 takes a smaller value asg a maximum cost value in groups
in state X is decreased and/or as cost values in groups in state

X are equalized. Through minimization of the state cost F {X),

it is possible to carry out minimization of a maximum cost value



selected fromthe selected groups. Then, in step S805, an unassigned
destination is formally assigned to the group "a". Finally, the tentative
visiting plan for the group "a" is adopted as a formal visiting plan.

Through the steps nentioned above, a proper group can be de ' r
assignment of each wunassigned destin on. There -assi gnrrenifhigﬁ@%?@gi S
then described below. State X nenorized in the sate nenory neans 12 is fed

to the if-ASKIANEMY/ PN A4 i the plan re-formation neans 17, the
re-assi gnment r%':ms 4re- asaéﬁgzﬁg%gﬁlgé’lfr ézé’p)‘/: 4241684 g&SPPRation to a

group. FIG 9 iSRS s %@mlz‘?.nﬂfmgniﬁkgﬁg?%to§hﬂ“£@efﬁefééfé hal f of

re-assi gnment processing to be carried out & re-assl gnnent neans 14,

and Fl Gvailieries gitbupanafdash! 89041 824 L QUK N teo3hoph el NE, SERANL hal - of
re-assi gnnent processing to be carried out by the re-assignment neans 14.

Ref erri nthe stakesm £t BUISpay beséxir SHE a8 )siRfin beLOWPT chaatdlpW: Menbers,
a plurality of groups including-a group .having a maxi num cost at the
current point of tinme and/or a group having a mninmmcost at the current
point of time are selected. Then, in step 5902, the selected groups are

di vi ded ¥ nt®) a= gRoupAVBAVIIRY 4Xirbki Aufh ®ost (kgroup." Alkqang) a set.of the

ot her groups (group set). Then, in step 5903, a destination is tentatively
unassigned fromthe group ,All. in step $904, using the plan re -
formation maarﬁt i f dentative visiti n[%,pl an.and a tentative cost are
determined for the gr ou ~ &= fredViortFdadiiddodg & AupRéisat £8F the ot her
groups ( f | e e _laken. The destjnation, which has
been ten?gg?%/%ﬁ/&%r?agg%g%%gqraﬁ'ﬁllegﬁégﬁwe?cs FBnF’g"t Pgeé’yqéé‘%i'ghe%i‘to each
group therRinttdan s M R0a 4mdPRA) valld 45LA%IEF QL 30 se7 i LRI on

neans 17, a tentative
ln groups in state X is decreased.

Then, the new-assignment means 13 is described below.

State X memorized in the sate memory means 12 is fed to the

new-assignment means 13. Using the plan re-formation means 17

{to b.e explained later), the new-assignment means 13 newly

assigns an unassigned destination to a group. FIG. 8 shows an
example of a flowchart of internal processing to be carried out
in the new-assignment means 13. As shown in FIG. 8, in step
8801, reference is made to state X (FIG. 6) for selecting one
or plural unassigned destinations. Then, in step S802, except
groups having no members, one or Plural groups including a group
having a minimum cost at the current point of time are selectad.
Then, for each selected group (étep 5803), the following steps
are taken: Any selécted.unassigned destination is tentatively
assigned to each selected group_(step S803a}, and using the plan

re-formation means 17, a tentative visiting plan and a tentative

cost are determined for each selected group (step S803b). fThen,

in step 8804, a2 group "a® having a minimum tentative cost is



visiting plan and a tentative cost are determ ned for each group therein
(s905b) . Then, in step $906, group "a" having a mninum tentative cost is
selected fromthe set of the other groups. Finally, if both the tentative
cost of group "A" and the tentative t of group "a" are 'ﬂfﬁkﬂ&ﬁ%@O@”
original cost of group "A" (a cost indicated before tentati

unassi gnnment) ($907), the followi ng steps are taken: The tent ative

unassi gnfehecbédgfoop tHe selsden SAGUPS. | onel, | :{naQQB%e§BO§39QZa) , the
tentative visitin lan for group "A" in step 5904 is or mal | adopt ed
(9907b), “?ﬁ%“%%ﬁﬁgii) %EﬁﬂxﬂnnémtfoumglbmpasﬂténedlEﬁ(ﬂheS@BEaplsafornaJIy
adopt ed 907c%’ and the tentative visiting plan for group "a" in step
S905b is ALY 1 FReqben Bt Lverki i §hng pd act £pe therg taumetasiovadoptedl r eady
aSS|gned de |na2hon ¢an be re-assigned to a proper group. The group
re-arrangenen ¥igating plan o ThEPNEl Bt filersSmensiznadnebéved in the

The. ol antr BEPREERITaRP fanke 9ot SRitd o Gt s 15

re- arrang§§5gggﬂg§ aebL&acddy 12, 13 and 14 present exanpl es of flowcharts
show ng group Te-arrangenen proce55|ng to be carried out by t he group

e ar [ angenent THE#as akasghiSnt Ulda0 109Xl A8 LU, 08 R - kL angenent

processing with reference to these figures. 14 are

f1 owchar Esmehowingdt he thessabalhemdd, theamecond haddg s ahh%r oup
re-arrangenent processing operation, respectively. Referring to FIG 11,

in step £208$siannentabdansranberus piwhe pLaki £ tdand vt meab sMBbEr S is
smal | er than the maxi num 23 14 March 2005 nunber of accommobdabl e nmenber s

(FIG 3)“PE Teragséganmenttheans stepreidssbymd tar naldasly qysfpiable to
sel ect ‘advag abl ﬁ-rrenber .

estination to a group. FIG., 9 Presents an example of a
flowchart showing the first half of re-agsignment processing
to be carried out by the re-assignment means 14, and FIG. 10
presents an example of a flowchart showing the second half of

re-assignment processing to be carried out by the re-assignment
means 14. Referring to these figures, in step 5901, except

groups having no members, a Plurality of groups including a group
having a maximum ¢ost at the current point of time and/or a group
having a minimum cost at the current point of time are selected.
Then, in step S902, the selected groups are divided into 5 gr-oup

having a maximum cost (group "A") and a set of the other groups

(group set). Then, in step 5503, a destination is tentatively

unassigned from the group “"A". In step $904, using the plan

re-formation means 17, a tentative visiting plan and a tentative

cost are determined for the group “A", Then, for each group

in the set of the other groups (8905) + the following steps are

taken: The destination which has been tentatively unassigned

in step 5903 is tentatively assigned to each group therein




group having a maxi num absol ute value of difference between the nunber of
menbers and t he maxi num nunber of accommbdabl e nenbers. Then, in step
S1002, unassigned nenbers are selected within a range that group
constraints (FIG 3) are satisfied. Then, for each of the un ' ,
menbers thus sel ected (S1003), the f(ﬁaomdng steps are takeﬂ?ﬁkﬂgﬁgoos
sel ected nenber is nade to tentatively belong to the sel ected

vari abl etsendey, gmanstE00R@)p1a1d eUgbREat B8 M hd 87,08 Bl O {RANS 17, a
tentative visiting plan and a tentative cost are determ ned (S1003b).

Fi nal | y,vi$ieime pliagnand astent 1008 doatlhi6 deteamdandi fd®RakRarowp M Ni nUM
tentative cost of the selected variable-menber group is lower than an

ori gi nal *ReE#1% HEPOGR) (-S1DbeR, imhetépIS9®6.ngrose ¢pd hareinqlaaninAmm
unassigngd mepper "a" which has caused the mnimumtentative cost is

sel ect ed"TB1¥BYET , e ThAliefal Srosbehe et efntbie ethénrgmouys bel ong to
t he sel eg#ed varig | e- menber group (S1004b), and the tentative visiting
plan is tOPHAY T y* BARDER RS r FHMER LY@ RRF WRff igHsue HMédhemdgidep  ( S1004c),

Thus, i . add to. i abl e- nen [
whi ch { S RCRELPESo A RIELE08 TR T e Ehee Anerm AdRbeP BTt |
d )W ' to FlG. 12, i t S1101,
var i abl e recBer o stp T e srbiratFL A Pt R A BT RB Y rember s)
are unassbgnpl. cho ¥118pley 05 0uPs SELECELAL . | ks cBLLELhRL Vel ¥
g a

preferable to select a variabl e-nenber group havin maxXi mim cost at the

current poeasighméntreof Thesupi MaA St £p 5&&&%90?%%&%&&11@@&%’&&3
" selected. within a range that group 24 14 March 2005 constraints (FIG 3)

are sati $#PRA2) Thehe tlotatdve visiting wlansigraddiRrSid Respsed egt ed
(51103), ,the following steps are taken: Each sel ected nenber is nmade to
tentati Vépyte%p%}ggy adopted (5907b), the tentative assignment to group
“a® in step 89054 is formally adopted (S307¢c), and the tentative
visiting plan for group "a" in step S305b is formally adopted.
Through the steps mentioned above, an already assigned
destination caﬁ be re-assigned to a proper group.
The group re-arrangement means 15 is then described below.
State X memorized in the state memory means 12 is fed to the
group re-arrangement means 15. Using the plan re-formation
means 17, the group re-arrangement means 15 re-arranges groups.
FIGS. 11, 12, 13 and 14 present examples of flowcharts showi.ng
group re-arrangement processing to be carried out by the group
Fe-arrangement means 15. The following explains the group‘
re-arrangement processing with Qéference to these figures.
Note that FIGS. 13 and 14 are fllowcharts showing the first half
and the second half of a group re-arrangement processing
operation, respectively.
Referring to FIG. 11, in step §1001, a variable-member

group in which the number of members is smaller than the maximum



to the sel ected variabl e-nenber group (S1103a), and using the plan
re-formation neans 17, a tentative visiting plan and a tentative cost are
determ ned (S1103b). Finally, if execution of step S1103 results in a
condition that a mninumtentative of the selected var,ifﬂpi ?
group is lower than an original cost ereof (S1104), the f WI ng steps
are taken: ~The penbers tentatively unassigned in step S1101 are formally
unassi gn’é‘d‘”f’?’érﬁ@ r?é%%!r@ﬁaéua/memwe hBEBer 3 hr s «1Skcidh) , Tanthpassi gned
nmenber "ag 5.9; caused the mininumtentative cost is selected
(S1104b) 5 “the &ﬁé&aﬁéﬁﬁéi’ PTPLETADNEIES SLd eESrRURFYabbrongubert he

sel ect ed R 1104c the tentative visiting plan
i s forr7151f1;,¥§15g3-pé1 I{JEEHJO@?"%\ gglséif‘éﬂ ‘(/%\]r"} FedhkhBERDGR AfFespIbag) . Thus,
menbers v [ avar| bIe nber group in which the
nunmber o?ﬁﬁgﬁggrfg%?%aggﬁa i3 Eﬂ? &'gxi r’f‘%?ﬁ‘rﬁge agte T"éerﬂenber s

(FIG 3)ThEef eifiisgad (‘61"5'0(25 ugﬁs@'ﬂgngﬁ métﬁbézr: paz5e12sojlecq:e§| N ghl by

vari abl e-menber groups are selecte n varr able-nenb 58 %ctlon

at | east rangevishd valreupesdes £ 4 QMY Navkng }aar@'%%ﬁggffé’ ter Apdeggurrent

point of tinme may be selected fromall the varia grodps. " In an

al t er nat paehf aghkbe, naasas ;AL emamsdes @H&Bﬂhéﬁ@%iﬁhEkéﬁﬁ@imﬂnéﬁéﬂ at the
current point of time and a vari abl e-nenber group having a m ninmum cost at

the curr&RL1PBLAG 8Fepneramyakeso Mackelsedteed &y wdmdldr tikemade to ‘
vari abl e- nenber, grou Then, in step 1202, the selected 25 14 March 2005
vari abl e- ﬁﬂﬁﬁéi“’@?‘@ug§laﬂé HPVFUedﬂﬂﬂ@t@ﬂmzrmtbbemm;- @ymyp having a
maxi mum ¢9% group "A') and a set of the other

boSuT, M S TR RS
var i abl e-REber grotbeS¢Hdr FabPefehneicgratipa aepns e thorabaeh
vari abl evHREREhgIEQUR Qﬁh099£”§t£9153655§% e aetermined (S1003b) .
Finally, if execution of step 51093 results in a cond:l.t:.on that
a minimum tentative cost of the selected variable-member group
is lower than an original cost thereof (S1004), the following
steps are taken: An unassigned member "a“ which has caused the
minimum tentative cost is selected (S1004a), the unassigned
member *a" is made to formally belong to.ﬁhe selected
variable-member group {S1004b), and the tentative visiting plan
is formally adopted for the selected variable-member group
{(S1004c¢). Thus, an unassigned member can be added to a
variable-member group in which the number of memb'ers is smaller
than the maximum number of accommodable members (FIG. 3).

Referring to FIG. 12, in step 51101, a variable-member

group is selected and its members (at least one of members) are

unassigned, 1In variable-group selection, it is élternatively

preferable to select a variable-member group having a maximum
GOosSt at the current point of time. Then, in step S1102,

unassigned members are selected within a range that group



t he ot her vari abl e-nenber groups (S1203), the follow ng steps are taken:
Wthin a range that group constraints are satisfied, nenbers are
tentatively exchanged between the vari abl e-nenber group "A" and each

vari abl e-menber group belonging to the,set . of the other var,,ahl e r
groups (S1203a). Using the plan re-fgfl“mation means 17, a té#f@??%ﬂgwg

visiting plan and a tentative cost are determ ned for each vari abl e- menber

group betarafirgindo (FHG.Se) Qfre hatQldtkavar vrbh e- FBADEL 9T St PSHd S1203b) , .
and a tentative visiting plan and a tentative cost are determ ned for the
vari abl eivetiarnes owpbens £BUR208e) ectenr CEIANA)SORhebEd VBEWL AR & degitd at i Ve
cost of the variable-nenber group "A" and the tentative cost of each

vari abl @Fﬁer'ﬂ‘?@‘ﬁ“@r oEpcBes Vi Membemeiseradd tichbentativedy itkellangrenber

groups, ,gher .cost is taken as a pair cost ($1203d) . Finally, if a
o o o B W 3 62% e Far AE EG cAomhah RPWR | (M5 RosRaf s B RSt ) of

the varj = -f@.?ﬁﬂ Qup, "A" (,S1234), the followi.ng steps are taken: A
vari abl eéfn%kng%gegr ouaf)'g'{oarf IS S’kltasa CRREAT 1% vﬁisﬁ'itg'ﬂﬁh PpaPr 2B8sP value is

| ect ed , 1d [ L 2. et e
L A S T ST e s,

is formabt ysamdomiabs ¢82a94R) 1n D dAMAIY & ruiSLt hDgi Rlan for, the
vari abl e- menber group "a* in Step g%b@bdnl g:h}/!&r ha+¥§ll§%&%?§1%4o and
the tenta¢tvet vilse tseedtad) J0fiddl adnitalY e RAP8s JLAUR ‘thayl step
51203c is formally adopted (51204d). Thus, p(r%',oper 26 14 Mar éﬁaﬁ‘ogg exchange
of menbe?sidpivakarratathalreefniabeos Pl otps LA R nCREEbEapEte N aPEr | y. The
cost calculation nmeans 16 is then described bel ow. The cost calcul ation
means 16712 R{IMATEFeptatiyelysinanglighad ixistfay sgnouparé séfmstiage X, and
I nformatj on on destjnatiqns : )

unassigned from the selected variable-member group (S51104a),

an unassigned member "a" which has caused the minimum tentative

cost is selected (S1104b), the unassigned member "a" ig made

to formally belong to the selected variable-member group
{81104c), and the tentative vigiting plan is formally adopted
for the selected variable-member group (811(;4d) . Thus, members
can be exchanged even for a variable-member group in which the
number of members is equal to the maximum number of accoﬁlmodable
members (FIG. 3).

Referring to FIGS. 13 and 1{1, in step 81201, a plurality
of variable-member groups are selected. In variable-member
group selection,

at least one variable-member group having a
maximum cost at the current poiz:.\t of time may be selected from
all the variable-member groups. .In an alternative fashioﬁ, a
variable-member group having a maximun_\ cost at the current point
of time and a variable-member group having a minimum cost at
the current point of time may also be gelected from all the

variable-member groups. Then, in step 1202, the selected



and information on nenbers retained in the input nmeans 11. in response to
these information, the cost calculation neans 16 returns a cost Fi (Xi)
for the visiting plan Xi. For exanple, in the present enbodi nent, the cost

Fi (Xi) is designed as expressed below Pi (Xi) - Al x (M (X t) )
+ S (Eq. 3) In this expression, M (X?55 I ndi cates a total ti%em‘r"'gcc?\t%éde%
for novenent in the visiting plan Xi, and W(Xi) indicates a total tine

requi r edafrakdecamanbiexhg ngup fake divided Yhebld 98rPhBls - XembERRGHu( M (Xi) +
W (Xi)) represents a total time required for carrying out the visiting

pl an Xi Baving a maxioed ¢ams hd viarjadbee - mefbgiogifolup "A'Al and & £9efdd ci ent

I nherent in %roup “ill, and Bi is a threshold inherent therein. using
these vaAiltfe§thgx| ¥asiapher sempengopumsmd vexhabdeanpmbeedgr&Eap adtat.i on of M
(Xi) isTratheréPgeasy in a situation where the nunber of nenbers in a group
is "1" (d%¥ta BESRe SR TEAG L Ge BEMRAL| BHQUP helensing sprathofseta afenber

goi ng cnhﬁ%~gﬁgé9. I n g situation where the nunber of nmenbers in a group
is "2" or oracthEREvapler Mepker GRAYRS (S1303dnetha] fot hewming st ans

constr ai ’ he it equired to predeterm ne how a nenber is
to nove E\[/\kt,helS Itgﬂgﬁét hﬁefé?%%brgarn%esgﬁﬁé gﬁ’g%@,m}%t R aFR st fid@don) . 27

Lt e s i hancac (0L PLSMIENTS L5 LT densp bed delow | The

plan re-formati on neans 17 | use e new a T t he

re-assi gnrany mpaasdl achl viALaS Oledife RIS ANGONERL A JRRRSE A5y, SUpl | €d vi th
’ I ntorma

I nformati on on nenbers belonging to group i, I on On assi gned
dest i nat¢brihe buhegr vapiible - hehBhe o+l S\ cdetaat i gﬁnﬁe&% ned Py the
i nput neans 11, and infornmation on nmenbers retained by the I nput neans
11, the Pt frTRatiymacaos Iaasehtagdve @i 5t Bny plahi 4 Bl @¥htative

cost are determined for each variable-member group belonging

to the set of the other variable-mémber grbups {81203b), and

a tentative visiting plan and a tentative cost are determined

for the variable-member group "A" (S1203¢). In comparison

between the tentative cost of the variable-member group "A" and
the tentative cost of each variable-member group belonging to
the set of the other variable-member groups, a higher cost is
taken as a pair cost (512034d). Finally, if a minimum pair cost

value is lower than an original cost (maximum cost) of the

variable-member group "A' (81204}, the following‘steps are

taken: Avariable-member group "a" which has caused the minimum

Palr cost value is selected (s1204a), the tentative exchange
of the members between the variable-member group."a“ and the
variable-member group "A" in step S1203a is formally adopted

(S$1204b), the tentative visiting plan for the variable-member -

group "a" in step S1203b is formally adopted (S1204c), and the
tentative visiting plan for t:he"variable-member groﬁp WAW in

step S1203c is formally adopted (s1204d). Thus, proper



Xi using the cost calculation nmeans 16. This function can be inplenented
t hrough the use of an optim zation techni que such as a greedy nethod,
hill-clinmbing method, neural network nodel nethod, sinulated annealing
met hod or genetic al gorithm method, heuristic technique, gr

conbi nati on thereof. The out put neans%:@B I's then descri bed b‘% Igl\%_PghA%OOS
optimum state nenorized in the state nenory neans 12 is output to an

ext er nalexchangs ¢Nrmemihet bl VERAND 1A ndb x8lgdRidsh Jigr glgnabove, . it
is to be understood that the present inventionis not limted inits

appl i cat¢arried vt tprgpeplyan generation on a group-by-group basis as in
the Traveling Sal esnan Problem The present invention is al so applicable
to generatiof?¥ %Pstardadiapleftiset means| 46sisf oheexdapteibed Balow] ectronic
part ass,ggblrﬁ/%{)r ocess in which SC devices are nounted. onto printed circuit
boar ds (E3TIFHIT FPACHLALARR BAIRAG G igesuppli¢dacitivfa plludshing slawr s)
nmoves tomgv%siéqs/% a predetermned position on a printed circuit board for
mount i ng T he”delA TR therdbit™dte & PRIpaakageadionr phudeshinpeiens on in

t ranspor [ T i.nvention may be enbodi ed in, other specific fornms 28
17 ore B S R bR R kA e i FheokSRuS @aeng 10 Tn
char act eféstbé : t enbodinent s therefore to be
consi dered%?lﬁi?léggé%%%f sﬁgmﬁale%&%r'aﬁl\?ecgﬁ ﬁSPCngg?PEt Pea0St k@ scope

of the inveathon Ry rindicpt 4. Ry o Qgsggﬁggdggmgl i{]r;spro ther _than by the
ohe Wthin

foregoi ng description and all changes whic h%xar'r%%mahg and

range ofiequheabpresgnofetbedthenrp eie cdderef opg ) ntLngan dr g £nbraced
therein. 29 New C ai ns _
expregsed below:

Fi (Xi) « Ai x (M (Xi) + W {Xi)) + Bi .«. (BEq. 3)

In this expression, M (Xi) indicates a total time regquired
for movement in the visiting plan Xi, and W (Xi) indicates a

total time required for accompl ishing tasks in the visiting plan

Xi. Hence, (M (Xi) + W (Xi)) represents a total time required .

for carrying out the visiting plan Xi, i.e., a load to be imposed
on group “i*, Ai is a coefficient inherent in group "i", ana
Bi is a threshold inherent therein. Using these values, a load
ratio among groups can be adjustedr. ICalclu-lation of M (Xi) is
rather easy in a situation where the number of membars; in a group

is "1*® {distance between two destinations / movement speed of

a2 member going on a visit), In a situation where the number

of members in a group is "2 or more. however, it is reguired
Co some adjustment due to constraints on the members (it is
required to predetermine how a member i3 to move while another

member is on the way to a certain degtination).
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14 March 2005 1. A visiting plan generation nethod of generating a
visiting plan for a plurality of groups to visit a plurality of
destinations on a task-sharing basis, conprising the steps of: inputting
i nformati on on | ocations of destinatigns, and conditions oﬁ4ha§é%h§@b§e
perfornmed as information on said des®’nations, information 'on ers
constructing a group, information on said groups necessary for visiting

pl an generati orie Ipe-a8 FRNGoRBatRenNRARES S1Pf1 d RG 8 QUB20HeYi 541409 Pl an
to an optinum states based on the state X showing visiting plans of each

group, tHaenehtrerze ofonwm diencieagrowy iandsiedl By mahiOfe®a de54hdah & 0N
assignment _to each group at a predetermned point of tine, re-formng the
vi si ting"prah by cHR uFardsgienmentineans pldn cwostherignGup f or each group
based on__information on the menbers belonging to group i and infornation
on desti haf FEh*RLSPORhERANSo L ac S YpRkiEd ¥a shyisf o¥mam emicd memberangi ng
st ep, anﬂei@ﬂ%i tion on destjnations and menbers received at the

i nformatTon I Nputting S8, ‘and *AEpsmatdon,prs2gsigard; Agspiantiens or each

group baggg R85 a VigSighl |.an_cast Fi (X.,) for each group apd the

i nf or mati on qu?)ecug;i ved lg\ftotrﬁigtﬁr? oPharton® ﬁbépfiﬁfgt%’f’(fﬁ?bm+%??ﬁ t he

i nf or mat n@Ank AUt 5HBG 4 nf ' op.locations_of .destinations, and

conditions of tasks trf)ﬂtrﬁ:gnapte:.r o?lﬁlreg a:%er}srg%lé?‘g/ %Ié%g FRE SRRt BR2R% sai d

dest i nat honsthanslash ned NEoMit 1d D Gudd i 1176 3539 % gaS{,ggitQQ?_gﬁ ers of
opti

the group and visiting plan thereof are re-arranged to an m st ate,
usi ng t h8ivasing nthelars ticadfcull Be ighOMBahs 16. This function can be
implemented through the use of an optimization technique such
43 a greedy method, hill-climbing method, neural network model
method, simulated annealing method or genetic algorithm method,
a heuristic technique, or any combination theréof.

The output means 18 is then described bélow. An optimum
state memorized in the state memory meéns 12 is output to an
éxternal circuit Ehrough the output means 18.

As set forth hereinabove, it is to be understood that the
present invention is not limited in its application to visiting
Plan generatiocn on a group-by-group basis as in the Traveling

Salesman Problem. fThe present invention is also applicable to

generation of a variety of action Plans, for example, in an

electronic part assembly process in which IC devices are mounted
onto printed circuit boards (each of plural arms having a device
(each of plural visitors) moves to (visits) a predetermined
position on a printed cireuit b&ard for mounting the device

thereonto), or inp package distribution operation in

transportation.

The invention may be embodied in other specific forms



under the state X and the visiting plan cost Fi(Xi) thereof. 2. A visiting
pl an generation nethod as clainmed in claiml1, . wherein in the visiting
plan re-arranging step conprises at |east one of the foll ow ng steps of;
new y assi gning an unassi gned destinatjon to a group based 1%%%&??6@5 X;
re-assigning an already assigned destitrati on based on a state X

re-arrangi ng groups based on a state X. 30 14 March 2005 3. A visiting plan
gener at | $hthevhekenesrtolrai fedmi the ebdritlor \Weekaitd allNehi PEOF 8B & 09N NeENber
constructing a group contains a nobile capability of said nmenber and a

wor ki ng E'&%gﬁ?f-'rt)}mﬁéﬁ'@éﬁnt4¢mhb®imn& i@ phene fienertai bencoks hedras cl ai med
in clai n1 wherein the information on group contains the nenbers
const r uct? it ' T5FEES S8n8S r it M43 Tt vss andomet s tmistdorss Ghet Sieome oup (or
constraig sgh | an. generation nethod as clainmed in claiml1,

i,Sitin
wher ei n tﬁe I grvAr?'&t S %ﬁgﬁgo’tﬂf”&ﬂﬂeﬁ Ry themmnandeshclpinsspatheroup is
an invarj r AN _whigh the nmenbers of the group cannot be
re- arranglg%j){le%f%%%i%ér)%%pﬂq sdefgfgﬁtd‘tﬂne? nBél ghengernwikFknceme nenbers

of the 0hoURifaMONdAAY W Tande by LRl IIILRLY SRRY 2LL0, T N0d 2

therefore intended to be embraced therein.



wherein in the visiting plan re-arranging step, total tinme spent in anfng
and total tinme spent in working are calculated as the visiting plan cost
- Fi(xi) of each group. claim1l7. A visiting plan generation method as
claimed in 1, wherein in the state re-arrangi ng step, nenbeﬁf bbg
T : rch 5
group and visiting plan thereof are $g-arranged to an optinumstate, I'n
which a state cost function F(X) giving maxinmum value of the cost anong
the groups is mnimzed by wusing the visiting plan Xi of the group i under
the state X and the visiting plan cost Fi(Xi) thereof. 8. A visiting plan
generation nethod as clained in claim1l, wherein in the state re-arranging
step, nenbers of the group and visiting plan thereof are re-arranged to an
optimum state, in which a state cost function F(X) giving average val ue of
the cost anong the groups is Newn 4 Ppymysing the visiting plan Xi of
the group i under the state X and the visiting plan cost Fi (Xi) thereof.
9. Avisiting plaquﬁgeéﬁéion netggd as clainmed in claim4. wherein the
group constraints ctorfta FeRg nhas 1gede bat i bn2M@% hodu bize iy eife tA18 fREPer S
and menbers W QY Pl tRlurelity oup. g#6upd vbsktiisng al@nﬁﬁy§§; tion
system cBFpﬁ%ﬁqiﬁatHQRﬂnonﬁﬁuﬁaékﬁsh@tﬁﬁqih@sispa&bﬁggig&ngeﬁh@nat| ns,
and condi t8R§ 6fftasks to be perfornmed as information on sai
destinations, infdmputoinenimboiessieonshr Uekhidons SEOWRstiR¥ G On on
said'gr0u9§dn§©adm§ﬂpﬁgnoﬁﬂtﬂsksuxo be performed as information on ’
said destinations, information on members constructing a
group, information on said groups necessary for vigit]
plan generation; , Y siting
1 re-arranging the members of the group and visiting
p-an to an optimum states based on the state X showing
Z;ZiFlgg pl:ns of each group, the members of said each group
information on destination assiqnment to
predetermined point of time; g each group at a
te~forming the visiting plan by calculatin
. : a
v;siting.plan cost Fi(Xi) for each group based on ?
information on the members belonging t
informati : . ging Lo group i and
from s _don on destination assignment to each group received
a1@ re-arranging step, and information on destinations
zgd members recelved at the information inputting step, and
ieg §e~forms a v1siF1ng pPlan Xi for each group based on the
visiting plan cost Fi(Xl) for each grou d the i i
. ; g P an e information
received at the information inputting step;
. wherein in the information inputting ste
information on locatior gt i ; P/
tasks to be performe;onS °f deitlnatlons, and conditions of
. are received as inf i i
destinations; and, ormation on said
in the visiting plan re-arrangi
) ging step, the members
gfche group and visiting plan-thereof are re-arranged to an
pdlmum state, using the visiting plan Xi of the group i
under the state X and the visiting plan cost Fi{Xi) thereof.

2. A visiting plan generation : .
claim 1, g method as c¢laimed in

wherein in the visiting plan re-arrangi ‘
i nging ste
comprises at least one of the following steps of; i

newly assigning an unassigned destinati
based on a state X 79 e ation to a group

_ré-=assigning an already assigned destinatio
on a state X; g n based

re-arranging groups based on a state X.



pl an generation; state nenory neans for nenorizing a state X show ng
visiting plans of each group, the nenbers of said each group and

i nformati on on destination assignnent to each group at a predeterm ned
point of time, and an optinmum state in preceding visiting p'?ﬂwﬁﬂ&ﬁbbb@”S;
state re-arrangenent neans for re-arggnging the nenbers of e group and
visiting plan to an opti num states based on the state x nenorized in said

state nmenory neans3,pharils8+i{QdTed] which cal cylates_a, visiting
pl an cost & 4n)1for eacﬁ'sgr ouﬁé’gg{c] % n %Enq’tolrcr?lat*?% %‘K fheclalnedr dn
bel ongi ng t 0 group, [ r ion qQn destination assignnment to each
gr oup rec%y%f&gﬁfégsgagﬁ%b%tfgg & ﬁrﬁn RERRE L PRt BReRin@naon
Sd PR Y Rfuaishiemben ardfarms a

destinati @ﬂﬁg .recejv

visiting 8??% X f§§ ea%%lé§ogb35§85d on.the visiting plan cost Fi(Xi) for
each group and the in%grnation received at the input neans. wherein said

state re-a[ raanrgej;ﬁﬂt YhE1EENg, PiAgegenematdon ofe il grouml ahdedi Shti Ng

pl an there&flt optimum state, using the visiting plan Xi of the group
i under the stateWheapint hheyilsiformgtploan onostrdup Xon tdi€0fne 11. A

vi siting FISAPRfcherens orucysnenaagrolpi and talaﬁﬁawghﬁﬁs‘ﬂﬁﬂ | eHidie state
r e- ar r ang &SRR 0% Tepyrees: (onevonssiranfesy ,means for newly assigning

an unassigned destination to a group based on a state X nenorized in the

state menory neans5.r eAasss UoIRE! pMRANGehRk 248 o3S &H ! ada i

assi gned @dstiimadt,i on based on a sfat 6 § ITEITDI’ISZEd%i n C{whg aag;t(gftaef% 5

nmeans; . wherein the information on group contains
information that said group is an invariable-member group in

which the members of the group cannot be re-arranged, or

said group is a variable-member i ;
group in which the memb
of the group can be re-arranged. B °Fe

6. A visiting plan generati i i
claim 1, P g ation method as claimed in
wherein in the visiting plan re-arran ‘

. \ ging ste
total time spent in moving and total time spent in wofiing

;ii calculated as the visiting plan cost Fi{Xi) of each
upl

claim 1'7. A ylsltlng plan generation metho@ as claimed in
wherein in the state re-arrangin ste

the‘group and visiting plan thereof age ge-arf;ngsgbfgsagf
optimum state, in which a state cost function F(X) giving
ma*imum value of the cost among the groups is minimized by
using the visiting plan Xi of the group 1 under the state X
and the visiting plan cost Fi(Xi) thereof.

clain 1’3. A visiting plan generation method as claimed in
wherein in the state re-arranging s

the_group and visiting plan thereof age ge—gfféngfgbsgsagf

optimum state, in which a state cost function F(X) giving

average value of the cost among the groups is minimized by

using the visiting plan Xi of the group i under the state X

and the visiting plan cost Fi(Xi) thereof,

' ’9. A visiting plan geﬁeration method as claimed in
claim 4,

wherein the group constraints contains maximum



group re-arrangenent neans for re-arranging groups based on a state X
menorized in the state nenory neans. 12. A visiting plan generation system
as claimed in claim210, wherein the informati on on nenber constructing a
group contains a nobile capability of said nenber and a 'morh4Rﬁngﬁaaﬁ5Iity
t hereof. 14 March 2005 32 13. A vissfing plan generation system as“clai ned
in clai mmoweheo€i hhehaeimbeecMai .cant 2| mber s
constructigep@ group and rel ati onsﬁglseq%ﬁ%%g%lceapn%ﬁgzeéfo g?ﬁ% géﬁup (or
constraints). 14. A visiting plan generation systemas clainmed in claim

10, wherein the inigrmahi .gr ontains, .information that said group
I's an invari abl e- ngﬁiggghgggﬁg&é%go%zgh%{wr&“ﬁai .Ss%ﬁt%rﬁe E’(Pmﬁlé?“%t be
re-arrangaghd Bondf gl OUP Ls<gsVar Ié’-n_r‘?en't?é:'ra P ¢h dpgehnetbonanbers
of the gr - A% 5° Re PEIEOTgES &8 daarabkonyen em as
the gr o £adk '§t\:,\£&[1ngf’ﬁl:'5ﬁoo it
clai med in, glaing 1D, vneref n Phe g ReORofRiViese Ao muttdnigiias total
time spen llar}* rfpyl Hh-19t aPne P sBERPPPn RGeIisAg yaf athevisiditsing ng pl an
cost Fi (X) o . 16. A visiting plan generation systemas cl ai ned
in claim10,, wher 2FE¢ HECRPEY cMpangr fangowewtr Ivdans & estatarngeshowERger s
of the grddp Hrid'dirtatheHl eackharesp, t hanmepbiemsmo &5 teatial d Wy £du
state cosfP% Mriqmration o vitegt imathom assignment to each group at a
predetermined point of time, and an optimum state in
preceding visiting plan conditions;
state re-arrangement means for re~arranging the
members of the group and visiting plan to an optimum states
based on the state X memorized in said state memory means;
pla? re-formation means which calculates a visiting
plan cost Fi(Xi) for each group based on information on the
mem?ers belonging to group i and infermation on destination
asslgnment to each group received from the state re-
arrangement means and information on destinations and.
mgmper received from the input means, and re-forms a
v151t1gg plan Xi for each group based on the visiting plan
cost Fi(Xi) for each group and. the information received at
the input means.
wherein said state re-arrangement means re-arranges
members of the group and visiting plan therecf to an optimum
state, using the visiting plan Xi of the group 1 under the
state X and the visiting plan cost Fi(Xi) thereof.

_ 11. A visiting plan generation system as claimed in
claim 10,
wherein the state re-arrangement means comprisés:
' new-assignment means for newly assigning an
unass$gned destination to a group based on a state X
memorized in the state memory means;

. re-as§ignment means for re-assigning an already
assigned destination based on a state ¥ memorized in the
state memory means;

group re-arrangement means for re-arrangin
. : g groups
based on a state X memorized in the state memory means.

12. A visiting plan generation s stem as i i
claim 10, Hhr gene ys claimed in
whe;ein the information on member constructing a
group contains a mobile capability of said member and a
working capability thereof. '



anong the groups is mnimzed by using the visiting plan
;?lgf ?Letgsoﬁgsf unde? t he gtatg X and the visitlng.plan.costlF!(Xh%
thereof. 17. A visiting plan generation systemas clained in fc ai m 10,
wherein the state re-arrangenent means re-arranges nenbers.ﬁ‘Mﬁg§1g?8gp
and visiting plan thereof to an optigum state, in which a state ?os
function F(X) givihg.amneragetingl peaaf leg,%r%%tonargg;gq:etr@ea%rcotjqoﬁ%eitja?e «
ni ni ni zed dhpinsi 1@, t he visiting plan Xi of the group i un e{ State X
and the visiting phasetnstn&i {Xebriheleaf onl%'ro'e‘lpVIC% e S 9eneE
systen1asmﬁmﬁan£1ddhst&ﬁ&ﬁﬂﬂé,a“@?&ﬁb”ahﬁeﬁg QEEoﬁgﬂiE%gﬁ&qﬁ9?Hh9 or oup.
maxi muim  menitarr Ofof ehdregbans foE SBRRELS I WALSN Can

14. A visiting plan generation system as claimed in
claim 10,

wherein the information on group contains
information that said group is an invariable-member group in
which the members of the group cannot be re-arranged, or
said group 1s a variable-member group in which the members
of the group can be re-arranged,

15. A visiting plan generation system as claimed in
claim 10, _

wherein the plan re-formation means calculates total
time spent in moving and total time spent in working as the
visiting plan cost Fi(Xi) of each group.

16. A visiting plan generation System as claimed in
claim 10, . ' :

wherein the state re=arrangement means re-~-arranges
members of the group and visiting plan thereof to an optimum
State, in which a state cost function F(X) giving maximum
value of the cost among the groups is minimized by using the
visiting plan X1 of the group i under the state X and the
visiting plan cost Fi(Xi) thereof,

17. A visiting plan generation system as claimed in
claim 10,

wherein the state re-arrangement means re-arranges
members of the group and visiting plan thereof to an optimum
state, in which a state cost functien F(X) giving average
value of the cost among the groups is minimized by using the
visiting plan Xi of the group i under the state X and the
visiting plan cost Fi (Xi) thereof,

18. A visiting plan generation system as claimed in
claim 13, '

wherein the group constraints contains maximum
number of the members and members which- can belong to the
group.




