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VISITING PLAN GENERATION METHOD AND SYSTEM

) B-ACkGROUND QF THE INVENTION
Field of the Invention _

The pre'sent invention relates to' a method for generating
a visiting plaﬁ and a system therefor. More particularly, the
invention pertains to a vis:‘.t'ing 'pian generating method and

system wherein, for a plurality of groups having invariable

and/or variable members (pei‘éons or apparatuses) to visit a

plurality of destinations on a task-sharing basis., optimum
formation of the plural groups, optimum destinat:i’on assignment
to the plural groups, and optimum planning for each .of the plural
groups can be carried out.
Description of the Related Art

As a typical example of a problem concerning generation
of an optimum visiting plan, there is alclaséic mat_hemat;ical
problem called the Traveling Salesman Problem, in whichan ordezr
of visitin“Q a plurality of cities through a minimum t:,ota'l path
is to be detexmined on the assumption that a visit must be made
to each of the plural cities only once. That is to say, in the
Traveling Salesman Prob;em, a travel 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 Salesman Problem has been
proposed by Hopfield, J. J. and Tank, D. W. (Hopfield, J. J.

& Tank, D. W., {(1985) "Neural®" Computation of Decisions in

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

152) using the Hopfield model (Hopfield, J. J., (1984) Neurons
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.with gr#&ed response héve collective computational properties
like those of two-state neurons; Proceedings of the National
Academy of Sciences, USA, 81, pp. 3088 - 3092).

In the Travéling Salesman Problem handled in conventional
gsolution methods, however, optimization has been attempted on
the premise that a single salesman ig to visit all the cities
of interest.

In a situation where one salesman cannot cover all the
cities of interest, it is required to mak-e' as#ignment-to a
plurality of salesmen. An optimum solution methoed in such a

case has not been devised heretofore, however. °

SUMMARY OF THE INVENTION

.In view of the forégoing, it is an object of the present
invention to provide a wvisiting plan generation method and
system for promptly carrying out optimum formation of groups,
optimum destination assignment to the groups, and optimum
planning 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 a.ction plans as a transportation plan, process plan,
and opera‘tibn plan.

In accomplishing these obj eéts of the present invention,
there ié provided a technique in which a vis'iting}' plan is
generated for a plurality of groups instead of generation of

avisiting plan for an individual as in the conventional solution
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methods for the Traveling Salesman Problem. According to one
aspect of ‘the present invention,.at least informatiom on a
pluralli ty of 'é:réups ’ i-nfofmation on members of each of the plural
groups, and information on destiqaticns are input, optimum
formation of the plural groups and.optimum destination
assignment to'éach of the plural groups are made using a cost
function for evalﬁating a vigiting plan. '!hus,' in preparation
of a visiting plan for a plﬁrality of groups to visit a plurality
- of destinations on a task-sharing basis, it is possible to carry
out optimum formation of fhe plural groups, optimum destinatioﬁ
assignment to the plural groups, and optimum planning for each
: of the plural groups.

I-‘ﬁrther, in accordance with another aspect of f;he present
invgntion, usipg the cost function, 2 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 cost froma vi_ewpoinﬁ
of the whole of the groups or without variation in cost among
thé groups.

| Still further, if an unassigned destination is Ffound
during generation processing operation of a visiting plan, new
assignment of the unassigne§ destination and re-formation of
the visiting plan are performed. As required, re-assignment
of already assigned destinatibns 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
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descination' is.'a'-\cided for _gr.oup re.-arrangement. optimum
 formation of the groups, optimum &estinatioﬁ assignment to the
groups, and ébtim‘m planning- for each of the groups can be
carried out according to the result of cost calculation. In
this manner, according to the visiting plan generation method
of the present invention, for a plurality of groups having
invariable and/or variable members (persons or apparatuses) to
visit a plurality of destinatiﬁns cn a task-shiring basis, it
is possible to prompt:ly_' accémplish optimum formation of
varjable-member groups, optimum dest_ination assignmeht to the
groups, and optimum planning -for' each of the groups.: The present
invention can thexrefore provide an effective method applica_.blé’
to generation of such 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 o.f groups
afe tovisita plur'ality of destinationsona task-sharing basis,
at least information on éhe piural' groups, information on
members of the plural .groups. and information on the
destinations are input, and 'optimum formation of the plural
groups and optimunm destination 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 opéimum forma_tion of the groups, optimum destina.t;ion
assignment to the §ro,ups-, and optimum plannin§ for ea:cl-"x of the
groups. .

Furthermore, at least one of processing operations

including minimization processing for minimizing a maximum cost _
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value in a plurality‘gf groupé. minimizatiog prdEééSing for
minimizing an average cogt value in the plﬁraf groups, and
equal:.zatlon process;ng forequalizing cost values in the plural
groups is carried out using a cost furctzon. Thus, optimum
formation of the groups, optimum destination assignment to the
groups, and 6ptimum planning for each of the groups can be
accomplished at low cost £rom a;viékpoiht of the whole of the
groups. It is alsoc possible tO'aécomplish optimum formation
of the groups, opt;mum éestination assignment to the groups,
and optimum planning fof each of the groups without variation
in cost adcording to the result of cost calculation.

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

Stiil further, in accordance with another aspect of the
present invention. there is provided a visiting plan éeneration
method wherein, for a plurality of groups'having invariable
and/or'variéble members to visit a plurality of destination om
a task-sharing basis, optimum formacion of variable-member

groups, optimum destination assignment to the plural groups,



n

and optimum planning for each of the plural groups are

accomplished. In the visiting plan generation method, at least

information on the plural destinations, information on the

plural groups, and information on the plural members are input, '

and new assignment of an unassigned destination and visiting
plan re-formation therewith are performed using a cost function
for visiting plan evaluation. As required, ré-assignment of
already assigned destinations and/or re-arrangement of the
variable-member groups and visiting plan re-formation
therewith are performed. Further, at least one of processing
operations including minimization processing for minimizing a
maximum cost value in the pluial groups, min:i_.mi zation processing
for minimizing an average cost value. in the plural groups, and
equalization processing for equalizing cost values in the plural
groups is carried out. Thus, optimum formation o'f the groups,
optimumr destination assignment to the groups, and optimum
planning for each of the groups can be .accomplished.l

Still further, in accordance with another aspect of thé
present invention; 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 allso -contains conditions of tasks to be

performed at the destinations. Thus, according to the

locations of the destinations and the conditions of the tasks i

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
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present invention, in case that inférmatioﬁ on any group
contaiqs attributés 6f tha group (invariabie or variable
attribute_values).and group constraints for constraining
members belonging to the gioup and that the group is a
variable-memberlgroup, iﬁitiai group formation data is also
indicated. Thus, according to éharac:eristics of respective
groups, it is possible to carry out optimum formation of the
groups, optimum destination assignment to the groups, and

optimum planning for each of the' groups.

Still further, in case that the attribute values of any

group are variable, initial group formation data is also
indicated. Tpué,jwith 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 out.
Still further, in accordance with another aspect of the
present inveﬁtion, in case that constrains for any group include
a relationship among members belonging to the group and thaﬁ
the 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 membgrs and
designations thereof are indicated. Thus, according to
characteristics of members belonging to respective groups, it
is possible to carry out optimum formation of the groups, _optimﬁfn

destination assignment to the groups, and optimum planning for

each of the groups.

Still further, in accordance with ari.other aspect of the

present invention, information on any member contains a mobile
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capability of ché member (a speed _of mov.emen.t or a value
equivalent thereto) and a working capabilicy (a time to be taken
for accomplighing a task or a value equivalent thereto):. Thus,
according to characteristics of respective members, optimum
formation of the groups, optimum assignment to the groups, and
optimum planning for each of the groups can bPe carried out.

| Still further, iﬁ accordance with another aspect of the.
presént invention, a cost function comtains # coefficient
:'.nhez;ent: in each group and/or a threshold iﬁhe'rent therein.
'I.‘hus., in a fashion in which a ratio of loads on z-'espect:ive groups
is épecified, optimum formation of the groups, optimum
destination assignment to the groups, and optimum planning 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 through conversion) and/or 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 planning for each of the groups can
be carried out.

Still further, in accordance with anothex aspect of the
present invention, at the time of new assignment of an unassigned
destination and visiting plan re-formation therewith, group
selection is made for the unassigned destination, tentative
assignment of the unassigned destination, re-form'a._ﬁibn of a

tentative visiting plan, and tentative cost calculation are
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performed for each group, the unaésignéd de'stinati;on is_formally
assigned to a group having a minimum tenta;tive cost, and the
tentative visiting plan is adopted formally. Thus, new
assignment of the unassigned degtination can be accomplished
pz;'omptlly. . Ny

Still further, in accordance with another aspect of the
present invent_ion, _in group sele;:tion. at least a group having
a minimum cost at the curreat point of time is sélected. Thus,
new assignment of the unassigned destination can be accomplished
promptly and optimal'ly.

8till further, in accordance with a.noth_er"aspect of the
present invention, in re-.assignment of already assig;ned
destinations and visitiﬁg plan re-formation therewith, a
pluralif:y of groups are selected, the selected plural groups
are divided uu:o a group having a maximum cost (group A) and
a set of the other groups, already assigned dest:mat:.ons are
tentatively unassigned from the group A, tentative visiting plan
re—forma.tion and tentative cost (tentative cost aA) caléulatioﬁ
are performed for the group A, tentat_ive assignment of the
tentatively unassigned destinations, tentative visiting plan
re-formation, aﬁd tentative cost calculation are performed for
each group belonging to the set of the-other groups, and if a
minimum tentative cost (tentative cost B) and the tentative cost
A are lower than an original cost 6£ the group A, tentative

conditiong that have caused the tentative cost A and tentative

Cost B are adopted formally. Thus, re-assignment of the already

assigned destinations can be carried out promptly.

Still further, in accordance with another aspect of the
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present invention, in selection of-a plurality of groups, at

least a group having a maximum cost at the current point of time
and/or a group having a minimum cost at the current point of
time are selected. Thus, re-assignment of the already assigned
destinations can be carried out 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 therewith, a variable-member group

in which the number of members is smaller than the maximum number
of accommodable meml:;ers is selected, unassigned members are
selected within a range that group comnstraints 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 calculation are performed, and
if a minimum ten.tat:'._ve cost is lower than an original cost of

the selected variable-member group, tentative conditions that

have caused the minimum tentative cost are adopted formally.

Thus, addition of the unassigned members to the .variable-membe:-:
group <an be carried out promptly.

Still further, in accordance with another aspect of the
present invention, in variable-member group selection, among
variable-member groups in which tlhe 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

of accommodable members is selected. Thus, addition of the

vnassigned members to the variable-member group can be carried

out promptly and optimally.
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still further, in accdrdance with another aspect of the
present invention, in variable-member group re-arrangement and
visitiﬁg pl..an re-formation therewith, a variable-member group
is selected, at least one of members of the selected
variable-member group is unassigned, unassigned members 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 calculation are performed, and
if a minimum tentative cost is lower than an origiﬁal cost of
the selected variable-member group, tentative conditions that
have c¢caused the'm-inimum tentative cost is adopted formally.
Thus, assigned members belonging to a varxiable-member group can
be exchanged with unassigned members promptly.

Still further, in accordance with another aspect of the
present 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-
’ va'riable-mém.ber group can be exchanged with unassigned membe_rs
promptly and optimally. |

Still further; in accordance with another aspect of the
present invention, in _variable-member group re-arréngement and
visiting plan re-formation, a plurality of variable-member
groups are selected, the selected plural variable-member groups
are divided into a variable-member gz;oup having -almaximum 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
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‘vériablle-me_mber.. groups and the variable-member group A wi thin- '
a range .:t:h'at group éon-étﬁé.ints are satisfied, teﬁtative visiting
plan &:é-fprmation and"tentative cost calculation a:..je performed
for the set of the other variable-member groups, teﬁtative
visiting plan re-formation and tentative cost calculation are
performed for the variable-member group A, a tentative cost of
the set of the other variable-member groups is compared with
a tentative cost of the variable-mémber group A to select a pair
cost corresponding to a higher one, and if a minimum value of
the pair cﬁst is lower than an origina;l cost of the
variable-member group A {maximum cost), tentative conditions
that have caused the minimﬁm vallue of the pair cost are adopted
formally. .'l‘hus, membexr exchange between the variabie—member
groﬁps can be carried out promptly.

Still further, in accordance with another aspect of the
Present invention, in selection of a plurality of
. variable-member groups, a variablé-member group having a
maximum cost 'at' the currén: boint of time is selected. 'rhus,.
member exchange between t:_he variable-member groups can be
carried ocut promptly and optimally.

Still further, in accordance with another aspect of the
present invention, in selection of a plurality 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 ha.jving a minimum cost at tiie current peint

of time is selected. Thus, member exchange between the

‘variable-member groups can be carried out promptly.

still furth_er, in accordance with another aspect of the
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present irivention. there is provided a visiting plan generation
‘system comprising: input means for receiving various kindé.of
necessary information for visiting plan generation: state
memory means for memdrizin§7a state t;ken at a predetermined
point of time and an optimum staté.iﬁ_precediﬁg visiting plan
conditions: new-éssignment-ﬁeahs £6r newly assigning an
dnassigneq destiné;ion; rq-assignment means for re-assigning
an already assigned desﬁination; group re-arrangement means for
re-arfanging groups} piaﬁ re-formation means for re-forming a
visiting plan for each group; and cost calculation means for
calculating a visiting plan cost for each group. In this system,
. optimum formation of the groups, optimum destination assignment
to the gfoups, and optimum planning for each of the groups can
be carried out efficiently.

Still further, in accordance with another aspect of the
present.invehtion, there is provided with a2 wvisiting plan
generation system whereiﬁ the input means is éo structured as
to receive at least information on destinatioms, informatioﬁ
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 plurality of
groups having invariable and/or variable members (persons or
apparatuses) to visit a plurality of destinations on a
tagsk-sharing basis, it is possible to promptiy accomplish

optimum formation of variable-member groups, optimum
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ldestinatiori assignment to thé_ groﬁ?s, and optimum planning for
each of the groups. The present invention is therefore usable
as an effective method in applications'of-generating such action
plans as a transportation plan, pfocess plan, and operaticn plan.

Accordingly, it is a general 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
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 other objects, features and advantaggs of
the present invention will become more apparent from the

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 method in a preferred embodiment of

the present invention:

FIG. 2 is a diagram showing information on destinations

in the preferred embodiment of the present invention;

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

preferred embodiment of the present invention;
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'F_IG‘; 4 ig'a diagram s‘howinj information on members in the
prefeireé'.-embo&;.ment of the present invention; |

FIG. 5 is a diégram show:‘.ng'formation of groﬁps and a
visiting plan therefor in the prefe.fred embodiment of the
present invention; .

FIG. 6 is a diagram showing 'de_stination assignment to
groups in the preferred embodiment of the present invention;

FIG. 7 is a diagram showing'beléngingness of members to

groups in the preferred embodiment of the present invention;

FIG. 8 is a flowchart for explanation of a new assignment

processing operation by new-assignment means in ‘the preferred

emhodiment of the present invention:

FIG. 9 is a flow chart for explaining the first half of
a re-a_s.sigmnent processing operation By re-assignment means in
the preferred embodiment of the present. invention:

FIG. 10 is a flowchart for explanation of the 8econd half
of the re-assignment processing operation continued from FIG.
9; - | |

FIG. 11 is a flowchart for explanation of a group
re-arrangement processing operation by gfoup re-arrangement

means in the preferred embodiment of the present invention;

FIG. 12 is a flowchart for explanation of another group )

re-arrangement processing operation by the group
re-ar'ra.ngement.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

group re-arrangement means in the preferred embodiment of the
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present invention; and

" FIG. 14 is a flowchart for explana;tion of the second half

of the group re-arrangement processing operation continued from

FIG. 13.

DETAILED DE.SCRIPTIOﬁ OF THE PREFERRED EMBODIMENTS

The present invention will ncﬁ be dés-cribed in detail by
way of example with reference to FIGS. 1 to 14. | '

Referring to FIG. 1, there is shown a block diagram of
a visiting plan generation system for implementing a visiting
plan gener'ation method in a preferred embodiment of the present
invention. In FIG. 1, reference numeral 11 indicates input
méans_for receiving various kinds of information including at
least information on destination, information on groups, and
"information on members, 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, Selongingness of members) and an optimum étate iﬁ
preceding vigiting plan conditions, reference numeral 13
:‘.ndicates new-assignment means for newly assigning an
unassigned destination, reference numeral 14 indicates
re-assignment means for re-assigning an already assigned
destination, reference numeral 15 indicates group
re-arrangement means for re-arranging groups, and reference
numeral 16 indicates plan re-formatiocn means 'for re-forming a
visiting plan for each group, refergnce numeral 17 indicates
cosgt calculation means for .calculat’:ing a visiting plan cost for

each group, and reference numeral 18 indicates output means for
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delivering output da-.ta'. 'i.‘he lix;pﬁt .means 11 reads in the
infdrmation on destinaﬁions. information on groups, and
information on membe’ré, and retains these read-in information.

Reférring to FIG. 2, there is shown an example of
information én destinatioz;—s. For instance, destination 3 is
at location "X = :;.3, Y = 5%, and a member visiting destination
3. is to accomplish tasks A and B.

Referring to FIG. 3, there is shown an example of

information on groups. For instance, group 2 is a

invariab!,e--member group consisting of membexrs 2 and. 6, and a

relatio.'nship between members 2 and 6 belonging to this group
indicates a condition that two members are to be positioned
within a predetermined distance range (e.g., a comstraint in
a situation where two members go on a visit while éommunicating
with each other using transceivers, or two members are connected
by a coxd). Grbup 3 is a §aria51e-membef groups, the maximum
number of members in this group is 3, any member may be made
" to belong to this group, a relationship of members indicate§
a condition that three members are to be aligned.equidistantly.
and members 1 and 4 aré provided in initial group formatiom.

Referring to FIG. 4, there is shown an example of
informatioﬁ on members. For instance, member 1 provides a
mobile capability (speed of movement) of 7, a working ;:apabiiity
(time requirement) of 3 for task A, a time requirement of 2 for
task B, and a time requirement of 100 for task C (i.e., member
1 is not good at task C).

Then, the state memorf means 12 is described below.

Information on destinations, information on groups., and
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information on members retained in the input means 11 are fed
.to the state memory means 12, in which a state {including .group
formation, group viéiting plan, destination assignment, r-.ind
belongingness of members) is thgn initialized. Thereafter, the
state memory means 12 updates and memorizes a state according
to a change indicated by the new-assignment.means 13, Ehe
re-assignment means 14, and the group re-arrangement means 15,
“which will be explained more fully later.

| Referfing to FIG. 5, there is shown an example of formation
of groups and 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 S is to visit destination 1 for performing task
C, and member 5 is to visit destination 5 for performing task
B.

Referring to FIG. 6, there .:i.s shown an example of
destination assignment to groups. For instance, destination
1 is assigned to group 3, and destination 2 is an undssigned
destinationf

Referring to FIG. 7, there is shown an example of
belongingness of members to groups. For instance, merﬁber 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
state 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) reﬁ:resenting a cost of visiting

plan Xi for group "i" in state X, which is calculated by the
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cost calculation means 16 to be expléined later) That is to
say, the visit.%.ng‘ plan generation method -of the present
invention .has a feature that a minimum of the state cost F (X}
is determined.
Further, the visiting plan generation method of the

present invention is chaﬁacterized in that a maximum cost value
in groups is minimizéd and in that cost values in groups are

equalized. For instance, the state cost F (X) is subjected to

minimization as expressed below:

F (%) = @ x MAXi (Fi (Xi)} + B xS (X) .... . (Eq. 1)

In this expression, MAXi [Fi (Xi)1 is a function that
returns Ia maximum value with respect to "i® of Fi (Xi), i.e.,
2 function that returns a smaller value as a maximum .cost va.lue.
in groups in state X is decreased. 8 (X) is a function that _
evaluates variation with respect to “i.“ of Fi (Xi) in state x, '
i.e., a function that returns a smaller value as cost values
in groups in state X are egqualized. As a concrete example of
S (X). a standard deviation or variénce function for ®"i" of Fi
(Xi) in state X is applicable. 2as to coefficienﬁs ¢ and 8B,
conditions "& = 0" and “BATA = 0" must be satisfied on the
premise that at least one éf them has a wvalue.

More specifica.lly, the state cost F (X) defined by
Equation 1 takes a smaller value as a maximum cost value in groups
in state X is decreased and/or as cost values in groups in state
X are equalizéd. Throﬁgh minimization of the state cost F (X),

it is possible to carry out minimization of a maximum cost value
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in groups and/or equalization of cost values in groups.
Further, for realizing minimization of an average cost
value in groups and/or equalization of cost values in groups,

the staﬁe cost F (X) may be e':.:pressed as shown beiow, for example:
F (X) = & x AVEL [Fi (Xi)] + B %S (X) ..... (Eq. 2)

In this expression, AVEL [Fi (Xi)] is a function for

returning an average value with respect to "i_" of Pi (xXi), i.e..

a function that returns a smaller value as an average cost value

in groups in state X is decreased.

Then, the néw-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 be explained later), _the new-assignment means 13 newly
assigns an unassigned dest_:inaticn to a 'group. FIG. 8 shows an
example of a flowchart of intermal 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 destina.tiohs. Then, in step S802, except
groups having rno members, one or plural groups including a group
having 2 minimum cost at the current point of time are selected.
Then, for each selected group (step S803), the following éteps
are taken: Any selected unassigned destination is tentatively
assigned to each selected group (step $803a), and using the plan
re-formation means 17, a tentative visiting plan and a tentative

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

in step S804, a group "a" having a minimum tentative cost is

e
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selécted from the selected groups. Then, in step S805, an
unassigﬁed destination is formally assignsd to the group"‘a" .
. Pinally, the tentative visiting plan for the group "a" is adoptéd _
as a 'fo::;'x;a-a;.l v;i.sitj.ng pian. Through the steps mentioned above,
a ﬁropér-é?éﬁp Ean_bg determined for assignment of each
unass;igned- destina.t.ion-a _ : )
. The 're-a'ss'igzimleni't means 14 is then described below. State
X mem_oriz'ed in j;he'sa'té memory means 12 is fed to the |
re-a,ssigﬁmeziﬁ fnéans 14 Using the plén re-formation means 17,
the re-assigoment means 14 re-assigns an already assigned -
' destinatibn to'a group. FIG. 9 presents an exa{mple of a |
flowchart showing the first half of re-assignment processing
to be carried out by the re-assignmeht 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—#ssignme#t
means 14. Referring to these figures, in step 8901, except
groups having no members, a plurality of groups includin_.g a group
having a maximum cost at the current point of time and/or a grouﬁ
having a minimum cost at the current point of time are selected.
Then, in step $902, the selected groups are divided into a group
having a maximum cost (group "A") and a set of the other groups

(group set). Then, in step S903, 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 (s905), the following steps are

taken: The destination which has been tentatively unaséigned

in step 8903 is tentatively assigned to each group therein
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.(s9<_JSa)', and uéing the plan re-f’ormation x.xi'_eans"g.’l,. a tentative
visiting plan and a tentative cost aré .detei;m},ned for each group
therein (SSOSb') . Then, in step S906, group "a" having a minimum
'r.ent'a:tive cost is selected from the set of the other groups.
Fin_aily, if- both  the ten_t_‘.ati_vel.cost of group "A" and the
tentative cost -.of.gi.'oup "#“ are lower than an originai cost of
grdup' “a* (a cost 'indiéa_ted before tentative unassignment)
(s907), the following staps are t:a}:eﬁ:_ The tentative
unassignment of group "“A" in sfep-’ 59_03: is fo?mally. adopted -
(8907a), the tentative visiting pié.n for gioup *A® in step S904
is formally adopted (5907b), the tentative assigmment to group
"a® in gtep SS_OS# is for:;:ally adopted (S907¢c), and the tentative
visiting plan foxr group "av .in step 8905b is _formally adopted.
'rhroug.h the steps mentioned above, an already assigned
destination can' be re-assigned to a proper group.

The grdup 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 ouﬁ by the group
re-arxrangement means 15. The following explains the grou_p.
re-arrangement processin_g with reference to these figures.
Note that FIGS. 13 and 14 are fl.owcharts showing the first half
and the second half of a group re-arrangement processing
operation, respectively.

Referring to FIG. 11, in step 51001, a2 variab}.e-member

group in which the number of members is smaller than the maximum
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number of accommodable members (FfG..3) is selected. In thié
step, it is alternaﬂtively-pref_er_ab_;é' to select a variable-member
group having a maximum a_bspllut;.'_e'vlalue of difference between the
numbex bf members and the maximﬁm numbex of accommodable members.
) Then, in step S1002, unassiéned membe:é are selected within a
range thaé.group constraints (FIG. 3) are satisfied. Then, for
each of tﬁe unassigned membars thus selected (S1003), the
following steps are taken: Each selected member is made to
tentatively beléng to the selected 'variable—memﬁ:er group -
(S1003a), and using the plan re-forma_t;ion. means 17, a t;‘eﬁ_t:_a.tive
visiting plan and a tentative coét are determined (siooab);
Finally, if execution of step S1003 results in a condition that
a minimum tentative cost of ﬁhe selected variable-member group
is lower than.an original cost thereof:(51004), the following
steps é.re taken: An unassigned member “"a" which has caused the
minimum tentative cost is selected (S1004a), the ﬁnassigned
member “a* is made ﬁo formally belong to the selected
variable-member group (S1004b), and the tentative visiting plan
is formally adopted for the selected variable-member group
(S1004c), Thus, an unassigned membexr can be added to a
variable-member grdup in which the number of memb.ers is smaller
than the maximum number of accommodable members (FIG. 3).

Referring to FIG. 12, in step S$1101, a variable-member
group is selected and its members (at least one of members) are
unassigned. In variable-group seleétion, it is alternatively

preferable to select a variable-member group having a maximum

cost at the current point of time. Then, in step S1102,

unasgssigned members are selected within a range that group
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céngtraints (FIG. 3) are sati;fied._ Then,-for each of the:

unassigned members thus selected (S1103), the following steps
" are taicenﬁ BEach selected member is made to tentatively belong
to the selected variable-membér group (311038.)-, and using the
plan re-formation means i7, a tentative visiting plan and a
tentative cost are determined (S_1103b) . Finally, if execution
of step 51103 rgsults inla condition that a minimum tentative
cost of the selected variable-member group is lower than an
originallcost thereof. (81104), the following steps are -taken.:
The members tentatively unassigned in step $1101 are formally
unassigned from the selected variable-member group (S1i04a),
an unassigned member "a" which has caused the minimum tentative
cost is selected (S1104b), the unassigned member "a" is made
to formally belong to the selected var.i.ablel-member group

(S1104c), and the tentative visiting plan is formally adopted
for the selected variable-membexr group {($11044) . Thus, members
can be exchanged even for a variable-member group in which the
number of members is equal to the maximum number of accommodablé
membexrs (FIG. 3).

Referring to FIGS. 13 and 14, in step §1201, a plurality
of vgriable-member groups are selected. In variable-member
group selecﬁion, at least one variable-membér group having a
maximum cost at the current poix_lat of time maﬁr be selected from
all the variable-member groups. In an alternative féshion_, 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 may also be selected from all the

variable-member groups. Then, in step 1202, the selected
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variﬁble-member groups are divided into a variable-member group
having a maximum cost'" (variable-member group "A") and a set of
the otﬁer variable-p\ember groups (variable-member groﬁp set) .
Then, fo’r_egch variable-member groﬁp belonging to-the set of
the other Vafiable-membér groups =",(S-1203)_,_ the following steps
are ﬁaken.: ) WJ‘._th_in-a range that.gréup-copstraiﬁ‘ﬁs are satisfied,
members are tentaﬁiireiyj-_ez_:.chang-e-d between the variable-member
group “_A“.‘and _g#dl} -var:‘..ab__le-men}}_ae_r 'g_x_'éu;ip b{alonging to the set
: o'f-. th'é 'ott_lxer'w'ra'ri'.'a'ble-me'mbe_r' groups-(81203a) . Using the plan
re-formation ﬁxeans 17, a tenta,ﬁive visiting plan and a tentative
cost are .d;etermined for each variab]je-member group belongiﬁg
to the set of the other variable-member groups (S1203b), and
a' tentative visiting plan and a tentative cost are determined
for the variable-member group "A® (S§1203¢). 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 (S12034). Finally, if a minimum péir cosﬁ
value is lower than an original cést {maximum cost) of the

variable-member group "A® (S1204), the following'steps are

téken: A variable-member group "a" whic.:h. haé caused the minimum
pair cost value is selected (sS1204a), the tentative exchange
of the members between the ;rariable_-member group "a" and the
variable-member group "A" in step S1203a is formally adopted
(s12.04b) . the tentative vi_si_ting plan for the variable-member -
group "a" in step S1203b is formally adopted. (81204c), and the
tentative visiting plan for the variable-member group "A" in

step S1203¢c is formally adopted (S12044d). Thus, proper
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exchange of "members betweexi variable-member-groups éa-n be
carried out prqperiy.

The cost calculation means 16 is then described below.
The cost calculation means 16 is supplied with a visiting plan
Xi for group "i" in state X. and infcrmaf:ion on destinations
and information on members retained in the input means 11. In
respo-nse to these information, the cost calculation means 16
returns a cost Fi _ (Xi) for the vigiting plan Xi. For exampla,

in the present embodiment, the cost Fi (Xi) is designed as

expressed béldw:
Fi (Xi) = Ai x (M (Xi) + W (Xi)) + Bi ..... (Bq. 3)

_In this expression, M (Xi) indicates a total time regquired
for movement in the wvisiting plan Xi, and W (Xi) indicates a
total time required for accomplishing tasks in the visi_ting 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 impose&
on group “"i", Al is a coefficient inherent in group "i", and
Bi is a threshold inherent therein. 'Using these values, a load
ratio among groups can be adjusted. Calculation of M (Xi) is
rather easy in a situation wh-ere the number of members in a group
is 1" (distance between two destinations / movement speed of
a member going on a visit), In a situation where the nuniber
of members in a group is "2" or more, however, -it is required
to some adjustment due to constraints on the member# (it is
required to predetermine how a member is to move while another

member is on the way to a certain destination).
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The plan re-foimatian means 17 is then desc

4

The plan ze-formation means 17 is used by the new-assignment

means 13, the re-assignment means 14, or the group

ra-arrangement means 15. Supplied with information on members

belonging to group "i", information on assigned destinations -

for group *i", information on destinations retained by the input
means 11, and information on members fetained'by r.he'inpu'__c means
11, the plan re-formation meéns 17 generates a visiting plan
Xi using the cost calculation means 16. This function ¢an be
implemented through the use of an optimization technique such
as a greedy method, hill-climbing method, neural network model
method, simulated annealing method or genetic algorithmmethod,
a heuristic technique, or any combination thereof.

The output means 18 is then described below. An optimum
state memorized in the state memory meé.ns 12 is output to an
external circuit through the output means 18.

As set forth hereinabove, it.is to be understood that the
present invention is not limited in its application to Qisiting.
plan generation on a group-by-group basis as in the Traveling

Salesman Problem. The present invention is also applicable to

generation of a variety of action plans, for example, in an
electronic part assémbly 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 circuit board £or mounting the @evice
thereonto), or in package distribution 6peration' in

transportation.

The invention may be embodied in other specific forms

ribed below. '

(*J “
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without departing froin the gspirit or essential charécteristics
thereof. The present embodiment is therefore to be consideréd
in all-respects as illustrative and not restrictive, the scopae”’
of the invention being indicated by. the appended claims rather
than by the foregeing deseription agd all changes which come:

within the meaning and range of equivalency of the claims are

therefore intended to be émbraced 'the'rein.
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What is claimed is:

1. A visiting plan gegeration.method of generating a
visiting plan for a pluiality of groups to visit a plurality
of destinations on a task-sharing basis, comprising the steps
of:

inputtiﬁé at least information on said plural groups,
information on members of each of said plufal éroups, and |
information on said plural destinatioms; and

performing optimum formation of said plural groups and
optimum destination assignme;t to each 6f said plural groups
by using.a cost function for evaluating said visitiﬁg plan.

2. A visiting plan generation method as claimed in claim
y _

~ wherein at least one of processing operationg including
minimization processing for minimizing a maximum cost value in
said plural groups, minimization processing for minimizing an
average cost value in said plural groups, and equalization.
processing for equalizing cost yalues in said plural gﬁ:oups ié
carried out using a cost function for evaluatiang said'visiting

plan.

3. A visiting plan generation method as claimed in claim
1l oxr 2, .

wherein, if an unassigned destination is found, new
assignment of s;id unassigned destination and visiting plan
re-formation therewith are performed, and as required,
re-assignment of already assigned destinations and/or

re-arrangement of said plural groups, and visiting plan

re-formation therewith aré performed. .

PR e L oM s ox
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4. A visiting plén generation method of generating a
vigsiting plan for a plurality of groups to wvisit a plurality
of desﬁinations on a task-sharing S;s}s, comprising the staeps
of:
inputting at least infoimation on said plural groups,
information on members of éacﬁ.of s2id plural grqupg,xand
information on said plural destina:iong;
perfbrming optimumﬁfé:ﬁati;n of said plurallgroupé,
optimum destinaéion'éssiénment to éacﬁ'of:éﬁid plurél groups,
and optimum planning for each of said p;ﬁr;l groups by using
a cost function for evaluating said Qisiting plan when said
plurai groups viéit Said;plufal destinations on a task-sharing
basis; '
if an unassigned destination is faund,
inputting at least information on said unassigned
destination, information on said plural groups, and information
on members of each of said élural groups; and
performing new assignment of said ﬁnassigned
destination and visiting plan re-formation therewith using a
cost function for evaluatiﬁg said visiting plan; |
. asrequired,performingre-assignmentofalreadyassigned.
destinations and/or re-arrangement of said plural groups, and
visiting plan re-formation thérewith; and
carrying out at least one of processing operations
ineluding minimizatio_n processing for minimizing a maximum cost
value in said plural groups, minimization processing for
minimizing an average cost value in said plural groups, and

equalization processing for egqualizing cost values in said

e

NN
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plural groups.

5. A visiting plan generation method of generating a
visiting plan in which, for a plurality of groups having
jnvariable and/or variable members to visit a plurality of
destinations on a task-sharing basis, optimum formation of
variable-member groups, optimum destination assignment to said
plural groups, and optimum planﬁing for each of said plural
groups are accomplished, said visiting plan generation method
comprising the steps of:

inpﬁtting at least information on said plural
destinations, information on said plural groupé. and
information on members of each of said plural groups;
| performing new assignnient of unassigned destinations, and. |
wvisiting plan ré-formation therewith using a cost function forx
evaluating said visiting plan; |

as required, perforning re-assignment of already assigned
destinations and/or re-arrangement of said variable-member
groups, and visiting plan_r;-formation therewith; an&

carrying out at least one of processing operations
i#clu-ding r_ninimizacion procesging for minimizing a maximum cost
value in said plural groups, minimization processing for
minimizing an average cost value in said plural groups, and
equalization processing for equalizing cost values in said

plural groups.

6. A visiting plan generation method as ¢laimed in ¢laim
5,

wherein said information on said destinations coantains

logcations of saigd destinations, and as raequired, said

i % ¢ L m s =
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information on said destinations also co'ntains_ conditions of
tasks to be performed at said destinations.

7. A visiting plan generation method as claimed in claim
5o0r6, -'

Qhereinf_in case that.information on any of said plural
groups contains .attribg?:és of said group, said attributas being
invariable _o:'r.i .va-ria'.ble, and group constraints for constr.a.ifxing
i:fe_inbers S'elongihg to said __grou.p,' and that said group is a
variabie-membe:'g:oup, data of initial group formation is also

indicated.

8. A visiting plan generation method as claimed in claim

wherein, in case that consﬁraixits for any group include
a relationéhip among members belonging to said group and that
said group is an invariable-member group, data of group
formation is also indicated; and in case that said group is a |
variable-member group, the maximum number of accommodable
membexrs gnd designations thereof are indicated.

9. A visiting plan generation method as claimed in claim -
5,

wherein information on any member contains a mobile
capability of said member and a working capabilitir thereof.

10. A visiting plan generation method as claimed in claim
5,

wherein said cost function contains a ccefficient
inherent in each group and/or a threshold inherent therein.

11. Avisiting plan generation method as claimed in claim
5,
I —

A D 1]
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wherein a value- '65 sa._id.' cost function "iepresents a
d:.stance and/or a time.

12 A visiting plan generation method as claimed in clann
5".

wherein, at the time of new assignment of an unassigned
destination an_'d visiting plan re-fo:mation therewith, group
selection is made for said unassigned destination, tentative
assignment of said unassigned destination, re-formation of a
tentative v:.s:.t:.ng plan, and tentative cost calculation are
perfomed for each group. said unassigned dest:.nation is
formally assigned to a group having a minimum tentative cost.
and said tentative visiting plan is adopted formally.

13. A v:’.siting plan geﬁeration nie'thod ag ¢laimed in claim
12, |

wherein, in group selgction. at least a group having a
mir_ximum'cost at the current point of time is selected.

14. A visiting plan generation method as c.la.imed in claim
5,

wherein, in re-assignment of alréady asgigned
destinations and visiting plan re-formation therewith, a
plurality of groupé are selected, said selected plural.groups
are divided into a group A having a maximum é'ost an{i a set of
the other gréups, airea_dy assigned destinations are téntatively
unassigned from said group A, tentative visiting plan
:.;e- formation and calculatior_x of a tentative cost A are performed
for said group A, and tentative assignmeﬁt of said tentatively
.unassigned destinations, tenta.tivg visiting plan re-formation,

and tentative cost calculation are performed for each group

TN O A R
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belonging to said set of the ’p_i:}':.er groups; and

wherein, if a minimim tentative cost B and said tentative
cost A-'are 16wer than an origiﬁal cost of said group A, tentative
conditions that have caused saj.d tentat':ive‘ cost A and tentative
cost B are adopted formally. |

15. A visiting plan generation method as claimed in claim
14, | | |

wherein, in selection of a plurality of groups, at least
a group having a maximum cost at the cﬁrrent point of time and/ox
a2 group having a minimum cost at the curreant point of time are

selected.

16. A visiting plan generation method as claimed in claim
5. :

wherein, in wvariable-member group' re-arrangement and
visiting plan re-forﬁtation therewith, a variable-member group
in which the number of members is smallexr than the maximum number
of accommodable members is selected, unassigned memb.ers are
selected within a range that group constrains are satisfied.'
each of said members thus selacted is tentatively assigned to
said selected variable-member group, and tentative visiting
plan re-formation and tentative cost calculation are ;;erformed;
and . |

wherein, if a2 minimum tentative cost is lower than an
original cost of said selected variable-member group, tentative
conditions that have caused said minimum tentative cost are

adopted formally.

17. A visiting plan generation method as claimed in claim
is,

e
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®

wherein, in variable-group selection, among
variaﬁle-membér groups in which the numbex of me;i.tbers is smallerxr
than the maximum number of accommodable members, a
variable-member group having a maximum é.bsolute value of
difference between the number of members and the maximum number
of accommodable members is selected.
| 18. A'visiting plan generation method as claimed in claim
. . .

wherein, in variable-member g;:cup re-arrangement and
visiting plan re-formation therewith, a variable-member group
is selected, at least one of members of said selected
variable-member group is unassi.gned., unag_signed members are
selected within a range that group constraints are satisfied,
each of said members thus selected is tentatively assigned to
said -selected variable-member group, and tentative visiting
plan re-formation and tentative cost calculation are performed;
and

wherein, if a minimum tentative cost is lower i:han an
original cost of said selected variable-member group, tentative
conditions that h_ave caused said minimum tentative cost is

adopted f_ormally.

19. A visiting plan generation method as ¢laimed in claim
18,

in variable-member group selection, a variable-member
group having a maximum cost at the curreant point of time is

selected from all the variable-member groups.

20. A visiting plan generation method as c¢laimed in claim

TR O R
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whereih.' in variable-member group re-assignment and
vigiting plan re-formation, a plufality of variable-member
groupé are sélected, said selected plurai variable-member
groups are div-ide& into a variable-member group A i_xav:‘_.ng a
maximum cost and a set of the other variable-member groups,
tentative member exchange is made between each variable-member
" group belonging to said set of the other var.iable-member groups
and said variable-member group A within a range that group
constraints are satisfied, tentative visiting plan
' re-formation and tentative cost calculation are performed for
said set of the other variable-member groups, tgnté:tive vigiting
plan re-formation and tentative cost calculation are performed
for said variablé-member group A, and a te_ntativé cost of said
set of the other variable-member groups is compared with a
tentative cost of said variable-member group A to select a pair
cost corresponding to a highef one; and

wherein, if a minimum value of said pair cost is lowex
than an original cost of sai’d variable-member group A, i.e... |
a maximum cost, tentative conditions that have caused said
minimum value of said pair cost are adopted formally.

21. A vigiting plan generation method as claimed in claim
20,

wherein, in selection of a plurality of variable-member
groups, at least a var_iable-mentb_er group having a maximum'cost
at the current point of time is selected from all the

variable-member groups.

22. A visiting plan g_eneration method as claimed in claim
20, .

| ) ) A
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. wherein, in selection of a plurality of variable;member
gi‘oups_, :either one of a variable-member group having a maximum
cdst at the current point of time and a variable-member group
having a minimum cost at thé_éﬁr:ent boint.of time is selected
from all the'vériéblé-hgmbgr groups. |

23. A visiting plaﬁ generation system, comprising:

input means for receiving various kinds of necessary
information for visiting plan generation;

state memor§ means for memorizing a state at a
predetermined point of time and an optimum state.in p:eqeding
vigiting plan conditioﬁs;

new-assignmént’means for ﬁewly assigning an unassigned

destination;

re-assignment means for re-assigning an already assigned
destination;
group re-arrangement means for re-arranging groups:

Plan re-formation means for re-forming a visiting plan

for each group; and -

cost calculation means for calculating a visiting plan

coat for each group.

24. A visiting plan generaéion system as c¢laimed in claim
23

I 4
wherein said input means is so structured as to receive

at least information_on destinations, information on groups,
-_—

rnm

and information on membe



