
14 March 2005 VISITING PLAN GENERATION METHOD AND SYSTEM BACKGROUND OF THE
INVENTION  Field of the Invention The present invention relates to a method
for generating  a visiting plan and a system therefor. More particularly,
the  invention pertains to a visiting plan generating method and  system
wherein, for a plurality of groups having invariable  and/or variable
members (persons or apparatuses) to visit a  plurality of destinations on a
task-sharing basis, optimum  formation of the plural groups, optimum
destination 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 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 assumption
that a visit must be made  to each of the plural cities only once. That is
to say, in the  Traveling Salesman Problem, 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 recisions in  Optimization Problems, Biological Cybernetics, 52, pp. 141
152) using the Hopfield model (Hopfield, J. J., (1984) Neurons 14 March
2005 with graded response have collective computational properties  like
those of two-state neurons; Proceedings of the National 



Academy of Sciences, USA, 81, pp. 3088 - 3092). In the Traveling Salesman
Problem handled in conventional  solution methods, however, optimization
has been attempted on  the premise that a single salesman is to visit all
the cities  of interest. In a situation where one salesman cannot cover all
the  cities of interest, it is required to make assignment to a  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  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
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 visiting plan is  generated for a plurality of
groups instead of generation of  a visiting plan for an individual as in
the conventional solution 3 14 March 2005 methods for the Traveling
Salesman Problem. According to one  aspect of the present invention, at
least information on a  plurality of groups, information on members of each
of the plural  groups, and information on destinations are input, optimum  



formation of the plural groups and optimum destination assignment to each
of the plural groups are made 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 destinations on a task-sharing basis, it
-is possible to carry  out optimum formation of the plural groups, optimum
destination  assignment to the plural groups, and optimum planning for each
of the plural groups. 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 cost from a viewpoint  of the whole of the groups or
without variation in cost among  the groups. Still further, if an
unassigned destination is found  during generation processing operation of
a visiting plan, new  assignment of the unassigned destination and
re-formation of  the visiting plan are performed. 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 4 14 March 2005 destination is added for
group re-arrangement, 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 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
destinations on a task-sharing basis, it  is possible to promptly
accomplish optimum formation of  variable-member groups, optimum
destination assignment to the  groups, and optimum planning for each of the
groups. The present  invention can therefore provide an effective method
applicable  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 of
groups  are to visit a plurality of destinations on a task-sharing basis,
at least information on the plural groups, information on members of the
plural groups, and information on the  destinations are input, and optimum
formation of the plural  groups and optimum 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
optimum formation of the groups; optimum destination  assignment to the
groups, and optimum planning for each of the  groups. Furthermore, at least
one of processing operations  including minimization processing for
minimizing a maximum cost 5 14 March 2005 value in a plurality of groups,
minimization 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 using a cost function. Thus, optimum
formation of the groups, optimum destination assignment to the  groups, and
optimum planning for each of the groups can be  accomplished at low cost
from a viewpoint of the whole of the 



groups. It is also possible to accomplish optimum formation  of the groups,
optimum destination assignment to the groups,  and optimum planning for
each of the groups without variation  in cost according to the result of
cost calculation. Still further, 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 destinations 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 can be carried out according  to the result of cost 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 of
variable-member  groups, optimum destination assignment to the plural
groups, 6 14 March 2005 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, re-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 plural
groups, minimization 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 of the groups,
optimum destination assignment to the groups, and optimum  planning for
each of the groups can be accomplished. Still further, in accordance with
another aspect of the  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 also contains conditions of tasks to be  performed at the
destinations. Thus, according to the  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 14 March 2005
present invention, in case that information on any group  contains
attributes of the group (invariable or variable  attribute values) and
group constraints for constraining  members belonging to the group and that
the group is a  variable-member group, initial group formation data is also
indicated. Thus, according to characteristics 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. 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 out. Still further, in accordance with another aspect of the
present invention, in case that constrains f or any group include  a
relationship among members belonging to the group and that  the group is an
invariable -member group, data of group formation  is also indicated. In
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 belonging to 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 accordance with another aspect of the  present
invention, information on any member contains a mobile 8 14 March 2005
capability of the member (a speed of movement or a value  equivalent
thereto) and a working capability (a time to be taken  for accomplishing 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 be carried
out. Still further, in accordance with another aspect of the  present
invention, a cost function contains a coefficient  inherent in each group
and/or a threshold inherent therein.  Thus, in a fashion in which a ratio
of loads on respective groups  is specified, 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 another 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-formation of a  tentative visiting plan, and
tentative cost calculation are 9. 14 March 2005 performed for each group,
the unassigned destination is formally  assigned to a group having a
minimum tentative cost, and the  tentative visiting plan is adopted
formally. Thus, new assignment of the unassigned destination can be
accomplished promptly.  Still further, in accordance with another aspect of
the present invention, in group selection, at least a group having  a
minimum cost at the current point of time is selected. Thus,  new
assignment of the unassigned destination can be accomplished  promptly and
optimally. 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
assigned destinations are tentatively unassigned from the group A,
tentative visiting plan  re-formation and tentative cost (tentative cost A)
calculation  are performed for the group A, tentative assignment of the
tentatively unassigned destinations, tentative visiting plan re-formation,
and tentative cost calculation are performed for  each group belonging to
the set of the other groups, and if a minimum tentative cost (tentative
cost a) 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 formally. Thus, re-assignment of the already
assigned destinations can be carried out promptly. Still further, in
accordance with another aspect of the 10 14 March 2005 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 members is selected,
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 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-member  group can 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 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  of
accommodable members is selected. Thus, addition of the  unassigned members
to the variable-member group can be carried  out promptly and optimally. 11
14 March 2005 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  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 original cost of  the selected variable-member group,
tentative conditions that  have caused the minimum tentative cost is
adopted formally.  Thus, assigned members belonging to a variable-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  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 plurality 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 12 14 March 2005 variable-member groups
and the variable-member group A within  a range that group constraints are
satisfied, tentative visiting plan re-formation and tentative cost
calculation are performed  for the set of the other variable-member groups,
tentative  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-member group A to select a pair  cost corresponding to a higher
one, and if a minimum value of  the pair cost is lower than an original
cost of the variable-member group A (maximum cost), tentative conditions
that have 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 another aspect 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  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
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 13 14
March 2005 present invention, there is provided a visiting plan generation
system comprising: input means for receiving various kinds of  necessary
information for visiting plan generation: state  memory means for
memorizing a state taken at a predetermined  point of time and an optimum
state in preceding visiting plan  conditions; new-assignment means for
newly 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 cost for each group. In this system, optimum formation of the
groups, optimum destination assignment  to the groups, and optimum planning
for each of the groups can  be carried out efficiently. Still further, in
accordance with another aspect of the  present invention, there is provided
with a visiting plan  



generation system wherein the input means is so structured as  to receive
at least information on destinations, 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 plurality 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 14 14 March 2005
destination assignment to the groups, 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,
process plan; and operation 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 advantages 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; 15 14 March 2005 FIG. 4 is a
diagram showing information on members in the  preferred embodiment of the
present invention; FIG. 5 is a diagram showing formation of groups and a
visiting plan therefor in the preferred embodiment of the  present
invention; FIG. 6 is a diagram showing destination assignment to  groups in
the preferred embodiment of the present invention;  FIG. 7 is a diagram
showing belongingness 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
embodiment of the present invention; FIG. 9 is a flow chart for explaining
the first 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 processing 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 processing operation by the
group  re-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  group
rearrangement means in the preferred embodiment of the 16 14 March 2005
present invention; and FIG. 14 is a flowchart for explanation of the second
half  of the group re- arrangement processing operation continued from
FIG. 13. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The present
invention will now be described 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
generation method in a preferred embodiment of the present  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 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, 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 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-formation
means for re-forming a  visiting plan for each group, reference numeral 17
indicates  cost calculation means for calculating a visiting plan cost for
each group, and reference numeral 18 indicates output means for 17 14 March
2005 delivering output data. The input means 11 reads in the  information
on destinations, information on groups, and  information on members, and
retains these read-in information. Referring to FIG. 2, there is shown an
example of  information on destinations. For instance, destination 3 is  at
location "X - 13, 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  invariable-member group
consisting of members 2 and 6, and a  relationship 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 constraint in  a
situation where two members go on a visit 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  to belong to this group, a relationship of
members indicates  a condition that three members are 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 task C (i.e., member  1 is not good at
task C). Then, the state memory means 12 is described below.  Information
on destinations, information on groups; and 18 14 March 2005 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 visiting plan,
destination assignment, and  belongingness of members) is then initialized.
Thereafter, the  state memory means 12 updates and memorizes a state
according  to a change indicated by the new-assignment means 13, the
re-assignment means 14, and the group re-arrangement means 15,  which will
be explained more fully later. Referring 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 S. 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 8. Referring to FIG. 6, 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



state memory means 12 also memorizes a minimum of a state cost  F (X)
attained so far. (State coat 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 19 14 March 2005 cost calculation means
16 to be explained later) That is to  say, the visiting 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 characterized in that a maximum cost value  in
groups is minimized 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) a a X MAXI (Fi (Xi) ) + 13 X S (X) ... . (Eq. 1) In this
expression, MAXi [Fi (Xi)] is a function that  returns a maximum value with
respect to mill of Fi (Xi), i.e.,  a function that returns a smaller value
as a maximum cost value in groups in state X is decreased. S (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 equalized. As a concrete example of  S (X), a standard
deviation or variance function for "ill of Fi  (Xi) in state X is
applicable. As to coefficients a and 0,  conditions "a 0" and "BATA 0" must
be satisfied on the  premise that at least one of them has a value. More
specifically, 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 equalized. Through minimization of
the state cost F (X) ,  



it is possible to carry out minimization of a maximum cost value 20 14
March 2005 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 state cost F (X) maybe
expressed as shown below, for example: F (X) - a x AVEi [Fi (Xi)] + .6 x s
(X) ..... (Eq. 2) In this expression, AVEi (Pi (Xi)] is a function for
returning an average value with respect to "i" of Pi (Xi) , i.e.,  a
function that returns a smaller value as an average cost value  in 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 be
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  3801, reference is made to state x (FIG. 6) for selecting
one  or plural unassigned destinations. Then, in step $802, except  groups
having no members, one or plural groups including a group  having a minimum
cost at the current point of time are selected.  Then, for each selected
group (step $803), the following steps  are taken: Any selected 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). Then,
in step S804, a group "a" having a minimum tentative cost is 21 14 March
2005 



selected from the 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 mentioned above,  a proper group can be determined for
assignment of each  unassigned destination. There -assignment means 14 is
then described below. State  X memorized in the sate memory means 12 is fed
to the  re-assignment means 14. Using the plan re-formation means 17,  the
re-assignment means 14 re-assigns an already assigned  destination to a
group. FIG. 9 presents an example of a  flowchart showing the first half of
re-assignment 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 cost 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 5902, 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 5903, a destination is tentatively
unassigned from the group ,All. 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 (5905), the following steps are  taken: The destination which has
been tentatively unassigned  in step S903 is tentatively assigned to each
group therein 22 .14 March 2005 (S905a), and using the plan re-formation
means 17, a tentative  



visiting plan and a tentative cost are determined for each group  therein
(s905b) . Then, in step $906, group "a" having a minimum  tentative cost is
selected from the set of the other groups.  Finally, if both the tentative
cost of group "A" and the  tentative cost of group "a" are lower than an
original cost of  group "A" (a cost indicated before tentative
unassignment)  ($907), the following steps are taken: The tentative
unassignment of group "A" in step 5903 is formally adopted  (S907a) , the
tentative visiting plan for group "A" in step 5904  is formally adopted
(9907b), the tentative assignment to group  "a" in step S905a is formally
adopted (S907c) , and the tentative  visiting plan for group "a" in step
S905b is formally adopted.  Through the steps mentioned above, an already
assigned  destination can 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
showing group re-arrangement processing to be carried out by the group
re-arrangement means 15. The following explains the group re-arrangement
processing with reference to these figures.  Note that FIGS. 13 and 14 are
flowcharts showing the first half and the second half of a group
re-arrangement processing  operation, respectively. Referring to FIG. 11,
in step S1001, a variable-member  group in which the number of members is
smaller than the maximum 23 14 March 2005 number of accommodable members
(FIG. 3) is selected. In this  step, it is alternatively preferable to
select a variable-member  



group having a maximum absolute value of difference between the  number of
members and the maximum number of accommodable members.  Then, in step
S1002, unassigned members are selected within a  range that group
constraints (FIG. 3) are satisfied. Then, for each of the unassigned
members thus selected (S1003), the  following steps are taken: Each
selected member is made to  tentatively belong to the selected
variable-member group (S1003a), and using the plan re-formation means 17, a
tentative  visiting plan and a tentative cost are determined (S1003b).
Finally, if execution of step S1003 results in a condition 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 (51004a), the unassigned  member "a" is made to 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 member can be added to a  variable-member group in
which the number of members is smaller than the maximum number of
accommodable members (FIG. 3).  Referring to FIG. 12, in step S1101, a
variable-member group is selected and its members (at least one of members)
are  unassigned. in variable-group selection, it is alternatively
preferable to select a variable-member group having a maximum  cost at the
current point of time. Then, in step 51102,  unassigned members are
selected. within a range that group 24 14 March 2005 constraints (FIG. 3)
are satisfied. Then, for each of the  unassigned members thus selected
(51103), the following steps  are taken: Each selected member is made to
tentatively belong  



to the selected variable-member group (S1103a), and using the  plan
re-formation means 17, a tentative visiting plan and a  tentative cost are
determined (S1103b). Finally, if execution  of step S1103 results in a
condition that a minimum tentative  cost of the selected variable-member
group is lower than an  original cost thereof (S1104), the following steps
are taken:  The members tentatively unassigned in step S1101 are formally
unassigned from the selected variable-member group (S1104a), 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 variable-member group  (51104c), and the tentative visiting plan
is formally adopted  for the selected variable-member group (S1104d). Thus,
members  can be exchanged even for a variable-member group in which the
number of members is equal to the maximum number of accommodable  members
(FIG. 3). Referring to FIGS. 13 and 14, in step 51201, 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
point of time may be selected from all the variable-member groups. In an
alternative fashion, 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 25 14 March 2005
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 (variable-member group set).  Then, for each
variable-member group belonging to the set of  



the other variable-member groups (S1203), the following steps  are taken:
Within a range that group constraints are satisfied,  members are
tentatively exchanged between the variable-member  group "A" and each
variable-member group belonging to the set  of the other variable-member
groups (S1203a). Using the plan  re-formation means 17, a tentative
visiting plan and a tentative  cost are determined for each variable-member
group belonging  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" (31203c). 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 ($1203d) . Finally, if a
minimum pair cost  value is lower than an original cost (maximum cost) of
the  variable-member group "A" (S1234), the following steps are  taken: A
variable-member group "all which has caused the minimum  pair 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 51203a
is formally adopted  (S1204b), the tentative visiting plan for the
variable-member  group "a" in step S1203b is formally adopted (S12040 and
the  tentative visiting plan for the variable-member group "A" in  step
51203c is formally adopted (51204d). Thus, proper 26 14 March 2005 exchange
of members between variable-member groups can be  carried out properly. 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
information on destinations  



and information on members retained in the input means 11. in  response to
these information, the cost calculation means 16  returns a cost Fi (Xi)
for the visiting plan Xi. For example,  in the present embodiment, the cost
Fi (Xi) is designed as  expressed below: Pi (Xi) - Ai x (M (Xi) + W (Xi) )
+ Si (Eq. 3) In this expression, M (Xi) indicates a total time required
for movement in the visiting plan Xi, and W (Xi) indicates a  total time
required for accomplishing 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 "ill, 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 where 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 number  of members in a group
is "2" or more, however, it is required  to some adjustment due to
constraints on the members (it is  required to predetermine how a member is
to move while another  member is on the way to a certain destination). 27
14 March 2005 The plan re-formation means 17 is then described below.  The
plan re-formation means 17 i used by the new-assignment  means 13, the
re-assignment means 14, or the group re-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 retained by the input means
11, the plan re-formation means 17 generates a visiting plan  



Xi using the cost calculation means 16. This function can 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 algorithm method,  a heuristic technique, or any
combination thereof. The output means 18 is then described below. An
optimum  state memorized in the state memory means 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 visiting  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 assembly process in which SC 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 for
mounting the device  thereonto), or in package distribution operation in
transportation.  The invention may be embodied in other specific forms 28
14 March 2005 without departing from the spirit or essential
characteristics  thereof. The present embodiment is therefore to be
considered in all respects as illustrative and not restrictive, the scope
of the invention being indicated by the appended claims rather than by the
foregoing description and all changes which come  within the meaning and
range of equivalency of the claims are  therefore intended to be embraced
therein. 29 New Claims 



14 March 2005 1. A visiting plan generation method of generating a
visiting plan for a plurality of groups to visit a plurality  of
destinations on a task-sharing basis, comprising the steps of: inputting
information on locations of destinations,  and conditions of tasks to be
performed as information on  said destinations, information on members
constructing a  group, information on said groups necessary for visiting
plan generation; re-arranging the members of the group and visiting  plan
to an optimum states based on the state X showing  visiting plans of each
group, the members of said each group  and information on destination
assignment to each group at a  predetermined point of time; re-forming the
visiting plan by calculating a  visiting plan cost Fi(Xi) for each group
based on  information on the members belonging to group i and  information
on destination assignment to each group received  from said re-arranging
step, and information on destinations  and members received at the
information inputting step, and  then re-forms a visiting plan Xi for each
group based on the  visiting plan cost Fi(Xi) for each group and the
information  received at the information inputting step; wherein in the
information inputting step,  information on locations of destinations, and
conditions of  tasks to be performed are received as information on said
destinations; and, in the visiting plan re-arranging step, the members  of
the group and visiting plan thereof are re-arranged to an  optimum 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 method as claimed in  claim 1, . wherein in the visiting
plan re-arranging step  comprises at least one of the following steps of;
newly assigning an unassigned destination to a group  based on a state X;
re-assigning an already assigned destination based  on a state X;
re-arranging groups based on a state X. 30 14 March 2005 3. A visiting plan
generation method as claimed in  claim 1, wherein the information on member
constructing a  group contains a mobile capability of said member and a
working capability thereof. 4. A visiting plan generation method as claimed
in  claim 1, wherein the information on group contains the  members
constructing a group and relationships among the  members of the group (or
constraints). 5. A visiting plan generation method as claimed in  claim 1,
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 group in which the members
of the group can be re-arranged. 6. A visiting plan generation method as
claimed in  claim 1, 



wherein in the visiting plan re-arranging step,  total time spent in moving
and total time spent in working  are calculated as the visiting plan cost
Fi(xi) of each  group. claim 17. A visiting plan generation method as
claimed in  1, wherein in the state re-arranging step, members of  the
group and visiting plan thereof are re-arranged 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 Xi of the group i under
the state X  and the visiting plan cost Fi(Xi) thereof. 8. A visiting plan
generation method as claimed in  claim 1, wherein in the state re-arranging
step, members of  the group and visiting plan thereof are re-arranged to an
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 generation method as claimed in  claim 4. wherein the
group constraints contains maximum 31 14 March 2005  number of the members
and members which can belong to the  group. 10. A visiting plan. generation
system, comprising:  input means for receiving locations of destinations,
and conditions of tasks to be performed as information on  said
destinations, information on members constructing a  group, information on
said groups necessary for visiting  



plan generation; state memory means for memorizing a state X showing
visiting plans of each group, the members of said each group  and
information on destination 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; plan re-formation means which calculates a visiting
plan cost Fi(Xi) for each group based on information on the  members
belonging to group i and information on destination  assignment to each
group received from the state re arrangement means and information on
destinations and  members received from the input means, and re-forms a
visiting 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 thereof to an optimum  state, using the visiting plan Xi of the group
i 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 comprises:  new-assignment means for newly assigning
an  unassigned destination to a group based on a state X  memorized in the
state memory means; re-assignment means for re-assigning an already
assigned destination based on a state X memorized in the  state memory
means; 



group re-arrangement means for re-arranging groups  based on a state X
memorized in the state memory means. 12. A visiting plan generation system
as claimed in  claim 10, wherein the information on member constructing a
group contains a mobile capability of said member and a  working capability
thereof. 14 March 2005 32  13. A visiting plan generation system as claimed
in  claim 10, wherein the information on group contains the  members
constructing a group and relationships among the  members of the group (or
constraints). 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 is a variable-member group in which the members
of the group can be re-arranged. i5. 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
Xi 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
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. 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. 


