
;e3e::4l,6bT<  METHOD OF FORMING) SEARCHING, OR GENERATING QUASI-MINIMUM
TREE PROVIDING OPTIMUM NETWORK CONFIGURATION, AND INFORMATION RECORDING
MEDIUM WHICH STORES PROGRAM THEREOF BACKGROUND OF THE INVENTION FIELD OF
THE INVENTION The present invention relates to a method for forming,
searching, or generating a quasi-minimum tree providing an optimum network
configuration and an information recording medium which records the
program) particularly) to a method for forming, searching, or generating a
quasi-minimum tree providing an optimum network configuration and an
information recording medium which records the program that can be used for
any applications which can be expressed as a combination of vertexes and
edges, such as communications networks, water transportation networks,
power line networks ) road networks) railway networks, airline networks)
integrated circuits and other physical network configurations, and lift
diagrams, data flow graphs for compiling in computer languages, and other
conceptual (virtual) network configurations, and that can realize design,
scheduling, and optimization of them. PRIOR ART Conventionally) a method of
computing a single path which connects between two defined vertexes on an
undirected graph) and with which the total sum   2 of the weights for the
edges included is at minimum has already been proposed. With the well-known
Dijkstra method (E. W. Dijkstra "A Note on Two problems in Connection
Graphs", Numerical Mathematics, vol. 1, pp. 269-271, 1959), the operation
is performed at high speed in a computation time period on the order of O
(n2) (n is the number of vertexes included in an undirected graph).
However, any method of computing a tree which connects among three or more
defined vertexes and with which the total sum of the weights for the edges
included is at minimum has not been proposed. The problem of creating a
tree with which the total sum of the weights is at minimum is generally
known as the Steiner problem) and has already been proved to be NP-complete
problems (R. M. Karp: "Reducibility among Combinatorial Problem" )
Complexity of Computer Computations, Plenum Press, New York) 1972). In
other words, it has already been mathematically proved that) if the latest
computer is used, a few years, a several ten years, or a few hundred years
would be required to perfectly solve the Steiner problem) and thus) there
is no method of creating a tree with which the total sum of the weights is
at minimum, within a time period which is sufficiently short from the
viewpoint of practice. SUMMARY OF THE INVENTION The present invention has
been developed in consideration of the above-stated conventional situation,
and the purpose thereof is to offer an approximate solution to the Steiner
problem, offering a method for forming, searching) or generating a
quasi-minimum tree providing an optimum network configuration that allows
creating a tree which, on an undirected graph with which 



3 the respective edges are weighted, connects a11 Steiner points which are
a plurality of vertexes defined, and with which the total sum of the
weights for the edges included is at a quasi-minimum) and an information
recording medium which records the program. The invention as claimed in
claim 1 provides a forming, searching, or generating method for forming,
searching, or generating a quasi-minimum tree providing an optimum network
configuration connecting Steiner points which are a plurality of vertexes
defined by selecting vertexes and edges on an undirected graph which is a
geometrical structure consisting of vertexes and weighted edges, wherein)
in creating or searching a path for forming, searching or generating an
optimum network configuration by selecting said vertexes and edges, a
plurality of trees which do not share said vertexes and edges with one
another are created or searched by connecting vertexes to one another
beginning from those with which the distance, which provides the total sum
of the weights for the edges included in a single path connecting between
any two provisional points, is the shortest) while creating or searching a
tree providing a path which includes no closed path and is tolerated to be
branched; and then, said plurality of trees are connected to one another to
provide a tree with which all of said plurality of vertexes defined, i.e.,
Steiner points are connected to one another, and the total sum of the
weights for said edges included is at a quasi-minimum. The invention as
claimed in claim 2 provides a forming, searching, or generating method for
forming, searching, or generating a quasi-minimum tree providing an optimum
network configuration connecting Steiner points which are a plurality of
vertexes defined by selecting vertexes and edges on an undirected graph
which is a geometrical structure consisting of vertexes and weighted edges,
wherein,   4 in the course of forming or generating said quasi-minimum tree
providing an optimum network configuration, a plurality of trees providing
a path which includes no closed path and is tolerated to be branched are
formed and generated at the same time, and the plurality of trees do not
share said vertexes and edges with one another. The invention as claimed in
claim 3 provides a method of creating, searching, or generating a
quasi-minimum tree providing an optimum network configuration as claimed in
claim 1 or 2, wherein said method of creating, searching) or generating a
quasi-minimum tree providing an optimum network configuration gradually
generates or extends said tree by adding said vertexes and edges for
connecting the vertexes one by one in sequence, respectively. The invention
as claimed in claim 4 provides a method of creating, searching, or
generating a quasi-minimum tree providing an optimum network configuration
as claimed in any one of claims 1 to 3, wherein said method of forming,
searching, or generating a quasi-minimum tree providing an optimum network
configuration forms or generates a new tree by connecting said trees to one
another. The invention as claimed in claim 5 provides a method of creating,
searching, or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of claims 1 to 4, wherein said method
of forming, searching, or generating a quasi-minimum tree providing an
optimum network configuration has trees with said plurality of vertexes
defined) i.e.) Steiner points which number is k as the initial state of
starting of forming, searching, or generating a quasi-minimum tree
providing an optimum network configuration) and the respective trees are
comprised of only one Steiner point which is different from one another.
5 



The invention as claimed in claim 6 provides a method of creating)
searching, or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of claims 1 to 5, wherein said method
of forming, searching, or generating a quasi-minimum tree providing an
optimum network configuration defines the total sum of the weights for the
edges which are included in a single path connecting between any two
provisional points on said undirected graph as the distance, and computes
the distance between points, which is the shortest distance between the
vertex and the tree, on said method of forming a quasi-minimum tree
providing an optimum network configuration. The invention as claimed in
claim 7 provides a method of creating, searching, or generating a
quasi-minimum tree providing an optimum network configuration as claimed in
any one of claims 1 to 6, wherein said method of forming, searching, or
generating a quasi-minimum tree providing an optimum network configuration
defines the total sum of the weights for the edges which are included in a
single path connecting between any two provisional points, and computes the
distance between trees, which is the shortest distance between said trees.
The invention as claimed in claim 8 provides a method of creating,
searching, or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of claims 1 to 7, wherein said method
of forming, searching, or generating a quasi-minimum tree providing an
optimum network configuration selects, in adding vertex to tree, a tree and
a vertex to be added to the tree, an edge for connecting the vertex,
respectively, on the basis of information about the distance between
points, which is the shortest distance between said vertex and tree. The
invention as claimed in claim 9 provides a method of creating, searching)
or generating a quasi-minimum tree providing an optimum network
configuration   6 as claimed in any one of claims 1 to 8, wherein said
method of forming, searching, or generating a quasi-minimum tree providing
an optimum network configuration selects, in connecting trees to one
another, trees to be connected on the basis of the distance between trees,
which is the shortest distance between said trees. The invention as claimed
in claim 10 provides a method of creating, searching) or generating a
quasi-minimum tree providing an optimum network configuration as claimed in
any one of claims 1 to 9, wherein said method of forming, searching, or
generating a quasi-minimum tree providing an optimum network configuration
performs either addition operation for vertex or connection operation for
trees on the basis of the comparison of said distance between points with
said distance between trees. The invention as claimed in claim 11 provides
a method of creating, searching) or generating a quasi-minimum tree
providing an optimum network configuration as claimed in any one of claims
1 to 10, wherein said method of forming, searching, or generating a
quasi-minimum tree providing an optimum network configuration identifies
the tree to which a vertex belongs, and will not connect the vertexes which
belong to the same tree, so that no closed path is formed on said
undirected graph. According to the respective inventions as claimed in
claims 1 to 11, a quasi-minimum tree providing an optimum network
configuration which) on an undirected graph with which the respective edges
are weighted, connects all Steiner points which are a plurality of vertexes
defined) and with which the total sum of the weights for the edges included
is at a quasi-minimum can be efficiently created at high speed. The
invention as claimed in claims 12 to 22 provides a computer readable
information recording medium which is used with a method for forming,
searching, or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of said claims 1 to 11) wherein a
program for executing said formation, search, or generation of a
quasi-minimum tree providing an optimum network configuration is recorded.
The invention as claimed in claim 23 provides a computer readable 



information recording medium which records a program for creating or
searching a path for forming or generating a quasi-minimum tree providing
an optimum network configuration connecting Steiner points which are a
plurality of vertexes defined by selecting vertexes and edges on an
undirected graph which is a geometrical structure consisting of vertexes
and weighted edges, wherein, in creating or searching a path for forming,
searching or generating an optimum network configuration by selecting said
vertexes and edges, the program causes the computer to execute processing
comprising: a step for reading or inputting data of said undirected graph;
a step for reading or inputting data of said Steiner points; a step for
creating or searching a plurality of trees which do not share said vertexes
and edges with one another by connecting vertexes to one another beginning
from those with which the distance, which provides the total sum of the
weights for the edges included in a single path connecting between any two
provisional points, is the shortest, while creating or searching a tree
providing a path which includes no closed path and is tolerated to be
branched; a step for connecting said plurality of trees to one another to
provide a tree with which a11 of said plurality of vertexes defined are
connected to one another, and the total sum of the weights for said edges
included is at a quasi-minimum; and a step for outputting the results of
said respective steps.   8 According to the respective inventions as
claimed in claims 12 to 23) a quasi-minimum tree providing an optimum
network configuration which connects a11 Steiner points which are a
plurality of vertexes defined by reading with a computer system, and with
which the total sum of the weights for the edges included is at a
quasi-minimum can be automatically created at high speed. BRIEF DESCRIPTION
OF THE DRAWINGS FIG. 1 is a drawing giving an undirected graph according to
an embodiment of the present invention, with which each edge is weighted;
FIG. 2 is an explanatory drawing showing a quasi-minimum tree according to
an embodiment of the present invention; FIG. 3 is a drawing showing the
starting point when creating a quasi-minimum tree according to an
embodiment of the present invention; FIG. 4 is a drawing showing the point
of time O1 when creating a quasi-minimum tree according to an embodiment of
the present invention; FIG. 5 is a drawing showing the point of time 02
when creating a quasi-minimum tree according to an embodiment of the
present invention; FIG. 6 is a drawing showing the point of time 03 when
creating a quasi-minimum tree according to an embodiment of the present
invention; FIG. 7 is a drawing showing the point of time 04 when creating a
quasi-minimum tree according to an embodiment of the present invention; 



FIG. 8 is a drawing showing the point of time OS when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 9 is a drawing showing the point of time 06 when creating a
quasi-minimum tree according to an embodiment of the present invention;   9
FIG. 10 is a drawing showing the point of time 07 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 11 is a drawing showing the point of time 08 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 12 is a drawing showing the point of time 09 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 13 is a drawing showing the point of time 10 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 14 is a drawing showing the point of time 11 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 15 is a drawing showing the point of time 12 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 16 is a drawing showing the point of time 13 when creating a
quasi-minimum tree according to an embodiment of the present invention; 



FIG. 17 is a drawing showing the point of time 14 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 18 is a drawing showing the point of time 15 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 19 is a drawing showing the point of time 16 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 20 is a drawing showing the point of time 17 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 21 is a drawing showing the point of time 18 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 22 is a drawing showing the point of time 19 when creating a   10
quasi-minimum tree according to an embodiment of the present invention;
FIG. 23 is a drawing showing the point of time 20 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 24 is a drawing showing the point of time 21 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 25 is a drawing showing the point of time 22 when creating a
quasi-minimum tree according to an embodiment of the present invention; 



FIG. 26 is a drawing showing the point of time 23 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 27 is a drawing showing the point of time 24 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 28 is a drawing showing the point of time 25 when creating a
quasi-minimum tree according to an embodiment of the present invention;
FIG. 29 is a flow chart showing the sequence for the method of creating a
quasi-minimum tree according to an embodiment of the present invention; and
FIG. 30 is a block diagram illustrating a computer system according to an
embodiment of the present invention. DESCRIPTION OF THE PREFERRED
EMBODIMENTS Hereinbelow) an embodiment of the present invention will be
described in detail. (Fundamental description) In an embodiment of the
present invention, v denotes a vertex. V denotes a set of vertexes. v is
included in V. n denotes the number of elements of V. a denotes an edge. E
denotes a set of edges. a is included in E. d denotes the   11 weight for
an edge. G denotes an undirected graph consisting of V and E. S denotes a
set of Steiner points. S is included in V. k denotes the number of elements
of S. GS denotes a tree which includes S, and with which the total sum of
d's provides a quasi-minimum. Gs will be hereafter abbreviated to
"quasi-minimum tree". GW denotes a tree included in G. Z denotes a set of
GW's which share no vertex and edge with one another. GW is included in Z.
VZ denotes the union of vertexes of GW included in Z. 



The total sum of d's which are included in a single path connecting between
any two points is defined as the distance. When a certain vertex v is
noted) the shortest distance between any GW included in Z and the v is
denoted by dP(v). The shortest distance dp(v) will be hereafter called the
"distance between points". When a certain vertex v is noted, the shortest
distance for the path connecting between any two G~~'s included in Z
through the v is denoted by d`(v). The shortest distance d`(v) will be
hereafter called the "distance between trees". Further) in the later
described method of creating a quasi-minimum tree, vP, v`, P, X) and Y
denote a variable to provisionally store a value, respectively. vP and v`
denote a vertex, respectively. P) X, and Y denote a set of vertexes,
respectively. (Method of creating quasi-minimum tree) Hereinbelow, the
method of creating a quasi-minimum tree will be described with reference
also to FIG. 29. The method of creating a quasi-minimum tree is comprised
of three steps. In step Sl, the setup for creating a quasi-minimum tree is
performed. In step S2, a vertex is selected.   12 In step S3, the vertex
which is selected in step S2 is noted) and either of the vertex addition
operation or the tree connection operation is provided. The operations in
step S2 to step S3 are repeated until a11 the Steiner points are connected
to one another to form a single tree. In step S3-l, the vertex addition
operation is performed. The vertex selected in step S2 is added to the tree
of the nearest distance. The vertex added in step S3-1 is provisional,
having the possibility of being reset, i.e., the possibility of being
removed from the tree. Further) in step S3-1) besides the vertex addition
operation being performed, the vertex selected in step S2 is noted, and the
distance between points and the distance between trees for any vertex
adjacent to that vertex are recomputed. The distance between points and the
distance between trees provide selection criteria in selecting the vertex
in step S2. With the method of creating a quasi-minimum tree) the vertex
selection action in step S2 and the recomputation for the selection
criteria in step S3-1 are alternately and repetitively performed. Because
the range of computation of the distance between points and the distance
between trees is locally limited to around the vertex noted, the amount of
computation required is small, and therefore, the quasi-minimum tree is
created at an extremely high speed. In step S3-2, the tree connection
operation is performed. The two trees are connected to each other by the
shortest single path through the vertex selected in step S2. The vertex
which has been used as the connection path is incorporated in the
quasi-minimum tree as a determinate one. The provisional vertexes which
belong to the respective trees and have not been used as the connection
path are   



13 reset as unnecessary vertexes) in other words) removed from the
respective trees. Hereinbelow steps S 1 to S3 will be further described in
detail. (Step S1) The variables are initialized. The value of VZ is set at
S. The value of X is set at  (empty set). The value of any dP(v) is set at
~ . The value of any d`(v) is set at ~. The value of any vP is set at  .
The value of any v` is set at  . The value of any VW(v) is set at  . Next,
the setup for taking step 2 is performed. The vertexes which are included
in S are represented by v,,. For any v,,) the value of VW(v,,) is set at
{v,,} . The vertexes which are adjacent to v,, and included in S are
represented by v,z. When, for any v,z) d`(v,2) > d(e,,, e,~) is met, the
value of d`(v,~) is set at d(e,,, e,~) and the value of v`,~ is set at v,,.
The vertexes which are adjacent to v,, and not included in S, but included
in V are represented by v,3. When, for any v,3, dP(v,3) > d(e,,) e,3) is
met) the value of d(v,3) is set at d(e,,, e,3), the value of vp,3 is set at
v,,, and the value of V"'(v,3) is set at V'~'(v`,). (Step S2) The vertex to
be added to the tree is selected. Of the vertexes which are included in V
and not included in VZ or X, the vertex which provides the smallest value
of dP is selected. This vertex is represented by v,P. Also) of the vertexes
which are included in VZ or X, the vertex which provides the smallest value
of d` is selected. This vertex is represented by v".   14 (Step S3) 



Which operation of the vertex addition operation (step 3-1) and the tree
connection operation (step 3-2) is to be performed is determined. The
distance between points is compared with that between trees. When dp(v,P) <
d`(v"), step S3-1 is taken. When d`(v") <_ dp(v,p)) step S3-2 is taken.
(Step S3-1) The vertex addition operation is performed. The information
about the distance between points is updated. The vertexes which are
adjacent to v,P, and not included in VZ or X, but included in V, are
represented by v,:~. When) for any v,4, the value of d~'(v,~) is larger
than the sum of dp(v,~) and d(e,P,4)) the value of dP(v,~) is set at the
sum of dP(v,P) and d(e,p,q), the value of vp,4 is set at v,P, and the value
of V"'(v,~) is set at VW(v,P). Next, the distance between trees is updated.
The vertexes which are adjacent to v,P and included in VZ or X are
represented by v,5. When) for any v,s) the value of Vw(v,s) is different
from the value of VW(v,P)) and the value of d`(v,5) is larger than the sum
of dP(v,p)) dP(v,5) and d(e,P,s), the value of d`(v,5) is set at the sum of
dP(v,P)) dp(v,5) and d(e,P,s), and the value of v`(v,P) is set at v,p.
Finally, the vertex is added, and v,P is added to X. (Step S3-2) The two
trees are connected to each other. By tracing v`,, and vP,, back from v,,,
respectively, the path from v" to the respective two trees is derived. The
set of vertexes which are included in the path is represented by P. The
union of Vw(v"), Vw~(v`,~) and P is represented by Y.   15 First, the first
tree is reset. The vertexes which are included in V"'(v") are represented
by v,b. For any v,b, the value of d`(v,b) is set at ~ ) the value of v`,6
is set at  , and the value of V`~'(v,b) is set at Y. The vertexes which axe
not included in P, but included in X are represented by v,,. When, for any
v,,, Vw(v") is equal to VW(v,,), the value of dp(v,,) is set at ~) the
value of d`(v") is set at ~) the value of vP,~ is set at  , the value of
v`,~ is set at  , the value of VW(v,~) is set at  , and v, is deleted from
X. Next, the second tree is reset. The vertexes which are included in
V``'(v`") are represented by v,g. For any v,R, the value of d`(v,R) is set
at ~, the value of v`,g is 



set at  , and the value of VW(v,R) is set at Y. When, for any v,~) VW(v")
is equal to V~`'(v,,), the value of dP(v`~) is set at ~, the value of
d`(v,~) is set at ~, the value of vP,~ is set at  , the value of v`,, is
set at  , the value of VW(v,,) is set at  , and v,, is deleted from X.
Next, the two trees are connected to each other. The vertexes which are
included in P are represented by v,9. For any v,9, the value of dp(v,9) is
set at 0 (zero)) the value of d`(v,y) is set at ~, the value of vp,9 is set
at  , the value of v`,9 is set at  , the value of V"'(v,y) is set at Y, and
v,y is added to VZ. Next, the setup for taking step S2 is performed. The
vertexes which are included in Y are represented by v,, ~. The vertexes
which are adjacent to v,,~ and not included in Y, but included in VZ are
represented by v,". When, for any v,", d`(v,") > d(e,,~, e,") is met, the
value of d`(v,") is set at d(e,,o, e,") and the value of v`," is set at
v,,~. The vertexes which are adjacent to v,,~ and not included in VZ, but
included in V are represented by v,,z. When, for any v,,z, dP(v,,z) >
d(e,,o, e,,z) is met) the value of d(v,,z) is set at d(e,,~, e,,z), the
value of v'',,z is set at v,,o, and the value of   16 VW(v,,z) is set at
VW(v,,~). Finally) when S is included in Y, the creation of the
quasi-minimum tree is 



completed, and in any case other than that when S is included in Y, the
operation is returned to step S2. (Description of specific examples
corresponding to fundamental description) Here is a description of specific
examples corresponding to the above fundamental description. Examples of
operation when the embodiment is applied to the undirected graph with which
each edge is weighted with a value as shown in FIG. 1 are shown in FIG. 3
to FIG. 28. FIG. 2 shows the quasi-minimum tree created. In each figure)
black circular marks denote five Steiner points v1 to v5. A dotted line
circular mark denotes a vertex provisionally built. A solid line circular
mark (FIG. 27 and FIG. 28) denotes a vertex determinately built. In each
figure, a dotted line denotes a provisional tree, while a solid line
denotes an established tree. FIG. 3 to FIG. 28 are arranged in the time
series sequence. FIG. 3 to FIG. 20 (starting point to point of time 17)
show the time series sequence of creation that corresponds to the addition
operation for the vertexes which are five Steiner points vl to v5) i.e.)
the progress in which a plurality of trees gradually extend around the
individual Steiner points vl to v5 and provisional vertexes. FIG. 21 (point
of time 18) shows the result of connection operation for trees. The tree at
upper left in FIG. 20 (point of time 17) and the tree at left middle in
FIG. 



20 are connected to each other) resulting in the determinate tree at upper
left in FIG.   17 21 being formed. In connecting the trees to each other,
the vertexes and edges other than are necessary for connection are removed.
As shown in FIG. 22 to FIG. 26 (point of time 18 to point of time 23), a
plurality of trees gradually extend around the individual Steiner points vl
to v5 and provisional vertexes. Further, as shown in FIG. 27 (point of time
24)) the two trees are connected to each other to form a new determinate
tree. FIG. 28 (point of time 25) provides an example in which another tree
is added to the Steiner point v5. Thus, by connecting a11 the five Steiner
points vl to v5 and determinate vertexes to one another as shown in FIG. 2,
a quasi-minimum tree with which the total sum of the weights for the edges
is at a quasi-minimum is created. FIG. 30 shows an example of computer
system for creating the above-stated quasi-minimum tree. A computer device
main body 3 in this computer system comprises a control section (CPU) 10, a
program storing ROM 11, a display means 12, such as a CRT and a liquid
crystal display, a keyboard 13, a mouse 14, an interface 15 for connecting
to a communication means 2, such as the Internet) an auxiliary recording
means 16) such as a hard disk, and a medium processing section (medium
reader/writer) 21 for reading processing of an information recording medium
20 (later described in detail). As the information recording medium 20, a
variety of media, such as a CD-ROM) a CD-R, a CD-RW, an MO, and various
memory cards) may be used. In the information recording medium 20 is stored
a program for creating or searching a path to form or generate a
quasi-minimum tree which provides an optimum network configuration
connecting Steiner points which are a plurality of   18 vertexes defined by
selecting vertexes and edges on an undirected graph which is a geometrical
structure consisting of vertexes and weighted edges. Specifically) is
stored a program for causing a computer to execute a process comprising a
step for creating or searching a plurality of trees which do not share
vertexes and edges with one another, by connecting vertexes to one another
beginning from those with which the distance, which provides the total sum
of the weights for the edges included in a single path connecting between
any two provisional points, is the shortest, while creating or searching a
tree providing a path which includes no closed path and is tolerated to be
branched, in creating or searching a path for forming) searching or
generating an optimum network configuration by selecting vertexes and
edges; a step which connects said plurality of trees to one another to
provide a tree (quasi-minimum tree) with which a11 of said selected
plurality of vertexes are connected to one another) and the total sum of
the weights for said edges included is at a quasi-minimum; and a step which
outputs the results of said respective steps. By reading the program in the
information recording medium 20 into the medium processing section 21, a
quasi-minimum tree with which the above-mentioned five Steiner points vl to
v5) and all the established vertexes are connected to one another, and the
total sum of the weights for the edges is at a quasi-minimum can be
automatically created at high speed. The present invention can be applied
to designing a communications network. It allows an optimum communications
path to be selected. It allows an empty communications path to be selected
according to the degree of congestion. By changing the weighting as needed
every time a customer is added, the traffic can be load-distributed to the
entire communications network. By changing 



19 the weight into a physical distance from the degree of congestion, a
communications path with which the transmission delay is short can be
selected. Further) by setting the weight at the sum of the degree of
congestion and the physical distance, a communications path to which both
the degree of congestion and the transmission delay are taken into account
can be selected. If the present invention is applied to designing of an
integrated circuit, an integrated circuit having a still smaller area and
still fewer hierarchical structures can be realized, and the power
consumption can be reduced. For a given area, more devices can be mounted,
the yield can be improved. If the present invention is applied to the
diagram for a lift) more persons and more pieces of baggage can be
transported for a given period of time. The computation time for the
present invention is on the order of O (kn2) (k is the number of Steiner
points), thus the operation is performed at extremely high speed in an
extremely short period of time. For example, if a commercially available
personal computer at a price as low as A00,000 is used) a tree of k = 10
and n = 100 can be created in a few seconds. Even when a quasi-minimum tree
is to be created more than a few thousands of times, repetitively) as in
designing an integrated circuit, the present invention makes it possible
for the operation to be performed within a period of time which is
sufficiently short from the viewpoint of practical use. According to the
present invention, an optimum (minimum) tree cannot be obtained, but, the
total sum of the weights can be reduced by a few % to several ten %, when
compared to that as given in the Dijkstra method being used as an
approximate solution to the Steiner problem. According to the present
invention as stated above, the problem of creating a   20 minimum tree on
an undirected graph where the edges are weighted, which is an insoluble
problem known as the Steiner problem) can be approximately solved. The
present invention allows an automatic operation which requires no human
support in selecting a vertex. Further) the present invention allows a
desired tree to be created at extremely high speed in an extremely short
period of time. In addition, according to the present invention, the total
sum of the weights included in a particular tree can be held to a minimum.
Further, according to the present invention, an information recording
medium from which a previously stored program is read out by the medium
processing section for providing the above-stated effects can be offered.
21 CLAIMS What is claimed is: 



1. A forming, searching, or generating method for forming, searching, or
generating a quasi-minimum tree providing an optimum network configuration
connecting Steiner points which are a plurality of vertexes defined by
selecting vertexes and edges on an undirected graph which is a geometrical
structure consisting of vertexes and weighted edges, wherein, in creating
or searching a path for forming, searching or generating an optimum network
configuration by selecting said vertexes and edges, a plurality of trees
which do not share said vertexes and edges with one another are created or
searched by connecting vertexes to one another beginning from those with
which the distance, which provides the total sum of the weights for the
edges included in a single path connecting between any two provisional
points, is the shortest, while creating or searching a tree providing a
path which includes no closed path and is tolerated to be branched; and
then, said plurality of trees are connected to one another to provide a
tree with which a11 of said plurality of vertexes defined, i.e., Steiner
points are connected to one another, and the total sum of the weights for
said edges included is at a quasi-minimum. 2. A forming, searching, or
generating method for forming, searching, or generating a quasi-minimum
tree providing an optimum network configuration connecting Steiner points
which are a plurality of vertexes defined by selecting   22 vertexes and
edges on an undirected graph which is a geometrical structure consisting of
vertexes and weighted edges) wherein, in the course of forming or
generating said quasi-minimum tree providing an optimum network
configuration) a plurality of trees providing a path which includes no
closed path and is tolerated to be branched are formed and generated at the
same time, and the plurality of trees do not share said vertexes and edges
with one another. 3. A method of creating, searching, or generating a
quasi-minimum tree providing an optimum network configuration as claimed in
claim 1 or 2, wherein said method of creating) searching, or generating a
quasi-minimum tree providing an optimum network configuration gradually
generates or extends said tree by adding said vertexes and edges for
connecting the vertexes one by one in sequence, respectively. 4. A method
of creating) searching) or generating a quasi-minimum tree providing an
optimum network configuration as claimed in any one of claims 1 to 3,
wherein said method of forming, searching, or generating a quasi-minimum
tree providing an optimum network configuration forms or generates a new
tree by connecting said trees to one another. 5. A method of creating,
searching) or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of claims 1 to 4) wherein said method
of forming) searching, or generating a quasi-minimum tree providing an
optimum network configuration has trees with said plurality   23 of
vertexes defined, i.e.) Steiner points which number is k as the initial
state of starting of forming, searching, or generating a quasi-minimum tree
providing an optimum network configuration, and the respective trees are
comprised of only one Steiner point which is different from one another. 6.
A method of creating) searching, or generating a quasi-minimum tree
providing an optimum network configuration as claimed in any one of claims
1 to 5, wherein said method of forming, searching, or generating a
quasi-minimum tree providing an optimum network configuration defines the
total sum of the weights for the edges which are included in a single path
connecting between any two provisional points on said undirected graph as
the distance, and computes the distance between points, which is the
shortest distance between the vertex and the tree) on said method of
forming a quasi-minimum tree providing an optimum network configuration. 7.
A method of creating) searching, or generating a quasi-minimum tree
providing an optimum network configuration as claimed in any one of claims
1 to 6, wherein said method of forming, searching, or generating a
quasi-minimum tree providing an optimum network configuration defines the
total sum of the weights for the edges which are included in a single path
connecting between any two provisional points) and computes the distance
between trees) which is the shortest distance between said trees. 8. A
method of creating, searching) or generating a quasi-minimum tree providing
an optimum network configuration as claimed in any one of claims 1 to 7, 



24 wherein said method of forming) searching, or generating a quasi-minimum
tree providing an optimum network configuration selects) in adding vertex
to tree) a tree and a vertex to be added to the tree) an edge for
connecting the vertex, respectively) on the basis of information about the
distance between points, which is the shortest distance between said vertex
and tree. 9. A method of creating) searching, or generating a quasi-minimum
tree providing an optimum network configuration as claimed in any one of
claims 1 to 8) wherein said method of forming, searching, or generating a
quasi-minimum tree providing an optimum network configuration selects, in
connecting trees to one another, trees to be connected on the basis of the
distance between trees, which is the shortest distance between said trees.
10. A method of creating, searching, or generating a quasi-minimum tree
providing an optimum network configuration as claimed in any one of claims
1 to 9, wherein said method of forming) searching) or generating a
quasi-minimum tree providing an optimum network configuration performs
either addition operation for vertex or connection operation for trees on
the basis of the comparison of said distance between points with said
distance between trees. 11. A method of creating, searching) or generating
a quasi-minimum tree providing an optimum network configuration as claimed
in any one of claims 1 to 10, wherein said method of forming, searching, or
generating a quasi-minimum tree providing an optimum network configuration
identifies   25 the tree to which a vertex belongs) and will not connect
the vertexes which belong to the same tree, so that no closed path is
formed on said undirected graph. 12. A computer readable information
recording medium which is used with a forming, searching, or generating
method for forming, searching, or generating a quasi-minimum tree providing
an optimum network configuration connecting Steiner points which are a
plurality of vertexes defined by selecting vertexes and edges on an
undirected graph which is a geometrical structure consisting of vertexes
and weighted edges, wherein, in creating or searching a path for forming,
searching or generating an optimum network configuration by selecting said
vertexes and edges, a plurality of trees which do not share said vertexes
and edges with one another are created or searched by connecting vertexes
to one another beginning from those with which the distance, which provides
the total sum of the weights for the edges included in a single path
connecting between any two provisional points, is the shortest, while
creating or searching a tree providing a path which includes no closed path
and is tolerated to be branched; and then, said plurality of trees are
connected to one another to provide a tree with which a11 of said plurality
of vertexes defined, i.e., Steiner points are connected to one another, and
the total sum of the weights for said edges included is at a quasi-minimum,
wherein a program for executing said formation, search, or generation of a
quasi-minimum tree providing an optimum network configuration is recorded.
26 13. A computer readable information recording medium which is used with
a forming, searching, or generating method for forming, searching, or
generating a quasi-minimum tree providing an optimum network configuration
connecting Steiner points which are a plurality of vertexes defined by
selecting vertexes and edges on an undirected graph which is a geometrical
structure consisting of vertexes and weighted edges, wherein, in the course
of forming or generating said quasi-minimum tree providing an optimum
network configuration, 



a plurality of trees providing a path which includes no closed path and is
tolerated to be branched are formed and generated at the same time, and the
plurality of trees do not share said vertexes and edges with one another,
wherein a program for executing said formation, search, or generation of a
quasi-minimum tree providing an optimum network configuration is recorded.
14. A computer readable information recording medium which is used with a
method of creating, searching, or generating a quasi-minimum tree providing
an optimum network configuration as claimed in claim 12 or 13, wherein said
method of creating, searching) or generating a quasi-minimum tree providing
an optimum network configuration gradually generates or extends said tree
by adding said vertexes and edges for connecting the vertexes one by one in
sequence, respectively) wherein a program for executing said formation,
search, or generation of a quasi-minimum tree providing an optimum network
configuration is recorded.   27 15. A computer readable information
recording medium which is used with a method of creating, searching, or
generating a quasi-minimum tree providing an optimum network configuration
as claimed in any one of claims 12 to 14) wherein said method of forming,
searching, or generating a quasi-minimum tree providing an optimum network
configuration forms or generates a new tree by connecting said trees to one
another) wherein a program for executing said formation) search, or
generation of a quasi-minimum tree providing an optimum network
configuration is recorded. 16. A computer readable information recording
medium which is used with a method of creating, searching, or generating a
quasi-minimum tree providing an optimum network configuration as claimed in
any one of claims 12 to 15, wherein said method of forming, searching, or
generating a quasi-minimum tree providing an optimum network configuration
has trees with said plurality of vertexes defined, i.e., Steiner points
which number is k as the initial state of starting of forming, searching,
or generating a quasi-minimum tree providing an optimum network
configuration, and the respective trees are comprised of only one Steiner
point which is different from one another, wherein a program for executing
said formation, search, or generation of a quasi-minimum tree providing an
optimum network configuration is recorded. 17. A computer readable
information recording medium which is used with a method of creating)
searching) or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of claims 12 to 16, wherein said method
of forming, searching, or generating a quasi-minimum   28 tree providing an
optimum network configuration defines the total sum of the weights for the
edges which are included in a single path connecting between any two
provisional points on said undirected graph as the distance, and computes
the distance between points ) which is the shortest distance between the
vertex and the tree, on said method of forming a quasi-minimum tree
providing an optimum network configuration) wherein a program for executing
said formation, search) or generation of a quasi-minimum tree providing an
optimum network configuration is recorded. 18. A computer readable
information recording medium which is used with a method of creating,
searching) or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of claims 12 to 17, wherein said method
of forming, searching, or generating a quasi-minimum tree providing an
optimum network configuration defines the total sum of the weights for the
edges which are included in a single path connecting between any two
provisional points) and computes the distance between trees, which is the
shortest distance between said trees, wherein a program for executing said
formation, search, or generation of a quasi-minimum tree providing an
optimum network configuration is recorded. 19. A computer readable
information recording medium which is used with a method of creating,
searching, or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of claims 12 to 18, wherein said method
of forming, searching, or generating a quasi-minimum tree providing an
optimum network configuration selects) in adding vertex to  



29 tree, a tree and a vertex to be added to the tree, an edge for
connecting the vertex, respectively) on the basis of information about the
distance between points) which is the shortest distance between said vertex
and tree) wherein a program for executing said formation, search, or
generation of a quasi-minimum tree providing an optimum network
configuration is recorded. 20. A computer readable information recording
medium which is used with a method of creating, searching, or generating a
quasi-minimum tree providing an optimum network configuration as claimed in
any one of claims 12 to 19) wherein said method of forming, searching, or
generating a quasi-minimum tree providing an optimum network configuration
selects) in connecting trees to one another) trees to be connected on the
basis of the distance between trees, which is the shortest distance between
said trees, wherein a program for executing said formation, search, or
generation of a quasi-minimum tree providing an optimum network
configuration is recorded. 21. A computer readable information recording
medium which is used with a method of creating, searching, or generating a
quasi-minimum tree providing an optimum network configuration as claimed in
any one of claims 12 to 20, wherein said method of forming) searching, or
generating a quasi-minimum tree providing an optimum network configuration
performs either addition operation for vertex or connection operation for
trees on the basis of the comparison of said distance between points with
said distance between trees) wherein a program for executing said
formation) search) or generation of a   30 quasi-minimum tree providing an
optimum network configuration is recorded. 22. A computer readable
information recording medium which is used with a method of creating)
searching, or generating a quasi-minimum tree providing an optimum network
configuration as claimed in any one of claims 12 to 21, wherein said method
of forming, searching, or generating a quasi-minimum tree providing an
optimum network configuration identifies the tree to which a vertex
belongs, and will not connect the vertexes which belong to the same tree,
so that no closed path is formed on said undirected graph, wherein a
program for executing said formation, search, or generation of a
quasi-minimum tree providing an optimum network configuration is recorded.
23. A computer readable information recording medium which records a
program for creating or searching a path for forming or generating a
quasi-minimum tree providing an optimum network configuration connecting
Steiner points which are a plurality of vertexes defined by selecting
vertexes and edges on an undirected graph which is a geometrical structure
consisting of vertexes and weighted edges, wherein, in creating or
searching a path for forming, searching or generating an optimum network
configuration by selecting said vertexes and edges, the program causes the
computer to execute processing comprising: a step for reading or inputting
data of said undirected graph; a step for reading or inputting data of said
Steiner points; a step for creating or searching a plurality of trees which
do not share said vertexes and edges with one another by connecting
vertexes to one another   



31 beginning from those with which the distance, which provides the total
sum of the weights for the edges included in a single path connecting
between any two provisional points, is the shortest, while creating or
searching a tree providing a path which includes no closed path and is
tolerated to be branched; a step for connecting said plurality of trees to
one another to provide a tree with which a11 of said plurality of vertexes
defined are connected to one another, and the total sum of the weights for
said edges included is at a quasi-minimum; and a step for outputting the
results of said respective steps.
.AY%.A3u&9.AF9e.AFu.A3u&.A3u&.A3u&.A3u&y.AFa9e.A3u&.A &.A
.A3u&Y.A3N&e.A3a.A3N&.A a9.A
a9?.AFa&?.A3&#.A3u&e.A3u.A3&.AF&?.AYu.AFu&.AF&.AF&R.A3u&e.AFa&?.Au9_$Xb
m*,+
J"$$^&M(:*+|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<aU]c<a!+-K3M334435o555!6i66637{778E
8889W9999.:p:::B;
;;}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!;
<V<<<"=j===6>~>>?J???@a@d@@@6AxAABJBBBC^CCC2D~D}xsnid_Z]]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca!~DDDE_EgEEEjFmFJLL;N}RSSTXTbTTUSUUUMVV9WX
XTX|YYY}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!YYZZZZZZz\\F^R^^^I_q_t__aa;
blbbc_cccZdddereeeKf}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Kffgg%gqggg'hmhhhiaii
jDjjjj6kkk/l9lll<m?mpstxk{}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!k{n{hPS
ADmy?i}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!O|jmSwW:i}xsnid_Z]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca[}^?yf`10%&'()-`Y10%&'()-&3S10%&'()- `  10%&'()-!`
10%&'()-!m10%--&'()-XbrS1!3  10%PP&'()-@&10%&'()- 10 10 10!l8
10%&'()-&6-10%&'()-!~Yl 10%&'()-}A  v 



}[<rS1!3FS& 10%&'()- !~FY 10%KK&'()-FY 10%&'()-!3  10%UU&'()-@! 3
10%&'()-@3  10%&'()-@  uV4!!~ F  10%88&'()-F  10%&'()-910%&'()- 10 10
10!Fy2 10%&'()-Ys010%&'()-`~_@!!~ FF  10%&'()-10%&'()- 10 10 10YS5 10%&'()-
!F 10%PP&'()-3F 10%&'()-3`m'(}[<1@ 10Y- 10%&'()-!tY" 10%..&'()-Y"
10%&'()-!F 10%==&'()-F 10%&'()-!tF  10%..&'()-()*,+ !J"gE@ 10!F 10%UU&'()-F
10%&'()-!3  10%^^&'()-3!~3 



10%&'()-3&10%&'()- 10 10J"6$$$$$$&^&uV4 1!3  10%PP&'()-3  10%&'()-&10%&'()-
10 10 10! Y, 10%&'()-:Y, 10%&'()-:^&(M():*+++}^<.4 10^^!F1 10%^^&'()-F1
10%&'()-!~F" 10%KK&'()-F" 10%&'()-!3 10%YY&'()-  3 10%&'()-
+++=--H3I3J3K3M3xmbC^^!&10%&'()- 10 10 10F 10%&'()-Y%!3  10%PP&'()-3
10%&'()- 10^^ 10^^M334435o55dExmbC^^!:10%&'()-F10%&'()-:10%&'()-10%&'()-3
10%&'()-
:10%&'()-55!6i66637dExmbC^^!)910%&'()-F'10%&'()-%&10%&'()-F#10%&'()-!&10%&'
()-F10%&'()-37{778E888dExmbC^^!,5910%&'()-Y&310%&'()-
1L10%&'()-Y/10%&'()--910%&'()-F+10%&'()-89W9999999bCC^^! '10%&'()-910%&'()-



10 10 10YS;10%&'()-L9910%&'()-YF710%&'()-9.:p:::B;
;dEbCC^^!&10%&'()-Y10%&'()-&10%&'()-F10%&'()-10%&'()-F10%&'()-;;<V<<<"=dEbC
C^^!,#&10%&'()-Y&!10%&'()-3&10%&'()-Y,10%&'()-&&10%&'()-Y
10%&'()-"=j===6>~>>dEbCC^^!,/&10%&'()-l9-10%&'()-3+10%&'()-l,)10%&'()-9'&10
%&'()-Y3%10%&'()->?J???@^@_@`@dE:/ 10 10f;
'10%&'()-`910%&'()-Y710%&'()-lS510%&'()-L3&10%&'()-lF110%&'()-`@a@d@@@6AxAA
xY:/ 10F10%&'()-:10%&'()-F10%&'()-'10%&'()-3 10%&'()-& 10%&'()-
10ABJBBBC^CdE:/
10FF10%&'()-&10%&'()-F10%&'()-&10%&'()-F10%&'()-&10%&'()-^CCC2D~DDDdE:/
10FY*z10%&'()-(910%&'()-Y&10%&'()-$&10%&'()-F"10%&'()-
&10%&'()-DE_EgEEEgFhFiFdE:/ 10 10Y9 10%&'()-7&10%&'()-Y5Z
10%&'()-Y3S10%&'()-0&10%&'()-.10%&'()-iFjFmFGeHIJJrP./!   10%v(v(&'()-F!
10%((&'()-F!   10%((&'()-F!    10%((&'()-F   10%(&'()-F&10%(&'()-
10JKKLdLLLLL}[M?1! 10(( 



10(( 10((! 3* 10%((&'()-@! 3* 10%ll&'()-@!3* 10%((&'()-@ 3* 10%&'()-@3*
10%(&'()-@LLM;NOfP)Q}[9M?1! 10!  10%((&'()-3!  10%((&'()-3  10%(&'()-3!
10%h(h(&'()-!y   10%((&'()-10%(&'()-)Q1R}RSSSSST{\=! 10!3
10%&'()-&10%&'()- 10( 10( 10(F5 10%(&'()- !   10%((&'()-3!
10%((&'()-3TXTbTTUSUxUdE{\=! 10!3-10%&'()-3 10%&'()-3
10%&'()-10%&'()-310%&'()-10%&'()-xUUUMVV9WXaB{\=! 10!F&'
10%&'()-3%&10%&'()-F&! 10%&'()-3 10%&'()- '10%&'()-!~3-10%KK&'()-X
XTXyYzY{Y|YYYbC! 10!3 s10%&'()-& 10%&'()- 10 10 



10F93 10%&'()-331910%&'()-F@/10%&'()-YYZZZZZZdEbC! 10!
:10%&'()-3F10%&'()-310%&'()-:10%&'()-3 10%&'()-'10%&'()-Zz\\F^R^^^dEbC!
10!YY7 10%&'()-S5910%&'()-YL3310%&'()-F' 10%&'()-&3%910%&'()-3&
10%&'()-^I_n_o_p_q_t__abC! 10!3s 10%&'()- Y '10%&'()-10%&'()- 10 10 10Yf;3
10%&'()-Y99 10%&'()- aa;blbbc_cdEbC! 10!"S10%&'()-F
10%&'()-&10%&'()-F@10%&'()-F 10%&'()-:10%&'()-_cccZdddedEbC!
10!.910%&'()-,L10%&'()-Y*M10%&'()- F( 10%&'()-F&
10%&'()-$&10%&'()-ereeeKffgggdE:/! 10 10Y; 10%&'()-Y9 10%&'()-6910%&'()-
Y410%&'()-Y2 10%&'()-F0 10%&'()- ggg%gqggg'hxY:/! 10310%&'()-310%&'()-3y
10%&'()-s'10%&'()-3F s10%&'()- &10%&'()- 



10'hmhhhiaiidE:/! 103 10%&'()-F&10%&'()-3
10%&'()-'10%&'()-310%&'()-'10%&'()-ijDjjjj6kdE:/! 103,&10%&'()-F*10%&'()-F(
10%&'()-&&10%&'()-F$F10%&'()-F" 10%&'()-6kkk/l9llldE:/! 103F8 10%&'()-
6&10%&'()-F5`10%&'()-F2 10%&'()-F0 10%&'()-F. 10%&'()-l9m:m;m<m?mmZo<p_=!
10!   10%((&'()-M!~    10%((&'()-M   10%(&'()-M910%(&'()- 10 10 10F:
10%&'()-<pppr^sssssz[PE:! 10 10( 10( 10( F& 10%(&'()-M!y F& 10%((&'()-MF&
10%(&'()-M!   10%v(v(&'()-M!   10%((&'()-Msttxxyz}^<PE:! 10 !~ FF+
10%((&'()-@FF+ 10%(&'()-@!   10%((&'()-F!   



10%((&'()-F   10%(&'()-F910%(&'()-zh{i{j{k{n{|~~uS1! !F  10%&'()-@! F
10%&'()-@F  10%&'()-@&10%&'()- 10(( 10(( 10((! FF+ 10%((&'()-@~q<PzXJ<1! !F
10FF 10FF!Y@) 10%FF&'()-F!Y@) 10%&'()-FY@) 10%&'()-F!F  10%FF&'()-@!F
10%&'()-@ugH! !F 10FFl&10%&'()- 10 10 10! 3f 10%&'()-F3f 10%&'()-Fl&
10%&'()- 10FFh}[<ugH! !F# 



10%&'()-!LF 10%&'()-! F 10%ss&'()-!qF 10%ee&'()-3Y10%&'()-
10%&'()-hMNOPS=uS1! !   10%&'()-  !   10%&'()-    10%&'()-   10%&'()- 10xx
10xx 10xx!UYF7 10%xx&'()- >?@ADm}oP1! 3  10%&'()- l& 10%&'()- 10xx 10xx 



10xx!^F,5 10%xx&'()- !P3( 10%&'()-!Y3 10%}}&'()- m}oP1!  10%&'()-& 10%&'()-
10 10 10!UF8 10%&'()-!^F( 10%xx&'()-!Y3f 10%}}&'()-y?}oP1!
10%&'()-10%&'()- 10VV 10VV 10VV!mlf5 10%VV&'()- !rY3% 10%VV&'()-!^F
10%``&'()- ?tJzXJ<1!  10 10!$ 10%&'()-:$ 10%&'()-:!HY 10%&'()-,!Y
10%HH&'()-,!lY 10%??&'()-,ilJ<1!  10!F 10%ee&'()-:!F 10%``&'()-:!F
10%``&'()-:!lF 10%RR&'()-:l& 10%&'()- 10iMrP1! 



10!!hF, 10%VV&'()-'l& 10%&'()- 10ee 10ee 10ee!Yf) 10%ee&'()-@!vYf)
10%RR&'()-@Oyz{|wi[M1!  10! 10RR 10RR 10RR!ll5 10%RR&'()- !Yf
10%``&'()-!mYf 10%MM&'()-! F, 10%``&'()-'|,}[9+1 10RR!hYL3 10%RR&'()-'!F,
10%ee&'()-!lF, 10%RR&'()-!   10%&'()-9  10%&'()-9l& 10%&'()-a?1 10RR!!3
10%&'()-!U3 10%&'()-!  10%&'()-  10%&'()-& 10%&'()- 10RR 



10RR$ghijmrS10!UF 10%nn&'()-, t10%&'()-& 10%&'()- 1011 1011 1011!dF +
10%11&'()-@!YF + 10%}}&'()-@Sw5wU3rS10!! `3 10%&'()-&! `3 10%j[j[&'()-&!`3
10%jEjE&'()-&! Y@# 10%xx&'()-!YY@# 10%jj&'()-!F
10%}}&'()-,WxY:0!!`10%:&'()-Y310%:&'()- SS10%:&'()-&310%:&'()- 910%:&'()-
10 10 10:xY:0!!`10%:&'()-Y310%:&'()- SS10%:&'()-&310%:&'()-
lL10%:&'()-ym10%:&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Heading 93]c"A "Default Paragraph Font)!(J06`=iCIP{Vp\d;jpjxO@{i:+;
~DYKfk{: `(J"^&+M353789;"=>`@A^CDiFJL)QTxUXYZ^a_ceg'hi6kl<psz~hm?i|:6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 




