TREE PROVI DI NG OPTI MUM NETWORK CONFI GURATI ON, AND | NFORMATI
MEDI UM WHI CH STORES PROGRAM THEREOF BACKGROUND OF THE | NVE
THE |1 NVENTI ON The present invention relates to a nethod for for Rissigs
searching, or generating a quasi-mninmumtree providing an optinum network
configuration and an information recordi ng medi um whi ch reco’ﬂMﬂ’mwﬁw"‘u"mw
program particularly) to a nmethod for form ng, searching, o a
guasi-m ninmumtree providing an opti num network configuration ardoogm-

i nformation recordi ng medi um which records the programthat can be used for

any applicati ons MBTHIO OF BORMPNEs S RCHING) IOR IGENBERAFING@T t exes and
edges, such as comruni cati ons networks, water transportation networks,

power |ine net WITRAS)-MIPENMURT PRIEFSPROVIDING OHPBIKWSM NETWIORK net wor ks)

integrated circuits and ot her physical network configurations, and lift

di agrans, dat ONEYGURRTFONOA NI TREORMA TICNRECOR DN MEBIUMNd ot her
conceptual (virtual) network configurations, and that can realize design,

schedul ing, and opti m zajprRsTdEES PROGRAANRTIECRESH | onal | y) a net hod of
conputing a single path which connects between two defined vertexes on an
undi rected graph) and with which the total sum 2 of the weights for the
edges included is at m ninum has al ready been proposed. Wth the well-known
Dijkstra nethod (EE W Dijkstra "A Note on Two problens in Connection

G aphs”, Nunerical Mthematics, vol. 1, pp. 269-271, 1959), the operation
is performed at high spe } i [ hod on the order of O
(n2) (n is the nunber of B%S@%%@ﬁ%%%ﬁﬁ#%ﬁ@ﬁect ed graph).
However, any nethod of conputing a tree which connects anong three or nore
defined vertexes and with which the total sumof the weights for the edges
i ncluded is at m ni rum has | probl em of creating a
tree with which the total sﬁﬁlﬁ}r%m%@ro@ﬁ%ﬂ@ mninmumis generally
known as the Steiner probl er?. and, has al read%aeg{l roved to g}ﬁf]NP-corrpl ete
probl ems (R MIPRaPISSCIRIYSRIOR | fejafesy iy PG fTo FOraIng, SEATEpg) or

Compl exity of Conputer, Conputations, Pl enum Press, New Yor{g) 1972). .In

ot her wor JE&ENETAINga.quasi-EUpiINULR trge REAVIAIRE @1 QMU NEIRRTKCRBNZUIAHOR BB | 4t est
conputer is used, a few ¥ ars, sev%gq%le ten years, or a few thndred years
woul d be r&hIHPERYN Freerding fedigm, whigherespuds e P8R HAHAYERUY) 2t her e
is no nmethod oth%r?ati,ng‘ea tree with which the {otal] sumof the weights is
at i ni nunReRiofnioR farnpipReseaeihing) QRHICRRTAUREA, ARSETURMYMSFRS: RIOV RS fhe

vi ewpoi nt of practice. SUMYARY OF THE | NVENTI ON The present nventjion has
been devel YFERUIN NERATK LANABPERIOHF 2Rt AN HYOETRHCR decEdingemedBig WhaicRuat i on,
and the purpose thereof is to offer an approxjimate solution to the Steiner
probl em ofeF@ids Ale Bragsamdhal ean bousadifgr aay apphicatigns svhigbeast be exeyessed
gquasi-m ninmumtree providing an opti mum network configuration that allows
creating adst? ERMRHIAEAN of yeHAXeIId edgesSugh A5 FOMIPHNIGAIQIS networks, water

;e3e:: 4|l ,6bT< METHOD OF FORM NG SEARCHI NG, OR GENERATI NGN%’J’ASI - M NI MUM

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



3 the respective edges are wei ghted, connects all Steiner points which are
a plurality of vertexes defined, and with which the total sum of the

wei ghts for the edges included is at a quasi-mninmum and an information
recordi ng medi um whi ch records the program The invention as clainmed in
claim1l1 provides a form ng, searching, or generating nmethod for formng,
searching, or generating a quasi-mnirmmtree providing an opti num network
configuration connecting Steiner points which are a plurality of vertexes
defined by selecting vertexes and edges on an undirected graph which is a
geonetrical structure consisting of vertexes and wei ghted edges, wherein)

i n creati ngf the weightsclor thy algpaincluded if atrminigunsksr atteady been grepesedt i ng an
opti mum network configuration by selecting said vertexes and edges, a
plurality of tWads théivedi-kimwroDifsaa emethiod (FerWeXesksanad"Adgee vhthwene
anot her are created or searched by connecting vertexes to one anot her

begi nni ng problenishins €onhédrionhGedpHstheNdintdriaalc ®athérnaticsprvoli Hegp.t 169-27t al sum
of the weights for the edges included in a single path connecting between

any two prigsoyitheaperpiomissperfosmtdat Bighispest th adbrmgutafie@timedetiod vdahehi ng a
tree providing a path which includes no closed path and is tolerated to be

branched; @aer émw) fr2isdh@ hiifbki biveplextd iBEMdad th £90RGIEdRLH SrapRe another to

prowdeatree with which all of said plurality of vertexes deflned i.e.,
St ei ner  poi nt s pRyyRveR ra@@%e@lohq)%%ﬁﬁ%@&ee WHlct BEndRLAmBHE Rk he
wei ghts for said edges included is at a quasli-m ni num he | ent| on as

cl ai med '%s{@géﬂ&dwe?eék&eén@vo&mmm the &81at RLRGof e 98 fisabt B E@%-Qod for

form ng, searching, or generating a quasi-mninumtree Broviding opt i mum

net wor k Cgl?'?f“gg& At AnfRRaEk g pedy §5r'3§55e§0' nts which are a plurality of

vert exes i ned by selecting vertexes and edges on an undirected graph
Mher o S & 9EOTRE ke ety GEENi Wfndhe ¥Stal SEEDAWERIANL Y odDeS,
wher ei n, 4 in the course of formng or generating sai uasi=mnimumtree

di di
D path v iftE | g@ﬁ% og‘élﬁ%gltghgt%hépffobfe"?e#@?i s EFERRED or e
f d t d h d, | it t
share sai d° 9§$ﬁ\£€-g§ma DALY W Ko R G imrlat o B8 e 1 n
| aim 3 \ t hi
Chasr o b S LGP i € hewa S P PR Fot o 1+
claim1 or V\/nerel n said nmethod of creating, searching) or generating a
guasi - m ni ‘tree providing an optinmum netvvor k configuration gradually

t t end d di d d f

et o o 1y SO L B B S AR P BRI o o
I d I 4 d t hod of t hi

R R LGN a,;g%me%zse%a?gw odtas! 68 ORISR S 1 on
I d I to 3, i d t hod of

ety Ay R S B B

configuration.forns or g‘é}p g",t newt ee by connecting sajd trees to one
anot her . THEAGNBAES ?{Hh ! wmaftheweighissy pHEdnimuma WERIngs 1BE e at i ng,
searching, or gener ati a guasi - n| mumtree row di ng an opti num net wor k

conf i gur at Pegipdarhigh a5 ienflyashprigiiemghe 813&1139&‘“? PrCtice wherei n sai d met hod
of form ng, searching, or generating a quasi-mninmmtree providing an
opti mum network configuration has trees with said plurality of vertexes
defined) i.e.) Steiner points which nunber is k as the initial state of
starting of forning, searchVMMAJY QIndEHE INYENTION - ni ni num tree
provi ding an opti num network configuration) and the respective trees are
conpri sed of oﬁ}h st dnMetionoi s e hdeveleneds dn e gondidespiiomectindeher .
5

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



The invention as clainmed in claim®6 provides a nethod of creating)
searching, or generating a quasi-mninmmtree providing an opti mum network
configuration as clained in any one of clains 1 to 5, wherein said nethod
of form ng, searching, or generating a quasi-mninumtree providing an

opti mum network configuration defines the total sumof the weights for the
edges which are included in a single math connecting between any two
provi si onal points on said undirected graph as the di stance, and conputes

t he di stance between points, which is the shortest distance between the
vertex and the tree, on said nethod of formng a quasi-mninumtree
provi di ng an opti num network configuration. The invention as clainmed in

cl ai m 7 prtb¢ires@sctiverpsighoareoveighted: comects adlr aingg poits whishrage iarpjurality
guasi-m ninumtree providing an opti num network configuration as clained in
any one ofofcvesienes defineds andheithiwhishithe retahgumoof ther wieights fratherddges or
generating a quasi-mninmumtree providing an opti mum network configuration
defi nes t hecludedilis atirm qhasi-enineimhtasdfar nfhenadyye seaondiop medivimaothicted in a
singl e path connecting between any two provisional points, and conputes the
di st ance bretamdethetpregmm.whi ch is the shortest di stance between said trees.
The invention as clainmed in claim8 provides a nethod of creating,
searching, or Thednatntivg as qleimedninnicham 1 revideo\a domgingn seapthingimonet wor k
configuration as claimed in any one of clains 1 to 7, wherein said nethod
of form nggenemging mehod ofor Fenaing| isegrchingl a8 igefibratingm HusH-npihivucl Gee an

opti mum network configuration selects, in adding vertex to tree, a tree and
a vertex tgobimddedptiRuinhtetvbiecondigutdivn doahe&MgBrehtNgbihReviieh hftXa
respectively, on the basis of information about the distance between

poi nts, wWhighiliteof WeteREPAdRRH i seledfEvRRIA R Sdded onairl @rdiRlebdidresh The
invention as clainmed in claim9 provides a nethod of creating, searching)
or gener atywRighds &lp@thetfitdll stubiulé 8shsBERY 08 vEgeRH aﬂ&Wei@h@&d‘é‘dﬁ%@r\Kherein, _
configuration 6 as clained in any one of clains 1 to 8, erein said

et hod of kOBl o QAFGIDG, paf FOPRRAAN, Warth S dHchldH bBAAROYI di ng
an Optl nmum net wor confi guratl on sel ect S, In connectl ng trees 0O one

anot her, tf&gsn e@g&&w%e&wﬂnggsidbaé&a Qfanﬁht?dédr%],sﬁ,adiﬁﬁliﬁﬁhmﬁ@s trees,

) X y e )
which is the short di st ahce betWween said trees. e i'nvention as clai ned

in claimlQnphoyd 483 afetiiadvdexe! Satil bfbes i@liqmen?%otﬁér IRNefAtddn

a
. L T . .
quasi-mnimumtree provi di ng an opti mum ret wor configuration as C?al med in

any one Ofseﬁ%cﬁkﬁ?']cohﬁec?in%\’\{k(?{eﬁj:?tosgﬁéjaﬂ&hppg%%{nlxihgrfmtﬂghos%e@ftﬁ ifigh O

generating a quasr-m ninu ree providing an m network configuration

per 1 015 - &lyb iRl hl i BRAEARE Akl Al Y bl B¥eiBhes GOPRE LA InORAE R o1 T

trgaes pnt e baslIs O ecorrpar|.sono.sa|d stfance _be vvee_n pOInSV\:!th

sai d di ot g YSMESTHELHRE BeeoAS 48VERS ARG R b dle Sha L ovi des
of Treati ng, C or genérating a qua ee

a net hod Sea I'Ng SI-m Nl mum’tr

2oY1 610 8030 bIMRASHY LS SRRTAR DA, B8 AR DR RS ! o
auas, L N ASS LGN, 585 U AR SRRl BB 5 oo
bel to th tree, t hat I d. h is f d id.
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claims 1 tg 11, a.quasi-mni tree providi a pti mum. net wo

cont § gur at SSRERRPERS 251 cBneHAty S0 aaolibpthd e Rl b PRER WERbE: fote edges
are wei ghted onnects all Steiner. points which are a plurality of vertexes
defi ned) bd%fgceﬁ"?ﬁﬁ‘?‘feﬁ 1§ fla ﬂ?ﬁséfmg\%?HrBf the weights for the edges included
is at a quasi-mninum can be efficiently created at high speed.. The
invention as cHAFnByentipT Py dlaimed iy Cklzmpﬁomoa&esaa dorpinee seaeRiagn

i nformation recordi ng mediumwhich is used with a nmethod for formng,

sear chi ng, S&herajmgemstiodgfos fgrmung, seaiching Of SENBTASNE R MY HIMEHNLRFCR et wor k
configuration as clainmed in any one of said clains 1 to 11) wherein a

progr am f oProgidéng an AptimEMINGtYOfREITSigUra gy copnegingynmenpeiots which are a
quasi -m ninum tree providing an opti mum network configuration is recorded.
The i nvent ploraligs of vertexesidéfined tyi selezBng veri¢ x¢e and edggspan an undisetsdst graph

which is a geometrical structure consisting of vertexes and weighted edges, wherein,



i nformation recordi ng nmedi um which records a programfor creating or
searching a path for form ng or generating a quasi-mninmmtree providing
an optimum networ k configuration connecting Steiner points which are a
plurality of vertexes defined by selecting vertexes and edges on an

undi rected graph which is a geonetrical structure consisting of vertexes
and wei ght ed edges, wherein, in creatigng or searching a path for form ng,
searching or generating an optimum network configuration by selecting said
vertexes and edges, the program causes the conputer to execute processing
conprising: a step for reading or inputting data of said undirected graph,;
a step for, reading or inhputting data,of said Steiner points; a step for
creating df ‘z‘@a‘f'%?‘-’nﬁf {OPRIRS P BENCIRIRG SR QIPASEAIBIENYAL reh RIQVIdBEJA er t exes
and edges with one another by connecting vertexes to one another bhegi nning
f r om t hos ORRMUMWAGtWeTK rondgtratinae a RHIrahtyppbrege sPromiding tag Paty Wwhieh t he

wei ghts for the edges included in a single path connecting between any two
provi si onanclpdesmaclosesd pail ang ay toderated i be dranched prefooned and eenenated at r ee
providing a path which includes no closed path and is tolerated to be
branched; the samp tinag, andrthe pluralitysofitreep darmaitishgreshid vestexes andndgesmwithher to
provide a tree with which all of said plurality of vertexes defined are
connect ed ang amoeheanot her, and the total sumof the weights for said edges
included is at a quasi-mninunm and a step for outputting the results of
sai d respecti v&heimpeation a8clamnat o alagint d ptdvedasespethbid wf cieatingt searchings
claimed in clains 12 to 23) a quasi-mninmumtree providing an optinmum

net wor k ¢ anf geperasing @nquasi-nliniemim ecse pratidlirty & vptimpai nétsvork icohfiguretion
plurality of vertexes defined by reading with a conmputer system and with
whi ch the dsotlalmediinoflainhel wei Bhiwhefein dai® metbes oMmefeddlag scaraiing or

quasi - m ni rum can be automatically created at high speed. BRI EF DESCRI PTI ON
OF THE DRAMhRGENE! Squisiimindméirawed (oreVidingd aR Nopiiblirherdt@rig icanfigaaden di ng to
an enbodi ment of the present invention, with which each edge is wei ghted;
FIG 2 is gadeiR! gartfey ofllexndg sanpweagagaawagisam REANEs tdTRIE e el Ofoeli Ng t O
an enbodi nent of the present invention; FIG 3 is a drawi ng show ng the
starting pnpbctMi@he GERacs Bee By Drath sélgu@héwﬁésbé&ﬁreﬁﬁcprdl ng to an _
enbodi nent of the present invention; G 4 is a drawing show ng the point

of time Ol wheheiRRhtidE afcldHAS i 1Y PHIViea a%ﬁ@@ﬂbﬁidifgretaﬁn?,”seﬁfﬂﬂﬂfg, ment of
the present invention; FIG 5 is a drawing show ng the point of tinme 02

when creat i gbndrfingSi %ﬁﬂ'sﬂ' THiirh e 456 fidtHd 8h bptAne AP RRBhASIratibe
present invention; Fl 6 is a drawng show ng the point of tifme 03 when

creating a,sqQ4faaledTh AhY Wi UFeRiRs 35 B Rheldin 3BdSHLRAE TR RrnAhg [ GrdBiRS eNt
invention; FIG 7 is a drawing show ng the point of time 04 when creating a
quasi - m ni SpYENkERRe AC G MBintifin dFee BRI offimulf nPARIR Yonkigralbh O

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.



FIG 8 is a drawing show ng the point of time OS when creating a
quasi-m nimum tree according to an enbodi nent of the present invention;
FIG 9 is a drawing showi ng the point of time 06 when creating a
gquasi-m ninmumtree according to an enbodi nent of the present invention;
FIG 10 is a drawing show ng the point of tine 07 when creating a
quasi -m ninumtree according to an enigodi nent of the present invention;
FIG 11 is a drawing showing the point of tine 08 when creating a
gquasi-m ninmumtree according to an enbodi nent of the present invention;
FIG 12 is a drawi ng show ng the poi nt of tinme 09 when creating a
quasi - m ni nrum gee accor di ﬂg t 0, an I nvention;

MG 1305 a d RERD 0 ARirb AR BioVies s Thetil of R Bs a%.Sﬁarc ing,
qguasi - m n rrumt accord| ng to an enbogl nent of the ' 1ition;
FIG 14 | STEOPRRPEG SROGMIM R Ll i Py WG Sophightglion
uasi -m ni mu e accordi di nent. ,of esent i nvention;
B T Rinadim RE DA EatRe 130 o b hsters paid Taeshi of Fmaag sk Ribe,
guasi-mnimnumtree according to an enboigl ment of the resent . nvention;
FIG 16 isOTaBCBFfé%Pﬁd %‘P?GWH%‘W% USEiREPVIgnS 3ThEPYRURHB k gpphigpration

quasi -m ni rum tree accordi n?ht o0 an enbodi nent of . the present i nvention;
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



FIG 17
quasi - m
FIG 18
qguasi - m
FIG 19
quasi - m
FIG 20
qguasi - m
FIG 21
quasi - m
FIG 22
qguasi - m
FIG 23
quasi - m
FIG 24
qguasi - m
FIG 25
quasi - m

Is a drawi ng showi ng the point of tinme 14 when creating a
nimumtree according to an enbodi nent of the present invention;
is a drawi ng showi ng the point of time 15 when creating a
nimumtree according to an enbodi nent of the present invention;
Is a drawi ng showi ng the point of tinme 16 when creating a
nimumtree according to an emgodi nent of the present invention;
is a drawi ng showi ng the point of time 17 when creating a
nimumtree according to an enbodi nent of the present invention;
s a draw ng show the point of tinme 18 when creating a

ng

ni mum.tree accor di to an enbodi nent. . of th esent invention;
a5 $1aiadim G ABOA ot o Bnphgrent g meshoth e FoErume israfchine. 10
nimumtree according to an errbo,gj ment of the (%(Vesent L nvention;
i OTECHERHPEG %‘Wé\i\]"r‘fgn}% tis6 iREe Vidng; 3t epumu N, e werk sonfigpration
nimumtree according to an enbodi nent of the present invention,;
i selgclyr MGongecngiress to wae gppther.dgrees itorbe ganngeead o Bgthasiy of the

ni num tree according to an enbodi ment of the present invention;
i Sligfargeeiwesnstiesai wglohneﬂwhﬁttesjfdlqtanﬁe bepwegnasaldiresst i ng a
nimumtree according to an enbodi nent of the present invention;

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



FIG 26 is a drawing show ng the point of tine 23 when creating a

quasi-m nimum tree according to an enbodi nent of the present invention;

FIG 27 is a drawing showing the point of tine 24 when creating a

gquasi-m ninmumtree according to an enbodi nent of the present invention;

FIG 28 is a drawing show ng the point of tine 25 when creating a

guasi -m nimumtree according to an enbbdi nent of the present invention;

FIG 29 is a flow chart showi ng the sequence for the nethod of creating a
guasi-mninmumtree according to an enbodi mrent of the present invention; and
FIG 30 is a block diagramillustrati ng a corrput er systemaccording to an

enbodi nent, f t he pres i hyentia T O\I OF, JH
ENBOD! NENTRREEBER BEETE Sr B R USEr it FELEHET FpURe BTN be
described in detail. é@gndarrent al _descr. t| ong) n an errbolgll t of the
present i RISFOFGHN8 A b{f’é@"&l%ﬁﬁﬁﬁf’“@ pUmympetwork cantiguradon , o
included in V. n denot es t he rFrL{ber of el errent s of V. a_denotes an _edge. E
denot es a Selaigieddngay ong af saidlaimidta b, hezeipanyogsam i exequtingssaitht f or
an edge. G denotes an_undirected graph consisti ngqegf V and E. S denotes a
set of St efpﬁéiltl%lsﬁ@@h g lgg“qrﬁ%qﬂllﬁéé qURSkMInmyEy PIOVHEINg b OPUBMNG| enent s
of S. GS denotes a tree which includes S, and with which the total sum of
d's provi deeswarkendiguriitionnurecosdwi | | be hereafter abbreviated to
"quasi-mnimmtree". GNdenotes a tree included in G Z denotes a set of

GW's whi ch shailbe ninvertiorexasanldimead einvicldimodé arevidesr 2 Gwnpster nhdalde in Z.
VZ denotes the union of vertexes of GWNincluded in Z

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, 1s

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 all 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.



The total sumof d's which are included in a single path connecting between
any two points is defined as the distance. Wien a certain vertex v is

not ed) the shortest distance between any GNincluded in Z and the v is
denoted by dP(v). The shortest distance dp(v) will be hereafter called the
"di stance between points”. Wien a certain vertex v is noted, the shortest
di stance for the path connecting betw8n 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 "di stance between trees". Further) in the |later

descri bed nmethod of creating a quasi-mninumtree, vP, v, P, X) and Y
denote a variable to provisional|y store a val ue, respectively. vP and v’
denote a vert eRCCQngatq theFespegsivesinveptiony a5 glagraed, ‘Ee‘ga?ﬂs g%rtf’egge
respectively., (Method of creating quasi-mninmmtree) Herejnbel ow, the

met hod of GREFNIMGUE HERBIQOWEIAR RTrARAEN fetyorkcondighfatioBwich £opaedss ence
also to FIG 29. The nethod of creating a quasi-mnimumtree is conprised
of three Sleptsinerpajpspwhich argea qluiahity of verteses definedybyscading wisharee is
performed. In step S2, a vertex is selected. 12 In step S3, the vertex
which is gsemuterdsystent epd Spith svirich by tatdl soim (9érthefweighbtsyfortthg edgds ti on
operation or the tree connection operation is provided. The operations in
step S2 tdndudgl 83t aquasigpieansoh canthe avgdrbaticedly Sresterbat hggh speedar e connect ed
to one another to forma single tree. In step S3-1, the vertex addition
operation is perfornmed. The vertex selected in step S2 is added to the tree
of the nearest distance. The vertex added in step S3-1 is provisional,

havi ng the possi bi | it yBRIEBEIESCRIFHON OFRTHEDBAIWINIAS | ity of being
removed fromthe tree. Further) in step S3-1) besides the vertex addition
oper ati on bei ngI@et fisod dRaving lapvivgih axdisedtet paghiaccaiday ©2an émbediawnt and t he
di stance between points and the di stance between trees for any vertex

adj acent tof thdpilesor idv@ntioh ewitk GiiFhiéRYN. edgb & Weighrdce bet ween points and the
di stance between trees provide selection criteria in selecting the vertex
in step S2. WEFIG! hes aRlekpldnorE BRMihg hewiiigas hudi-Mifiiir &) adcBRiiNgr t ex
sel ection action in step S2 and the reconputation for the selection

criteria itg anteRiboddmdntsfeh@picSédtaaRintioand repetitively perforned. Because
t he range of conputation of the distance between points and the distance

bet ween trees isal ogalsl w ldriivirfd shewdOUME ShRGNET b6t Nahesl, clebgngnpunt of
conputation required is snmall, and therefore, the quasi-mninmnumtree is

created atqyagi-SidiitiEhYe HORIAPEST emBodiniht 8Pt prbfat ifveRtisRNNect i on
operation Is perforned. The two trees are connected to each other by the

shortest singl e@atd i§ W ORidsNShAGineCtheS Pofiftt 8F tifle SUERVING: cIdABinY 4t €X
whi ch has been used as the connection path is incorporated in the

quasi - M ni AR lifRuRs rée SRS RRR cRABBInIEH P HRVirstedR fvedRbALX €S Whi ch
bel ong to the respective trees and have not been ‘used as the connection
path are 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

<Y

quasi-minimum tree according to an embodiment of the present invention;

8

FIG. 8 is a drawing showing the point of time 05 when creating

quasi-minimum tree according to an embodiment of the present invention;

=\]

FIG. 9 is a drawing showing the point of time 06 when creating

quasi-minimum tree according to an embodiment of the present invention;



13 reset as unnecessary vertexes) in other words) renoved fromthe

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 (enpty 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 ®alue of any VWWv) is set at . Next,
the setup for taking step 2 is perforned. The vertexes which are included
in S are represented by v,,. For any v,,) the value of VWv,,) is set at

{v,,} . The vertexes which are adjacent to v,, and included in S are
represented by v,z. Wen, for any v,z) d (v,2) > d(e, e, ~) is net, the
val ue of d° (v, EJGi d0sist aadraging showing thepaine of fime ¢ when-creatingta at v, | .
The vertexes which are adjacent to v,, and not included in S, but included
in V are r@p@semimad gge ¢ccprding énan embodigeny ofthegmesenginventdgns, | ) 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 vEIGe 1df isva' dxav8hgishosang dhe \point wf , time (& eyhed2yredhngvartex to
be added to the tree is selected. O the vertexes which are included in V
and not i nplasEmthimunyieo®acddrding ¢o we etnbrdintdnt lof grequestasinveetiomal | est val ue
of dP is selected. This vertex is represented by v,P. Also) of the vertexes
whi ch are incl Bi@d 12nisVd drawing tdhewirg ttha pdinc lof pimei 0% sviidne ceaatihgest val ue
of d is selected. This vertex is represented by v". 14 (Step S3)
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



VWi ch operation of the vertex addition operation (step 3-1) and the tree
connection operation (step 3-2) is to be perforned is determ ned. The

di stance between points is conpared with that between trees. Wen 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 perforned. The information
about the distance between points is U@pdated. The vertexes which are

adj acent to v,P, and not included in VZ or X, but included in V, are
represented by v,:~. Wien) 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 1h | f v is set at v.P.. and the val ue
of V'' (v, ~%lmlm)émlsnel ugg &Qﬁié\%})ﬁmg ﬁﬁ’ei{?e&ﬁ Rglmcﬁngp gtnhgé) TSP es s updat ed.
The vertexes ich.gre adjacent to v, P and included i or X are

repr esent ed b%b‘?aﬁvﬁeﬁ)h‘?&?% OV,I%% 4 PR BEqBPe\Z}?(OY e)“ Icgeaﬁ{ngaer ent
fromthe val ue of. v, P)) and the value of d.(v,5) is.larger than the sum
of “aP(v. pydaepiimPLite deofig o T FbyTintkae g ing ibsca invERdEE ot ne sum of
dP(v, P)) dp(v, and d(e, P,s)., and the value of v, (v, i.,s set at v,p.
Final Iy, the JBleadd § éd@l@ﬁ‘?‘n&rﬁé‘owllﬁ A4 it of ginye f%twnsstezymm t WO
trees are connected to each other. By tracing v ,, and vP,, back fromyv,,,
respect i velups-mEEmy st Keg aeeerding tQan p@bpdiansad Of the RIgxsNE HWEBLORE derived. The
set of vertexes which are included in the path is represented by P. The

uni on of VW v"FIGVES( 8 a~firaaviag phowing she einte @f pyme . 22 wienricrestingthe fir st
tree is reset. The vertexes which are included in V''(v") are represented
by v, b. Fotuasnjpiningm treeacegrdiag &9 ageppodiment of e present invepndow;al ue of v, 6
is set at , and the value of V ~' (v,b) is set at Y. The vertexes which axe
not included i RI®, 26uis andfawing shewxngrthe rppnieoéntited 13 when cwating dor any
V,,, WVv") is equal to WVWv,,), the value of dp(v,,) is set at ~) the

val ue of diyastminimusetreaaccoyding¢o vmembodimen of thespresent ftvention;he val ue of

v ,~is set at , the value of VWv,~) is set at , and v, is deleted from
X. Next, the sEGn@7t isce dmwingethowihg therpanef vime 24 rvhémclaadiag an

V' '"(v'") are represented by v,g. For any v,R the value of d (v,R) is set
at ~, the yaktmirdfuvn trge acording 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. e

denotes an edge. E denotes a set of edges. e is included in E. d denotes the



set at , and the value of VWA V,R) is set at Y. Wen, for any v,~) VWV")

is equal to V="'(v,,), the value of dP(v ~) is set at ~, the val ue 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 fromX

Next, the two trees are connected to each other. The vertexes which are
included in P are represented by v,9.1For 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 perfornmed. The

i ch o o gt B dne 8. 8 grfbefs B dRRRER T St of Yol 5 V0 Gy e
Larue o depgtes i rer listeinet Gout'y & is includelt iy, 3( Gesioges e huipbellgt 1 "
.V’n’cfudlge. YF%‘I%X- 575 opte deRrEn Ajreovhich glides §. SMAfigh ywiigh therioeal st o
Tat e of St ls, braias ‘acanietinigigns 1eConMill BF h%tfefdrémeip,b,r e’t@i)goei et

W(v,,~). Finally) when Sis included in Y, the creation of the
quasi - m ni AEFH-NHBENYG R tree”.

GY denotes a tree included in G. Z denotes a set of G¥'s which share no
vertex and edge with one another. GV is included in Z. V?Z denotes the union of
vertexes of GV 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 G included in Z and the v is denoted by d°(v). The
shortest distance d°(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, v®,
v', P, X, and Y denote a variable to provisionally store a value, respectively. v°
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 S1, the setup for creating a quasi-minimum tree is performed. In

step S2, a vertex is selected.



conpleted, and in any case other than that when S is included in Y, the
operation is returned to step S2. (Description of specific exanples
correspondi ng to fundanmental description) Here is a description of specific
exanpl es corresponding to the above fundanental description. Exanpl es of
operation when the enbodinent is applied to the undirected graph with which
each edge is weighted wwth a value astzZhown in FIG 1 are shown in FIG 3
to FIG 28. FIG 2 shows the quasi-mninumtree created. In each figure)

bl ack circular marks denote five Steiner points vl to v5. A dotted |line
circular mark denotes a vertex provisionally built. A solid line circular

mark (FIG 27 @an 8 enat.es. t.e t ' ly built. each
figure, a dot t@dsq?rr lﬁ“gé% tgér%ftgyé %1%? %)S\(’iisl‘ﬂisé:?f{(’g"r(lial?i s?&e?, fg‘vﬁ%ﬁ%@ %dséé*hle(}j of #ﬂrlee
denotes an ésta Idi shec(i) Ergg. El ?%%’ to_Fl %t.gB ar eat%rrangeq,i%e?i t time
series sedﬁ ft SOOI OBCALOR, X ’fst%m’ﬁ dj 'bcﬂpﬁf o8 Bo i i 17)
show the tine seri.es sequence ofsgreation %?at on g&ﬁ%nds to the addition
oper at i on PEFRUPRAY 10 iR Res PN A rBe 1ieheatet 4 ra{) LT PRI o))
the progress in ich a Iurali%{ of frees gradually extend around the
i ndi vi dualcoBRestgkio onsignohes to fgni&single ths€ovi si onal vertexes. FIG 21 (point
of time 18) shows the result of caonnection gperation for trees. The tree at
upper left in Iystgp bl theiverterpdditign opemtighds peiormede  dhe vertex sglegtide i n
FI G
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



20 are connected to each other) resulting in the determ nate tree at upper
left in FIG 17 21 being forned. In connecting the trees to each other,
the vertexes and edges other than are necessary for connection are renoved.
As shown in FIG 22 to FIG 26 (point of tine 18 to point of tinme 23), a
plurality of trees gradually extend around the individual Steiner points vl
to vb and provisional vertexes. Furthe3, as shown in FIG 27 (point of tine
24)) the two trees are connected to each other to forma new deterninate
tree. FIG 28 (point of tine 25) provides an exanple in which another tree
is added to the Steiner point v5. Thus, by connecting all the five Steiner
points vl to v5 and determ nate vertexes to one another as shown in FIG 2,
a quasi - mredetrahvnnasessaint Yertenes in other words, remevedffrath ¢hewsispgetive trges.t he edges
is at a quasi-mninumis created. FIG 30 shows an exanpl e of conputer
system for cr eHeiampeldw stebo§ & 1a 5 hmallibe finther destrivadnint desail. A conput er devi ce
mai n body 3 in this conputer system conprises a control section (CPU) 10, a
program storing ROM 11, a display neans 12, such as a CRT and a liquid
crystal display, a keyboard 13, a nouse 14, an interface 15 for connecting
to a comm(Biep&l)on neans 2, such as the Internet) an auxiliary recording
nmeans 16) such as a hard di sk, and a nedi um processing section (nedi um
reader/wr i t er) TRd virdablésead iimigializedc e Thievaluef of WF is RétQitBat iThe vaheosfX ig medi um
20 (later described in detail). As the information recording nmedium 20, a

vari ety ofsepmdiga.(empfhsedS aAhelaRENf ay@dRis et @PBRW Tae vide cﬁ%ﬂg\éﬁ’(ﬂ ous

menory cards) may be used. In the information recording nedi um i's stored

a program;f Q& £ €At ITKe fusRLANIVAGs SetRAt B .t OTHeOVARObS 48! Rl Rt 3t ¢ .
quasi -m ni mum tree whi ch provides an opti num network contiguration

connect i norpRl @ilESF Y VW) Whkcht @re a plurality of 18 vertexes defined by
sel ecting vertexes and edges on an undirected graph which is a geonetri cal

structure conshgki psk Qbup/Rr tAXESsEPd iV g edges. Specifically) is
stored a programfor causing a computer to execute a process conprising a

step for creat EHQv&&ex%ﬁ%ﬁM&Qi ﬁﬁhéﬁ@lé%ﬁéx@ reséREF b il.ChFS’Par(gsp\t/.l har e
vertexes and edges W th one another, by connéciing vertexes to orhe anot her
begi nni ng i i ch i i i t. al sum
of 'the. wai GREBIVR st ) PREIAEEUATL B WBRBIAS EBA AR P 21
any 0 DRSS SRR, | SWhBE PR 62 LU R CLSR 16 BE RERREN N 2
branched, i reat or, \sear.ghi . form ng) searching or

gener at i ngd@ﬁﬁég?ﬁdrtr@?ﬁ"hg‘f)m%r%ﬁﬁggﬂ%gtﬁfglg‘ti{s&frﬁg{)‘?"sel ecting vertexes and

rovi de a tr oo HedaupaAfbT AR Sadhb iy b Bhe bREe S 5B FPRHPETR ' ©
plurality of vertex re co ct ne h a he t0 m of
the wei ght S afeofepéegf"‘g‘%%%’evs"i W 36 4 87 da‘{&}t}ﬁ%s‘ﬁ%‘%ﬁeﬁ?%u‘%ha' shetAhe £o whi ch
outputs theg, results of sald, respectiye steps. By readin éh rrogramin the
ot or mat 1 GROrEBaebT e meaant SH5F R ¥in g iR Y i hE Jalebry TuBiF 830, ",
gquasi - m niYm,ldn tree with which the above-nentioned five Steiner points vl to
v5) and al ik est abl i shed vertexes are connected to one anot her, and the
total sumof the weights for the edges is at a quasi-m ni numcan be
automatically created at high speed. The present invention can be applied
to desi gni gge@asezgommni cations network. It allows an optinum comuni cati ons
path to bSER ¥t ed. It allows an enpty comruni cations path to be sel ected

according to t degree of congestion. By changi ng the weighti hg as needed
every tine a c&ng’ 2 itg%écf’d@(ﬁ,g tPI‘FQettFe&fIPiSEQE'é“a- b&fltg%ld'gﬁf:’gﬂtsr‘?’glgheadeto t he
entire conmmuni cati ons network. By changi n% ) )

included in V and not included 1n V* or X, the vertex which provides the smallest

value of d is selected. This vertex is represented by v,,. 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,.



19 the weight into a physical distance fromthe degree of congestion, a
comuni cations path with which the transm ssion delay is short can be
selected. Further) by setting the weight at the sum of the degree of
congestion and the physical distance, a comuni cations path to which both
the degree of congestion and the transm ssion delay are taken into account
can be selected. If the present invent4on 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
consunption can be reduced. For a given area, nore devices can be nounted,
the yield can be inproved. |If the present invention is applied to the

di agram f dbtep 33)ft) nore persons and nore pieces of baggage can be
transported for a given period of time. The conputation tinme for the
present i nvent Winch operatiheofothgevertdx @idikin2)opekation (skep Auiznd tfe Seei ner
points), thus the operation is perforned at extrenely high speed in an

ext r enel y cehoedtioperpecadionf(step 13e2) ifmr beepeafopined is detenzioadrer ci al |y avai |l abl e
personal conputer at a price as |low as A00,000 is used) a tree of k = 10
and n = 100 cafhbdistareattetween poinesnissenopated vAude thastbetweengtrass. - Whemum tr ee
is to be created nore than a few thousands of tinmes, repetitively) as in
desi gni ng div,)) rtd@pastep SBilris tiken. t Wehaor E&ENE 1 divghisteprSRkeraked. possi bl e
for the operation to be perforned within a period of time which is
sufficiently short fromthe viewpoint of practical use. According to the
present invention, an optinmm (mninmn) tree cannot be obtained, but, the
total sumgfe qnﬁumelghts can be reduced by a few %to several ten % when
conpar ed to Fhat as given in the D jkstra nethod being used as an

appr oxi mat e sofrHE ivRhtek additfonSbBEradibn Pk %Hr%'i‘?ne&\cc?hé'1ﬂﬂ>rﬁﬁnbﬁ%ﬂ&§&§é‘t
i nvention as stated above, the problemof creating a mnimumtree on

an undi re(alﬁgn&r@émreM?Bﬁlt; Rey Sk Q!&ﬁ afiR Y&hdel %ﬁncﬁfvafecmjhéen@@o hnsghybl e
probl em known as the Steiner problen) can be approxi mately sol [véd. The

present | ny@nhdiQfPinl ¢96: ?Knbﬁyﬁﬁﬁﬁ‘ﬁe Cianp%@P EelaliHy ¥,CAWhES fB ahy!man

support in selecti ng a vert ex. FUI’t esent i'nvention allows a

desired treenld it & PAL ﬁlg}geﬁmaagﬁswmm b(ev,spp (e 2R EGRIrK SO ¢

period of 7 me. d|t on, faccording to th rese F”fnventlon He total

sum of the, \é‘@c'ag%é su%xﬂ“df‘&f’@d b Q{e?,r,):ﬁtthé%lﬁé otfrv 1s%?€atb‘? n&l dnd 9alﬁ8'6‘f”' mim

Furt her, accor |ng esen vent1 on, rmetion recording
medi umfro\mm “?‘\; ously stored program | s read out by the nmedium
processing s |on ﬁpbviding t he above-stated effects can be of fered.

21 CLAI M5 What N'eﬁt, lh%' Hggan'cg ‘between trees is updated. The vertexes which are
adjacent to v,, and included in V* or X are represented by vs. When, for any v,s,
the value of V¥(v;s) is different from the value of V¥(v,), and the value of d'(v;) is
larger than the sum of d°(v,,), d°(v;s) and d(eys), the value of d'(v;s) is set at the sum

of d°(v,,), d°(vs) and d(e,ns), and the value of v'(vy) is set at v,. Finally, the vertex

is added, and v, 1s added to X.

(Step S3-2)

The two trees are connected to each other. By tracing v'; and v°,; back from
v,1, 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 V¥(v,),

V¥(v',) and P is represented by Y.



1. Aformng, searching, or generating nethod for form ng, searching, or
generating a quasi-mninumtree providing an opti mum network configuration
connecting Steiner points which are a plurality of vertexes defined by
sel ecting vertexes and edges on an undirected graph which is a geonetrical
structure consisting of vertexes and wei ghted edges, wherein, in creating
or searching a path for form ng, searthing or generating an opti mum network
configuration by selecting said vertexes and edges, a plurality of trees
whi ch do not share said vertexes and edges with one another are created or
searched by connecting vertexes to one another beginning fromthose with
whi ch the di St ARG me e BrePOYAEES THlicydRlal wHHR Bl hOBAUPHERIS, ) Qe e

a ng y TWO pro

edges included 1n"a singlep connecti et ween an i onal

points, is est,-whjl e cpeatin . sear.chin tree pravidipg a
ath whi cHePRETTAED F6" iy Sl Vo PR G, Broletls Bhnbcel Snc
then, said plurali.t ft re co cted to one another to proyide a
tree wi ¢h Wnpernd e wilug of §¥yaisse 8 Yor el iR aetnos Rgluedyy .S,

poi nts ar onnect ed, t o,,one anot her, and t tofal sum t he wei ghts for
sai d edgegp"cbﬁ‘éllﬁcég‘geq 1 Xarg TeRigsenied BY ¥ym Waeny W&Pﬁivﬂg%é\é‘gﬂsc?ﬂ% 0 or
generatin thod for faormng, searching, or geperating a quasi-m ninmm
tree pr ovig\é‘iu(g'g)’ &b wlpe 98 H}mﬁ'gt%?wtc%’nftp‘@ﬁ?léﬁf iogrqq‘&ladﬁé‘étﬁt Ny SheYHEE Ohoi nt s
which are a plurality of vertexes defined by seleq*ing 22 vertexes and
edges on ahw gt dledr.dBe yalup Rl Whitietat & Geyaiieaf dal(vous sktatr @, evhiilsti ng of
vertexes and wei ghted edges) wherein, in the course of form ng or
generatingk%%ﬁ@ﬁﬁGEKi-nininun1tree provi di ng an opti mum net wor k
configuration) a plurality of trees providing a path which inpluges no

cl osed pat h anifexs theseqomdeigea 5 metethr Ahe verexasevhich meel ingheegeineY atved at t he
sane tinme, and the plurality of trees do not share said vertexes and edges
with one amerépsesen@ed by vset od any vertbavalng of déar dhienat corthgaameafiviags a
guasi-m nimumtree providing an opti num network configuration as clained in
claim1 OWCQMZWh@mdﬂhededogﬁ?hnﬂi$$ﬂar¥ating) searching, or generating a
quasi-m nimumtree providing an optimnum network configuration gradually
generates or eXlemdorsaiydv.t, VEEvD\yis eqidil ng V4.0, ther tabuesf dfd;)esismat faor
connecting the vertexes one by one in sequence, respectively. 4. A nethod
of creati npy vamarofhii(mg)is cet gereitin vaige af glrasisetrdtnivmiie valee opw'ous sitag an
opti mum network configuration as clainmed in any one of clains 1 to 3,
wher ei n saipd theetaiwdofoV ™ fvoy isiseiat  $eand ivi; igdelered flemeXat i ng a quasi - m ni mum
tree providing an optimum network configuration fornms or generates a new
tree by conneciNemrg thaitdot tr@msart coonected ot leech other A Whe lvedexafs whiehtarag,
searching) or generating a quasi-mninmmtree providing an opti mum network
confi gur atindoded irc [Paamedprase@ny byney. ofFoxl aiyne,, the valie athdi(ej)ris sed &t dret hod
of form ng) searching, or generating a quasi-mninumtree providing an

opt i mrum negkzeol khe oalue A4 )ansdias o grsvatad &f Waiskephtiréa)| the walued¥ vifis
vertexes defined, i.e.) Steiner points which nunber is k as the initial
state of sdepiitt igngheValueofvVi¥gv,y)seat a0V Nend 0f isgelded & VAg a quasi -nmini mumtree
provi di ng an opti mum network configuration, and the respective trees are
conprised of oNext, @he€scthpidreskin@kiep Sahs pérformed f f erent from one anot her. 6.
A nethod of creating) searching, or generating a quasi-mninumtree

provi ding an ogheRefeRStWRIEK ag® Hch@ledahi Yar@fepsdsah e byl ), ANYhORertdles Cl ai s
1 to 5 wherein said nmethod of form ng, searching, or generating a

quasi - M ni Whith ar € 8djRERNY t6l v NCh R ARKEITHER REYVWBhkineRGEH SHVALORpAREARES t he
total sumof the weights for the edges whi ch are included in a si ngl e path

connectin we ot 00 ke P, M 1 i b A r.aph as
The. di st ane e o A B St Rl A S LR SRS st

short est d&@t apce. beteen £ he: verd.ex, @and the tree) on said method of
fornming a qu‘é{)él'ilﬁ? Nl hum plree. Y oviding“an optinum network configuration. 7.
A method of cr E'J@ﬂ%xesse\%i(éﬂ'a?@a?j?@aﬁ??%ﬁ&ﬁcpﬂo in%Hn@gh.’iW' B fug‘lgd

S, C .
provi di ng an opfT nmum network “conf’i gur a as clali i'n ‘ahy one cl ai ns

6, whergi i d d_of forni hisng. g
L8, O A ST BB D0 RS A PIELEH B e e
t ot al f th ights f th d i i ncl uded i i ngl th
Lotal oum Sl DEGHTLEN BP0 SOl o B WL Yl TR, 02

between trees) which is the shortest distance between said trees. 8. A

nmet hod of creating, searching) or generating a quasi-mninumtree providing
an optimum network configuration as clainmed in any one of clainms 1 to 7,



24 wherein said nethod of form ng) searching, or generating a quasi-mninmm
tree providing an optinmum 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
di stance between points, which is the shortest distance between said vertex
and tree. 9. A nethod of creating) see8ching, or generating a quasi-mninmum
tree providing an optimum network configuration as clainmed in any one of
claims 1 to 8) wherein said nethod of form ng, searching, or generating a
gquasi-m ninumtree providing an opti num network configuration selects, in
connect i ng/t.e anot her, trees to be connected on the basis of the
di stance %th”Z%SkfgggﬁV” ich is the shortest distance between said trees.
10. A met hod Oﬁ'nﬁgﬁ%h&?s is S rdd YOEheQ&Qﬁfd?xt {)f“&xeacuﬂyi@ﬁhﬁimu% W ree
provi di ng an opil m networ K configuration as clalimetd in any one of° cl ai ns
L 109, Wherehfepaid iTehad. ol LA B REACH RGNS in0PNEE BLABOR i

quasi - m niu rée providing an opti mim network configura FoR Pert or ms

ei ther addition ppgr jon for vertex or connection operation for trees on
the basis ‘o5 9%) i son of said distance between points with said

di stance between trees. 11. A nethod of creating, searching) or generating
a quasi-mninumtree providing an opti mum network configuration as clained

in any one_of clai 1to 10, erein saj.d net hqd of rm.ng, searching, or
gener at i ndDﬁsﬂ{Pé'QF‘[%isﬂ? ’Eaf%q\ggp‘?oé(ﬁsﬂ? ngp %‘Bﬁf‘ﬁ’i‘ﬁﬂﬁa@?%? oRlonf i gurati on
identifies 25 the tree to which a vertex belongs) and will not_ connect
the vertexes WHFEhIh@ drtsripHonnef seerifiq cgamplss €9EasPARAIBE 09e thRPAVE s
formed on said undirected graph. 12. A conputer readable information

recor di ng fHedanaentakdeseriptionysed with a forning, searching, or generating

nmet hod for form ng, searching, or generating a quasi-mninumtree providing
an opt i num net Bs#RPles of iapdrasionowhen i embadingiih applied & shewmndneded o
plurality of vertexes defined by selecting vertexes and _edges on an

undi r ect edsreptapithwiiiel each edggavyreightedavity 8 vabes shewndn $10nd asf shearn exes
and wei ght ed edges, wherein, in creating or searching a path for form ng,
sear chi ng FIgedde FIGng8.anFKpta shawsrtbe apak-neiomhigurestdreatedy sel ecting sai d
vertexes and edges, a plurality of trees which do not share said vertexes
and edges wi t hImeachafigitrbeblack eirarammarksolensteafich8ttiney poantnadttorkd. veés t exes
to one anot her beginning fromthose with which the distance, which provides
the total douteddinetcireulae ngiik senates & ertedpewisioralllydwdlt.i nAzold higk eirpalih
connecting between any two provisional points, is the shortest, while
creati ng anakd®iGh2hgndF1Ge28)plcaviedianvgrtex deteiminatathbuiticl udes no cl osed path
and is tolerated to be branched; and then, said plurality of trees are
connect ed to oheeatiofipere, nodgredviinke dendteee provisional ¢leeawhilefa saiddlipé ural ity
of vertexes defined, i.e., Steiner points are connected to one another, and
t he total demotesfant bstablshghttizef oFIGaBdocElfes28 ncd adedgads imtheatigeaseiriesri ni mum
wherein a programfor executing said formation, search, or generation of a
qguasi - m niseguwericeee provi di ng an opti mum network configuration is recorded.
26 13. A conputer readable information recordi ng nmediumwhich is used with
a form ng, seaFiBi Bgo KIG. PONEraading goine b @dirft wf tirae M7Nghov el Eifiengrie®r
generating a quasi-mninmumtree providing an opti mum network configuration

connect i NGe§hudiceesf qeativins thalicofredionds tp! e alddisbrobpatatibe fes el émeds by
sel ecting vertexes and edges on an undirected graph which is a geonetrical

structure wRiRAIa#d itdSRineY PbIRX LB ta sl iwe) b peshredde whivW g iphirblityl JF thdee cour se
of formng or generating said quasi-mninumtree providing an optinum
net wor k canthd@iflyaéidt®hd 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.



a plurality of trees providing a path which includes no closed path and is
tolerated to be branched are forned and generated at the sane tinme, and the
plurality of trees do not share said vertexes and edges w th one anot her,
wherein a programfor executing said formation, search, or generation of a
quasi-m ninmumtree providing an opti mum network configuration is recorded.
14. A conputer readable information rezording nmediumwhich is used wth a
nmet hod of creating, searching, or generating a quasi-mninumtree providing
an optimum network configuration as clainmed in claim12 or 13, wherein said
met hod of creating, searching) or generating a quasi-mnimmtree providing

an opti min et wor, k ur ati a ner.at e xt end aid tree
by addi ng aiers GrPEdes TRAGR ﬁ%%sqfesaﬁﬁéﬁ fifie Pk ReE 3T 28 one i n
sequence, res ct i vel X%?P eife n a ram for executing said formation,
search, o 5‘3 ‘?“a?rle ary ahca%qne rfF't“P@%d ‘provi di ng an opti mum net wor k
configuration is recorded. nput er. readabl e i nf or mati on

recordi ng nedlﬁhsm‘f"ﬁﬁnll:sl%s?é’dt%ﬂ@ 56 &%‘?lﬁbﬂfé‘fnec?‘%a‘? PRYL ofHRERBhG or
generating_ a guasi-mnimumtree providing an optinmum network configuration
as cl ai rrecphilrﬁharﬂf tege seAdually exignd arqupdithy ingieidaphSEiier PAREhHIOR 418t ni ng,
searching, or generating a quasi-mninmmtree providing an optimm network
conf i gur atireyisipaalngertsresy e fRurthessasn shawn 1 FdGh\2 Tceintcefi %@es?és)dther’é‘é)s to one
anot her) wherein a prog} ram for executing said formation) search, or

gener at i orireg$ ake eprastteditaicachmotheeto frrava aewgleiernupatertan n&lGoRk (point
configuration is recorded. 16. A conputer readable information recording
medi um whicftimes2d)gedvides dn exareplaon vdfickcarethémigee s addehianthe Soeingepantt i ng a
guasi-m ninmumtree providing an opti mum network configuration as clained in
any one ofvdclainms 12 to 15, wherein said nethod of form ng, searching, or
generating a quasi-mninmumtree providing an opti mum network configuration
has trees w t hThas, hyptonrsctihy adif theefitee Sesnaepoinadyl ito &5, arkl deteeminaoe nt S

whi ch nunber is k as the initial state of starting of form ng, searching,
or gener atvengxa tquUMmei anGtidr s ’hdéwaen GV 20k R@asiiipiumitred etthowkich the
configuration, and the respective trees are conprised of only one Steiner
poi nt whi abtal surfliof tier weighfsifonhe rdgaio hhe quasivhtinhiimds preagdam f or executi ng
said formation, search, or generation of a quasi-mninumtree providing an
opt i mum net wor KIG 030 siipiwsadn exarhplelofeompacer systemoe erqatihgthd stasl@lkfed

i nformation recordi ng nediumwhich is used with a nethod of creating)

sear chi ng)quaki-@efeLat irf a quasi -m ni mum tree providing an optimum network
conflguratlon as claimed in any one of clains 12 to 16, wherein said nethod

of formng, sear@mpifer ®ViQEASIHBIINDB @ BUAHIMPULEY PP cABplife8 ddndvl di ng an
opti mum network configuration defines the total sumof the weights for the

edges Whi Ghcddie(GPG) Woledpiodran SidigER OM N1 COARPRY MBaRetNBeh Ay ARP
provi sional points on said undirected gr aph as the distance, and conmput es

the di stang@ ReidBeerpRANtBplayMAl k&yHoard N8, ahaidusetiali 5t aedaketvepp t he
vertex and the tree, on said nethod of fornmi ng a quasi-mninmmtree

provi di g @AnedingMEN N bWRRkNIEAN HheaAE I DNYuckak eihe Adhegr AN AuRilia@xecut i ng
said formation, search) or generation of ‘a quasi-mninumtree providing an

opti mum n%w&&gcg&fﬁggtégatgueﬂ vx#n al A& AR ahd: a%%@mtﬁscésaﬂga&'c&on

i nformation recor di um ch i's used wth a nethod of creating,

sear chi ng)c n%ugﬁr&%f]@érv ta?]qzqa&;r FBa B g PdcE S bP i fiGrmitidhP H B et wor Kk

configuration as clal med any one o al s to 17, erein sald nethod

of formn e&gﬁ,{ %}91’ d&k lggdﬁﬁcfae?é gg a quasi - mni rrumtree providing an

opt i mrum net wo |gura I on es the total sum of the wmghts for the

edges which arg ig 1H %aklgna%e% ?rlgerrge%ﬁlpg%me&% ngt?%%n s\?\lﬁ

provi si onal points nput'es nce rees |s t he

short est b tre rein a faor xecu |ng said
f or mat i ondtl?elgaﬁﬁ (ﬁb\,\% giflhq’gnarb Eﬂlﬁie rlolyﬁsm tctaé » BRSVEHSH

opti mum netvvortrb uration | recorded, 19, %ic rTPuter eadahl e

P of mt 1 on-r eLbth WO GHER MedSea0 it B SEIHGTAPT ERORDE 5,
searching, or gener at i ng fa qguasi -m ni num tr.ee, Er ovi di n%mﬂé pti. Hum net wor k
conf i gur atSeaihig g nathgd Hna‘Pfyg‘BWéatSfa gragiiginirpu, treg PEPHIEH AR net hod
of form ng, searching, f,generatl ng qguasi-m ni mumtree providing an

opt i mum neQR&HF‘kmcft?ﬁWP’ijw TEYFALO) %mgc;tlrigqsf&mﬁr R IRFE Mthash axg a plurality of



29 tree, atree and a vertex to be added to the tree, an edge for
connecting the vertex, respectively) on the basis of information about the
di stance between points) which is the shortest distance between said vertex
and tree) wherein a programfor executing said formation, search, or
generation of a quasi-mninmumtree providing an optinum network
configuration is recorded. 20. A conpig er readable information recording
medi um which is used with a nmethod of creating, searching, or generating a
guasi-m ninmumtree providing an opti num network configuration as clained in
any one of clains 12 to 19) wherein said nethod of formng, searching, or
generating a quasi-mninmumtree providing an optinum network configuration
sel ects) ivertexnsriedined §y seleetdng vertpxes a%egw)omareggdwtqdegr@ghn@udw ®n the
basis of the distance between trees, which is the shortest distance between
sai d treesgeomitricel structyrecgnsiptingoef extesesandgveightededgesat i on, search, or
generation of a quasi-mninumtree providing an opti mum network

confi gurati on $pecifemally diedtoréd a ptogranpior eausiega @binputenfto eredliton prewss di ng
medi um which is used with a nethod of creating, searching, or generating a
quasi - m nicoaprisingea ptep\foricregtiag oo péarching acpluaaliky ob neééesgwhirhi donnatsshakari ned i n
any one of clains 12 to 20, wherein said nethod of form ng) searching, or
gener at i ngemtegsasnd Nidgesnwith rome @icaliéndli bByg camnexfihg NesteRes WO dnec anbthgir at i on
perforns either addition operation for vertex or connection operation for
trees on theginhasy Somf thblewinpisich sikndifansdi whidh previees tetv@ERMAIMES W th
sai d di stance between trees) wherein a programfor executing said

formati on)weighs cfo) the GRPENALIG @ A singkO pathAbnhbcihfLBErvESE aBl OMyagli Ng an
opti mum network configuration is recorded. 22. A conputer readable

i nfor mati qRovisieARDp&d TR TSNS WisildieRetiNg b searbRinBod et rbRainsnd)
searching, or generating a quasi-mninmumtree providi ng an opti mum networ k

confi gur aty,e0 vascH RIS nbt1GY faREaRd iClolriRd18 teDbradeheh f BleRris@bfl met hod
of form ng, searching, or generating a quasi-mninumtree providihg an

optimum n confi@ueat i Ldent i & V.
bgl ongs, g%ﬁ\f}miﬁlgl Qn %tgcg(%ngég?l 11[1 ’eQ%/détr:}%lggeéb%g{%rﬁﬁgé%gng P P (K)h ‘?ﬂeﬁétgv%kt ree,

so that n Qoﬁhggrgqof? 3 Qeie}%ﬁ'ﬁ? VBB O And %'ggesu rﬁcgté;?%% WA smeﬁlﬁ}ari'it)a

programfor e uting sail ormat 1 on, arch, "or generatrion of a

quasi - m ni gagm.L foe&l(fgz[jrfb‘fﬁéﬁt?%réﬂdé’ﬁ’ftﬂegg AL, ?xﬁ%r): %fx Uri@ant Sf Laggor ded.

23. A conputer rea e Infornmation recording ne Ich records a

program f .Osréleg{e?}gﬁeﬁgpro& %?é&&ﬂr@%o@?&?éd‘mf e Jrl%rt}q@.rn??(g{heq(?&? Sl S

guasi - m ni mum ovi di ng an opti mum net wor K coh uration connecting

Jua _ . . Li : defi 8! Qe
t el ner p%ﬂé@tﬁ%f &ha 3 esﬁ‘mgiulzll'éé is gé’ a ?@6%1% nﬁ%xﬁlﬁll,ga%g' %gtgﬁeb\xhlﬁﬁ Ol%%ssl{t?g cture

vertexes ges on ah undirecte trica
consi sti ngthg;es%% @F&&?«freféﬁ&t%is@gﬁ ed edges, wherein, in creating or
searching a pa or ftormng, sedrching or generating an opti num network
configuration ectin iLd ventex e . the pr m ses the
computer to exBt PR ShESeifat e E Ao e ot MealREAT RS MG | ng
data of said iundi rrect ed grsaeglll}' a it eg for .readi ng}ao ing}u(Hi ng. gatta of said
St ei ner pdPAt &7 aPrEs " or @t Phy r WEECHRY Fur 8 yVBFt r'88s whi ch
do not shage said ver] gxes,and sdges, it hs one 2ok ner, B, SoASE LM
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



31 beginning fromthose with which the distance, which provides the total
sum of the weights for the edges included in a single path connecting

bet ween 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 wi®h all 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-mininmum and a step for outputting the
results of said respective steps.

. AY% A3ué&9. AF9e. AFu. A3u&. A3u&. A3ué& A3u&y. AFa9e. A3u& A & A

. A3U&Y. A3NBe. ABiehA3NZOA aa9physical distance from the degree of congestion, a

a9?. AFa&?. A3&#. A3u&e. A3u. A3& AF&?. AYu. AFué&. AF& AF&R. A3u&e. AFa&?. Au9_$Xb

e, + communications path with which the transmission delay is short can be selected.
J"$$"&M : *+| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] cfwdetaby afttmgcehecabight aalthajsomabl clsea degd MFbhgbaimmbakd Ghé37{ 778E
8889W9999. : p: . : B;

;5 Y xsni d_4jHysehlcdibnate al cahaahnialioad pathca] whichdjotla lealieate af calgeatien] ca] caj
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!;

<V<<<" =j ==bthe wadstais o el Elaibarx SiBd BRBGESUnt babhu sdleded] | ca] ca] ca] ca] ca] ca]
caj] 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_EgfHe Fpbsbht itNeRBSA XS QT[HWMM of an integrated circuit, an

XTX| YYY} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] cahfalaad erbGirheRhgal ol RhEG] 8l YN 44H4E% 1 hieRirhicalsthuctds

bl bbc_ccczZddder eeeKf } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] csa] ca] ca]

ca] ca] cal C&Lclﬁ fé;é]i%&, %h%k;glrﬁ]c%f\mﬂ%ﬁ@rl 20 belreah&dl Kirhe 9

d3mhhhi ai i
1D jjjekkk/T9 nf?nmpst xk{} | ca] ca] cal ca] ca] ca] ca] ca] %g?[gg]rééé] caj ca]

Z?)]rr;gg }(~:>6<1]s %?g%%fgaafgéa@ geg]cg}lae]%géalfi%gfggf@g@gfg]c22102131]02;?{(:2% EZ]Sca] ca] ca
cafcal el cal okl ook b o GBI L a0 el o o
Lo (-1 nbB P! baed? 4% b e b e 1O, o

%@ ()-! DR - j Oy ° &1 T ™o
10%& () - &6- 10%&,( )cbil'nf)mat' Q%mé ¥or dhe pYesent invention is on the order of O (kn?) (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 ¥100,000 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
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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.
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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
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.

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
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n 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
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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,
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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
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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
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, wherein

a program for executing said formation, search, or generation of a

quasi-minimum tree providing an optimum network configuration is recorded.



10% (& ()-F

10% & ()-F910% & ()-zh{i{j{k{n{|~~uS1l! 'F 10%& ()-@ F
109 ()- @ 1098 ()- @10%& ()- 10(( 10(( 10((! FF+ 10% (& ()- @q<PzXJ<1!
10FF 10FF!' Y@ 10%F& ()-F!'Y@ 10%& ()-FY@ 10%& ()-FIF 10%F& ()-@F

109& ()- @gH !F 10FFI &10% ()- 10 10 10! 3f 10%&' ()-F3f 109%& ()-Fl &
10FFh} [ <ugH! ! F#

109%& () -

13.

14.
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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.

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.

| F
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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.

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.

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
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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



10! ' hF, 109%NV& ()-'1& 109 ()- 10ee 10ee 10ee! Yf) 10%eé& ()- @VYf)
109RR&' () - @yz{|wi [ML! 10! 10RR 10RR 10RR!'||5 109RR& ()- ! Yf
10% & ()-!mvf 109W& ()-! F, 10% & ()-'|,}[9+1 10RR hYL3 109RR& ()-'!F,
10%e& ()-!'1F, 109RR& ()-! 109 ()-9 109 ()-9l & 109 ()-a?l 10RR!!3
109& ()-1U3 109& ()-! 109 ()- 109 ()-& 109 ()- 1O0RR

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
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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
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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 all 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.



