Met hod for generating a network  The present invention concerns a nethod
for generating and optim zing a network, in particular a tel ecomrunication,
wat er, district heating, or power net wor k. Supply, tel ecomrunications,
and, for exanple, conmputer networks arle very difficult for a person to set
up by hand once they have grown beyond a certain size. Wen setting up a
net wor K, IVh@{refore t he nost anortant consideration is its serviceability.

Once t he VgadPRaesEatigga etk \n it can be optinized only at certain
points. In nost cases, serious errors can no |longer be corrected |later on.

Dependi n var f .t echnol ogi es
can be uQ’hQBre ‘r‘mO{O i wﬁgﬁ%ﬁgﬁ&d b?%g trath‘aéGq ‘?p?mlrz(gng 1}% oﬁem%mﬁlaf%elr
di sposal for so ving a specific netvvor pro em In the case of

t el ecomuni cati on networ ks, planners nust, anong ot her things, decide

whet her iSopplg eelecomaiapiedtions, afrdl Berrexarplé, Q:orﬂprhér&refv@frks%@@@ﬂrff bt F60NFERSI ON.

They nusto set spbyiemdsecedheytgvagmivi beyoad b ebnairnsize: Whee settviyclpid fedworkpt | ¢ cabl e
types, alherajgre,th¢ mbstirapoytanticonsidenationts its keviceabiityaOndte ths network hag bensati Ssi on
rates, nuhdesande optimizad qplvat eqstginepointantin mask fasasnserinus lsbre cam rorismdesbé on r anges.
Up to nofPTeetad@enonpl ans for tel ecommuni cation networks that will provide
coverage for a specific territory have al nost always been drawn up manual ly

by experi nent one ove net wor k s rvr eabrlrty
s the Dfﬁﬁfﬂg%ﬁ&ﬁ@ﬁeﬁ% Egohg ﬁ'@ Ilcral esgf:é ﬂle as been
t echni Cal obleRP in' tHa &0 ot Op1 n rés{ %r% ﬂgu éggc%e be set
up using MQﬁerQb'%e%"&dp)ﬁer‘@ﬂﬁWﬂ-oBﬁdé@l@ rQ%B ifftlco ust al nvent I onal
met hod f amofgh ide Yakty & chist eesrmmwm;ﬁatsémsipé%eér |ch §a s f%e el ow, with

only t he camsstties, i arahsnissigirrates; indeér dﬂfﬁ'ieege@éﬁieaérﬂ SfbxirtngpdsSibib tRhaMISsich
territoryanges t-h i ndividual city blocks 2 to be supplied froman exchange

(HVK) 7. Bl ocks 2 have individual users 3, whose phone line requirenents 4
are indi cated To keep things sinple, users 3 in this exanple do not
require E @‘R’ﬁ“ﬁé}” 9¢qM NB?"@" F‘FWY@@S thg) wilt Rrovide aqverageﬁiaﬂap@dcr rom
one anot éé’P "?aﬁ é&%ﬁeﬂﬂ'ﬁeﬁnetﬂ%’@ O#S-iA§ Figure 2,

e, oL v e@‘” fbé’f "‘ﬂnzﬁéngd g dgﬂ%ﬂ‘cagsere%% RS on (he.

weal t h of experr ence vvr Cl ty ocks, such as Al and A2, usually
bei ng conbined i nto one area. These areas are referred to bel ow as cable

di stri butthetorRemional fiethél Tor séiaizalpaeizvRhrBtitGliond neRARrk iJ B chIAbeloR! With S

di vi ded ionly theawndst inpditastt pririaiplels bBing &xpRene@/ Figure 1 BRSsS t@ﬁrﬁ&ﬁﬁwﬁfﬁﬁ&lﬂ&ia@@& to be
used and blopkstZte bb agriptiedofont émeexchdrige (HWH) Gl BigtleR hded indicidudl 0sdrd® whoss vi dual
count ri eghonpiige fequiremeintsdharelisdioated. e keertbingssinplemsens @ inthis exempls dz eotof t he .

i ndi vi duéﬂwtf%@rrveear%% P‘F‘?fdl‘anﬂ'?%ﬁ 'é‘&g B'Q°h52 Ree sppa;gtgmrormomomer bhereatst wor k

pl anner %? @d}f’ plasieplas dividsr derditary THeto e
di fferen hr "'"%G"e b'f@ 'ni@cpaarbv:_ib@cqs B hipaj r s
(CuDA) . %ﬁgar(éé ggffg;ggw ';Z?i é@r F'ii 549 é%nurrarrr {#9 gogioingtl fntq s e s,
r S
gi

%w um ar Bfthe pai r S
The net chndrﬁg@wwuste Qi GrPthalp %c& 6t peraér é@é?ﬁe% ted ﬁdﬁ'&a %é’
( KVZ[ er r Trhe tekMitiogy tdtpmiines thewhdahunt el .mwhlshubfm@.namaha%a |&/diktib @At ai m ng
t he phonerekas.iethe aresent erarhme, |tlred1emaﬂumhnmsna“s$el3ctadi edpPeit daBlep dheidhy 6nd OUL €S,
i . e. al oneppeheablsi cde haveldifecantipaintdersneteas 0, 2, E0,SE5C 1000 M50 dr200 acppemmi | n
Fi gure 3(Cubfe. TecaRper Faliastrapsmissien aaetlrs sufficignt for elhysewharchthamexitoumd| ed i nt o
mai n cabF fawrf Zb'&F“ét"P‘ﬁPfsdT‘?yeQPt 09CQRPeéR%'ﬁa'thé\ewﬂﬂrRianneetbweeSdﬁbbihes but or 8
of” the aff§doc s,'b” f tﬁ d’é‘i‘P%*Pﬂﬁ@b'%Sa(MF’@ rout es of
t he ot heﬁ B FHryn ?1\5‘8 'd'r.'ﬁlr %g{&'&?’f é§ a'°”9AlLe shown in

Figure 2 id gé aéd un é"bgt&e&@% mgsg‘a\pfi S?ﬁg'laggrei* 36 32\1‘ area Bwith

at” | east & 8 ﬁé,é%'? 0 f with
at | east gézs ra.rvacreetﬁ feméﬂreada o@fa?iﬁg e s ot

As shown i_n Figure 2, area A must be supplied with at least 68 phone lines, area B with at least
72 phone lines, area C with at least 78 phone lines, area D with at least 57 phone lines, and area
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2- Ewth at |east 49 phone lines. This nmeans that multiple copper

di stribution cables (Cu-VzK), whose utilization depends on the nunber of
copper pairs (CuDA) needed as well as on the cable typol ogy, must be laid
in the individual areas. For exanple, 2a 20 CuDA copper distribution cable
IS needed for one side of a city block Al and a 50 CuDA copper distribution
cabl e for the other srde of _the bl ock. Because of the way the cable

distri bu ‘é‘e P‘?ﬁ E@ﬂ ?5‘5 t?*ﬂi“é‘“’ﬁﬁéﬁ@?ef H’é‘f‘b‘ﬂtﬁéc @P‘Va!()st ribution
cabl es h = t °pper taF| onthefaRls f or ned
L df e rrrzd e fr"wrabl o

(Hk) 9. éoﬁﬁé‘HB eugeaf |sﬂ'rb iVidéd ﬁ%ﬁﬁaf)a' rs is
needed t gAY MBI ﬁcQéléstrfak/ aﬁé@mrmﬁ@m R e hein cabl e

with the next h| gher pairing of 50 copper pairs, which |s pref erably used,
Is utilized at a rate of up to 98% The planner now has two choices for
runni ng Thecabi distdtabibreareds famed irfthis tnagrermasy®wbe ddanezssd t6 exehaiye @RKn7 cabl e
al ong r owiaawnain eables (i Ol examnld) atmmin dableavith ametcapacity oDt Sséoppextpeits is| oser t o

t he exchasegfied iqsugply eable distribution area FaThis oedns thad the avaircable with dhrecnewd Hidhet he mai n
cabl es oPa'B’E%%frf’o a?wépa"?dmuph@wﬁfe@ém usedaiis twh@d m aradg of i bng8%. The plaaner

di fferenf‘°‘1’ Sf%’lﬁ faf,"‘s“E et &te Cé&FP"rﬂJﬂ'f“?'he mai n
cabl e of 'Eﬁ_lafﬁ § Ith eﬁlA PSéIF‘l‘t ?'°5£FE’ hTf’ﬁPa"ﬂe in oderhe
it telchrid

first Caﬁﬁhert g)‘fﬁ‘éggﬂ a erggaﬁru%: ?ﬁ & ributor

of area ﬁ,tﬁe Qr&g&[& DA in area
E and 57Ie@ér frbrﬁ e%h@%e@to the'tab Qrsﬁﬁﬁt@ a?ééslfmu QVJ@r'nmr iy@fiigag from
exchange cdppedpdird @4 A€in @iea 15 dnld 87 QUDAin #E£D). fr tlSdcohdyRe QhéThBh'Ehlﬂé capaci ty

of 117 cyapiey frpaierchafgtd’ GuHa cable ditribatofofarsh HORusbub/A 4 rﬂm&i@rﬁca@hcny bowgver,

si nce copprper paid (48sCullA ih aga Eoqnel 6B CpDAfin dréd D How&&r, Ginpp espppadables @ittea not

avai | abl €apackyeof d bHprel09 cerperpais are nohavaileble, thei cgbpar catdegeithi thy next higher 150 copper
pairs, neRacHe %é EQRREN Paip.tiishbesetpcied Wit d ulAegsipeer cable theamain gattd e

capaci ty '57 S?ﬁ *73/{‘15?{33??1%"“"’78/ i the-segondrasez Foselpct thecortimupnd
case. E%f %@ﬁ rt?'rf’éi’ Q05 MRSt uMtefRlculpied. %ﬂfsﬁm?ﬂ’“rﬁdﬁ’ﬁp"&ﬁﬁdl fns nust
now be ca Yhi's procedure Is repeated for all cable distribution
ar eas. To prOV| de an optimum networ k design, all possible conbinations

must  obvite grdvide BR oftilM ARG dRNaICRS4iITE EiSIndtBi%s Atk 85V bk BbHisid@Rqt e main
cabl es. Gebeediimitag tHairdds ARG roatERRe %ﬁ chihies. 6aBétRg éﬁrbﬁd%&glg%rﬁéeéﬁel n the
early st dgeibutivh areab th& eqrlyatagessf npfwatklaRing Ploa sty SiiseQidhDérforyphieh cannot be
cor r ect edarnat Iz cogncted laBecrmuse it can al so take several weeks to set up a

| arge network manual ly, and networks often nust be set up under extrene
time pressure, it is usually not possible to develop alternative solutions
when def iBﬁ‘Far‘l’ erﬁe\%a'se seyefal weeksie skt ups lerae petverkananuslly andingiweekg ofttt h a vi ew
to effic Fr* rrfr'%%rmr#f SRl It isgistallyingl Ressille fagfevelop altematiyeosyl t, t he
met hod dESHITAY lza‘}a ag £ peiworkis,thareigss ot optimi F@t%@k"e&taﬁﬁ'é'?mto set
up the rmst CoSt2eT T e @"ﬁ'ﬂﬁatﬁpbfltabl e network variant. The object of

the present invention is therefore to provide a nethod which can be used to

gener at e A3 ahkai| the HEthYd 6288 abdva%s 1P filely 16 ENMRIdthdhdthoR plahsH? td &Y & the ﬁh
capaci tym&rdolstzarebtmeahmp&h@brehaw&resénaanount of time and with the [east
anount of work. According to the present invention, this object is

achi eved by generating, in a first process step, a graph conposed of edges
and nodedhe objedi oktheprgsenbinvéntion iathieneforald provddetmimethbd whitrecemibe lusedtnd/ or

def i nabl semtmhr@hwrsemeﬁa%|omogarew@rk»armoa highdleyeb pirapacity dtiliggtion inttheon of t he
edges beSPRiteEAMAYBLPf e ARG With thelepstamowy oberY- of the street segments and
defi nabl e cable paths of the territory to be supplred by t he network, and

the nodes f th bet t t

cabl 2°p3§§ P 8% Zs‘”e“gili Q Oééﬁbenﬁf ?é%ué%ig?ﬁ '3,?.; e,
Ler i tor JopnbRemBidil O % i ?ﬁi e&O the
g' osest @g@endealltdlRgla ﬁ&sﬁ%{e %&%eérﬂe 1dee ‘E

supplied by the network, and the nodes forming the mtersectlons between the edges or streets
and or cable paths; by assigning, in a second process step, the users in the territory to the graph
in such a way that each user is connected to the closest edge or the closest node in the graph by
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‘an additional service edge; by generating, in a third process step, the
nost cost-effective tree structure by renoving unnecessary edges fromthe
graph so that only one connection between the main distribution node and
each user is provided by the edges an@-nodes in the tree structure; and by
determining, in a fourth process step, the |oad carried by the edges in the
tree structure according to the user needs and requirenents;
di mensi oan adgiteinal sswice edgenby ganaratings inostbirLigratess tep.themed ¢a%- eﬁtcé\éf traehe
t echnol ogfusture by femoviagunneeassam edges @, ‘heeﬂi?Rf‘is@éh%a éO“Qa?Rﬂ'“‘Pf@B RbeteqIe {1 ee
st r uct ur thedmpin gigtiygian sodgrang H?;Ché’é ds praviged Q?’%E E
e
e fgr?gaz

The met hé‘ﬂm&t&‘b@ﬂ‘a% t? iningein gér@% q_‘?/gﬁ{)ageously

O
set up a$ 5 "R hdaet © be
gener at e&%ﬁgg l%‘lctlfgz ﬁ%@{% J"\f g@g&rm@ ‘and 1 ayi ng
t he cables are h as n espeC|a hlgh network capacity
utilization, keepl ng the carrier's costs | ow The nmet hod can be used, in
parti cul ghe mf:ef%d h&JoRNRHHRIpfeabAt Givention &t be bed td advhnthgsatsingst upladetpomer

net wor Ks whidy isqrari¢attity shgrt inflengtre ifonhgtitto ae gemepatécesppaially eaonotritaly siwa theun on a
dat a proeces sf matesaisandriayirghiee cpblee aeetiew and viioh kascanrespecially Sigh petwprki ni zed
manual | y chgecity utilizatibm keeping theeardsrs costelnwhemathipdsae he U%eénmlﬁ’émﬂé?rnfﬁhent ly

def i ned ﬂmcotmwmgat@pmatw @Iﬁn@neatnetaﬂéaowmﬁ °t\<§e%v toav ?—E Q3nor k

whi ch r oGPBRuteFRIPITER High ?E’& r cﬁ"t Articul ar

t he cabl @és"y ?T?@dt ?%iéuyt'fégr rég'ss'% gpﬁﬂg\ﬁg pl an can
be drawn di fferent
net wor k 15 g@ the %?5 e c\’/nar us t'el 'c o I es used r@ofes%ﬁg#sl%elg\?gp If a

conput er | S used for exarrpl e, for a teI ECOI’m’UI’lI cation network, the cable
types to be laid, as well as their lengths and pairings, are available in a
dat abase 4 Emmbt@ﬁ@hdfk BIBR BarCisy gohvat ipornydfuidkiy @y apdiyingthe alethog madtipla tinketo
i Nt er conngwretdnORGwoTR RIeE, due ko thacdtionoidehnolbbies userkershe levato & sicbinguterds ysedy
qui ckly gereampie, for d telstonurhunicatidrsnetwruk, thetcable &fpes toiepiaid fas welh as their lengths

const r uctand paidings, araiavailebie incedatabaseimmedistelyvipen caapietion 9f ﬂ‘ﬁé‘eﬁ‘é@ \ﬁl'ﬂ"RW Fan dat a
gener at edhe intergennegtions agedediforpaeibioda chnisgpakes it persibjedy yery duic ?%PE% al ong
Wit h t heidf coptsanstreatarialsnMars faf e@’Yﬂ"%°°"ftH’é’“?fb?f‘€§%aéﬂi‘§F B0 alsh &e Crfate
| ocat i ondhe ptwork plap dpla 9P ned directly.  One advantage is that all
process steps can be easily conpleted quickly and conveniently using a

conput er QL8 VJEPe‘fhth I, 1ROk ipb B/ pd€ ARNG |En BN aRMERRR a8 GraaRhieOr K
pl ans forlgéh%é o saﬁc?ﬁteﬁ'.p{ ghé’%&)?ca%f%érd teﬁ%ﬁéﬂ'ﬂlre@ﬁy tine. An optinum
net wor k pl an can be rawn up gradual |y by making mnor changes to the

defined street and route | ayout paraneters as well as the costs of
mat er i al sosytivhygengthatdil pescesastepsizen beedsitptanpletddoguintly asd confveniendy sgiracd f i c
net wor k | cowrplter mgmmemakummemsnpatmmeretesanaamb&@bnmoraetanmﬂa tﬁm%lﬂe?ct ed

for each rslatyely shodjemeurdof time. An pRtiMuUST Retwiry plan cayy hegirawnun aredug F ”@r f or

exanpl e, Gepahargesityibe id?fh‘ s t@tﬂdpﬂﬁ lad?HiP @FWE[E@ 5‘ giasut er

makes i t é@t'ﬂﬁlcéb'ﬁi)a Bnelogy 10 or 5 manual
ng; tae' i‘t‘?&ttttté @ i

gr eat er d %ﬁ rtogggpéwoo jﬂé @Jt i% Qal

drawi ngs i S ne e mgnt for settl n atel econTrunl cat I on

net wor k, where: Flgure 1 shows aterrltory 1vmth I ndi vi dual users 3

arr anged Pehanhsd 4c88HIRY to th&prdstnCindention is BRMAIBed! iR Gieblepdetaillhelowttn tdindizidual
manual |y groddse edps dri the Basiast déawingb jilustratieg overdmbodiment for settingupa  pl anner usi ng
convent i orekcommudicatien networkMhed69a P97192wo

4- Figure 3 shows a network plan for territory 1, which was drawn up
nanually by a network pl anner usi ng conventional nethods;
Figure 1 shows a territory 1 with individual users 3 arranged-along streets;
Figure 2 shows territory 1, which was manually divided into areas A-E by a network

planner using conventional methods;
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Figures 4 through 8 show the nmethod according to the present invention;
Figure 4 shows a graph Ginserted into territory 1 using the nethod
-according to the present invention, with one edge 14 for
graph G being provided al ong each sidg of each street;
Figure 4a shows a section of territory 1 illustrated in Figure 4, with
the nmet hod according to the present invention connecting
users 3 Rigurgsaph Ghuwsa Aetwuikrinestgemitod/Q; whichivgsdréwrdtip manuaipbsa eete@kt i on of
territory 1, w th glanaer singeotventionBlandtfeids,g cr eat ed by gradual |y

connecting users 3 to the portion of the tree structure already created,
Fi gure 4c shows the tree structure created for territory 1 using the
met hod drighresoaitiropgh 8 show the method accordingde Hia @Epsen invaeges: 14; Figure 5

shows territory 1 with the cable distribution sub-areas created in process

st eps i Va) Er.ou h, Ve) describeq bel ow: Fi gure 5a shows
. Figure 4 : a graph Gi e.B in iy - t%d rd ot§e :

a -Se.Ct' o9 BF “terr 'E?@!e? i en@!nt ;Efit %ﬁ%éﬁéﬂ?ﬁf@%ﬁbﬁmg V%cg gg?ggeaa h%& ng

conbi ned for form(geg i Betdll ST DULTON are ; igure shows a

section of Figure Sa, w tﬁ' cable distribution area 26 being separated

fromthe tree structure by the two limt edges . Fi gure 5c shows the

section #i%@émfi gurghonda s¥dtibhlofitérBtolyl 1Midstredg M Fidurd 4 Gvith 3 rRethiddSdctdring foon
sub- area bei ng conhepiecesht IndertibosamAécting dser2Dtowirdgh Givis 8€pvice edges 16;0f
[illegible], Figure 6 shows territory 1 with cable distribution areas
26 created and cable distributors KVz to Kvz[err] arranged in their
di st ri bufiguse4eent eshgws a segtignefderrtory 1, witthisggsstiyeture Backeingtoreatedinysraggallyr eat ed
Wi th process st epsCoUBgCtifhysHgto the)portion of the tree structure leady Grentes: bel ow;
Figure 8 shows cabl e distribution areas 26, with pairings 35 being
assigned_t o i ndi vi qual edges 14 or street s S. For
terr it orode st e e@‘ﬁﬂi’%“ﬁ?‘e%%‘ﬁ%g%J‘B?‘"%i“ﬁ?‘egPSéR‘g%gg B i on

i to edgesi4; .
users 3 are arranged-at” randomas well as streets and defined cable paths 5
and their intersections 6, a tel ecomunication network that connects
territor M%Jre%o_ an éhewh fnd6ry 1 with the@hbit Bistiditd shibl8reBBREBREY in pRAEIARPS PI7192w0
5- as shown in Fyg)uiresghd/el Bésetitdd b8low;T0 keep things sinple, only those
users 3 who need a service of the sane type, such as phone lines, are
provi ded. Because the nethod can be applied as often as necessary to

speci fi cFipgeéhs deshowsasedioyf tetitory 1, with two cable distribution sub-areas being
combined for form a cable distribution area 26;

Figure 5b shows a section of Figure 5a, with cable distribution area 26 being separated
from the iree structure by the two limit edges Gk.

Figure 5¢c shows the section from Figure 5a, with the limit edge of the cable distribution
sub-area being connected to closest node 29 with a requirement of @egible]:";? )7/

Figure 6 shows territory 1 with cable distribution areas 26 created and cable distributors
// - ;Z KVz,:'to KVz, arranged in their distribution centers;
7

Figure 7 shows new tree structure 33 created with process steps Vq) through Vs)
-~ described below;

- Figure 8 shows cable distribution areas 26, with pairings 35 being assigned to individual
edges 14 or street segments.

For territory 1 illustrated in Figure 1, composed of city blocks 2 on which users 3 are arranged at
random as well as streets and defined cable paths 5 and their intersections 6, a
telecommunication network that connects territory 1 to an exchange 7 is set up using the method,
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t echnol ogi es, exchange 7 can, however, be treated |i ke a distribution node
8. Figure 4 shows a street graph which was created in process step |I. It
is assuned that only streets exist, and no defined cable paths. An edge 14
of graph Gis assigned to each side ofs-a street. This produces four nodes
15 at street intersections 6, with a group of four street intersections 11
formng a separate edge 14. In process step Il, which is illustrated in
Fi gur e 48s sheweiinsFigures €thcagin 8 cFodaep things apiplecom;sahneg: users\a wie n@éd & Senlibe ofT0 do
this, eithesame tupessveh axefongtinen, aroprgviggsh G from the junction of particul ar
user 3 nust be selected, or service edge 16 nust be run along a specific
route acFord ng to . a part I cul ar preset paraneter t hus determ ning the

| h ReCifis levels deferaingd by theof h
"< BGTIO DS RO | O SRR 18 USRI B oo o e By

edge 14 and service edge 16 beconmes a new node 15a. Edges 14a thus

carrespo f. ers ar e
SN i e My P A e e S

gener at eThis propiicee € n&ife€ P5 bil street\Mtérbeclasd, WAL E %ué%ffﬂ&s%@ﬂ%&& f{ q1exchange
7 via a ®aopiag asepacae adgetidon, Whi ch i's corrposeg servi ce branc 6,

edges 14, and nodes 15. For this purpose, graph Gis searched for user 17
with the | owest cost of connecting to exchange 7. The connection costs are
det er m nlProgesy stepdhimbich is ilystratedinCiduresta, vesnd begynnested tagrdph @Gasiopst  of

| ayi ng tFFéV'g%fﬂ!?é%w @Pdt!ﬁ ﬁrté{'ef the skorieshwath te araph & fom thjusclies of parfitulaedges 14,
and node&® £gdge 46 P“ted'”@e '8!‘91?1 Cific roytecaceqiding i9edr ked and

form naréée 5ﬁ§§*’§1§m§ " ‘gr‘{h er é%f dgeNé \th fﬁP%‘é%%"%t ep Ib),
user 12 ed S
cost o Y ﬁig‘ o fodd ot %ﬁw?"‘b%?“rﬁ’ei%’"rct"g@m S whost

cost of q:,pnnectl Nng 1o previ ou §98%%r t han
that of all as yet unmarked users 3 I s al ways connect ed to exchange 7
first, taking into account previously marked edges 14 and/ or nodes 15. The

| ocat ed Attaeemd of prosassisadph, biSusamrie caineaed Wigrdphid, Rs¥R&Wn in PligBes 3B aid eps | a
and | b a#® atreeplosbue Balsyendratsd imprazessestepcih), withgmath 1eA B bainglcanabct&foeasi |y
appl i ed ex¢hange 7ivia sepbrate coomgstione whiph sgomposed o3endcectrincheetss edyeb s @anbbeen
mar ked, odes 1gFer tbt?mqe’@%@rarpb Gdesrarched for usasd7 with the tlowest @t of adrinectingtr ked
edges 148 954 t§Rrecetammingd.ifen Sxamele. by theseablgdecbioledyi Llr-'nifhat in
edges 14ﬁ 10 ?C'”dl "fesexﬁ'ﬁ’@ W%‘Stﬂ"%%s@fﬂn qsrér‘nl@é‘

and nodeg, Ih.] | o2 al"ﬁgjt”&?d' ar,ke nt c ainly

e 1b

'S pref egaRhie 7rrr$§ﬂc€e RS 5%2@919% afilonis c‘Ln o ‘“U“ ure Ba
i s desi gigHémisSioR bath A8 &9oveh thafh SHADSIGH a9 t(ﬁﬂr% ﬁ<e | aying
costs) feichérye 70kt taitd inth @scum|pRevioRsty ﬁ&%rkaal dc_fée &@n /@rYrBH ?

desi gni ngaramissio patk s rdrio@y A0k with itS aver. IPeoddsLdteds 14 ancﬁré%'r@ébm’ieo éa

r enai ni ngmeld gearch dg@ithnsrand can baiedslly applfal ih theforacs 3 SoMp@er drdéran@ﬂe p055| b| e

algorithmis described below. In carrying out the nethod, however, it mnakes
little d|fference If a different algorithmis used or if process step Vis
left out aff?cﬁ |U5%ta321%treee é@d 14 arscuep@ret#ﬁweaeratq %&ewmQBaa piV.  The

possi bl e |ef’9ﬁﬂ 42 " 8 l 't tedO' f §mipating griges 4 lapd

assi gned te E s : L1 ‘ésr?° 18 &1 dheramaipiag y

each use? % A e hant eagmly Bl ra 8’H@ W%’B SIBRAPPb o Z

6- nodes 15 addi ng requrrenenﬂ”4 of user 3 where the procedure | ast

started &enepAsduredtirctdd HalieRlgRE to mrm}%m@%nn&ﬁono&gtsgﬂngtg%l Eﬁ&% Rt rutture
or, rout elagh@¢utshRsthe @efihed) fR¥éls! Bules ahdcdbtOayuREESS St EPS descr B&d above,
the way in which users 3 connected to tree structure Ba are conbined into

cable distribution areas 26 is described below (Figures 5 and 6), wth the

met hod c\When dasionigg @ gomputer program, it can be useful to assign a load 21 to remaining edges 14
of tree structure Ba in process step IV. One possible algorithm is described below. In carrying out
the method, however, it makes little difference if a different algorithm is used,and load 21 of

edges 14 is determined in process step V.
w,({/a»foawo%lz/o Vmﬁ{z’awf ‘ _ ‘Z

The possible algorithm is designed so that load “0" (zero) is initially assigned to all edges 14 in
tree structure Ba, moving consecutively from each user 3 to exchange 7 along edges 14 and
99t1469a
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optim ze the graph by generating as few cable distribution areas 26 as
possible by utilizing the equipnent as efficiently as possible. To
generate cable distribution areas 26, the capacity of the individual cable
di stributors supplying the individual ecable distribution areas is first
defined (process step Va). This capacity depends on the technol ogy of the
cable distributors used. The capacity determ nes the maxi num nunber of
copper paddes 15,giddisg reqiuitaenesit 4 eftuser Sawterd thb pecédure wasiad Istarted Bieativedgean ar ea.
The naX|ﬁmwhﬂanges of the transm ssion equi pnent to be used in cable

di stribution area 26 nust al so be defined, thus limting the size of cable

distributio ba 23 |n‘Process ste Dependi ng on his
r equi ren,ga g e% "E!e It(; Gliugture, erspute gga p, Wgr%ﬁnh%émaﬁﬁlp@cﬁﬁssﬁpﬁbut I on
e b@% (%

sub- ar o %@}b %ert% vﬁ'@(“F g bined infhi ch case
the requpg@RR g@rﬁ ABYA b %ﬂ‘t ss step
Va). It tﬁ.l lc‘fénlpam se require "9

greater than the cabl e distri butor capaC|ty specified in step Va, as a
single cable distribution area 26, with each of these users 3 being

assi gnedTegmegite tabkerdistibhtoncaiea3 @8] thereapacityof m\luﬁfvndulalecauréQlfstrﬁau{oﬁscﬁdbdlﬁﬁ@ nts so
t hat nodtse Ir§livisioaldable digtributioh iareas isdickt defickd (rhocassstey V). THis daphdGty dyads 6n

assi gnedthg techenloay oftba cable distabtern died gTheccagadity Heteypliresdfie mivdmara perober pf def i ned
in step QP&P?fcﬂa"ﬁ@WS% filess, §l°ri¥éﬂﬁ?!eé°'%’cap@ distribytiancaread Theympximgmsanges effhe/s j ust

cover i ngl¥se %‘ﬁ%‘ﬁ g cable di P"Pﬂ)aieﬁéﬁ mustispderdeficedyBus 3 from
tree st? T? SE %ﬁeof ﬁd'f‘qﬁé”hﬂ%‘éb"?rg?% AYPPRESS §1e8MP)-but i on center or

| ocation of the cable distributor assigned to user 3. Al'l rrarki ngs are

subsequepbdekqing BIPME toqlir il
previ Ousbﬁé[i lebré evenlzrsé%b: n&S@En ﬁ‘d%ﬁuﬁi\% é%%aﬁ i aSSB'Ié% rfaﬁ"

%:%%?’ unmar ked
user 22 fresaitash e céd&@nty&ﬁﬂne@l in ﬁ'o besa8ep vay. itid fKisaié %(Heﬁ[fleeth dser er

I's i dent refuiestchebts 4tdnegreatet thirhiaé cabiedistitiitor capaRMPspatitisl iR s@p Y8 34! £L£éhn 16, is
adj acent cabie distitmitien avea 24) with eahlofthesecusedBebeing abggr(bareaougﬁtt.ahgm,g@onfg r om this
user 22, equipmept igispar thenser’s requerpersesothataodel Ebdrdering da ésit ddhe Glrad ansele 15 |n
the di r edeftHiaee iscassionnd equirgment|cofresaendinggo a nultipietof thegapaGity definéd inistep e

i s identY3fo BG\PX; édf@ t9 Prygregted in proceseriiap e jush ceveringibe reguirRmeantefi négsg
edge 25 ' % 6 ?’@rfr ﬁ;sﬁ'H‘é'”'le@&dW'Hbtf‘? Aede formingrti ess step

An edge ﬂ" CHRE (/8?3 o g utor BipiaRede WP cabl e distribution
sub-area 23 as soon as the range starting fromuser 22, of the

transm s ' ' 6
(i ch ; o ARG SkaleRu s holisel iVl s Ao e s WBR REAREY, cge
& would seemto belong to cable distribution sub-area 23 based on its
capacity. Figure 5 shows all cable distribution sub-areas 23 that are
creat ed Wee Struchee Baistitn sdarsioadiftrem.as Mettubmiaha@t usdn 23 Idestea kcthyend b Granatb| e
di st ri buefitena skudureBaddis2geri 22 lsuderquﬁm it faetrthdi ¢herspr, aldngwith his sdodcengige
subsequetft: isAdincen & 2 pasigonwihich oy gugyedoe I bordats| Stading from thist user2s the- ar eas 23
&969@%&?19 1Pr%ﬂﬁg~"f H mnodﬁﬂ%ﬁbg dirgction of gxehangeo] entil

§EEE?§3§§§’7§}§§§ 5%31}(3 ﬁf %? g@agecqaﬁ . B}:% %ﬂéﬁ%&g@gpﬁf

b Uk frB

clearly aswa(m hliaisd def d‘in Hoéés% ﬁrk é%@é%l 5
7- Whseamab @albmgtg camdbistriblition Edblaséd @J‘ba%é@%ltszﬁ acitySO not e that only

adj acent cable distribution sub- areas 23 can be conbi ned, since the areas

w |l otherw se | ack cohesion. This would nmake it nearly i rrpossi ble for the
carri er Figurp&shoysmaiirvablatishibutios setnateas 23chat@amatrystedswinth& metibé desoribeddecause
concl usi Nete thatthispraakdowndote esbledistabution subtareds 28ri$ sriquecnt damist repreduradle i n t he
event of a rral function. Areas are adjacent when they border on the sane
node 15 and | d| rect %/ agai nst one anot her in a clockw se or

count er

s Vi) tysp riggtion ngWe expl ai ne
e A A e A e e . i

es not xce the maxnmum capacity of cable
distributor 8. At the end of these process steps, each user 3 is then clearly assigned to a cable
distribution area 26.

99t1469a
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6, where Figure 5 shows the initial situation on which process step ) is
based, and Figure 6 shows the end result after conpletion of process step

Vp) . In process step Vf), those cable distribution sub-areas 23 in tree

structure Ba are first selected which7zcannot be conbined with any adjacent
cable distribution sub-area 24 with a smaller or equivalent load to forma
| arger cabl e distribution sub-area 23 because the total | oad of both

adj acent cable distribution sub-areas exceeds the cable distributor

capaci t y Wherrh&ea%ﬁ Shie |s°tﬁ pﬁ’éHerrb6sylpo t& that a%er‘itc 3819 Brlﬁgn'sq)to cabl e
di stri bulpQbaah %é éa?o.@éa suﬁée@héé‘r@!%%fﬂot &R @ﬁiﬁegﬁngﬂ tE: ket Process
Steps VhleadfhpWtsible 8t i cirhér t Sélﬁhﬁﬁ%&tnﬁndé ana Frér JAGNi6 blk Pt IoR bbdaaud | ON
area 26 datidgorsabtd a6 taBed sr@frorthat 8AKBRBUIA AotARMRE i thE eldnEofl adhdiBhctib®
eXchangeAréasard adjgcent witbnwhesborieeat the garhdsodetiband hediteetyHgainstione andditer &y eas 26.
Ref er t oa ¢lbakwisk ar emintfecclockwidedimgdtied descri ption of process steps Vh) and

Vi) . Below is a description of how cable distribution sub-areas 23 are
conmbined into Iarger cable distribution sub-areas 23. As illustrated in

Fi gure 5P’°?9§§5 Py fethé“é'éh é(P)oﬁr%F’FH'%’!?E‘|"b$fe%‘ﬁ"rfieéﬁ"é’8'§w2ﬂt"@rt@5'a Figuses S and t he
sane noo% ffe '%F tB NGIRGERR RV § bpsedy dlFigHe Bas yet
been af f 8?’%8165’9 f55e eé{,;qrmgnow&g%%egs ?%}5@ since their requirenents either

do not exceed the cable distributor capacity, or the sumtheir capacities

and t hatQfqcbfetd R R cabigiddlic dubRidat 98 inshR stk G pdQ lrﬂ%legé@eed the
cabl e digHién dahalibe CORBRddWith ahl8dj5RALLbRIMREHbuRIN sOb8rea 2@Man dlsbfidrBHT i on

sub- ar eaequfyaleatoddne foth @Nfgdreatlesistimdiod suitesitd X3 $dc§ﬁ§eltﬁé5to{al i8hd ofdde GK. For
exanpl e, adjdtenttcable distibition sobi-srt4s dxdédds thesdable dlstidatoRchpbety fReicagle on node 28
have r eqdistriztiemsub-29eas 23 aredtrenisi2OnedTite cahlewistfibution arees26 analdreerethiosddfroout i on
sub- ar eal§e 18e stiuslughsin erocess ste@s Viarand ¥i), with the atirawatsf thismewesblest ep, cabl e

di st ri budistaputian grea 2 Beinpsublizcted froghall egaes 1hegnnastieg the latente exphargei 1amdi on ar ea
26 whosel9fedvhencreating ‘thP‘girsqab'e idisributiqpargag 26 gierdo e staimsfota datailedib- ar eas
with a tGEHIPUPRERIERETIPSH 8 Virhi s cable distribution area 26 is now

separated or removed fromthe tree structure and/or ignored for the

r emai Ni Nge Rk RGRRScRhGRR hé é?b‘rkf siffion iJ %3 GAPlony ea nli g +&B|esub areas
24 were ﬁtﬁ@ﬁlblgﬁl Sd@% Eaitustrhtd& h F f?t tﬁ@e%@ol

at t ent i ogyjdbdalto the sBAk odeOzseN&ér df @ tHH8é ¥idied uﬁ‘@d QJ'B-ar a@ 2T4TH§s Féﬂbééﬂnt

exanpl e, afedlelf bpihe pevlsepdiest sﬂebwmdenhaubq@emanteétnesdcaﬁdt axdeeditheRamede 28.

Li mt eddjsrifstorahpdciy, sr thabire thair sdpacibied andntha oith@adiacentscableWistribatidnrsub-he

di r ect i oareafloesxotexaens thie cablei distitiutor eapdcifyaThargquineengntfaf oma cahieldistributidnr i but i on
sub- ar easupreAsdoan H@kﬁfmﬁ @el ée'E'Qd difestiyiane its limiladae Sk dwb xamples theithree table

sub- ar eagng‘ﬂgn ﬂtbtaé%%g °Pﬁ’5th%{9 ?? hﬁ"l;ﬁ?%‘og%@%ts ?vc?@earﬂgo 'ffﬁ‘éugd’éd of cable

di stri bu 4 in the
ble di

i ekt el #asf 5 %“% g e A cﬁ}i

cont i nued,ftﬁbﬁasns.@ w‘é@ i ?J u%én& f§ th but | on

sub- ar eagméiinglprcee

pks @Fi éJr@gti%ltf fnUl‘é ddBI@ d Qui¥dad 24W%dB 9 QJ toconb' ni ng
cabl e di gddeizhhéyddbulbiko BE Rafbined. HAVEVeF altd rfﬁo inﬁitrbe Bty 't@éhs@rﬁr@@fé

descr i becbhesior. Iethe batensexamiple camsone|cablasistip)tion bmeargia 24/B)ajtachle toa’rwv\m in

Fi gur e 6Limitledgen@k dftids eabieatisdibatiort subtalea ipn@smnin thediesttiorost exchangectiurttitsdi vi de
t he t er re¢nddaging avay friomueable distributign subr-arba 23 mreta nex 9odk529, to whidhanotheraable 3 have
been assHigfgion lecqf@%?e'a attached Starting rfrpmihlﬁ aext apdea9, the load jetcablediisiributingl

di stri bu%rF"i‘)(‘ﬁ6 ' 56‘3 efrP’FI eFré“d’h’BF é" '%‘l #fitha Axshange g i gned
users 3

S%e 'f '°’§P%a"(¥ ?et ed for
i s pur JR0RY ﬁﬂm Tl o] R rocess
step )ﬁ A M?Fhrﬁ Lﬁ@s tﬁérﬁétﬂ&! faédo preEZ Midnioisal | edges
14, 99t ory into four cable d|stnbut|on areas 26

8- 7 o tree structure Ba. Requirenent 4 of each user is then

added in step v), noving al ong edges 14, 37 fromusers 3 and al ong
node 15 Aferlubes 6 dblecbedh aésignbdioareatid cablbdRtribith rairéastzs,qme indigidual Gistribution

bel ongi ncpbles (Vi@ corthecting thibaiabig distiibetprs o dsighbditsetdtecandleldinehisished. Protesss

shoul d, $tepspas dirdrigh Vwh ere|comaieted fdr this purpose. Prodess siesVu)iible fishstereint er of t he
cabl e di @mﬁnwngoﬁroatrseatepxmu) R ”teH@t'ai'éﬂﬁ*PerStebésﬁg"fiﬁalﬁﬁﬁe@ {zero} feeall gedges 14,

node to t additional nodes frombeing created in the network. The

di stribution center is determ ned by the profitability of the
center tB%W&wWoved and can be cal cul ated, for exanple, by

distributing users 3 and their requirenents 4. A variety of algorithns are

known for determ ning the location of the distribution center or
cable distributor, and they can al so be used in the nethod
according to the present invention. In step W), a pairing which

corresponds to one d| strl butlon cabl e VzK and V\/nose capaC| ty JUSt

o o o " o a A o v o ——y



(Figure 6) for the individual cable distribution areas which i medi ately
reveal s which technol ogy or which pairing 35 nust be used for cable
34 to be laid in order to adequately supply the users connected to
t hat cabl e. Thi s concl udes the dinegsioning of individual cable

di stribution areas 26. Next, the cable distributors of cable

di stribution areas 26 nust be connected to the exchange. If

territor37 df ties stustugreBa. IReaieeatent 4 of eagtyuseeis frea QEGATY step vID mdVihg!Somokdigéd onal

di st ri but4, 8nhfroro desss 8 endsalenal npde 15 to the cableadistritintor otbable dishiblionsaref 26c abl e

di st ri bubslanging taeser R dn dairgthis.chotd thaltthexradiletdistribotols sheuld, igiossitieitbedotated éas

into a n@odistEbyiion gentenpbihe cable digtribution eteatwithiihe copten beingmepred tathe aextbe appl i ed

to the t'P 8‘% r '°“a' node: fropn by elﬁ‘ a&eéwthﬁ"‘ﬁw GrB‘eﬁ'StfélUtlmghfw t hout

i ridi cat| ? b ﬂ%ﬁ C?'éjf %’Gﬁ r rpﬁaa?ﬁ? fated, f°’exampw(9 Yher the

reqw re ?dell.%m k level,
whi ch ﬁaﬂﬁcégoﬁ?; tootﬁﬁ t" Ut rep resen they cab '8°8?%5[e %t t ached

to the tree s ructure Loa s 31 of he edges can agai n be

determ ned, and cable distribution sub- areas as well as cable distribution
areas f onERg VW, d gagting @ich eorvisspdnds G diskibatioNRlabe /2R R WLE CBsiR lta{ jastbe

appl i ed toversltiedoatadf edyeki4, is then assigred & each edge 14, 37. TRisPrddabdsl a/n plared

ver si on (Gigutefd fardehntividiahcablesistriveticnmpdas edich onmediately kevealsiwhith @bhriology

di f f er en@r which pairing #equst be teadtfar cable 8hto hedaid in qrddedo adequaiely supplyythe wsesr ovi ded

mul i pl eCopneteddo Yrt eahlei pnent si de- by- side on a network level, with

th nt bei connected to the exchange on the next higher or
n inale .equi This is also taken

|nt acgthdsn{ola%%ﬁ?héd'me"s“’%lﬁ’gl F' %F%Q@gaoqesé&ﬁ‘ fie ?rf%{% on sub-areas 23 and

cabl e distribution areas 26. Those skilled in the art can eaS| ly

appl y theemﬁé:éabh%:rrﬁﬁiowcm&aét%m& b8ad S¥Emid: B8 E8HneltBY Bd Qhange. If

ot her neeMisnk1 BYS6E WoweveH &Iy e Aesbssdry iocﬁrom%ﬂlﬂ&\apglstﬂﬁklgﬁ n&*épamge Wor k

| Nt hesetheeablodistshutors of cable distiiButjpn Resis 26 Ereated frst aHa t@ bshgng d?é-!ﬁtﬁ:ﬁorpé’reé‘!s reets
whi ch arietocmeinetnarioeved ilrsbath Situatiahs girocebs gt V can be appliedth SHe@e istrathife

Accor di nitiustrated ndFignse Th@lihough witkou indicating the requirererts ofdstivdiduahcdsss, B and t he
pi pe  rather the aquieaments of geRlasdistabutipy amasn2feof thei pseviau natwetk |épl, whickisn

di stri btﬁq'eﬁh"el'i’dﬁ%fe ted iy ”Ifl caple p@i"bﬂérétaﬁ ed to the tree staicturer koadpatefitke t he
require f’%cﬁn F'@ HFte%mﬁ 'ﬁ%ﬁ?s't mﬁ%“r" subrareg® aswellasrablg gigtribgiondi st ri ct

heat i ng 5¥ e @T‘?"ﬂ’&ﬁt%lp%éppﬂ%d?érﬁ? pwOked by a
nunber, € nethod does not need to be changed in this regard, for
exarrple |n order to apply it to a district heating net wor k.

99t 146984 slightly modifféd {4:2i0W8f the method can also be applied to networks in which the different

9-  Li sleq@iferrichts of 18 QsersmMBIRAT fecessar to provisdRlilipld SibédsloPédlipfent sidektyt Y bl ock 3
User 4 side disemetwaekileiel evithnbeseduipment tBingeehrteced teihb exdhendeadal tRe Mt MgHer

St reet oo layeeh hetwprk feyels asing asingfe piece of eduiprment iThisis dis thiosm imto deco(hiMikgn or
exchangedgliméing cable distrititien subtameds @R andeable distiutior arfpas-26Vz[ err] = cabl e

distri butors for ar eas A— E) 9 Cables with data |lines 10 Transm ssi on
l'ine to l}fﬂ;}j tersect on, V\é'r[ng cabl e run undergrtoung 12
Cabl e p FrGSERUNVERHION | n a
cabl e p'th o 8 Oglrs ?{Met snsB%uttes ié :é:ﬁg?:ﬁ bStr‘iL;glp wO%kP‘? these networks,

irfed or distributed at street

mtersectlons According to the method these junctions are defined as nodes 15 and the pipe
routes as edges 14. Exchange 7 is replaced by a main distribution node of the district heating
network. Because the requirements represent an abstract number in the method, and the district
heating requirements of the individual users can also be represented by a number, the method
does nck>t need to be changed in this regard, for example in order to apply it to a district heating
network.
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14 'Edge representing one side of a street 15 Node, junction for the

edges (14) 16 Servi ce edge to user 17 User with the | owest cost of
connection to the exchange (HVK, 7) 18 Mar ked transm ssion path fromthe
exchange (7) to the user (17) 19 Uger with the | owest cost of connection
to marked transm ssion path 18 20 Users subsequently connected to the
previously marked edges (14) and nodes (15) using the nmethod 21

Load on Listofaefeesncé hdmbend: User in process step Vb) 23 Cabl e

di stribution sub-area 24 Cabl e distribution sub-areas (23) whose |imt

edges (&) are attached to the sanme node 25 Edge in process step Vc) 26
Cabl e di &tri bSverbrtemitosa i n process step Vg 27 Eli mi nated cabl e

di stribugion gﬁm@ckprocess step Vh) 28 Node bordered by the limt edges
(Gk) of | ti @fe cabl e distribution sub-areas (23) 29 Cl osest node;
process Step Requirenents of a cable distribution area (26) 31
Load of edgesusaﬁquﬂﬁnents Edges of the new tree structure (33) created in
process gtep structure created in process step Vs) 34
Distri bu;§| on gﬁ%ﬁts’ﬁ V2 N%X‘fg%?%ﬁwa P97192wo

10- 356 ir?qtﬁbcaé'ﬁ"ﬂ?@?qt'i"butl on cable (34) 36 Node shared by the two

cable distri bMEain(dmrmnm&mae gmnk)éréxahawgé Mt)t he distribution cabl es

of both gable tribu S ru par al | el Areas in
supply terri tBP{r%t g%es? E?Pﬁ&@ﬁ@@fﬁﬂfﬁ AE)Oopper pai r Cu-VzK
Copper dfstri ﬁanwsmthc;htalmei]( L| mt edge of a cable distribution

sub- ar eaqd 23) Tidksmission Bt useAbl € HVK Exchange (7) Kvz Term nal for
the distribution cable of the cable distribution area KvVz area Cabl e

di stribull on Sieshintersection withicablp rugwndesgroendh| e ( 34)

12 Cable path to main distribution node

13 Cable for area E is laid in a cable pit together with part of the cable for area D
14 Edge representing one side of a street

15 Node, junction for the edges (14)

16 Service edge to user

17 User with the lowest cost of connection to the exchange (HVK, 7)
18 Marked transmission path from the exchange (7) to the user (17)

19 User with the lowest cost of connection to marked transmission path 18
20 Users subsequently connected to the previously marked edges (14) and nodes (15) using
the method

21 Load on the edges (14)

22 User in process step Vb)

23 Cable distribution sub-area

24 Cable distribution sub-areas (23) whose limit edges (Gk) are attached to the same node
25 Edge in process step Vc¢)

26 Cable distribution area in process step Vg

27 Eliminated cable distribution area, process step Vh)

28 Node bordered by the limit edges (Gk) of multiple cable distribution sub-areas (23)
29 Closest node; process step Vi)

30 Requirements of a cable distribution area (26)

31 Load of edges (23)

32 Edges of the new tree structure (33) created in process step Vs)

33 New tree structure created in process step Vs)

34 Distribution cable (VzK)
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99t 1469a P97192wo -4-
What is clained is: 1. Method for generating a network, in particular a
t el econmuni cation, water, district heating or power networ k which
connects all user residing within theijgerritory to be supplied to a main

di stribution node, generated by the foll ow ng nethod: A) Generation of a
network plan using the follow ng process steps: 1) Ceneration of a
graph (@5 r epPadngrf distybdtioe céblei(34) net wor k and conposed of edges (14) and

nodes ( . W = r.esentjng. all.transm ssion
pat hs i nlsl@t heﬁﬁﬁ‘ﬁf{ég &Emﬁgﬁﬁlﬁa@:@%&%za%g dﬁ@gé #h %'S?Pu‘foﬂgaatzﬁsges bei ng
derived fromthe real topography of the street segnents and defi nabl e
cabl e pa:i7hs Fd%he terri tory to be supplied by the network, and the
nodes representing the intersections between the streets and/or cable

paths; L) A@%@%E@P%ng%we users (3) to the graph (G, wth each user

(3) is connecte edge (14) or the closest node (15) of

the grapfd (G bipestradydi ce edge (16) I11) Creation of a tree structure
(Ba) by cqyovi ogpperpscessary edges (14) fromthe graph in such a way
t hat onlé( ﬁ%r}g gonne .ti._:)q., cci)['n%)osed of the service edges (16), edges (14),
and UNBYe S ORPEEYSIHPUIOREAYG ee structure (Ba), exists between the main
di stri buBk on nbichit efgg ofamable distributivachb-aree (23] 3) . V) Determ nation of the
| oad of ,Ié,he edgefR adid) in the tree structure (Ba), depending on the

needs and requirenments defined for the individual users (3). B.

Gener at i BYK of EXdapg&(brk according to the drafted plan. 2. Method

accor di v 0 Clréimiifalfor B Ais@BEtRR icaR8lofthe sdbRldiskibstilisaea'ent fifth process step

Vis us o.delimt areas and to di nension and select a technology (in
parti culeg(zﬂﬁ ha?'%g'ﬁégg?ftmf‘areﬁ cable or aline to be laid) to be used for

each edg¥éK 14) Disibutioncable{®e (16), and node (15) of

99t1469a
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the tree structure (Ba) on the basis of the |oads (21) of the edges (14)

cal cul ated in process steps I-IV. 3. Method according to Claim 2,
characterized in that process step Il is used to split the closest edge
(14) in the graph (G into two edges {f4a) at th ion between t he

cl osest edge (14) and the service edge (16) Q@ forms a
new node (15a). 4. Method according to one of t

char act eWhatslclaimetiisat t he tree structure (Ba) can be creat ed as foI | ows
in process step I11: 99t1 469b P97192wo

REVI SED PAGE a) Determ ne the user (3) whose transm ssion path to
t he mai n1-dylehad fergenemmtingotretyor, inpanieylat stelecommgniegtinn, (W@jer,i district beatitgeorl owest

provi si o EWQE"@W ﬁ?)a‘?t\é‘ PW“@ﬁ@graEHﬁﬁf%@htj’ 3 rgein gistribgdior neds @he | ocat ed
user (3)s éz? Ing,on the susting pryefinahie Incal aeeds #aq reauicaments (M) of Hie indvidyahisesi on pat h:
b) Then e nunber of as yet unnarked users (3
\A/Ztose transmets”é&lj%tHg%lov‘g"@rrp {,Jeg{'%%& mai n distributi gn node is the m)st( )
economi chl @aReratiemgfiargsa nhrtﬁbcoatpeaﬁsﬂrqfe (14dard yodes (15hwith the geaph @) (14) and
nodes (15) 't'ﬁ'udtftsé" B'Wtﬂvtgﬁa b'ﬁaﬂq&rdie MWéﬁne@lﬁw RethsH(B), of themkiwetk. and s

user (3), !7‘33% K% [?H ?"IV fr r?;[ r@gqpt@gogrgpnygf p street
t
o SSI m)gg n ?e gra CRyvest 988%9541 fﬁftreﬁgd') Fﬁb‘ggle(pfg? in the

|ch are not mar ked. 5. Method according to one of the
cedi ng clainms, characterized.in that the data of the real t opogr aphy -

of the sty eaeklgmﬁmnheusyasi(sﬂ@fm BAreGy muéh by dat(dakn lider %cbﬁrteEteB@J y (1)

to be shpglbdestedhy (Tuher thedivestinotis (151 eFieLgraph (@) by abaddliohaBarvite edded

data of thei#gsers (3) is stored in a second dat abase, and the second

da# st &b es, anong other things, the address, junction coordi nates

%2 eqw rements §42 to be covered by the network for each user (3). 6.
hod a Qcﬁ’ﬂ?‘ﬁ% Bireg et (BYhy refeqving jupessessantadaes i Mdrogr thebrapigQ) if ol | owed

by th uch a way ‘rhatct{‘%?eév' ®. 04 Pedem (19 ef thairee stiyctytst(Ra)
B L hom,ong gt i SFRy eggﬁ &W@ﬂ@%wwm@dwwm& i

particul ar a teI ecomuni cati on network, according to one of the

di
be depi 2%%@;&@@%@5@&* ﬁgfqiifgtn"tfttmé‘ fibhfibal, opblifind i o ALY 020
during generation of he graph (G, with each edge (14) representing

one side of a street. 8 Met hod according to Caim?7, characterized in

t hat t he2.Udethsi dc8yrdiogite tlaimclo ciraeattetioked i tHahe subsequeht ﬂftndroeésrslstva i0seaasle (7)
by tr ansfi¢ligititomaredsand todimdnsidneand seledt yhedechnslogiés tabe tssaifereach adge (04),

copper pé8fryige edog(19). and nededd) of thedries strugtide (Bakomiha hasis ofdreoads€2liobthe ngui shed
f r om one®dges & Falculatedjy prosessisteps biYsni ssi on capaciti es and maxi mum ranges,

wi th cabl es having d| fferent nunbers of copper pairs (CuDA) or gl ass
fibers b ow d, f L rrutl eus [s bei ng
suppl i edg '\H& }? il " e ' t $:° X V%a% Sn and/ or
dat a cﬁﬁeﬁuﬁtﬁu‘ é gr‘foﬁ%s P roma
cabl e (VzK) paSSI ng | ng to anot her user (3).

9. Method according to Ctalm7 or 8 characterlzed in that the area

del i mi t a#.iMetharatcértiag to one @f the petediignainas) dharedieizbd RhAR theltas sielie@apgy (in
parti cul ean hei dréntedoagdoiidws in procesdtep iir a |ine to be laid) to be used for

each edgg) (Defdrming ot RKFE) HRLE trhifisshol Bath @ 1@ MaiShsiRSH node (7) along the

graph (G) is the most economical one of all users (3), marking the located user (3) and the
edges (14) and nodes (15) that form the transmission path;

b) Then select the user (3) from the number of as yet unmarked users (3) whose transmission
path to the main distribution node is the most economical one, taking into account previously
marked edges (14) and nodes (15) of the previously marked transmission paths, marking this
user (3), as well as the edges (14) and nodes (15) that form this transmission path;

THIS SHEET HAS BEEN
REPLACED

99t1469a This Sheet Has Been Replaced

TR




a) Define the capacity of cable distributors (Kvz) and/or the range of the
transm ssi on equi pnent .to be used for the cable distribution area,
with the capacity being derived, in parti cul ar, om t he equi pnent to
be used for the cable distributors.; 42. 99t1 469b !MJ’ wmmmm' a user
(22) whose service edge (16) is connected to a node fm nect ed
to only one further edge (14); c) Starting at the user ("3) ssetect ed

i n step ¢) Repedtlstepb} tail sinrseis¢d) havkgissen (mkYed; edges (14), and nodes (15)
of the tree structure (Ba) in the direction of the exchange (7) until

reachi ng an edge, referred to belowas alimt edge (Ck), which borders
a node (d5)Remeue from the@mpbdEkall edges (14) wdne@géﬁ)nﬁhemméﬁ)lmw afexb} exceeds

t he capaci tRa™&4d/ or t he range of the cable distributor or cable

di stribution area deflned in step a); d) Mark aII users (3) that are

connect e tr%?i %épr o %a and ass%‘g

a cabl e unt [ I
user & Q% E a@@m gtea f“ab'%:%b'efa‘}%? §g§ﬁ°a SE,E ‘(‘j‘)é’as (23).
10 Met ab%Sé?Q th@%eédﬂd tabd¥e tore% hah i's

foll owedcdawmtdsraae RsyGirementsSHRB bl BovedBy tife dedik ﬁ:t ¥£ch ”Eér ' S Used t 0
conbine all cable distribution sub- areas (23) into cable di stribution

areas (26) so that the load (30) of each cable distribution area (26) does
not & Method actazdingiodXain\p, ciardcteszeddinthet tte gtaph (@)t followde bi hedret Biratue® a) ;
each useBa], &) generated Sromriksidatain both daglabgseane cabl e di stribution area (26).
11. Method according to one of the preceding claims, characterized in that

t he cabl; i Stri but | on sub ar eas 23 whi ch cannot be conbined with an

adj acent od fq; %Eg nqi?g ﬁr m pal‘ll gcargwpq:gﬂtggwm%‘ggm | oad,

t hus for ted from
the t ree W,mgachg ° m %E% street gf? (1 ‘ﬂrﬁ'gée%?f'BF gitg9eR 0 aim 9
or 1 0, racterl |n t ose cabl e distribution sub- ar eas

(23) whi ch are di rectly adj acent to each other are conbined into cable

di stri bug.iMethod accadifP®d dla@)7, charakidrizedBh thatind G&en @) B deQoMittteRto tht @i M5 10

t hr ough é)&hangla@a)qtransmstbnIllnestdﬂ&iffenéﬁt(!ﬂiésssusﬁ ercc@i:erlhﬁes or coppel paweed by the

f ol | owi nupAbareatass Sbeepsind the firpndriissin lisesoare Wistirngaishedenérebnbitieryt®a) for al |
cabl e di&ansmission eapasities- and emximurGREnaeh.osth dablesihaving diffeceninimbeds oficédpet he | oad
of a di reas( %Oaﬁiéﬁﬂfbé@@ﬁﬁg giovifled fatihis GHrpessand meutipleB%rs \(dibeing Berplied

smal | er ®a )i 31ch Avay kgt e pumper oflglsehqnejand/pistatretFansmissiethiines ane node
(28), is fgf% S (3)c?'?§r‘i’ef‘|‘{’e°“&§§?5%é|°?'§}e 2Ki RASENG BY piectseis@ apddqading it t he
cable di ¥ bt BF) g) Conbi ne any cable distribution sub-areas (23) of
this type located in the tree structure (Ba) into cable distribution

2 I k 23 d
CaTY U Rl Ol TG SR AT e i VR e " )

a) Define the cable distributor capacity and/or the range of the transmission equipment to be
used for the cable distribution area, with the capacity being derived, in particular, from the
equipment to be used for the cable distributors.;

b) Go to a user (22) whose service edge (16) is connected to a node (15) which is connected to
only one further edge (14);

¢) Starting at the user (3) selected in step b), follow the service edges (16), edges (14), and
. nodes (15) of the tree structure (Ba) in the direction of the exchange (7) until reaching an
edge, referred to below as a limit edge (Gk), which borders a node (15) that is connected to
an edge (25) whose load (21) exceeds the capacity and/or the range of the cable distributor
or cable distribution area defined in step a);
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" h) t?e'rmve the cable distribution areas (26) formed in process step g) from

the tree str and ignore themwhile generating the remaining
cable distri ;ﬂ!‘“’ﬂ!&mﬂﬁ ll so that all users (3), service edges
(16), edges < s*(14) conngcted to the exchange (7) by

99t 1469b P97192wo

REVI SED PAGE 7

7 - d) Wbe diliusers (3p thgearé Chnectectotpexchingd (1) 1bg thetlifnit etigee@Skp andussign e ( Ba) or
ar e i gnor ethemtte a cgtindistabutingsub-ared (28); r enai ni ng cabl e di stribution areas
(26); and subtract the load (30) of the separated cable di stribution
areas (27) fromthe assigned |oad (21) of all edges (14) connecting themto
t he e x ReRaghstersy through ) ”"Fh@rPSE'ﬁé@H‘aV\mEQeﬁ@FS'W totahlerdistibytion S¥hyes (Gk)
of additi oRBPS@3bl e distribution sub-areas (23) border on the node (27)
t hat connected the separated cabl e di strl bution area (27) to the

exchangeg (&Lma%l‘\ %S%’btatn% E&Eﬂz‘é ro(:éié) &pley sl% B&?&‘B ¥e the
connect i Z: rsive me dﬁ‘ﬁ:o

connect daBletd%tﬁbbtﬁ)n%?éé & (9% t2t9é 109@ bf(é chacable 6265‘ Joe§ (Gk)

bor der s. exceslidhe ddph a@@fmsemm.aebmd rat i step ﬁ@é‘ér%)lrszé%grghéﬂj tb Bay

addi t i orumk camélietibution arehye).on areas (26) can be created using the

fol |l ow ng process steps: j) Look for the node (28) that is connected to
only one edge (14) and at least one Iimt edge (Ck), with the load (21)

of the eldgMethedaccowingdo priectthe precadingiFigims: dharactedepddn thatghe mumbier oferblgt i ng or
to be i riisti ?I‘?rﬁast(ﬁ‘@ I§ pisinizadrin eroeRss siepd) ; k) If the sumof the |oads of
al | cabl e di stribution sub-areas (23) adjacent to the |ocated node
comi ne JFabsBedeiilin b et Kol sl Gep bt Bl
conbi ne a new
cabl e dé% ton 251 ryadjaf% wé o Ioagﬁ" '%ie?é%t ”[q 3%um of the
|nd|V|dua Ioads of the conbi ned cable dlstrlbutlon sub- ar eas (23) t hen go
to step I); If the sumof the loads of all cable distribution

sub ar ears. (Méfhbd actoRIMgNG ofelof Ciimd ttBic@ch T dRaracterized W¥at pBcgserpeyist han t he
capaci tyronbfweu bgthe adibowing petessiBtebar , conbi ne t hose adj acent cabl e

di stri b tssg cfhE fee étﬁr%')ur Gr 415 L,dls{}'. tro ;?H& reL wﬁ%r otaE'e hi ghest,
yet | OWE th the road:@f aEr cetn &ap (23)wh £0f mng a
new cabl e ht%ierrb I%bdainﬁav rtedgeié %al‘ﬁ (g; .g-@r et | on
sub-area ( #ah tf cab yB@rWe@ﬁrQJr&eEBéiéﬁé) ¢ leeabraaraabt(t% from tree

o ap i

istributio connectr'hg this
exchange cabl e

r | but | area
gﬁ. bulf %d' ‘°'a?r§a%@§)| fP"’!th“aE’H‘“éiﬁs F"Sp B)nféf’“t Eéfe%ﬁtf‘t‘}t':'f‘hr e (Ba)

i S@;.e;gr* i “e"“:rtrsr;;j;grzr: B

hiffi h%r ddaﬁr adj acent
to'a node

- tid fr@rﬁt e Hski dl&dd colﬁﬁé ﬁ'dthemtothe Fook for
the next negghahgs(n on Whl ch anot |mt ed ge ) borders starti ng from

he |imj
rtogesl Enz ) deﬁmg a gé g%é lca utro %&B(); ?Si (%%}t i on
r

sub- ar ea (Z l&an%sg) Gr‘n erﬁit’r\ n‘P"rerﬁ vedh ectnhd‘ 5‘(?5)0359 go
I

Ui

to step p)ias @hconnecthV?oSth F?é!&‘ odeRé ©f step o)
to conti nueu,ﬂ@p“méage Connect the limt e ge ( of the
cabl e distribution sub- area (23) to the node (29) Iocated I n step m ;

repeat steps f) through n) until step n) branches to step p);
14. Method according to Claim 13, characterized in that additional cable distribution areas (26)
can be created using the following process steps:

i) Look for the node (28) that is connected to only one edge (14) and at least one limit edge
(Gk), with the load (21) of the edge (14) being higher than all other edges (14) still existing or
to be included in the tree structure (Ba);
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REVI SED PAGE - p) This conpletes the process of creating the cable
di stribution areas (26). 15. Met hod accordi ng to”’ﬂ 10 t hrough
14, characterized in that the foll ow g process m I@ ed out
after the procedure for creating the cable distribution ar

conpl et ed: q) Determne the distribution center of each cable

di stri buk)i ofthesuemofitine Ibsdsak aibtableiistribatidnaubaicas (AN &tjacent tb &eUbdaRE@RBIs Of each
user assi gri2f] islesstthan ar afplattodhetapadityof tha catiedistrivutérNcombmers dethede cabie cabl e

di stri but i distributéon subareas 3} inte adievtaable distibnticnsnb-erca 28) whosslbdddnieattby the
junction bém%'ehofﬂfwendlwduablaaﬂseftmes;pmbmnqaah distribaticarsgbateas (28); ¢eoigooni cat i on

net wor k beit %th r the | oad of the cable distribution area
to each di :grge caﬁe St E"? b-3regs (¢ ?‘B‘@?eﬁtttpd'@t"iﬁa@d "ﬁ%ﬁ king all
div]

nodes and ?E ygembine t
- V\Ihl Ch C%Q ?i ;?ﬁgt%eu)t 1N

o

exchange ( Hemo@é‘ islcaBi8 dfsﬁ'im}bﬁ sfib- re!!I ﬁgﬁ% dﬁﬁ &%ﬁlﬁm fgdes and
edges fr omtree stridife 82§ ®r Rhérd ﬂWéﬁcr@étm %lﬂé &sth 38 (R 'ir?eﬁ st
subsequent iqdq8H 95ths tkrfifated cabfe disibutisCar@C QDY fibinniGe bSsigPee Ioad £l M Ing clains

13 t hrough etiggs (¢4)anaretingithie datiledisthtatiordrba (28Ptoshd ékthange (WNP&E calRglUi I ement s
(4) are gr distributianisabratehe (28hive etilthtisthedituthe tree stpatird (Ba) @b td stepst); éfpolyg) ar e
each defi nd¥st8gPlone cabl e distribution area (26) prior to conpleting

rocess gt epe ige (14)i dobnecting thé1R&R d#%ﬁé?otﬁé‘@;tbh@ SHeIigRe
{)echnol ogyerizgcﬁ%&y(ﬁgnbm;ngggﬁbg ents of t a ﬁder{g)s' eC|I Fc&bfggWso t hat the

f thi
o s 1 KRR ”"§§§§r i S;L%g%;é Hpph Bl o v
b

created in egé@ nd mov, ity defi ned
In step Va) ust coverl n re ui renments of this user, .
subsequeft °r"€ E tgped:gg 03')“1 F‘rséﬁﬁh”ﬂ)h@ef??%d'étﬂblﬁ'élﬂ Sitbeare2g), with
t he node f at‘ﬁ o5 3fsad )C'BHFE@S"OEW%%SE Potha fpde @ of Hisitgre

di stri but or 3§ g;rf’é%fe? Step o JpLoup aprlying t &t hod for deternining the

| oad of Q)héDoen@eme(Imﬂydger(katrteroaUedistnbuttomseb—étBaxzs) to thammer(zb) ngatedinone of
the precedistg§ ™| @peas stepiathaugle n) ungtsténm) braaches t steplpof (zero) is
initially This c@ﬁﬁﬁlbﬁ@fh@?&e@l df c@gﬁ]ﬁsthé detble o%flnt;uhc?ﬁ Jrééqaéat r ucture (Ba), and.
novi ng from one user (3) next along the eddes (14) and nodes
(15) in the direction of the exchange (7), the requi rements (4) of each
user is ildethot eceatiny te dogof(Claiys 10 thwabledd, chardderizb tnfind tHedblioding@RBesNi Ng t he
t ransmi sgersrareeaniesmuhaftenthe peaebduse fof cneating ¢heccabledisttibstiani dreasiisocompletedar eas ( 26)

formed ig) PRGNS theldRibMicRCeRrbrRdcH GbRMtrdltidr a?éé’fﬁ relatiol {AHI e IZn an

char act eri zeflirements 6f eabtdset £8ighé th v daalemrsmbﬁt%% ardLRfEh éﬁﬁﬁoﬁém

consecut i Veﬁs]hbutlonla)'eaﬂﬁsmtlmh@dlhtﬁﬁﬁo@f:en{é? and &R e&d%lyq hé juRGiBR Betivdehthd N t he
tree structcabledisBation area andiheitelerofmmnicatna hetwokito bSyertaty t he edges (14)

and nOdetzn(A% ntthQIotaE%ftﬁé‘Qab?e %%tﬁﬁu'h&c){p%%{o e%Eh&Qﬁbutlon ;[:gn%%)l € distribution area

(26) bel Ing to t of the user to
ea ed eq p%wgqaeﬁgructuggmg;g@g jgit p@pg_ggq,\gpges of the original tree structure
ced in process step llwhich connect the distribution centers defined as nodes to the
‘% exchange (7), and then remove all unmarked users, service edges, nodes and edges from
the tree structure or ignore them when performing the subsequent process steps.

- 16. Method according to one of the preceding claims, characterized in that all users (3) whose
requirements (4) are greater than the cable distributor capacity set in step Va) are each defined
as one cable distribution area (26) prior to completing process step Vf), with these users each
being assigned enough transmission equipment to cover the requirements of that specific user,
so that the node (15) on which the limit edge (Gk) of a user (3) of this type borders is assigned a

<3) 3) requirement for the new tree structure (Ba)to be created in process step Vs) which is a multiple
)7/ o of the capacity defined in step Va), thus just covering the requirements of ttis user, subsequently
removing this user (3) from the tree structure (Ba), with the node forming the distribution center or
location of the cable distributor assigned to the user (3).
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'\}v) Assi gn to each edge (14) a cable whose capacity just covers the | oad of

the parti cul 14); X) Assign to each node (15) a piece of
transm ssi oﬂmm HFH!& ” covers the | oad of that particul ar node
S *

(15). 19. to C ai ngl8, characterized in that process
steps IV and Va) to Vs) and steps u) to x) are applied to the new tree
structure (33) follow ng process step Vs), defining a di fferent

capaci t y7 anéthdrogetdrdmingltice 16@1of GrrlBdgestH SHtin the tieé Structire€ @) (pldapssisteph®) cr eat ed
on t he accordimgiotone ef thepreteding clims) chézgcterizedi thaf\p wlad o1 @eropi indtialiget hod

accor di rgsigned dnall agiges (14) of thedredistngpture (Baymandanovipgdroghedna uperdd)de the mg;

pr ogr amalong the edges (14) and nodes (15) in the direction of the exchang®)(7), thgsrgguirepents 60 aH

REVI SED epHigser is added to each edge (14) traveled.

18. Method for dimensioning the transmission equipment and cables for the cable distribution
areas (26) formed in process step V according to one of the preceding claims, characterized in
that the following process steps are completed consecutively:

u) Assign a load of “0" (zero) to all edges (14) in the tree structure (Ba);

v} Moving from each user (3) along the edges (14) and nodes (15) to the cable distributor of the
cable distribution area (26) belonging to the user (3), add the requirements (4) of the user to
each edge (14) traveled;

w) Assign to each edge (14) a cable whose capacity just covers the load of the particular edge
(14);

x) Assign to each node (15) a piece of transmission equipment which covers the load of that
particular node (15).

19. Method according to Claim 18, characterized in that process steps IV and Va) to Vs) and
steps u) to x) are applied to the new tree structure (33) following process step Vs), defining a
different capacity and range for the new cable distribution areas (26) to be created on the new
tree level in step Va).

20. Application of a method according to one of the preceding claims using a data processing
program. :
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