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Abstract

This paperdescribesan implementatiorof the genel
flexible interactivemethodof optimal networktopology de-
sign with simultaneouscalculation of network equipment
parameteswhich dependnthenetworktopology. Theini-
tial informationon the projectednetworkcontainsthe fol-
lowingdata: singleandcorporateusess location,thestruc-
ture and the quantity of their informationflowsto the dif-
ferentcorporateuses (assendes-receives) andQoSof all
uses. Thestructue and the quantity of informationflows
mustbe presentedn theform of probability characteristics
of theseflowsappliedto ead traffic type Thealgorithm of
theproposednethods basedon useof two comple poten-
tial functionsanda solvingof flow problems.Theproposed
methods integratedinto the comple softwae tool for net-
work design.There are numericalexperiments.

1. Introduction and problem for mulation
1.1. Review

The optimal topology designand the topology exten-
sion of high-speeccommunicatiometworks are presented
in numberof works with different problemformulations.
Oneof themis consideredn [1], [4], [5] and[8] (network
componentfocationarepredefined)In this casethe prob-
lem is connectedwith traffic estimation,optimal choiceof
link capacitieandmosteffective routingstratey. Another
formulationconsidershetopologyassurplusgraphswhere
switchingnodedocationis givenandlinks have to be cho-
senaccordingo differentconstraint§2] and[6].

Our problem formulation differs from the mentioned
above in the following point: we do not know the loca-
tion of switchingelementsandlinks, which connectthem.
User/netverk nodesare characterizedoy numberof in-
put/outputports, capacityand performance. However, in
our formulation we use only nodescapacities,since we
do not considerflow and congestioncontrol constraints

(suchas call blocking probability, propagatiordelay cell
lossprobability etc). Links/nodescapacitieexpressupper
boundto the total informationflow in the network. There-
fore, our approachcanbe usedboth asin the preliminary
stageof methodsfrom [1], [4], [5] and[8] asin indepen-
dentmethodof topologyoptimization.

We usethe continuousmathematicanethodsin order
to solve the discretemathematicproblem. Potentialusers
aregiven by their flow types,QoS and geographicaloca-
tions. Theseuserscanbe representethoth by singleusers
andby corporateones(i.e., setof usersthatareconnected
into one LAN). We usebudgetand reliability constraints
asoptimizationcriterionsandobtain(asresultsof the con-
sideredmethod)the number the type and the location of
user/netwrk nodesandlinks aswell aslinks andnodesca-
pacities. Besides,we can group single hostsinto corpo-
rate LAN. We assumethat links are inexpensve relative
to othernetwork componentsbut link costincreasesig-
nificantly asfar asits lengthgrows. The proposednethod
providessolutionsfor additionalsub-problemsa) onecom-
binesclosehoststogetheyb) anotheishavsfuturelocal net-
working with active information exchangebetweenhosts
and c) the third determinesoptimal equipmentproperties
which are economicallyreasonable. In addition, basing
on this method, it is possibleto reducecongestionsitu-
ationsand increaseperformanceof networks with unbal-
ancedoad. Onepracticalusageof the proposednethodis
MANSs designwhereLAN/MAN interconnectioris based
onATM. Theproposednethods basednresultsfrom[9].

1.2. Input information

LetS = {a® = (a!?;a{”)}, bea systemof cor
porateuserslocatedinto the rectangler on the planein
pointsad € 7 (i = 1,2, ..., I) with their"masses’q) =

>~ 4ij, Whereg;; is theinformationflows from the user
JEQ(A)
i to theuserj, Q (i) meanghesetof all receversor senders
which associatedvith the user: by informationflows ac-
cordingto all traffic types. We characterizeandompro-



cesse®f aninformationtransmissiorby meansof the fol-

lowing characteristicsthe sustainablit rateg, (i, j) and
theburstsizeo, (i, j) for thesendet, therecever j by traf-
fic typev (v = 1,2, 3,4, 5) correspondingo voice, video,
computerdata, compressedoice and compressedideo.
We possesslsoaninformationon nodesin theform of the
standardodesmenu@ (Q = (Q1; Q2; Qs; Qu; Qs), where
(; is acapacityof anavailableswitchingdevice).

1.3. Problem formulation

Solving main problemthreefollowing resultscould be
obtained:1) the optimal choiceof equipmentfor the pro-
jectednetwork on accountof the standarchodesmenu,2)
the optimal arrangemenbf network andusernodesin the
region of the projectednetwork on accountof dominating
informationflows andthe"density” of informationsources,
3) theoptimallayoutof thefutureinformationnetwork. We
take into accountboth the initial dataaboutnetwork flows
andthefinal resultsof the solutionpersecond.

2. Algorithm brief description

It is well known thatthe discretemathematicproblems
aredifficult solvable,in particular whentheir dimensionis
sufficiengy high. On the otherhand,the continuousmath-
ematicsmethodshave big advantagesn comparisonwith
thediscretemathematicsnethodecauseve canusepow-
erful conceptsuchasgradientpotentialfunctionandothet
Thereforejn ourproblemwe pasgin thesolvingprocedure
only) from the discreteformulationto the continuousone,
but we presere integral correlationbetweendiscreteand
continuousconceptsn thesameareasv C .

The main idea of our approachis basedon following
principles: 1) A transformatiorof point-wiseinformation
sourcesand drainson the planeto the "spread” form of
thesesourcesnddrains,i.e.,to theirdensityfunctiononthe
plane(in our considerationthosearepotentialfunctions,or
simply potentialsP;(z) i« = 4,5 x € w). 2) The similar
transformatiorof onedimensionalnformationflows onthe
planeinto the "spread”form of theseflows on the plane,
but now in the vectorform (the potential P;(z) i = 1,2, 3,
x € m). 3) We useso-calledoperatorof kernelsmoothing
with-well known kernelfunctionin orderto obtainatrans-
missionfrom thediscretegivendatato thetransformediata
(now in the continuoudorm i.e., in theform of a density).
Integral correlationis presered(for example for any given
circle 3~ ¢ = [ Ps(z)ds). 4) We considertwo "layers”

cs
of inforemationflgws: local flows andtransitones(seethe
potentialfunction Py (z,y)), correspondinglyfor designof
the planarnetwork graphpartandtransitlinks of this net-
work.

In thefollowing we usetwo abbreiations:(CS)- acom-
putersolution,if a correspondingrarameters obtainedby
a computercalculationsand (DS) - a designersolution, if
this solutionis setby designer

Ouralgorithmis interactve; it consistof initial stage(i)
andthreeadditionalstagesii)-(iv) whicharerealizedn the
certainrecursve process.

(). In theinitial stagewe definethe approximatenum-
berof network nodesandusemodeswhicharenecessario
provide prescribednformationflow. In this stagewe obtain
theinitial numberof nodes(which may be changedn fol-
lowing iterations)with their characteristicg¢selectingthese
nodesfrom the standarchodesmenu)andso-calledthera-
diusof "attachment’p. Lateron we usethis radiusfor two
purposesin orderto smoothcertaingivenfunctionsoutand
to createhevirtual usemodessystentor thenext recursve
process.Theinitial stageis to be realizedin the form of
(CS)+(DS).

In eachfollowing recursiorweimproveboththelocation
of network andusersnodesin the arear andthe network
topology (connectionf information origins by meansof
links).

(ii). Thefirst stageaim is to createa refinedinformation
for designermregardinginformation flows and information
originslocation. For this purposewe construcfive contin-
uousfunctionsdefinedatall pointsz € 7: Py (z) (theindi-
catorof thehorizontalflow projection),P (z) (theindicator
of theverticalflow projection),Ps(x) (theflows potential),
Py(z;y) (theindicatorof so-calledtransitflows; this func-
tion is definedon pair of pointssendeirecever, recever-
senderjand P5(x) (the origins potential). The calculation
of P;(-) fori =1, ..., 5 is performedby (CS).

(iii). DesigneDS)performsthesecondtage Themain
targetof designeis to locatenodes(for the chosemumber
of nodes)by usingthe functions P;(-) ¢ = 1,...,5 which
were obtainedearlier on the first stage. After that, a de-
signermustconnectselectechodesby links anddistribute
all corporateusersto differentusernodesusingalsothese
functionsP; for ¢ = 1,...,5. In addition,two supplemen-
tary proceduregalsoby (CS)) maybe usedby designerfor
the calculation:1) virtual nodedoad variationwhichis de-
pendednthosevirtual nodedisplacementandthechosen
radiusp, 2) virtual links load variationunderconditionsof
fixedparametersf thevirtual network. In thesecondstage
endpoint,a designerobtainsthe certainnetwork topology
with currentparametersvhich werefixedfor thisiteration.

(iv). Thethird stagesolvestheflow problemfor obtained
network with respectto corporateusersq® i = 1,...,T
which work asrandomsendersr randomrecevers. This
stageis performedby (CS).In view of solutionobtainedon
thethird stage a designercanintroducethe network topol-
ogy variationor nodeslocation,thenhe canbegin the nev
recursion,i.e., passto the first (ii) stagebut with new pa-



rameters.

3. Preliminary stage of nodes number
obtaining

We assumehata corporateuseris realizedin the form
of alocal network or a senerssystemwhichareconnected
with oneof usernodes.n addition,theusersnumbetin the
local network or in the senerssystemis sufiiciently large.
Usingthe limit theoremsof the probability theory we ob-
tain probabilisticcharacteristicef flows from eachcorpo-
rateuser Summingthesecharacteristicever all informa-
tion originsandtakinginto accountstatisticaldistributions
of pathslengthsin similar networks, we obtainthe general
flow @ persecondn the projectednetwork astherandom
vectorof known characteristicsHence usingthe standard
nodesmenu(i.e., @ = (Q1;@2; Qs; Q1; Qs)), we cande-
fine theminimal nodeshumberallowing thefuturenetwork
functioning. This choiceis realizedby (DS) in the form

N = "59, wherei € {1;2;3;4; 5}, Q is themathematical
expectatiornf () andk; isthecoeficientwhichis depended
onthe @ characteristics.

Restrictingoneself for example,N = N + N* nodes
in the network (where N* dependn the network topol-
ogy andflows),a designecanchangehis numberin accor
dancewith givennodesmenuin thefollowing iterations.

4. Algorithm for the potentials
Py(:) i=1,2,3.

The potential flow function helpsto localize the best
switchingnodesinstallationplace.

Let D; andD- be projectionsof the arear onthe axes
z andy, and® = D; Q) D, is the rectanglecontaining
all users. Fixing sufiiciently small numberd, we parti-
tion Dl and D, by meansof a meshsothatr = 1,..., R;
s wSandms = {z = (21522) € m : rd <

1 < ( 1)d;80 < z3 < (s + 1)d}; thenit is clear that
R S

= |J U mrs. Introducethe following notationsfor the
r=1s=1

orientedpairi andj (senderrecever): a(i, j) = (a¥;al?))
is the shortestconnectionof usersi and j, i.e., the sey-
menton the planewith endsa(? anda¥), e = (1;0),
e = (0;1), G(r,5) = {(i,4) : a(i;§) N 7mrs # 0}. Then
thefunctionsP;(z) for i = 1, 2,3 canbe calculatedn the

following form:

a(i, j); e
5 lalise®)

(,1)EG(r5) lla(, 7|
and 0

(ali,j);e®)]
2 e

(4,5)€G(r,s)

where(-; -) is ascalarproduct,||z|| = ||z||gz = /22 + 22
is anormof thevectorz;

Pl(érs) =

P2(§7‘s) =C

Py(62) = e1\/PE(6rs) + P (6rs) 2)

whereg;; = Z (@ (i, 5) + po(is §) - 00 (6, 5)]; po(i, 4) is

thereliability we|ghtcoef|C|entfor delivery of information
flow of thetypev fromitoj: v =1,...,5; 4,5 = 1, ..., I;
¢1 is anormalizingmultiplier. Recallin this point thatu
is atraffic typeandI is the numberof all usersandwe do
notconsider = j. Theseweightcoeficientsareconnected
with QoSanddatacharacteristicef thesender’:” andthe
greatercoeficientu, (i, j) correspondso thegreatewalue
of QoSby othercoincidingconditions.

Remark 1. In view of approximationof the potential
P;(z) fori = 1,2,3 by linearsplines thelevel linesof this
potentialaredirect. Therefore gachof themis represented
in theform of a piecaviselinearline and,henceijts position
is definedby finite sequencef points.

Considerall directionse,.s from the point-knotz,.; € 7
andselectthedirectione}, suchthatthe variationof P;(-)
for i = 1,2,3 is minimal (in essencethis directioncoin-
cideswith thelevel line from thepointz,.).

Remark 2. In view of the samecauseghat are men-
tionedby us in Remarkl, thereexists the classof piece-
wise linear splineson = (which is generatedy seggments-
edgesof the given mesh)suchthat the variationof P; for
i = 1,2, 3 is minimal alongthesdines. We shall call simi-
lar linesthe piecavise splinesof the minimal gradient.

5. Algorithm for the potential functions
Py(+) and Ps(-)

The transitflows indicator P, (z; y) is definedon 72 C
R? ® R2 = R* by meansof the averagingwith the ker
nel function f(z) (z € R') dependingon the following
factors:installationconditionsof senersto the usernodes,
costof userand network nodes. Recallthat the useri is
locatedin thepointa(® € 7.

Lets = s(z;p) = {€ € 7 : |6 —2llp < p} bea
"ball” centeredn thepointz of theradiusp, where||z|| s =
max{|z1]|;|z2|} for z = (x1;22), andlet H(rs),(kl) (p) =



{@9) - al) € S(xrs;p);a(j) € s(ywi; p); s(Trsip) N

s(yw; p) = 0;qi; > 0} beasetof nonemptyconnections
betweers(z,s; p) ands(yxi; p). At first we definethefunc-

tion Py(z;y) (Wherez,y € R2) only in the points-knots
of the mesh{(mm;ykl)}ﬁfhs:l)’(k:hlzl) e m* C R* by

meansof the following operatomwhich symmetricwith re-

spectto the differentknotsz,s # yi; (links resourcesre
sharedy bothflow directions):

c
Py(@rs3ym) = lel > Gij -
(4:9) € H(rsy, (k1) (P) (3)

~fUla®? =zl £ (llaY = yrall)

where f(-) meanshe kernelfunction usedby us for aver

agingin orderto constructthe continuousanalogyof dis-

cretelydistributedorigins, || - || meansthe usualeucledian
normin thefinite-dimensionagpaceR* andc, is anormal-
izing multiplier.

Now we passto constructionof Ps(-). Notingby ¢ =
{¢W}L_,, weintroducethe measurgi generatedy means
of the pair (S, ¢). This measures Stilt'es’s measurewith
the supportS. In orderto constructthe continuousfunc-
tion P;(-) (theuserpotential)from themeasurg: definedn
thediscreteform, we usethefollowing smoothingoperator
Ps(z) = [ pdt,wheretheintegralis the Stilt'es’sinte-

s(z;p)
gral(i.e. asasum),s = s(z;p) = {t € 7 : ||t — z|]| < p}
and||t — z|| = max{|t1 — z1];|t2 — z2|}. By usingthis
operatoin thepoints—knots;[a:m}f;*is:1 of themeshmen-
tionedin Sect.4, we obtainthevaluesof thefunction Ps

Pf-,(g,«s)zél% 3¢ @

iES(z” ?P)

in thesepoints-knotswherecs is a normalizingmultiplier.
Furtherwe extendthe function P; from thesenodalpoints
up to the function P; definedon the whole rectangler in
thesameway thatwasmentionedn Sect.4 (i.e.,by means
of the linearspline interpolation). In the case,whenthe
numberof corporataiserds verybig, thefunction P; shavs
therealdensityof informationflows origins.

Remark 3. Similarly to the conclusionsmentionedin
Remarksl and?2, the level lines of P,(z) and Ps(z) con-
sistof directlines sggments hence their positionsarede-
finedby finite sequencesf points.Besidesthereexiststhe
classof piecaviselinearsplinesonz (whichis generatetby
segments-edgesf the givenmesh)suchthatthe variations
of P,(x) andPs(z) areminimal alongthesdines.

ThepotentialfunctionsP;(-) and Ps(-) mustbenormed
sothattheclassical’Kirchhoff conditions”for the network
hold (seePrinciple4, Sect.2), i.e.

K
| Ps(z)dx — | P3(z)dz| < Q, (5)

whereQ = [ Ps(z)dz isall theusergenerateihformation.

Constanta:lr and ¢z can be obtainedapproximatelyfrom
conditions(5) and(6) for ¢ = 0 (thisis flow balance).

6. Design steps and regulation criterions

Designprocesss recursve (everynext iterationhasbeen
directedto animprovementof the generalstateof the con-
siderednetwork, i.e., to a lowering of the total (summa-
rized) flow acrossall nodes- CriterionC*). Designeralso
usesseveral options-procedureallowing to calculatethe
averageof informationflows acrosghe”circle” s = s(x; p)
asafunctionof thepoint-center: andtheradiusp (seeSect.
5).

Let a numbere > 0 be the small prescribednumber
which definesthe part of information flows locatedsuffi-
ciently incorvenientlywith respectto nodes. We call the
circlesfamily {s = s(z®); p,) }J<, thecoveringX. if the
following inequalityholds

K
1Y | B@)de — | P(a)da| <eQ,  (6)

I
whereQ = [Ps3(z)dz = 3 ¢ is the generalflow in

i=1

the considergdwetv\ork. Generallyspeaking,partition of

all nodesinto two groups(usersnodesandnetwork nodes)
is sufficiently conditional,since,in mostcasesthe nodes
arerealizedas both usernodesand network nodesin the
sameime. Thereforewe partitionall nodesnto two groups
virtually. Designeractionsare consistedof the following

steps:

Step 1 (Virtual network nodes arrangement of the
planar network layer). UsingRemarksl,2 andthe func-
tion P;(-) undercondition of restrictionon the switching
nodesnumberadesignedefineghevirtual network nodes
location(DS). We selecta network nodelocationcriterion
in thefollowing way.

a) Thenetwork nodemustbelocatedin thepointsof the
local maximumof thefunction P;(-). It is motivatedby an
easycause- the densityof dataprocessings maximalin
this pointandin its certainneighborhoodof courseunder
conditionthatthe function valuesin thesepointsare suffi-
ciently large).

b) If the local maximumpointsnumbern* is large,i.e.
n* > N, thena designerdefinesthe location of network
nodesin orderto reachthe maximalvalueof the total flow
in the covering £. = {8, = s(zx;p)}, (DS). Herea
designermusesintegration procedure®f the function P;(+)
on this covering which satisfiesconditions(5) and (6) on
theaccountof the potentialfunctionsP; and P, (CS).The



usersi ¢ ¥. canbe connectedvith ary selectechodesin
thenetwork usingothercriterions.

Step 2 (Virtual user nodes arrangement of the planar
network layer). UsingRemark3 andthefunction P5(-) un-
der conditionof a restrictionon the switchingnodesnum-
ber, a designerdefinesthe location of virtual usernodes
(DS). In this case,he usesalso options-procedureallow-
ing to calculatethe integral of the information generation
"density” from originsonthecircle s(z; p).

Theusernodemustbe locatedin the areawith the high
informationgeneratiordensityP;(-) becausef all connec-
tionsbetweerthis usernodeandsenersof closeuserswill
beshort. Then,in thiscaseijt is possibleo reachtheeasiest
service.

Step 3 (Coordination of virtual network and user
nodesto real nodes) This stepis the mostimportantin the
design. On the first and secondstepswe obtainedthe lo-
cationof virtual nodesonly (network and usernodessep-
arately), but this situationis not real. The virtual nodes
locationis the only desiredone and now a designemust
agreeon therealnodedocation. In this processa designer
canreducetwo neighboringnodes(network nodeanduser
node)to one nodeon accountof (1),(2) and the standard
nodesmenu(DS). In theendof the procesa designemust
obtain the systemof nodesso that the following require-
mentsaresatisfied:1) Thegenerahodeshumberm located
by designeiis suchthatn < N, whereN isthenodesnum-
ber acceptedy designeron the designbeginning. 2) All
nodescanbe representedby two groups(the first of them
containsnetwork nodesonly, the secondgroup consistsof
nodesfunctioning as userand network nodesat the same
time). 3) Nodespower mustcorrespondo the generalin-
formationflow densityin the circlesaroundnodelocation
points(CS).

To reachthe statedtarget, a designetusesthe Lebesgue
setsof functionsP;(-) fori = 3,5, i.e.,L3(h3) = {z € 7 :
Ps(z) > h3} andLs(hs) = {z € 7 : Ps(z) > hs} cor
respondinglywherehs andh; are prescribedsufficiently
high) levels which may be definedfrom earliercalculated
P; and P5. It is usefulto constructandto usethe inter-
SeCtionL35(h3; h5) = L3(h3) N L5(h5) (CS) ngh data
processinglensityof theinformationflow andhigh density
of theinformationgeneratiorcharacterizéhis set.

The location of all nodesmust be correlatedwith the
functionsP; (-) and P (-) (CS),aswell.

Step 4 (Links construction) At first we constructso-
calledtransit” links (i.e., sufficiently long links) by means
of the function P,(-) using points of its local maxi-
mumsand its Lebesgues set L4(h4) for suficiently big
values hy (CS+DS). The local maximum point of the
function P,(z,y) togetherwith its certain neighborhood
s((o0,90);7) = (20, p) D 5(yo; p) Shavs power transit
links, definitely, undercondition s(zo, p) () s(yo;p) = @

(i.e., whenthe distancebetweenz, andyy is sufficiently
long). A designerhasa possibility to selectone or sev-
eral transitlinks in concordwith nodesand links which
are alreadyin the presence.We have herer = v/2p in
view of (2). Thenwe constructso-called’local” links (i.e.,
links connectingclosenodes)taking into accounttwo fac-
tors (DS+CS):functions P, (-), P»(-) andtransitlinks ob-
tainedalready In addition, we usethe certainprocedure
of distributed flows collection on the planeto one direc-
tion. Define the option-proceduref the join of continu-
ously distributedflows to the unitedflow with discretedi-
rection. Let #¥* and@*2 be two nodesconnectedvith the
link [6%1, 8%2], let two two-dimensionakimplexes (two tri-
angles)A (6%, 6% 9%2) and A(6*1,0%" | 6*>) beconjugate
with thecommoredgelf* , 6*2], let 3 = L (%1 +-6*' +6%2)
andp” = (6% +6*" +6*) becentersf thesesimplexes.

Let @ = Q@*,6%) = A6, ,6%) U
A(6%,6%" 6*>) be a domainthat associateavith the vir-
tuallink [9%, 8%2]; thentheinformationflow in thislink can
beestimateas

F(6%,0%) = MPi(z) + Ao Po(z)]dz, (7)
Q(0%1,0%2)
wherex = (z1;29) € 7, a¥ = (a¥;af) € 7, k> =
(a*2; ak?) € 7, coeficients\; and ), dependon theratio
k k
7?;;:23,“;; . A designemimsto connechodessuchthat: 1)
the flow condensean the area® hasthe sufficiently large
value,?2) thelinks numberis sufficiently small. In essence,
thelastratio definesananglecoordinatedvith thedirection
of theconsideredink andintegral (7) meanghevectorpart
of thewholeflow thatis "absorbed™y this link.

It is necessaryto correctthe functions P;(-) for i =
1,2, 3 afterthe constructionof eachreal link by meansof
thementionedorocedurgCS).

Step 5 (Flow problem solving) In thislaststepof recur
sive processwe solve the linear problem(for the caseof
constanflows)with anobjectfunctionaccordingo thecri-
terionC*. Eachiterationendswith this problemsolution.

7. Numerical results

We consideithe problemof network constructioron ge-
ographicabrear wherecorporatausersaredistributeduni-
formly. Therearen, userssothateachof themhastraffic
characteristicgivenby ¢,,. Assumingthatlinks costis suf-
ficiently low in comparisonwith network nodescost, our
goalis to minimize amountof network equipment(calcu-
lated as summaryof switching capacitiessimultaneously
taking into accountlinks length. We follow to the exam-
ple consideredn [3]. In our exampler = 2, ny = 120,
ny = 40, t1 is an aggrgatedtraffic from 15 standard64
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Table 1. Switching capacities.

Switch | Capacitiedor | Estimatedcapacities
number| resulttopology | for topologyfrom [3]

1 500 600

2 990 1560

3 766 980

4 2400 1100

5 2100 820

6 2800 740

7 900 2800

8 1100 2620

9 - 1100

10 - 2380

Table 2. Network topology information for
sample networks.

Ourtopology | Topologyfrom [3]
No. of switches 8 10
No. of net.nodes 1 3
No. of links 12 14

Kbpsvoicechannelsvith connectiorprobability0.7 andt,
is atraffic with peakbit rate300Kbpsandburstperiod100
ms. We boundlink capacityto 155 Mbps and switching
capacityto sufficiently big number In Fig.1 we show the
topology constructedy proposednethodcomparingit to
theexamplefrom [3].

Tablelillustratesswitchingcapacitiesecessarjor sta-
ble network operatiorthatwereobtainecby our method.In
column2 we presentesultvaluesobtainedoy topologylay-
outdesign.For adequateomparisonywe usethesameusers
distribution on the planefor the topologyfrom [3] andour
methodis usedfor capacityestimationonly. Thesevalues
arepresentedn column3. Table2 summarizesheamount
of network equipmenusedin thesamples.

8. Conclusion

The correctdefinition of switchingequipmentand net-
work layoutis a first stageof network designandresource
allocation problem. The proposedapproachresolesthe
problemof switchingequipmentelectiortogethemwith the
optimaltopologydesign.In addition,it is possibleto make
optimal routing precalculationwith respectto congestion
andperformancelegradatioravoidance Besidesthe algo-
rithm hasthe following advantages:1) By takinginto ac-
countpropertieof thesmoothingoperatorghatareusedin
constructiorof the potentialfunctionsP;(z) 1 = 1,2,3,5
and Py (z,y) we obtainessentiaimprovementof problem
solution quality with growth of corporateusersnumber;

therefore,this approachdoesnot meetdifficulties of the
scalingproblem. This follows immediatelyfrom a more
preciserepresentatiorof the discreteformulation by the
continuousone. 2) The proposedmethodallows to re-

solve network problemswith non-planargraphs(by using
Py(z,y)) for transitlinks. Hence,it is possibleto construct
hybrid networks(with wirelesdinks astransitones) though
ary locallink in the"planar” layeralsocanbe wireless.3)

Our approachallows to take into accountthe resourcef

the alreadyfunctioningnetwork andits resourcegould be
usedfor the projectednetwork.
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