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Abstract

This paperdescribesan implementationof the general
flexible interactivemethodof optimalnetworktopologyde-
sign with simultaneouscalculation of networkequipment
parameterswhich dependonthenetworktopology. Theini-
tial informationon theprojectednetworkcontainsthe fol-
lowingdata: singleandcorporateusers location,thestruc-
ture and the quantityof their informationflowsto the dif-
ferentcorporateusers(assenders-receivers)andQoSof all
users. Thestructure and the quantityof informationflows
mustbepresentedin theformof probabilitycharacteristics
of theseflowsappliedto each traffic type. Thealgorithmof
theproposedmethodis basedonuseof twocomplex poten-
tial functionsanda solvingof flowproblems.Theproposed
methodis integratedinto thecomplex software tool for net-
workdesign.Therearenumericalexperiments.

1. Introduction and problem formulation

1.1. Review

The optimal topology designand the topology exten-
sionof high-speedcommunicationnetworksarepresented
in numberof works with different problemformulations.
Oneof themis consideredin [1], [4], [5] and[8] (network
componentslocationarepredefined).In thiscase,theprob-
lem is connectedwith traffic estimation,optimalchoiceof
link capacitiesandmosteffective routingstrategy. Another
formulationconsidersthetopologyassurplusgraphs,where
switchingnodeslocationis givenandlinks have to becho-
senaccordingto differentconstraints[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/network nodesare characterizedby 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, propagationdelay, cell
lossprobabilityetc). Links/nodescapacitiesexpressupper
boundto thetotal informationflow in thenetwork. There-
fore, our approachcanbe usedboth asin the preliminary
stageof methodsfrom [1], [4], [5] and[8] as in indepen-
dentmethodof topologyoptimization.

We use the continuousmathematicsmethodsin order
to solve thediscretemathematicsproblem. Potentialusers
aregivenby their flow types,QoSandgeographicalloca-
tions. Theseuserscanbe representedbothby singleusers
andby corporateones(i.e., setof usersthatareconnected
into one LAN). We usebudgetand reliability constraints
asoptimizationcriterionsandobtain(asresultsof thecon-
sideredmethod)the number, the type and the locationof
user/network nodesandlinks aswell aslinks andnodesca-
pacities. Besides,we can group single hostsinto corpo-
rate LAN. We assume,that links are inexpensive relative
to othernetwork components,but link cost increasessig-
nificantly asfar asits lengthgrows. Theproposedmethod
providessolutionsfor additionalsub-problems:a)onecom-
binesclosehoststogether, b) anothershowsfuturelocalnet-
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-
ancedload. Onepracticalusageof theproposedmethodis
MANs designwhereLAN/MAN interconnectionis based
onATM. Theproposedmethodis basedonresultsfrom [9].

1.2. Input information

Let
���������
	��
����� �
	����� � �
	���������	
� � be a systemof cor-

porateuserslocatedinto the rectangle� on the planein
points

� �
	���� � ( � �! #"%$&"('
'�'�"*) ) with their ”masses”+ �
	�� �,-/.10 �
	�� + 	 - , where + 	 - is the informationflows from theuser� to theuser2 , 3 � � � meansthesetof all receiversor senders
which associatedwith the user � by informationflows ac-
cording to all traffic types. We characterizerandompro-



cessesof an informationtransmissionby meansof thefol-
lowing characteristics:the sustainablebit rate 4+(5 � � " 2 � and
theburstsize 6 5 � � " 2 � for thesender� , thereceiver 2 by traf-
fic type 7 ( 7 �! #"%$&"%89"*:;"%< ) correspondingto voice,video,
computerdata, compressedvoice and compressedvideo.
We possessalsoaninformationonnodesin theform of the
standardnodesmenu =3 ( =3 �>� =3 � � =3 � � =3@? � =3BA � =3@C � , where=3 	 is acapacityof anavailableswitchingdevice).

1.3. Problem formulation

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

2. Algorithm brief description

It is well known thatthediscretemathematicsproblems
aredifficult solvable,in particular, whentheir dimensionis
sufficiency high. On theotherhand,thecontinuousmath-
ematicsmethodshave big advantagesin comparisonwith
thediscretemathematicsmethodsbecausewecanusepow-
erful conceptssuchasgradient,potentialfunctionandother.
Therefore,in ourproblemwepass(in thesolvingprocedure
only) from thediscreteformulationto thecontinuousone,
but we preserve integral correlationbetweendiscreteand
continuousconceptsin thesameareasDFEF� .

The main idea of our approachis basedon following
principles: 1) A transformationof point-wiseinformation
sourcesand drainson the planeto the ”spread” form of
thesesourcesanddrains,i.e.,to theirdensityfunctiononthe
plane(in ourconsideration,thosearepotentialfunctions,or
simply potentialsG 	 ��H � � �I:;"�<JH � � ). 2) The similar
transformationof onedimensionalinformationflowsonthe
planeinto the ”spread” form of theseflows on the plane,
but now in thevectorform (thepotential G 	 �KH � � �L #"%$9"*8 ,H � � ). 3) We useso-calledoperatorof kernelsmoothing
with-well known kernelfunctionin orderto obtaina trans-
missionfrom thediscretegivendatato thetransformeddata
(now in thecontinuousform i.e., in the form of a density).
Integralcorrelationis preserved(for example,for any given
circle

,	 .#M + �
	����ONM G C �KH �QPSR ). 4) We considertwo ”layers”

of informationflows: local flows andtransitones(seethe
potentialfunction GTA �KHU"QV � ), correspondingly, for designof
theplanarnetwork graphpart andtransit links of this net-
work.

In thefollowing weusetwo abbreviations:(CS)- acom-
putersolution,if a correspondingparameteris obtainedby
a computercalculationsand(DS) - a designersolution, if
thissolutionis setby designer.

Ouralgorithmis interactive; it consistsof initial stage(i)
andthreeadditionalstages(ii)-(iv) whicharerealizedin the
certainrecursiveprocess.

(i). In the initial stagewe definetheapproximatenum-
berof networknodesandusernodes,whicharenecessaryto
provideprescribedinformationflow. In thisstageweobtain
the initial numberof nodes(which maybechangedin fol-
lowing iterations)with their characteristics(selectingthese
nodesfrom thestandardnodesmenu)andso-calledthera-
diusof ”attachment”W . Lateron we usethis radiusfor two
purposes:in ordertosmoothcertaingivenfunctionsoutand
to createthevirtual usernodessystemfor thenext recursive
process.The initial stageis to be realizedin the form of
(CS)+(DS).

In eachfollowingrecursionweimproveboththelocation
of network andusersnodesin the area � andthe network
topology(connectionsof informationorigins by meansof
links).

(ii).Thefirst stageaim is to createa refinedinformation
for designerregardinginformation flows and information
originslocation.For thispurpose,weconstructfivecontin-
uousfunctionsdefinedatall points

H � � : G � ��H � (theindi-
catorof thehorizontalflow projection),G � ��H � (theindicator
of theverticalflow projection),G ? �KH � (theflows potential),G A �KH � V � (the indicatorof so-calledtransitflows; this func-
tion is definedon pair of pointssender-receiver, receiver-
sender)and G C �KH � (the origins potential). The calculation
of G 	 �YX � for � �Z 1"('
'�'�"%< is performedby (CS).

(iii). Designer(DS)performsthesecondstage.Themain
targetof designeris to locatenodes(for thechosennumber
of nodes)by usingthe functions G 	 �QX � � �[ 1"('
'�'
"�<

which
wereobtainedearlieron the first stage. After that, a de-
signermustconnectselectednodesby links anddistribute
all corporateusersto differentusernodesusingalsothese
functions G 	 for � �\ 1"('
'�'�"%<

. In addition,two supplemen-
taryprocedures(alsoby (CS))maybeusedby designerfor
thecalculation:1) virtual nodesloadvariationwhich is de-
pendedonthosevirtual nodesdisplacementsandthechosen
radius W , 2) virtual links loadvariationunderconditionsof
fixedparametersof thevirtual network. In thesecondstage
endpoint,a designerobtainsthe certainnetwork topology
with currentparameterswhichwerefixedfor this iteration.

(iv). Thethird stagesolvestheflow problemfor obtained
network with respectto corporateusers + �
	�� � �] 1"('
'�'�"*)
which work asrandomsendersor randomreceivers. This
stageis performedby (CS).In view of solutionobtainedon
thethird stage,a designercanintroducethenetwork topol-
ogy variationor nodeslocation,thenhecanbegin thenew
recursion,i.e., passto the first (ii) stagebut with new pa-
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rameters.

3. Preliminary stage of nodes number
obtaining

We assumethata corporateuseris realizedin the form
of a localnetwork or aserverssystem,whichareconnected
with oneof usernodes.In addition,theusersnumberin the
local network or in theserverssystemis sufficiently large.
Using the limit theoremsof the probability theory, we ob-
tain probabilisticcharacteristicsof flows from eachcorpo-
rateuser. Summingthesecharacteristicsover all informa-
tion originsandtakinginto accountstatisticaldistributions
of pathslengthsin similar networks,we obtainthegeneral
flow 3 persecondin theprojectednetwork asthe random
vectorof known characteristics.Hence,usingthestandard
nodesmenu(i.e., =3 �^� =3 � � =3 � � =3@? � =3BA � =3@C � ), we cande-
finetheminimalnodesnumberallowing thefuturenetwork
functioning. This choiceis realizedby (DS) in the form_` �Ia�bdc0e0Tf , where � � �# � $ � 8 � : � < � , g3 is themathematical
expectationof 3 and h � is thecoefficientwhichis depended
onthe 3 characteristics.

Restrictingoneself,for example,
` � _`\ij`lk

nodes
in the network (where

`lk
dependson the network topol-

ogyandflows),adesignercanchangethisnumberin accor-
dancewith givennodesmenuin thefollowing iterations.

4. Algorithm for the potentialsmonqp#rYs tvuxwzy�{|y;}|~
The potential flow function helps to localize the best

switchingnodesinstallationplace.

Let � � and � � beprojectionsof thearea� on theaxesH
and

V
, and � � � �d� � � is the rectanglecontaining

all users. Fixing sufficiently small number � , we parti-
tion � � and � � by meansof a meshso that � �\ 1"('
'�'�"*�

;R �� #"�'�'
'�"%�
and ��� M ���(H����KH � � H � � � �[���q�O�H � � � � i  � � ��R ��� H � � � R i  � � � ; thenit is clear, that� � ��� � � ��M � � ��� M . Introducethe following notationsfor the

orientedpair � and2 (sender-receiver): � � � " 2 � �Z���;��	
� � �;� - � �
is the shortestconnectionof users � and 2 , i.e., the seg-
menton the planewith ends

���
	��
and

��� - �
, � � � �o���Q �*�S� ,� � � ���L� �9�  � , � � � " R�� �>��� � " 2 � �&� � � � 2 �T� ��� MJ���� � . Then

the functions G 	 �KH � for � �! 1"�$&"*8 canbecalculatedin the

following form:

G � �K� � M � �¡  � ¢�
	�£ - � .1¤ � � £ M �
¥§¦ � � � " 2 �¨� � � � �Q© ¥ª � � � " 2 � ª + 	 -�S« P

G � �K� � M � �¡  � ¢�
	�£ - � .1¤ � � £ M �
¥§¦ � � � " 2 �¨� � � � � © ¥ª � � � " 2 � ª + 	 - (1)

where
¦ X � X¬© is a scalarproduct,

ª H ª � ª H ª%­¯® �±° H � � i H ��
is a normof thevector

H
;

GU? �K� � M � �j  �³² G �� ��� � M � i G �� �K� � M � (2)

where + 	 - � C,5 � �(´ 4+(5 � � " 2 � i¶µ 5 � � " 2 � X 6�5 � � " 2 �¸· ; µ 5 � � " 2 � is

thereliability weightcoefficientfor deliveryof information
flow of thetype 7 from � to 2 : 7 �! 1"('
'�'�"%< ; � " 2 �O #"�'�'
'�"*) ;  � is a normalizingmultiplier. Recall in this point that 7
is a traffic typeand

)
is thenumberof all usersandwe do

notconsider� � 2 . Theseweightcoefficientsareconnected
with QoSanddatacharacteristicsof thesender” � ” andthe
greatercoefficient

µ 5 � � " 2 � correspondsto thegreatervalue
of QoSby othercoincidingconditions.

Remark 1. In view of approximationof the potentialG 	 �KH � for � �� #"%$&"%8 by linearsplines,thelevel linesof this
potentialaredirect. Therefore,eachof themis represented
in theform of apiecewiselinearline and,hence,its position
is definedby finite sequenceof points.

Considerall directions��� M from thepoint-knot
H � M � �

andselectthedirection � k� M suchthat thevariationof G 	 �YX �
for � �¹ 1"�$&"*8

is minimal (in essence,this directioncoin-
cideswith thelevel line from thepoint

H � M ).
Remark 2. In view of the samecausesthat aremen-

tionedby us in Remark1, thereexists the classof piece-
wise linear splineson � (which is generatedby segments-
edgesof the given mesh)suchthat the variationof G 	 for� �� 1"%$9"*8 is minimalalongtheselines. We shallcall simi-
lar linesthepiecewisesplinesof theminimalgradient.

5. Algorithm for the potential functionsm»ºUp#r¸s
and

m½¼¾p#r¸s
The transitflows indicator GUA �KH � V � is definedon � � E¿ � � ¿ � � ¿ A by meansof the averagingwith the ker-

nel function À ��H � �KH � ¿ � � dependingon the following
factors:installationconditionsof serversto theusernodes,
costof userandnetwork nodes. Recall that the user � is
locatedin thepoint

�;��	
� � � .
Let R � R ��H � W � ����� � �Á� ª �ÃÂjH ª�Ä �ÅW � be a

”ball” centeredin thepoint
H

of theradiusW , where
ª H ª Ä �ÆoÇqÈ � ¥ H � ¥ � ¥ H � ¥ � for

HÉ�Ê��H � � H � � , andlet Ë � � M �¸£¬��Ì�Í§� � W � �
3



�S� � � 2 � � ���
	�� � R ��H � M � W �¨� �;� - � � R ��V Ì�Í � W �/�%R �KH � M � W �Î�R ��V Ì�Í � W � �Ï� � + 	 -ÑÐ �&� bea setof nonemptyconnections
betweenR ��H � M � W � and R �KV Ì¨ÍY� W � . At first wedefinethefunc-
tion GUA �KH � V � (where

HU"QV � ¿ �
) only in the points-knots

of themesh
�S��H � M � V Ì¨Í���� �TÒ �� � � � Ò M � � �Ó£¬��Ì/� � Ò Í§� � � � � � E ¿ A by

meansof the following operatorwhich symmetricwith re-
spectto the differentknots

H � Ml��OV Ì�Í (links resourcesare
sharedby bothflow directions):G A ��H � M � V Ì�Í � �   � (Ô W A ¢�
	 Ò - � .1ÕzÖ¬×¸Ø�ÙÛÚ ÖÝÜQÞ¬Ù �
ß�� + 	 - XX À � ª � �
	
� ÂàH � M ª � À � ª � � - � ÂàV Ì�Í ª � (3)

where À �QX � meansthekernelfunctionusedby us for aver-
agingin orderto constructthe continuousanalogyof dis-
cretelydistributedorigins,

ª X ª
meanstheusualeucledian

normin thefinite-dimensionalspace
¿ A and

  � is anormal-
izing multiplier.

Now we passto constructionof G C �YX � . Noting by + �� + �
	�� � �	�� � , we introducethemeasure
_µ

generatedby means
of the pair

����" + � . This measureis Stilt’es’s measurewith
the support

�
. In order to constructthe continuousfunc-

tion G C �YX � (theuserpotential)from themeasure
_µ

definedin
thediscreteform, weusethefollowing smoothingoperatorG C �KH � � NM �
á Ò ß�� µ P1â , wheretheintegral is theStilt’es’s inte-

gral (i.e. asa sum), R � R �KH � W � �±� â � �É� ª â Â�H ª �¡W �
and

ª â ÂFH ª � Æ»Ç³È � ¥ â � Â�H � ¥ � ¥ â � ÂFH � ¥ � . By usingthis
operatorin thepoints-knots

�(H � M � �TÒ �� � � Ò M � � of themeshmen-
tionedin Sect.4, weobtainthevaluesof thefunction GãCGãC ��� � M � �   ?: W � ¢	 .#M �
á ×¸Ø Ò ß�� + �
	�� (4)

in thesepoints-knots,where
  ? is a normalizingmultiplier.

Furtherwe extendthe function G C from thesenodalpoints
up to the function G C definedon the whole rectangle� in
thesameway thatwasmentionedin Sect.4 (i.e.,by means
of the linear-spline interpolation). In the case,when the
numberof corporateusersisverybig, thefunction G C shows
therealdensityof informationflowsorigins.

Remark 3. Similarly to the conclusionsmentionedin
Remarks1 and2, the level lines of GUA �KH � and GãC �KH � con-
sist of direct lines segments,hence,their positionsarede-
finedby finite sequencesof points.Besides,thereexiststhe
classof piecewiselinearsplineson � (whichis generatedby
segments-edgesof thegivenmesh)suchthat thevariations
of G A �KH � and G C ��H � areminimalalongtheselines.

ThepotentialfunctionsG ? �YX � and G C �QX � mustbenormed
sothattheclassical”Kirchhoff conditions”for thenetwork
hold (seePrinciple4, Sect.2), i.e.¥åäæ¢Ì¨� �;çäM Ü G C

�KH �YP H�Â çè G ? ��H �YP H ¥ ��é _3 " (5)

where
_3 � Nè G C �KH �YP H isall theusergeneratedinformation.

Constants
  � and

  ? can be obtainedapproximatelyfrom
conditions(5) and(6) for é � � (this is flow balance).

6. Design steps and regulation criterions

Designprocessis recursive(everynext iterationhasbeen
directedto animprovementof thegeneralstateof thecon-
siderednetwork, i.e., to a lowering of the total (summa-
rized)flow acrossall nodes- Criterion ê k ). Designeralso
usesseveral options-proceduresallowing to calculatethe
averageof informationflowsacrossthe”circle” R � R ��H � W �
asafunctionof thepoint-center

H
andtheradiusW (seeSect.

5).
Let a number é Ð � be the small prescribednumber

which definesthe part of informationflows locatedsuffi-
ciently inconvenientlywith respectto nodes. We call the
circlesfamily

� R Ì � R ��Hd��Ì¨� � W Ì ��� æ Ì¨� � thecovering ëíì if the
following inequalityholds

¥ æ¢Ì¨� � çM Ü G ? �KH �QP HÃÂ çî G ? �KH �YP H ¥ �ïé13 " (6)

where 3 � Nî G ? �KH �QP HL� �,	�� � + �
	�� is the generalflow in

the considerednetwork. Generallyspeaking,partition of
all nodesinto two groups(usersnodesandnetwork nodes)
is sufficiently conditional,since,in mostcases,the nodes
are realizedas both usernodesandnetwork nodesin the
sametime. Thereforewepartitionall nodesinto two groups
virtually. Designeractionsareconsistedof the following
steps:

Step 1 (Virtual network nodes arrangement of the
planar network layer). UsingRemarks1,2 andthe func-
tion G ? �YX � underconditionof restrictionon the switching
nodesnumber, adesignerdefinesthevirtual network nodes
location(DS). We selecta network nodelocationcriterion
in thefollowing way.

a)Thenetwork nodemustbelocatedin thepointsof the
local maximumof thefunction G ? �YX � . It is motivatedby an
easycause- the densityof dataprocessingis maximal in
this point andin its certainneighborhood(of course,under
conditionthat the functionvaluesin thesepointsaresuffi-
ciently large).

b) If the local maximumpointsnumber
« k

is large, i.e.« kñð^`
, thena designerdefinesthe locationof network

nodesin orderto reachthemaximalvalueof thetotal flow
in the covering ë ì �ò� 4R�Ì � R � 4H Ì&� 4W �¨�zóæÌ¨� � (DS). Herea
designerusesintegrationproceduresof the function GU? �YX �
on this covering which satisfiesconditions(5) and (6) on
theaccountof thepotentialfunctions G � and G � (CS).The
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users
_ �Ãô� ëíì canbeconnectedwith any selectednodesin

thenetwork usingothercriterions.
Step 2 (Virtual user nodes arrangement of the planar

network layer). UsingRemark3 andthefunction GãC �QX � un-
derconditionof a restrictionon theswitchingnodesnum-
ber, a designerdefinesthe location of virtual usernodes
(DS). In this case,he usesalsooptions-proceduresallow-
ing to calculatethe integral of the informationgeneration
”density” from originson thecircle R ��H � W � .

Theusernodemustbe locatedin theareawith thehigh
informationgenerationdensityG C �QX � becauseof all connec-
tionsbetweenthis usernodeandserversof closeuserswill
beshort.Then,in thiscase,it is possibleto reachtheeasiest
service.

Step 3 (Coordination of virtual network and user
nodes to real nodes) Thisstepis themostimportantin the
design. On the first andsecondstepswe obtainedthe lo-
cationof virtual nodesonly (network andusernodessep-
arately),but this situationis not real. The virtual nodes
location is the only desiredoneandnow a designermust
agreeon therealnodeslocation. In this processa designer
canreducetwo neighboringnodes(network nodeanduser
node)to onenodeon accountof (1),(2) and the standard
nodesmenu(DS).In theendof theprocessadesignermust
obtain the systemof nodesso that the following require-
mentsaresatisfied:1) Thegeneralnodesnumber

«
located

by designeris suchthat
« � ` , wherè is thenodesnum-

ber acceptedby designeron the designbeginning. 2) All
nodescanbe representedby two groups(the first of them
containsnetwork nodesonly, thesecondgroupconsistsof
nodesfunctioningasuserandnetwork nodesat the same
time). 3) Nodespower mustcorrespondto thegeneralin-
formationflow densityin the circlesaroundnodelocation
points(CS).

To reachthestatedtarget,a designerusestheLebesgue
setsof functionsG 	 �YX � for � �õ89"�< , i.e., ö�? ��÷ ? � �Z��H � �ñ�GU? �KH � ð ÷ ? � and ö�C �ø÷ C � �Á��H � �ù�TGãC �KH � ð ÷ C � cor-
respondingly, where

÷ ? and
÷ C areprescribed(sufficiently

high) levels which may be definedfrom earliercalculatedG ? and G C . It is useful to constructand to usethe inter-
section ö ?*C ��÷ ? � ÷ C � � ö ? ��÷ ? ��� ö C �ø÷ C � (CS). High data
processingdensityof theinformationflow andhighdensity
of theinformationgenerationcharacterizethisset.

The location of all nodesmust be correlatedwith the
functionsG � �YX � and G � �QX � (CS),aswell.

Step 4 (Links construction) At first we constructso-
called”transit” links (i.e.,sufficiently long links) by means
of the function GUA �YX � using points of its local maxi-
mumsand its Lebesgue’s set ö�A �ø÷ A � for sufficiently big
values

÷ A (CS+DS). The local maximum point of the
function GUA ��HT"*V � togetherwith its certain neighborhoodR �*�KH�ú#"*V³ú �/� � � � R �KH;úS" W �;ûüR ��V³ú � W � shows power transit
links, definitely, undercondition R �KH�ú#" W ��ýïR �KV1ú � W � �ò�

(i.e., when the distancebetween
H;ú

and
V³ú

is sufficiently
long). A designerhasa possibility to selectone or sev-
eral transit links in concordwith nodesand links which
are alreadyin the presence.We have here � ��þ $ W in
view of (2). Thenweconstructso-called”local” links (i.e.,
links connectingclosenodes)taking into accounttwo fac-
tors (DS+CS):functions G � �YX � , G � �YX � andtransit links ob-
tainedalready. In addition,we usethe certainprocedure
of distributed flows collection on the planeto one direc-
tion. Define the option-procedureof the join of continu-
ouslydistributedflows to the unitedflow with discretedi-
rection. Let ÿ Ì b and ÿ Ì ® be two nodesconnectedwith the
link ´ ÿ Ì b " ÿ Ì ® · , let two two-dimensionalsimplexes(two tri-
angles)� � ÿ Ì b " ÿ Ì��Y" ÿ Ì ® � and � � ÿ Ì b " ÿ Ì����¸" ÿ Ì ® � beconjugate
with thecommonedgé ÿ Ì b " ÿ Ì ® · , let ��� � �? � ÿ Ì b i ÿ Ì�� i ÿ Ì ® �
and ��� � � �? � ÿ Ì b i ÿ Ì�� � i ÿ Ì ® � becentersof thesesimplexes.

Let 	 � 	 � ÿ Ì b " ÿ Ì ® � � � � ÿ Ì b " ÿ Ì��*" ÿ Ì ® ��

� � ÿ Ì b " ÿ Ì����Y" ÿ Ì ® � be a domainthat associatedwith the vir-
tuallink ´ ÿ Ì b " ÿ Ì ® · ; thentheinformationflow in thislink can
beestimateas

� � ÿ Ì b " ÿ Ì ® � � ç
 ��� Ü b £ � Ü ® � ´ � � G � ��H � i � � G � ��H �Ó·ÛP HT" (7)

where
Hù� �KH � � H � � � � ,

�&Ì b � ��� Ì b� � � Ì b� � � � ,
�&Ì ® ���� Ì ®� � � Ì ®� � � � , coefficients � � and � � dependon theratio� ÖÝÜ ® Ùb�� � Ö§Ü b Ùb

� ÖÝÜ b Ù® � � Ö§Ü ® Ù® . A designeraimsto connectnodessuchthat:1)

theflow condensedon thearea	 hasthesufficiently large
value,2) the links numberis sufficiently small. In essence,
thelastratiodefinesananglecoordinatedwith thedirection
of theconsideredlink andintegral(7) meansthevectorpart
of thewholeflow thatis ”absorbed”by this link.

It is necessaryto correct the functions G 	 �QX � for � � 1"�$&"*8
after the constructionof eachreal link by meansof

thementionedprocedure(CS).
Step 5 (Flow problem solving) In this laststepof recur-

sive process,we solve the linear problem(for the caseof
constantflows)with anobjectfunctionaccordingto thecri-
terion ê k . Eachiterationendswith thisproblemsolution.

7. Numerical results

We considertheproblemof network constructiononge-
ographicalarea� wherecorporateusersaredistributeduni-
formly. Thereare

« 5 usersso thateachof themhastraffic
characteristicsgivenby â 5 . Assumingthatlinks costis suf-
ficiently low in comparisonwith network nodescost,our
goal is to minimize amountof network equipment(calcu-
latedassummaryof switchingcapacities)simultaneously
taking into accountlinks length. We follow to the exam-
ple consideredin [3]. In our example 7 ��$ , « � �¹ �$ � ,« � �I: � , â � is an aggregatedtraffic from 15 standard64
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Figure 1. Result topology.
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Figure 2. Topology from [3].
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Table 1. Switching capacities.
Switch Capacitiesfor 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.

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

Kbpsvoicechannelswith connectionprobability0.7and â �
is a traffic with peakbit rate300Kbpsandburstperiod100
ms. We boundlink capacityto 155 Mbps and switching
capacityto sufficiently big number. In Fig.1 we show the
topologyconstructedby proposedmethodcomparingit to
theexamplefrom [3].

Table1 illustratesswitchingcapacitiesnecessaryfor sta-
blenetwork operationthatwereobtainedby ourmethod.In
column2 wepresentresultvaluesobtainedby topologylay-
outdesign.For adequatecomparison,weusethesameusers
distribution on theplanefor the topologyfrom [3] andour
methodis usedfor capacityestimationonly. Thesevalues
arepresentedin column3. Table2 summarizestheamount
of network equipmentusedin thesamples.

8. Conclusion

The correctdefinition of switchingequipmentandnet-
work layout is a first stageof network designandresource
allocationproblem. The proposedapproachresolves the
problemof switchingequipmentselectiontogetherwith the
optimaltopologydesign.In addition,it is possibleto make
optimal routing precalculationwith respectto congestion
andperformancedegradationavoidance.Besides,thealgo-
rithm hasthe following advantages:1) By taking into ac-
countpropertiesof thesmoothingoperatorsthatareusedin
constructionof the potentialfunctions G 	 ��H � � �\ 1"�$&"%89"%<
and G A �KHU"QV � we obtainessentialimprovementof problem
solution quality with growth of corporateusersnumber;

therefore,this approachdoesnot meetdifficulties of the
scalingproblem. This follows immediatelyfrom a more
preciserepresentationof the discreteformulation by the
continuousone. 2) The proposedmethodallows to re-
solve network problemswith non-planargraphs(by usingGTA �KHU"QV � ) for transitlinks. Hence,it is possibleto construct
hybridnetworks(with wirelesslinksastransitones),though
any local link in the”planar” layeralsocanbewireless.3)
Our approachallows to take into accountthe resourcesof
thealreadyfunctioningnetwork andits resourcescouldbe
usedfor theprojectednetwork.
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