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ABSTRACT

Inaregionalnetwork,thegraphbranchesthatdescribeitarenotloadedequallywithdatatraffic.
Abranchthatisloadedwithtrafficwilldependonthenumberofusersinbothnodesofthegraph,
thenumberofpathsthatpassthroughthatbranchwhicharedefinedbythealgorithmforfinding
theshortestpath,thepositionofthebranchinthenetwork,aswellasthepositionofWANinother
neighbors’networks.Thetrafficonthebranchesthatconnectthenodesofanetworkisconstantly
changing.Itisimportanttoknowthemaximumloadofabranchinordertoadapttothedemandso
thattherearenocommunicationbarriers.Thecalculationofdatatrafficinthesebranchesispossible
tobecalculatedandtoknowthemaximumtrafficlimitintherespectivebranches.Thebranchesthat
arebusiestwithdatatrafficrepresentthebackboneofthenetwork.Thecalculationofthebandwidth
ofthebranchisaffectednotonlybythenumberofusersbutalsobytheirstructure.Inthispaper,
bandwidthcalculationonamainbranchinagraphisdonethroughacasestudyusingSEI.
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1. INTRoDUCTIoN

Forcomputernetworkswherethenumberofusersissmallthereisnoneedforplanningandcalculation
becauseusuallysuchnetworksmeettherequirementsforwhichtheyarebuilt.Itdoesnothappen
thatthebranchesofsuchcomputernetworksare100%loaded.Ifthenumberofusersofaregional
computernetworkislarge,planningshouldbedoneinaccordancewiththerequirementsforwhich
thecomputernetworkisestablished.Inthiscase,somecalculationsneedtobemadebeforesucha
networkcanbebuilt.Sinceeachnetworkisspecific,thereisnoone-size-fits-allmodelforplanning
(Al-Wakeel, 2009).Thisrequireshelpfromsomescientificdisciplinessuchasgraphtheory,neighbor
matrix,algorithmsforfindingtheshortestpath,statisticaldataonpopulationstructure,dataonthe
technical-technologicallevelofcomputernetworkequipment,etc.Inacomputernetworkthebranches
whichconnectthegraphnodesrepresentingthenetworkarenotequallyloadedwithtraffic.Some
branchesareloadedwithmoretrafficandsomewithlessdatatrafficandthisisconstantlychanging.
ThispaperidentifiesseveralgraphicalbranchesofaWANthatrepresentabackboneoftheNetwork.
Thispaperattemptstoidentifysuchbranchesinaregionalnetworkintheregion.Inordertohave
aforecastforthemaximumdatatrafficcapacitiesinthesemainbranches,thebandwidthofthese
branchesiscalculated.Thesemaximumlimitsshouldbeknowndespitethefactthatthecapacityfor
datatransferinthesebranchesrarelyreachesthemaximumlevel.Thestructureofthepopulation
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suchas:workersinthepublicsector,workersinenterprises,unemployed,students,pupils,others
donotusethesameanditispossibletomeasureThisprovidesevenmoreaccuratepossibilitiesfor
calculatingthemaximumlimitsofbandwidthofthesekeybackbonegraphusingtheSocio-Economic
Indicator(SEI).Thecontributionofthepaperisthatforthemostaccuratebandwithcalculationof
abranchatacertainregioninWAN,aparameterisusedanditisSEI(SocioEconomicIndicator)
withdatafromthefieldwherethatWANnetworkislocated.

2. CALCULATIoN AND PLANNING oF BANDWIDTH oN THE 
BACKBoNE oF A WIDE AREA NETWoRK A CASE STUDy

AgraphdescribestheregionalWANnetworkthroughnodesandbranches.Graphnodesrepresent
citiesandbranchestheconnectionsbetweenthem.Somebranchesinthegraphareoverloaded.This
isbecausethroughthesebranchesdataistransferrednotonlyofthosenodes(cities)thatconnect
thembutherecanalsopasstrafficwhichisdictatedthroughthealgorithmforfindingtheshortest
route.TheapplicationofthemethodologyforplanningWANnetworksenablesthecalculationof
Erlangandthentheavailabilityofthesebranches,whichcreatethebackboneofaregionalnetwork.
Inaccordancewiththecalculationsinthesebranches,whichformthemainpillarofthenetwork,
technologywillbedeployed,whichjustifiesthedemandwiththesamecommunicationcapacityand
costreasonableness.Thiseliminatescommunicationexpectationsandincreasesthestabilityofthe
regionalnetwork.TocalculateErlangandAccessibilityseveralactionswillbeincluded:thetraffic
matrixforeachcity,thenumberofhouseholds,thenumberofnetworkusers,thetotaltrafficfor
eachcity,thecommunicationmatrixbetweenallcitiesandtheshortestroutebetweentheverticesof
graphite.Inthiscase,itisattemptedtocalculatethroughtheseparameterssomeofthebranchesthat
arebusiestwithtrafficconnectingseveralnodes(cities)ofaregion.Thesebranchescanbesaidto
representthebackbonesthatconnectseveralcitiestoaregionalcomputernetwork.

3. THE MoST IMPoRTANT STAGES To GET To CALCULATIoN 
oF BANDWIDTH IN BACKBoNE oF A WAN

Themostimportantstagestoachievethecalculationofbandwidthinthebranchesofagraphare:
creatingthegraphandmeasuringthedistancesbetweennodes,calculatingtheSEI,calculatingthe
trafficforeachcity,calculatingtheintercitytraffic(trafficmatrix),implementationofthealgorithm
forfindingtheshortestpath,calculationofErlanginthebranchesthatconnectcities,calculationof
bandwidthinthemainbranches(Ahmedi, 2014).

3.1 Creating the Graph And Measuring The Distances Between Nodes 
ThefirststepinplanningaWANistocreateagraphthatwilloutlinethenetwork.Itconsistsof
nodeswhich representcitiesandbrancheswhich represent theconnectionsbetween thesenodes
respectivelycities.Thisisdonetoproceedfurtherwiththenextstepsforeachnodeandeachbranch
ofthegraph.Therearesomeparametersthataretreatedinthefollowingsuchas:numberoffamilies
andstructure,distancebetweennodes,positionofthebranchinthegraph,etc.

3.2 SEI Calculation
Theuseofcomputernetworksisnotatthesamelevelbythedemographicstructureofacity.Itis
quantifiedbyacompositesocioeconomicindicator(SEI),asalinearsumofproductsofweights
wi,andseveralmeasuresoflaborstatusandeducation,ai(0≤аi≤1(Table1).Theweightswiare
definedonthebasisofstatisticalreports(Ahmedi, 2014),(De Montis, 2007):



International Journal of Information Communication Technologies and Human Development
Volume 14 • Issue 1

3

SEI w a
i

k

i i
=

=
∑
1

 (1)

where:

a1–percentageofpublicemployeesinthatcity;
а2–percentageofemployeesinenterprisesinthatcity;
а3–percentageofpupilsinthatcity;
а4–percentageofstudentsinthatcity;
а5–percentofunemployedinthatcity;
а6–percentoftheotherinhabitants.
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Figure 1. Creating the WAN network graph and the distance between nodes
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where:

I1–numberofemployeesinthepublicsectorinthatcity;
I2–numberofemployeesinenterprisesinthatcity;
I3–numberofpupilsinthatcity;
I4–numberofstudentsinthatcity;
I5–numberofunemployedinthatcity;
I6–numberofotherpopulation;
P–totalpopulationofthecity;
W1–useofICTandInternetinthepublicsector;
W2–useofICTandInternetinenterprises;
W3–useofICTandInternetbypupils;
W4–useofICTandInternetbystudents;
W5–useofICTbyunemployed;
W6–useofICTbyothers.

3.3 Traffic Calculation for Each City (node) of the Graph
Foreachcity(graphnodes)thecalculationofthetrafficmatrixisbasedonthenumberofhouseholds,
theusage timeof thenetworksand thenumberofserviceusers inanetwork.This iscalculated
accordingtothefollowingformula(Al-Wakeel, 2009):

Т=P/N (3)

where:

Т–numberofhouseholdsinthecity
Р–numberofinhabitantsinthecity
N–numberofinhabitantsinahouse(INSTAT,2019),(Office, 2005),(Statistic, 2011).

Table 1. Traffic SEI (Socio Economic Indicator)
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ThetotaltrafficTEforanycity(Table2)iscalculatedas:

T C
P

N

CC CL
R
P

N

CR RL
= +










� * *
*

* *
*

24 24
 (4)

where:

C–commercialhouseholds(inpercent)
CC–numberofactiveon-linesessionspercommercialhouseholdperday(24hours)
CL–commercialsessionduration(inhours)
R–residentialhouseholds(inpercent)
CR–numberofactiveon-linesessionsperresidentialhouseholdperday(24hours)
RL–residentialsessionduration(inhours)

TheuseoftheSEIindicatorwhencalculatingtrafficforeachcityreducesbyalmost50%and
thisgivesabetterpictureofthemorerealisticplanningofaWANnetwork.
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Table 2. Traffic calculation for each city

Cities Population Households 
N= 3,5 T

CT(15%) RT(85%) TC (CT*CL*4)/24, 
CL=1/2 h

TR (RT*RL*1)/24, 
RL=1/2 h

All traffic: 
TC+TR

Struga 63376 18107.43 2716.11 15391.31 226.34 320.65 547.00

Manastiri 95385 27252.86 4087.93 23164.93 340.66 482.60 823.26

Tetova 86580 24737.14 3710.57 21026.57 309.21 438.05 747.27

Shkupi 506926 144836.00 21725.40 123110.60 1810.45 2564.80 4375.25

Kumanova 105484 30138.29 4520.74 25617.54 376.73 533.70 910.43

Prishtina 477312 136374.86 20456.23 115918.63 1704.69 2414.97 4119.66

Prizreni 177781 50794.57 7619.19 43175.39 634.93 899.49 1534.42

Gjilani 90178 25765.14 3864.77 21900.37 322.06 456.26 778.32

Peja 94450 26985.71 4047.86 22937.86 337.32 477.87 815.19

Mitrovica 232833 66523.71 9978.56 56545.16 831.55 1178.02 2009.57

Tirana 889578 254165.14 38124.77 216040.37 3177.06 4500.84 7677.91

Vlora 126294 36084.00 5412.60 30671.40 451.05 638.99 1090.04

Elbasani 276765 79075.71 11861.36 67214.36 988.45 1400.30 2388.75

Shkodra 203945 58270.00 8740.50 49529.50 728.38 1031.86 1760.24

Σ 3426887            
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3.4 Calculation of Traffic Between All Cities In The Graph (traffic matrix) 
Aftercalculatingthetrafficforeachcity,itisnecessarytocalculatethetrafficbetweenallcities(graph
nodes)withwhichtheWANnetworkisdescribed.ThetrafficbetweencitiesAandBiscalculated
accordingtotheformula(Al-Wakeel, 2009):

T T
P

PAB A
B

T

= ×  (6)

where:

TA–thetrafficbetweencityAandallothercities;
PB–numberofresidentsincityB;
PT–numberofalltheinhabitantsof14cities.

In(Table4)showsthatfromnode(1)Tiranaandnode(2)Prishtinamoretrafficisgenerated.If
wedisconnectthisWANnetworkfromtheeffectsofneighboringnetworksandconsiderthatthese
twonodesgeneratemoretrafficwewillassumethatthebranchconnectingthesetwonodesisbusier
withtraffic.WenowhavetheopportunitytocalculatetheErlangofthisbranch.Beforecalculating
Erlangitmustbeknownwhichpathspassthroughnodes1and2.Wefindthisthroughalgorithms
forfindingtheshortestpath.

3.5 Applying the Shortest Path Algorithm To Find Travel Routes 
Nowwehavecalculatedthetrafficofeachcity(graphnodes)andthisisseenin(Table3)andthe
trafficofallpairsofcitieswhichisseenin(Table4)butthisagainisnotenoughtoknowhowthe
branchesconnectingcitiesrespectivelywillbeloadedwithtraffic.Packetscarryingdatawillchoose
theshortestpath.Theshortestpathwillbedeterminedbythealgorithmforfindingtheshortestpath
betweenallpairsofgraphpeaks,respectivelycitiesthatareintheWANnetwork.Forthiscasewe
usedtheFloyd-WarshalAlgorithm(Table5).TheFloyd-Warshallalgorithmcanbeappliedinthe

Table 3. Traffic calculation for each city with SEI

Cities
Population

Households 
N= 3,5 T CT(15%) RT(85%)

TC 
(CT*CL*4)/24, 

CL=1/2 h

TR 
(RT*RL*1)/24, 

RL=1/2 h

All 
traffic: 
TC+TR

SEI (TC+TR) 
*SEI

Struga 63376 18107.43 2716.11 15391.31 226.34 320.65 547.00 0.546 298.47

Manastiri 95385 27252.86 4087.93 23164.93 340.66 482.60 823.26 0.541 445.02

Tetova 86580 24737.14 3710.57 21026.57 309.21 438.05 747.27 0.591 441.65

Shkupi 506926 144836.00 21725.40 123110.60 1810.45 2564.80 4375.25 0.585 2558.74

Kumanova 105484 30138.29 4520.74 25617.54 376.73 533.70 910.43 0.548 498.48

Prishtina 477312 136374.86 20456.23 115918.63 1704.69 2414.97 4119.66 0.667 2747.81

Prizreni 177781 50794.57 7619.19 43175.39 634.93 899.49 1534.42 0.565 866.95

Gjilani 90178 25765.14 3864.77 21900.37 322.06 456.26 778.32 0.560 435.86

Peja 94450 26985.71 4047.86 22937.86 337.32 477.87 815.19 0.560 456.51

Mitrovica 232833 66523.71 9978.56 56545.16 831.55 1178.02 2009.57 0.566 1137.42

Tirana 889578 254165.14 38124.77 216040.37 3177.06 4500.84 7677.91 0.572 4391.76

Vlora 126294 36084.00 5412.60 30671.40 451.05 638.99 1090.04 0.530 577.72

Elbasani 276765 79075.71 11861.36 67214.36 988.45 1400.30 2388.75 0.539 1287.53

Shkodra 203945 58270.00 8740.50 49529.50 728.38 1031.86 1760.24 0.556 978.69

Σ 3426887                
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specificgraphwherethenodesarerepresentedascitiesorroutersandthedistanceisrepresentedas
theweightofthebranchesorlinks.

LetAkbeamatrixoftypenxn,whereAk[i,j]istheweightoftheshortestpathfromitoj,which
passesthroughnodes<=k.Forthiscasewedefine:

A i

IF i j

theweightof t
0

0

,

.. .

X=
………………………………………… … ……………………… =

hhebranches fromito j FORi jAND i j E� � �� � � � �� � � � ,� �… ≠ ( )∈
∞……………………………………… …… …… ≠ ( ) ∉








 . ....� .. ,IFi jAND i j E

 (7)

We examine the shortest path p from i to j, which passes through nodes 1...k. One of two
possibilitiesappliestothepathp:

ThepathpdoesnotpassthroughkandinthiscasethepathisAk-1[i,j].
ThepathppassesthroughkandinthiscasetheweightofthepathisAk-1[i,k]+Ak-1[k,j](Cormen, 

Introduction to Algorithms, 2009).In(Table5)showsthebeginningoftheapplicationoftheFloyd-
Warshallalgorithmforthegraphandafterthecalculationsin(Table6)thefinalresultsareseen.

TheroadpassesordoesnotpassthroughthebranchTirana(1)-(2)Prishtinaisdeterminedby
theshortestroad(Table7).AllofthesewillbecollectedandthantheErlanginthatbranchwillbe
calculated.

3.6 Erlang Calculation At The Branches 
InthisplannedWANnetworkthebranchthatconnectstwocities(nodes)withthehighestnumber
ofpopulationwheremore traffic isgenerated isassumedtorepresentabackbone.In thebranch
whichconnectsthetwomostimportantnodeswecancalculateErlangbetweennodes1-10-2Tirana-
Prizren-Prishtina(Table8).Erlangofabranchincludestrafficnotonlyofthenodesthatconnects
thisbranchbutalsotrafficofothernodesthattheroadpassesthroughthisbranchaccordingtothe
algorithmforfindingtheshortestpath.

Table 4. Traffic calculation between all cities



International Journal of Information Communication Technologies and Human Development
Volume 14 • Issue 1

8

3.7 Bandwidth Calculation In Main Branches (Backbone) 
IfErlangisknownforacorrespondingbranchofagraphonecaneasilycalculatetheBandwidthof
thatbranch.ThisisdonesothattheErlangnowcalculatedasscalarmultipliedby64000(bps)and
Bandwidthisobtained.ForthebranchwhichinthiscaserepresentstheBackboneoftheintended
WANnetworkisTirana(1)-(2)Prishtinawehaveabandwidthof178.71Mbps(Table9).

Table 5. Flloyd-Warshall algorithm

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 0 ∝ ∝ ∝ 146 ∝ ∝ ∝ ∝ 135 ∝ 114 22 115

2 ∝ 0 113 ∝ ∝ ∝ ∝ 35 24 35 ∝ ∝ ∝ ∝

3 ∝ 113 0 120 35 ∝ 28 ∝ ∝ ∝ ∝ ∝ ∝ ∝

4 ∝ ∝ 120 0 130 58 ∝ ∝ ∝ ∝ ∝ ∝ ∝ ∝

5 146 ∝ 35 130 0 113 ∝ ∝ ∝ 19 ∝ ∝ ∝ ∝

6 ∝ ∝ ∝ 58 113 0 ∝ ∝ ∝ ∝ ∝ ∝ 50 ∝

7 ∝ ∝ 28 ∝ ∝ ∝ 0 58 ∝ ∝ ∝ ∝ ∝ ∝

8 ∝ 35 ∝ ∝ ∝ ∝ 58 0 ∝ ∝ ∝ ∝ ∝ ∝

9 ∝ 24 ∝ ∝ ∝ ∝ ∝ ∝ 0 ∝ 47 ∝ ∝ ∝

10 135 35 ∝ ∝ 19 ∝ ∝ ∝ ∝ 0 38 ∝ ∝ ∝

11 ∝ ∝ ∝ ∝ ∝ ∝ ∝ ∝ 47 38 0 64 ∝ ∝

12 114 ∝ ∝ ∝ ∝ ∝ ∝ ∝ ∝ ∝ 64 0 ∝ ∝

13 22 ∝ ∝ ∝ ∝ 50 ∝ ∝ ∝ ∝ ∝ ∝ 0 122

14 115 ∝ ∝ ∝ ∝ ∝ ∝ ∝ ∝ ∝ ∝ ∝ 122 0

Table 6. Final results of Floyd-Warshall Algorithm application

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 0 170 181 130 146 72 209 205 194 135 173 114 22 115

2 170 0 89 184 54 167 93 35 24 35 71 135 192 285

3 181 89 0 120 35 148 28 86 113 54 92 156 198 296

4 130 184 120 0 130 58 148 206 208 149 187 244 108 230

5 146 54 35 130 0 113 63 89 78 19 57 121 163 261

6 72 167 148 58 113 0 176 202 191 132 170 186 50 172

7 209 93 28 148 63 176 0 58 117 82 120 184 226 324

8 205 35 86 206 89 202 58 0 59 70 106 170 227 320

9 194 24 113 208 78 191 117 59 0 59 47 111 216 309

10 135 35 54 149 19 132 82 70 59 0 38 102 157 250

11 173 71 92 187 57 170 120 106 47 38 0 64 195 288

12 114 135 156 244 121 186 184 170 111 102 64 0 136 229

13 22 192 198 108 163 50 226 227 216 157 195 136 0 122

14 115 285 296 230 261 172 324 320 309 250 288 229 122 0
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Table 7. Shortest path between Nodes

Node1 Node2 Distance Route with shortest path 
(Floyd- Warshal)

Tirana(1) (2)Prishtina 170 Tirana-Prizreni-Prishtina

Tirana(1) (3)Shkupi 181 Tirana-Tetova-Shkupi

Tirana(1) (4)Manastiri 130 Tirana-Elbasani-Struga-Manastiri

Tirana(1) (5)Tetova 146 Tirana-Tetova

Tirana(1) (6)Struga 72 Tirana-Elbasani-Struga

Tirana(1) (7)Kumanova 209 Trana-Tetova-Shkupi-Kumanova

Tirana(1) (8)Gjilani 205 Tirana-Prizreni-Prishtina-Gjilani

Tirana(1) (9)Mitrovica 194 Tirana-Prizreni-Prishtina-Mitrovica

Tirana(1) (10)Prizreni 135 Tirana-Prizreni

Tirana(1) (11)Peja 173 Tirana-Prizreni-Peja

Tirana(1) (12)Shkodra 114 Tirana-Shkodra

Tirana(1) (13)Elbasani 22 Tirana-Elbasani

Tirana(1) (14)Vlora 115 Tirana-Vlora

Prishtina(2) (3)Shkupi 89 Prishtina-Prizreni-Tetova-Shkupi

Prishtina(2) (4)Manastiri 184 Prishtina-Prizreni-Tetova-Manastiri

Prishtina(2) (5)Tetova 54 Prishtina-Prizreni-Tetova

Prishtina(2) (6)Struga 167 Prishtina-Prizreni-Tetova-Struga

Prishtina(2) (7)Kumanova 93 Prishtina-Gjilani-Kumanova

Prishtina(2) (8)Gjilani 35 Prishtina-Gjilani

Prishtina(2) (9)Mitrovica 24 Prishtina-Mitrovica

Prishtina(2) (10)Prizreni 35 Prishtina-Prizreni

Prishtina(2) (11)Peja 71 Prishtina-Mitrovica-Peja

Prishtina(2) (12)Shkodra 135 Prishtina-Mitrovica-Peja-Shkodra

Prishtina(2) (13)Elbasani 192 Prishtina-Prizreni-Tirana-Elbasani

Prishtina(2) (14)Vlora 285 Prishtina-Prizreni-Tirana-Vlora

Shkupi(3) (4)Manastiri 120 Shkupi-Manastiri

Shkupi(3) (5)Tetova 35 Shkupi-Tetova

Shkupi(3) (6)Struga 148 Shkupi-Tetova-Struga

Shkupi(3) (7)Kumanova 28 Shkupi-Kumanova

Shkupi(3) (8)Gjilani 86 Shkupi-Kumanova-Gjilani

Shkupi(3) (9)Mitrovica 113 Shkupi-Tetova-Prizreni-Prishtina-Mitrovica

Shkupi(3) (10)Prizeni 54 Shkupi-Tetova-Prizreni

Shkupi(3) (11)peja 92 Shkupi-Tetova-Prizreni-Peja

Shkupi(3) (12)Shkodra 156 Shkupi-Tetova-Prizreni-Peja-Shkodra

Shkupi(3) (13)Elbasani 198 Shkupi-Tetova-Struga-Elbasani

Shkupi(3) (14)Vlora 296 Shkupi-Tetova-Tirana-Vlora

Manastiri(4) (5)Tetova 130 Manastiri-Tetova

Manastiri(4) (6)Struga 58 Manastir-Struga

Manastiri(4) (7)Kumanova 148 Manastiri-Shkupi-Kumanova

Manastiri(4) (8)Gjilani 206 Manastiri-Shkupi-Kumanova-Gjilani

Manastiri(4) (9)Mitrovica 208 Manastiri-Tetova-Prizreni-Prishtina-Mitrovica

Manastiri(4) (10)Prizreni 149 Manastiri-Tetova-Prizreni

Manastiri(4) (11)Peja 187 Manastiri-Tetova-Prizreni-Peja

Manastiri(4) (12)Shkodra 244 Manastiri-Struga-Elbasani-Tirana-Shkodra

Manastiri(4) (13)Elbasani 108 Manastiri-Struga-Elbasani

Manastiri(4) (14)Vlora 230 Manastiri-Struga-Elbasani-Vlora

Tetova(5) (6)Struga 113 Tetova-Struga

Tetova(5) (7)Kumanova 63 Tetova-Shkupi-Kumanova

Tetova(5) (8)Gjilani 89 Tetova-Prizreni-Prishtina-Gjilani

Tetova(5) (9)Mitrovica 78 Tetova-Prizreni-Prishtina-Mitrovica

Tetova(5) (10)Prizreni 19 Tetova-prizreni

continued on folowing page
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Node1 Node2 Distance Route with shortest path 
(Floyd- Warshal)

Tetova(5) (11)Peja 57 Tetova-Prizreni-Peja

Tetova(5) (12)Shkodra 121 Tetova-Prizreni-Peja-Shkodra

Tetova(5) (13)Elbasani 163 Tetova-Struga-Elbasani

Tetova(5) (14)Vlora 261 Tetova-Tirana-Vlora

Struga(6) (7)Kumanova 176 Struga-Tetova-Shkupi-Kumanova

Struga(6) (8)Gjilan 202 Struga-Tetova-Prizreni-Prishtina-Gjilani

Struga(6) (9)Mitrovica 191 Struga-Tetova-Prizreni-Prishtina-Mitrovica

Struga(6) (10)Prizreni 132 Stuga-Tetova-Prizreni

Struga(6) (11)Peja 170 Stuga-Tetova-Prizreni-Peja

Struga(6) (12)Shkodra 186 Struga-Elbasani-Tirana-Shkodra

Struga(6) (13)Elbasani 50 Struga-Elbasan

Struga(6) (14)Vlora 172 Struga-Elbasani-Vlora

Kumanova(7) (8)Gjilan 58 Kumanova-Gjilani

Kumanova(7) (9)Mitrovica 117 Kumanova–Gjilani-Mitrovica

Kumanova(7) (10)Prizreni 82 Kumanova-Shkupi-Tetova-Prizreni

Kumanova(7) (11)Peja 120 Kumanova-Shkupi-Tetova-Prizreni-Peja

Kumanova(7) (12)Shkodra 184 Kumanova-Shkupi-Tetova-Prizreni-Peja-Shkodra

Kumanova(7) (13)Elbasani 226 Kumanova-Shkupi-Tetova-Struga-Elbasani

Kumanova(7) (14)Vlora 324 Kumanova-Shkupi-Tetova-Tirana-Vlora

Gjilani(8) (9)Mitrovica 59 Gjilani-Prishtina-Mitrovica

Gjilani(8) (10)Prizreni 70 Gjilan-Prishtina-Prizreni

Gjilani(8) (11)Peja 106 Gjilani-Prishtina-Mitrovica-Peja

Gjilani(8) (12)Shkodra 170 Gjilani-Prishtina-Mitrovica-Peja-Shkodra

Gjilani(8) (13)Elbasani 227 Gjilani-Prishtina-Prizreni-Tirana-Elbasani

Gjilani(8) (14)Vlora 320 Gjilani-Prishtina-Prizreni-Tirana-Vlora

Mitrovica(9) (10)Prizreni 59 Mitrovica-Prishtina-Prizreni

Mitrovica(9) (11)Peja 47 Mitrovica-Peja

Mitrovica(9) (12)Shkodra 111 Mitrovica-Peja-Shkodra

Mitrovica(9) (13)Elbasani 216 Mitrovica-Prishtina-Prizreni-Tirana-Elbasani

Mitrovica(9) (14)Vlora 309 Mitrovica-Prishtina-Prizreni-Tirana-Vlora

Prizreni(10) (11)Peja 38 Prizreni-Peja

Prizreni(10) (12)Shkodra 102 Prizreni-Peja-Shkodra

Prizreni(10) (13)Elbasan 157 Prizreni-Tirana-Elbasani

Prizreni(10) (14)Vlora 250 Prizreni-Tirana-Vlora

Peja(11) (12)Shkodra 64 Peja-Shkodra

Peja(11) (13)Elbasani 195 Peja-Prizreni-Tirana-Elbasani

Peja(11) (14)Vlora 288 Peja-Prizreni-Tirana-Vlora

Shkodra(12) (13)Elbasani 136 Shkodra-Tirana-Elbasani

Shkodra(12) (14)Vlora 229 Shkodra-Tirana-Vlora

Elbasani(13) (14)Vlora 122 Elbasani-Vlora

Table 7. Continued
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Table 8. Traffic (in Erlangs): Tirana(1)-(2)Prishtina

Nodes Shortest Path 
(km)

Rout Communication (with 
SEI included)

Tirana(1)-(2)Prishtina 170 Tirana-Prizreni-Prishtina 713.30

Tirana(1)-(8)Gjilani 205 Tirana-Prizreni-Prishtina-Gjilani 113.14

Tirana(1)-(9)Mitrovica 194 Tirana-Prizreni-Prishtina-Mitrovica 295.3

Tirana(1)-(10)Prizreni 135 Tirana-Prizreni 225.1

Tirana(1)-(11)Peja 173 Tirana-Prizreni-Peja 118.5

Prishtina(2)-(4)Manastiri 184 Prishtina-Prizreni-Tetova-Manastiri 61.98

Prishtina(2)-(5)Tetova 54 Prishtina-Prizreni-Tetova 61.52

Prishtinë(2)-(6)Struga 167 Prishtina-Prizreni-Tetova-Struga 41.57

Prishtina(2)-(10)Prizreni 35 Prishtina-Prizreni 142.6

Prishtina(2)-(13)Elbasani 192 Prishtina-Prizreni-Tirana-Elbasani 221.92

Prishtina(2)-(14)Vlora 285 Prishtina-Prizreni-Tirana-Vlora 101.3

Shkupi(3)-(9)Mitrovica 113 Shkupi-Tetova-Prizreni-Prishtina-
Mitrovica

173.8

Manastiri(4)-(9)Mitrovica 208 Manastiri-Tetova-Prizreni-Prishtina-
Mitrovica

30.24

Tetova(5)-(8)Gjilani 89 Tetova-Prizreni-Prishtina-Gjilani 11.62

Tetova(5)-(9)Mitrovica 78 Tetova-Prizreni-Prishtina-Mitrovica 30.01

Struga(6)-(8)Gjilani 202 Struga-Tetova-Prizreni-Prishtina-
Gjilani

7.85

Struga(6)-(9)Mitrovica 191 Struga-Tetova-Prizreni-Prishtina-
Mitrovica

20.28

Gjilani(8)-(10)Prizreni 70 Gjilan-Prishtina-Prizreni 22.8

Gjilani(8)-(13)Elbasani 227 Gjilani-Prishtina-Prizreni-Tirana-
Elbasani

35.20

Gjilani(8)-(14)Vlora 320 Gjilani-Prishtina-Prizreni-Tirana-Vlora 16.06

Mitrovica(9)-(10)Prizreni 59 Mitrovica-Prishtina-Prizreni 58.9

Mitrovica(9)-(13)Elbasani 216 Mitrovica-Prishtina-Prizreni-Tirana-
Elbasani

91.86

Mitrovica(9)-(14)Vlora 309 Mitrovica-Prishtina-Prizreni-Tirana-
Vlora

41.92

Prizreni(10)-(13)Elbasan 157 Prizreni-Tirana-Elbasani 70.01

Prizreni(10)-(14)Vlora 250 Prizreni-Tirana-Vlora 31.95

Peja(11)-(13)Elbasani 195 Peja-Prizreni-Tirana-Elbasani 36.87

Peja(11)-(14)Vlora 288 Peja-Prizreni-Tirana-Vlora 16.82

TIRANA-PRISHTINA
(Erlangs)

  2792.42
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Bandwidth=Erlang*64kbps (8)

Ifthesimulatednetworkgraphislocatedinthemiddleofagraphofotherregionalnetworks,it
shouldalsobeconsideredbecausethesimulatedgraphbranchescanbeloadedwithtrafficfromother
WANnodesaswell.Iftheeffectsofneighbor’snetworksareexcluded,thebandwidthcalculatedin
theTirana(1)-(2)Prishtinabranchis178.71Mbps(Figure2).

Table 9. Bandwidth calculation in Backbone Tirana(1)-(2)Prishtina

Branches of graph ERLANG 
(Traffic)

Bandwidth(bps) Kbps Mbps

          Tirana(1)-(2)
Prishtina

2792.42 2792.42*64000(bps)=
  178714880bps

178714.88Kbps           178.71Mbps

Figure 2. Bandwidth in Backbone Tirana-Prishtina 178.71 Mbps
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4. CoNCLUSIoN

Calculatingthebandwidthfor thebranchesofagraphdescribingaregionalnetworkisessential
becauseitmustmeettherequirementsandalsothecostofbuldingthatnetworkmustbereasonable.
For thisacalculationandplanningmustbedone.Then,basedon thisplanning,anetworkwith
adequateperformanceisbuilt.Thisisnotaneasytask.Branchesthatarebusywithtrafficarethe
backboneofaregionalWANnetwork.Theplacementofequipmentinthesebranchesmustbein
accordancewiththetrafficpassingthroughthesebranches.Inthispaperisconsideredacaseofa
regionalWANnetworkinwhichthewidthofamainbackbonebranchiscalculated.Thewell-known
method(Al-Wakeel, 2009)whichincludessomeparameterstakenfromtheareawheretheregional
networkshouldoperate,suchas:creationofgraphs,numberoffamilies,numberofnetworkusers,
totaltrafficforeachcity,matrixoftrafficbetweenallcities,assigningtheshortestroutebetween
allpairsofgraphnodes.Inthispaper,aparameterisaddedtothismethod,iethesocio-economic
indicatorSEI.WiththeapplicationofSEI,anevenmoreaccuratecalculationofthetrafficinthe
nodes(cities)ofthenetworkgraphismade.Thisisseenintable3,inwhichwiththeapplicationof
SEIwehaveagreateraccuracyofcalculatingtrafficsowehavehalvingitineachnode(city).Now
theplanningisinlinewiththesecalculations.Iftheimpactoftrafficfromothernetworksisexcluded,
thetrafficinErlangwillbetheamountoftrafficgeneratedbythetwoendnodesofthebranchand
inadditionthetrafficofotherroadspassingthroughthatbranch.Bandwidthforthatbranchwillbe
obtainedifErlangismultipliedbytheunit64000bps.
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