aemyannidy dninewamensminisiduusnd

19103

sHalnsams SUT7-709-53-12-33

N

FHNUMTIVY

A

1 = v Aa drda d'i Y
mnmmlﬂmww"lewuumiuamwanmmmmmaﬂnumdﬂ
vy ar A v da
ﬂam"lmmueummwﬂvlﬂmwams‘hmmmummﬂu

TaseveunuranverIRoenalszansmu

(IP over WDM Network Planning Under Traffic Uncertainty for
Efficient Bandwidth Utilization in National Backbone Networks)

1A5unueanyumM NN

q Q L]

a v = G
wmIngnagmalulaggsui

av o v oa g v a v 1 Y
Nauummﬂummmwmawaamﬁuﬂﬂnmsmmmmmgmm



L Y 22 3y . 5
v € Lt visaityaemuidy dninemamenaninieiduisknd

T

sHalnsams SUT7-709-53-12-33

1

b

S

i
F1HNUNTIVY

v | v Aa g da A 1%
fﬂ57!1Q!lﬂuiﬂix‘iﬂl1ﬂ‘lﬂWU‘Hﬂ'lillﬂﬂ!‘Wﬁﬂ“ﬁlﬁfﬂﬂ')'lﬂﬂ]')ﬂﬁuﬂwﬂﬂ
v ] a 4' Y da d
mm"luuuuamlaa"nsWMmwamﬂmmgmumﬂ‘vﬂu

InsevsununanveIv IR 1aNszansmMn

(IP over WDM Network Planning Under Traffic Uncertainty for
Efficient Bandwidth Utilization in National Backbone Networks)

1A5unuganyumsIden

umInndomalulaggsuns

naadduiiunnuuRareuvewimthlnsam s Suudisagine)



sHalasams SUT7-709-53-12-33

&

S1YNUNTIVY

| = | v a g da né [
msnasulnssnglonuumsafmanasannuenaumela
v v a t'-'l [ éa d
anuliuvveuveans A nems ¥ nuuuuaIanlu

InsevsunUranvaarIfosnalyszansnw

(IP over WDM Network Planning Under Traffic Uncertainty for
Efficient Bandwidth Utilization in National Backbone Networks)

WINININ5IMI
fieman319138 as. 4R WM
#1131 37nT SN INTANUIAN
dnindmimnssumans

ymIinondoma lulaggsuis

1a5unuganyumsIeninuminendumaluladgsns Yaudszana wa. 2553

av oo v a (% Y a v 1 A Y A
Nﬁﬂu')ﬂﬂlﬂuﬂ'ﬂﬂ‘S’UNWB01]11'0»1?1'Jﬁuﬂﬂ‘isifn‘S'Ji)ﬂllﬂ!WUQQtﬂU'J

ULy 2555



naanssulszma

o

Y ' = [ Y av & o 1 = o a 14
Aivvvevounamniui ldseliauiteiiiadegardish vouquaudaouiuaes uaz
. T ¢ a a o a a 4 °
guiinsoaiioImnmansuazmalulad  ymInnaumalulaggsuis  Aldswsanuazainlu
M3ty vouguumIneduma Tulaggsuis lums Idyuaivayumsite wazIdanlszanalu

M uauaNaNuITY & MIYITYPINNMITUINA

[

E N
Y

QU 2555



(% 1
UNNAED
a o dy o o o ) o L U
nudteininauemsAny ez iaumatamsNuau Iasanod mumssaganswiln
' [ v a o a 4 a @

TowruTasevelefivumsiafnandifannuunnau 1P over woM) TagldRarsandnvay

] ] o U a [ ' Y v ,§
Ay ldinivenvemsfnuazauaugaveamssadansmilndae madiadand 1 1 dwanniu

a a ° o
Tugdvesaumsadiamansuuy T sunsuFadunus iy
t 4 '

wInNII YNNI IdInM s WA IMATIANIS 1KY TATI910 TP over WDM fieunsa

(m adnaniulylumsdemsdoyalulnseiioled (v) mwrsaiififanuaugaves
(] o { v a [~ a q
PinamswdnmelulassnelondnhuaanldnmsifadimdndiFeaniuenniu uaz (1) awnse
v Y = ' @ A = Yo Prps ] a
FulseauanuisanevennuysoadygranmsonIvnunsialedideoralinnuulsdsiu
vouSinansiinluszauiidesms1q sinwanisnaassdana ldiunaiinisminauoaunse
! o & o ()

nsznems i lulasaneloudnhuaanniu vildaaniwhiaugansMiln1dae s % uas
ansaiuns19)ssTomiveanSwuins Tnsedieldgaia s % lumssosfunsiinlefiiiil

anvaznsmilniulsilsiu



Abstract

191037

This research presents a study and development of network planning techniques for
transporting traffic across IP over WDM networks. In particular, traffic uncertainty and load
balance are incorporated into the network planning procedure. The proposed techniques are
mathematically formulated as an integer linear programming model.

Our key contribution is that the proposed model can address three important issues
including (a) ensuring connectivity of the IP layer (logical topology) (b) balancing traffic load in
WDM networks and (c) ensuring network capacity to accommodate traffic demand under traffic
uncertainty scenarios. We observe that the proposed network planning technique with load
balancing consideration enables much higher traffic distribution across the physical links
allowing up to 63 % decreasing in unbalancing index and up to 8 % increasing in the resource

utilization needed to support IP traffic demand with traffic uncertainty considerations.
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