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Abstract

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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msudasgumsasiamaasuuy TdsunsuFuduavdiuiuannniivoen 4.2.2 Tdu
MaeluTUs1n33 IBM ILOC CPLEX Optimization Studio tia@dlua13199 4.4 H9Usznoudiens

fnuadutlsdadule WasFuiagszass @.1) uazaumsidouly 4.2)-@4.11)

a15199 44 mswlasaumsndamansvesnis TsunsududuiugduoumdaluTdsunsy

IBM ILOG CPLEX Optimization Studio

aumsasamans | mdalulysunsy ILOG OPL IDE

aulsanduls //Decision Variable

I’j dvar float r[link];

Y, dvar int+ y[link];

Z dvar int z[link] in 0..1;

fkp dvar int fldemand][path] in 0..1;

Jou 4
Wansuingiszasn | //Objective function

auns2.1) Minimize (sum(j in link)(abs(r[j] - (sum(j in link)r[j])/nblink)))/nblink;
o'y subject to {
TuUN5(2.2) ctl : sum(j in link)(c[j]*y[j] + F[jI*z[j]) <= CL;
ct2 : forall (j in link) sum(k in demand, p in path)x[k]*s[k][p][j1*flk][p]
qUN9(2.3)
<= M*yljl;
qAUNT2.4) ct3 : forall (j in link) M*y[j] <=Bljl;
ct4 : forall (j in link) r[j] == sum(k in demand, p in
qAUMI(2.5)
path)x[k]*s[k][p][jI*flk][p];
qAUNI(2.6) ct5 : forall (j in link) y[j] <=r[jI;
auns2.7) ct6 : forall (j in link) r[j] >=0;
qunN15(2.8) ct7 : forall (j in link) y[j]>=0;
qunN1s2.9) ct8 : forall (k in demand) sum(p in path)flk][p]==1;

ct9 : forall (j in link) forall (k in demand) forall (p in path)
slk][p][j1*fIk][pl<=z[j];
quns2.11) ct10 : forall (j in link) z[j] <= r[j];

auNs(2.10)
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TaomdaluTuaald

1 ) [ ?x’/ 1 a J 4 o
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asunangaldnuTusunsy iy MIInAMaILYe I MAZHEIBAINTT (Memory)
1 lumsfam
~ 1 1 4
® 1wy 5 (Outline View) uaadlaseadrwvesdoyaiogluriaives Twaalia a1d

J 2 4 o 4 1 1

Ta wag iwadslild vazdaSesvoyaliuaaslugluvusiensiedreasnisasivdo
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HAZAUN

® 119189 6 (Solutions Log Area) UAAIMADUN 1UsUnTUMIMIMUIUNY LagWa1TaIN

' I o { A . ' : ' dy @ 4
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A = . . . . d'd 1 d' =y 1 d'
WIBUUULAUTOY (Gaussian distribution) NHAURAgVeINIINHN225 Mbps  taza oy
AT 25 Mbps [25] TaelasiimsnamuIassihaaiowie ldeusasesiunnuusilsiu
A 1 ] a\ d' A o % ] 1 a d'
wsoanu luniueuveans1ilnn 90% uaz 99% lunsaisullsziuanuluniveuvoanswilnn
52AU 90% ANV x, = 257.04 Mbps aaunsdisulszauanulunuveuvesnsilniszan 99% m
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o A A o 1 1 A [ ' o Y
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9 v
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- 1 = =1 Y] 4 A P [ [ A 1 Y o =
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2T
- J
Unbalanceindex:lz r - £ L1l

(4.12)
n<a n

v Y
Taglumsnaasdlanasanaulszunalumssagansimilanaraduaaus 8,500 - 11,000

] ya a)f d’d 1 1 é A v a A =
Uy uaz"lﬂwmmmﬂv\lwn‘mmam"lmmuau«muaﬂymzmiﬂsxmmmuﬂﬂ@msmmmmwau

. . . . 1 = [ v 9 d' 1 d'dy ya ] ]
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