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Abstract

This research presents a study and development of traffic planning techniques for energy
efficiency in IP over WDM networks under traffic uncertainty consideration. The aim is to
improve the traffic transmission in the IP over WDM networks in term of the energy
consumption and the traffic balancing across the network’s links. The proposed traffic planning
techniques applied the Integer Linear Programming that specifically takes into account the traffic
uncertainty characteristics.

Our key contribution is that the proposed traffic planning techniques can yield the
efficient traffic transmission paths that reduce the energy consumption of the IP over WDM
equipment and provide sufficient bandwidth to accommodate the variation of the amount of
traffic at the specified traffic uncertainty guarantee.

Experimental results show that the proposed traffic planning techniques outperform the
other technique in literature in term of the energy consumption, the traffic balancing and the

traffic uncertainty guarantee.
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b IBM 1LOG CPLEX Optimization Studio LR L - i - = ==
File Edit MNavigate Search Run Window Help
DrHBE ¢t BEE 2 @
o 0| ~ 0| @ 26 mnd 3¢ 5 Qutling [m=a
| @ | @ using CPLEX o |
P 122 20b) ok Internal data (4 il

@@ Run Cnnf\guratl <+ demand: range 15

[E) 20bj.mod : i
T;rj 20By-0ps ‘ 6/ Constant parameters
[Z] 20bj.dat L= o
]
4 1= C05239 gint nblink=...; //number of links in network
» 2 Run Configuratis Srange link=1,.nblink;
[E) COs239.mod: C 10 int nbdemand=...; //nunber of demands in network
(g COS5239.0ps 1
EJ C05239.dat % //nunber of nodes in nf rk
Siivyyice
P .
— — 1 //number of path set in network
p » |
|er 2 =i 15 range path=1..nbpath; E Hl L.
= ;E L 2 COn.fina -
;I:] 17 //float Cost=...; //cost bound [ Properties 23 =T
Solution with ohjective 1,0« = ig T =
P . = TR - *l‘ uaf
Mame Value = flcat, CLC=...: . of lipne card |
= El I : Property Value
4 gg Data| = —— — = = -
w BL4D _L;._ Problems ;E Scripting log E:TJ Solutions &3 % Cnnﬂ\(ts Ra\axatmns i Engine log | @ Statistics| “7, Profiler Ea il T 0O
@ Bels // MILP objective X0
B LE 2T // MILE solution norm |x| (Total, Max) 2.87240e+ .292002+002 [
o CL724 // MILP solution erzor (Ax=b) (Total, Max) 0.00000e+ .0000024000
o 917 // MILP x bound error (Total, Max) 2.22045e-016 2.22045e-016
o Cr1083 // MILP = integrality error (Total, Max) 6.861342-016 2,22045e-016
e // MILP slack bound error (Toctal. Max) 2.22045e-016 2.22045e-016 o
4
122 1 items selected 00:00:03:98
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@ v A dou 7 4
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3. 1W19IaY 3 (data file editing area) taasvihandmivladoyanidudauls Nifeg
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TagmaaluTuaalia
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4. ¥iN1Y1QY 4 (setting file editing arca) A AIH U 1A 1A 1M TUAIAINITITIADS
Mol inouNaNgali 1As9n15 1FU NITTINAMATUVDINA AL HUIGATNT
I
(memory) Fludu
y 1 1 4
5. mueaw 5 (outline view) naad InseaivvesdoyanoglumiarvesTuaa lild
¢ L s o L 4
aan llduazimanalia dai5eetoyaliuaaslugiuuusiemsiedisaenmsasiaaon
6. MUY 6 (solutions log area) aAIA 1B UM 1Y sUNTURINITAIUIMNULAE
a o & o Ao A Y, . . & 9 v X o =y yd
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A15199 3.1 uaaan1d9vee1150A5% IBM ILOG CPLEX Optimization Studio 11 1a910
A 4 a Y o 1< 1% 4 9 a3
msuwlasgumsagiamaasuesns lsunsuFuduinuduuouaesiaglsean Tilu
tﬂ'dd

muwedlilsunsuinommaounangadimiunsnamunsmdnluaied s 1P over WDM

FaluauvesTisunsutlsznoudae dulsaadule Wedduingiszasd nazaumstou'ly

13199 3.1 Mmsudasaumsadiamansvesns lsunsudaduiiuziuuudmdaluTdsunsy

IBM ILOG CPLEX Optimization Studio

aumsadiamani | a1dalulisunsn ILOG OPL IDE

aulsaaaule Decision Variable

f k.p dvar int fldemand][path] in 0..1;
w; dvar int w[link];

Nf; dvar int fj[link];

MD; dvar int MD[link];

Jo  w J
ManFuingilszead | Objective function

Minimize w1*((((sum(j in link)(abs(r[j] - (sum(j in
link)r[j])/nblink)))/nblink)- f1_min)/( f1_max — f1_min)) +

w2*(((sum(m in node)(PLC*Vm[m]) + sum(m in node)(PRP*Y[m]) +

qun13(3.5)
2*sum(k in demand)(PTR*beta[k]) + sum(j in link)(PO*w][j]) + sum(j in
link)(PMD*MDI[j]) + sum(j in link)(PE*EA[j]*£i[j] + PG*EG[j]*£i[j]) )-
f2_min)/( f2_max — f2_min));
ﬁauvlm subject to {
auN13(3.6) ctl : forall (k in demand) sum(p in path)f[k][p]==1;
ct2 : forall (j in link) sum(k in demand, p in path)x[k]*s[k][p][j]*flk][p]
auN13(3.7)
<= Bw*wl[j];
auN13(3.8) ct3 : forall (j in link) w[j] <= W*{j[j];
aunN13(3.9) ct4 : forall (j in link) w[j] <= WMD*MDj];
auN19(3.10) ct5 : forall (j in link) w[j] >=0;
aunN1s(3.11) ct6 : forall (j in link) fj[j] >=0;

auN13(3.12) ct7 : forall (j in link) MD[j] >=0;
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wl w2 Z f1(x) 2(x) (WAh) F1(x) F2(x)

0 1 0 43.43 50930 1 0
0.02 0.98 200 43.43 50930 1 0
0.04 0.96 400 43.43 50930 1 0
0.06 0.94 600 43.43 50930 1 0
0.08 0.92 918.8023 39.385 51696 0.861377656 | 0.024967405
0.1 0.9 1086.084 39.385 51696 0.861377656 | 0.024967405
0.12 0.88 1253.366 39.385 51696 0.861377656 | 0.024967405
0.14 0.86 1420.648 39.385 51696 0.861377656 | 0.024967405
0.16 0.84 1564.541 34.794 52530 0.704043866 | 0.052151239
0.18 0.82 1694.919 34.794 52530 0.704043866 | 0.052151239
0.2 0.8 1825.298 34.794 52530 0.704043866 | 0.052151239
0.22 0.78 1955.676 34.794 52530 0.704043866 | 0.052151239
0.24 0.76 2073.579 32.272 53317 0.617614805 | 0.077803129
0.26 0.74 2181.542 32.272 53317 0.617614805 | 0.077803129
0.28 0.72 2490.068 31.036 54677 0.575257025 | 0.122131682
0.3 0.7 2580.693 31.036 54677 0.575257025 | 0.122131682
0.32 0.68 2547.764 30.643 54314 0.561788897 | 0.11029987
0.34 0.66 2842.406 28.815 56254 0.499143249 | 0.173533246
0.36 0.64 2914.014 29.62 55809 0.526730637 | 0.159028683
0.38 0.62 2936.946 29.25 55797 0.51405072 | 0.158637549
0.4 0.6 3137.988 25.968 58762 0.401576422 | 0.255280313
0.42 0.58 3075.673 24.943 59058 0.366449623 | 0.264928292
0.44 0.56 3243.745 24.566 60179 0.353529815 | 0.301466754
0.46 0.54 3280.391 23.684 61118 0.323303633 | 0.332073012
0.48 0.52 3254.109 23.335 61312 0.311343386 | 0.338396349
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M 44 (A0)

wl w2 Z fl1(x) 2(x) (WAh) Fl1(x) F2(x)
0.5 0.5 3248.699 23.335 61312 0.311343386 | 0.338396349
0.54 0.46 3189.975 22.159 62444 0.271041809 | 0.375293351
0.56 0.44 3161.078 22.067 62511 0.267888965 | 0.377477184
0.58 0.42 3184.991 21.697 63383 0.255209047 | 0.405899609
0.6 0.4 3119.811 21.058 64122 0.233310487 | 0.429986962
0.62 0.38 3138.484 18.899 68294 0.159321453 | 0.565971317
0.64 0.36 3083.046 17.587 70967 0.11435915 0.65309648
0.66 0.34 2945.63 17.716 70436 0.118779986 | 0.635788787
0.68 0.32 2754.126 16.633 72011 0.081665524 | 0.687125163
0.7 0.3 2652.921 15.694 74518 0.049485949 | 0.768839635
0.72 0.28 2608.833 14.458 78953 0.00712817 | 0.913396349
0.74 0.26 2406.627 14.356 79011 0.003632625 | 0.915286832
0.76 0.24 2224.296 14.356 79011 0.003632625 | 0.915286832
0.78 0.22 2041.966 14.356 79011 0.003632625 | 0.915286832
0.8 0.2 1859.635 14.356 79011 0.003632625 | 0.915286832
0.82 0.18 1677.304 14.356 79011 0.003632625 | 0.915286832
0.84 0.16 1494.973 14.356 79011 0.003632625 | 0.915286832
0.86 0.14 1312.642 14.356 79011 0.003632625 | 0.915286832
0.88 0.12 1130.311 14.356 79011 0.003632625 | 0.915286832
0.9 0.1 947.9805 14.356 79011 0.003632625 | 0.915286832
0.92 0.08 800 14.25 81610 0 1
0.94 0.06 600 14.25 81610 0 1
0.96 0.04 400 14.25 81610 0 1
0.98 0.02 200 14.25 81610 0 1

1 0 0 14.25 81610 0 1
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