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ABSTRACT

Recently, the interest in optical network with multifiber link is continuing to rise since the network traffic has
been growing exponentially. However, growing traffic in network leads to increasing the energy consumption of
the network equipment. In this paper, we propose a dynamic routing and wavelength assignment (RWA)
algorithm based on V-like cost function and layered graph to improve energy efficiency in IP over WDM
network with multifiber link. The V-like cost function is used to decide the fiber cost according to the number
of used wavelengths. The layered graph with multifiber link is used to select the energy efficient route and
wavelength. The proposed RWA algorithm is compared and analyzed with conventional algorithm in view of

average power consumption and blocking probability through OPNET modeler.
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Table 1. Power Consumption of network devices
Device Power Consumption

Transponder P 34.5W(10Gbps)
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*}—301 Sy aelER ZF A oF Bl A5
%37 (Pre/Post-amplifier) 2} 341
7](In line amplifier)”} 80km wtc} vl x]=c) Lq-ﬂ-x-]

2 AR L e | varle) B5%71e) Abge]
S 2 12 vENS gele] Ay sns
Hgj} s

A7 gAo] TAsH £ T} Al T Ao
o) 3 A=} AT, olu) vESZ Frel e}
37 wmoldE oW iloR 3 ARE 443

4 9jth F71 rTol|x] F AR ulo]sa o] ¢
L A= 3 ARk 7k 7 koA EdAE
tj9] %4 wig 74(0E0)F} IP 2H9ElS o]_s_s}] 2
Mo s ~oA ®ck weki] F7F rcolx] =
FErie} 1P 289 A Aws) ubgsich ?;7} Lo
olx] % 7= wlo]H2rt 7bedt A4 F ARe F
rof|a] ESAED| e} [P 2hE]Q] ARgo] Q7]
¢rov] OEO W#ahy §lo] OXCE E3to] % =)
alefa] AAA o2 9] Hr) wlebd] F AR njo]
o] AREo 7 Z7b Lrox] EdlaEs) Ip )
$E9] A 2rE Fd 5 9k

B E=Follx] F ol ruE o] AR A
7 gYm7 gdAgoR g BAGE Y Y=

IP Router

Demultiplexer

Pre—amplifier

OXC



/v A W2E ZE P over WDM A olulA] E8 S §

ek

54

7

i
=
ol
NE

st B el

o = =

-
F710] Ay 2wE 2 5 ek A
AR Tl obd AR FARE FE ARk
] o] mrf F7HEIC el o] A
she FPell] Rl A2 FHstsle] P55
AHEE E 5 lES Ak A ()2 P e

ish j Aolel BEE7|e] AHARE ehie)

o

})ifDFA: L Li]'/dampJ o P[LA+ (PPTC+ Plbst) (1)
Ny= {ns7ni7nj7'"7 ”d}

L= {1} o< f < fiot

519 Vi

— o ptr oxc f o pEDFA
P,=2P"+ Y PO+ Y1« P!

o nEN, UL, @

U ES]=2el4] Lwsl= AHE S48 fl8te] &
wrellAe A A 7 AY ans S S
7t QA 2A4E AT o syEe AY AR 54
et 4 9= 94 84 7 AY 2, s
eRdich 3 A el P EdllsEre] A 4
25 vhehle, $alst Al 1P EReElelA] o] B
ANAREC 7} ARGEITE S A FellA] N = AR

okt

3 72l gl e Agloln]| pOYC = OXCllA]
nElE S vehdich ek A dls 3ol A
2 AR Qe W= ARtk 4 ke
o} j Alolell Sl el AR 71 A AR Sl
Qo 0, 23A gow 1 e zZe= Aok
PP 21 (DellA AeJgh = io) j Alolel %
ZZ7)9] AH4ws o) e AEA A=
Aol 5 FHaslel] BEEr) Ay 4w
e}

= Qlek

!

~

TR

. x| &= SIS flet S5 Z= F
I

3.1 2w HiE B

B AT S o83 AR vy
2 S fla) A vl e Tast e
ok AEA ARElE sl ARl 3
st PR I AR 7 %
85 AR Ak dae|Felre A

X
2
S

=
i
o
zlii?ﬁ_l
o Ol
o X
= o

of|x] Akt V-like ¥4l Load Based Cost (LBC)
E TABl o] gl 1 2% AN It el whE
H|4 eE Yepdch

LBC+= 3pafe] AA| ARG wo] 285 34
froll =2 71318 A48k, 7 A Is A
43 Bl 2 7R E E9Eiel LBCY] A
= 7R S8 Fgel 71 wol ARSEL ARl
2 715 ¥%3k= Most Loaded Fiber (MLF)
4 ket whe] 71k AA| ARG FA el A2

cg
=2
R
o\
lo
T o
olr
tlo
i
i
o
o
_(?(_r’
32
£
o
e
—
-
1
Gl

27) #-go] Z7ha). Weld] & el LBCE
S ol gar] Slafel 4] 33t 2ol

ulg 4 Aelslsich

o
o
o
R
ofo

ol

e (N, — N SO0 NP <N

= Newrr

0= 1 3

—(7%,:;; N”,,,J2 SN SN R, N < N < NI

A Q) k= ik ke j Ale]d] EE] §3 E ol
= FAS foll AE 7RIS ARlele vlg- I
2 7 oA} I AefEn 00ll4] 1 Alele] Fhe 2
=tk N, = A Bl AR Tl 3] 5
F Vel N S o) A9ske Shge] &
Folth NJE I A goE B =Rede
NI 22 ASISIson W TPtk LBCE A
1 spge] Q7 ol 7PHess AL bt 2
wu, spbo] AA| ARG FAdrelk wol AR FA

—+—MLF —8—LLF LBC
11— o
08 - ._.
08 =
E o7 ha =
20 e 3 u
@ 06 - -
2 o5 —e—
-
o o0e ¥ | &
2 o3 —
(I, - -
01 g -
0 L = +

o 1 2 3 4 5 6 7 8
The number of used wavelength

a7 2. WA e
Fig. 2. Fiber Cost Function

373



The Journal of Korea Information and Communications Society *14-04 Vol.39C No.04

Soll e 2o 7EExE s} 5l Algo)

AL BAGof] FrPA el A18 %;\]r/]_d 37 g A7k
o] At mpgo] sAlEy] wlel FAf] AL F
o % glck wbd o ARgo] e BARe A 3
352] shgo] FheshAl AHgse ZE Aoz
= 3=

=]
557 FES 2 5 otk

3.2 CEE Z2MP 2132 ZH= AHIS Tgli=
H =foie Hor wasks 94 239 4
=2 HH;G o gj,},;(]— Eole- 93] 7;]]2 :j_aﬂ I 2 183k
t} MEYm EZEX= 2= (VB E F33 5
om, Vi keo] 33, pe HaY Age R 33
ok AlF g ZelM WEHIE A== 3 5
o wet A7je] :LEH_E FEm, 7 gz
G (VMR Z3E 5 ol 4 AL B2 BER
e} FUdg $2f = 9Jr Haz AR 1=
A A A M kx=E
Vi Ve V) B ESld mEE ordi) vt
TR B = 74]% A91 X 9} j Alelo] I =
= veblie, B EL - B = 2F A B 9=
E 9| s ‘JrEMM. 5 o SHARE FAE
_TJEMW 7y Al 2o 3= FAFe 7 9
& VeRich & =Rl AR :L?Hi kel H=
g7} glaz Ao} ukek 34 2| o5 I}
} S =27t AR Sl 2 ZellA] AlAEIek 13
3L AF 1H=E °ﬂ~ Helrh ¥ 30lA 7+ &=
= she] SBARE 2o, 7 R s A|1E
7y ko= gk st %‘2‘01 ko 7t WA

|

ﬂ

mlm 0

o>~1

A4 84 r(1,6)0] =A3PE 7 Al H4gt A4
22 E3 33 A=l A9 3 AR B4 a9
Zol|A] AA = A= ARE d 2 ZedA] A

A
gk} a=lolAE a1 Al a2 =M AR 1-2-4-6

R1(1,6) R1(1,6)
1

R2.(1.6)

PR

7 1

a3 3. A% =
Fig. 3. Layered graph

374

2 4 AR7F A= ol F 944 84 m(1.6)7F
rzksbd 3 A2E a9 AlE aZe] AR 1-2-4-6
o] o]w] AR&x|e] AA= 7] whtell A3t 5= F,
AR 1-3-5-6 == n29] AZ Tz AR 1-2-4-6
13565 AlEE o gk cllAlelA= a2e) Al
aefze] Aw 1-3-5-60] AEE I vV AR AlS
Tl ze A AAE A AlF 2 Aellx] ARE
2= 71 3Pt ARE S 2R 5 sleke A
ofmjghel. wlehd QF 84 R(1,6) o= g 1ol
gd=v, R2(1,6) = I a2rt ok

a8 4= v R E =2 AeEa
A 4ws w23k oS Belck a3l 7 gae
Rl l FA 1, 22 AE A AR A
o] S A dskar sPgHgso] flvka 7Pg3ich

a9 3«] lﬂlﬁ} Aol 7 AZe] = =20t %

i AT Aotk F Aro] AREA]
e %‘a‘w"r" Gk AL T2l Adel] ) 1A
a4 8 R(1,6)°] M9 AF T ZelM AR
1-2-4-65 F3 AAHAck o] F A2E AH A
R2(1,6)7} =AML Case 1-> 19| AlZel4] A=
1-2-4-6.02 A= 3, A 13} B r220] I
A ARSI o] - ARl AR = F ol
7} Erk Case 2% A29] AlFolA 42 124602
*“Wl AR 12 3B AL 23S o83t} o]
5 oln] AR SFAHFE old3te] F 37Re] HA
ke ARSI wheba HAe] Ameh RS Al
E—“.?‘&D}“d AEA AREEE Al B Eol Y
AR A 5 Sl

it

oﬁ

:

R2(L6
) a6 Casel  R2e) Case 2 .6

RI(L6) R (176)

enlrn s @ o
9 2

38 4 A% 2ZE ol AY &g AR A9
Fig. 4. Power efficient routing using layered graph

3.3. AlZ0el=E olest Z2uid % oiabsict
B Aol A :L?Jl ZE o83 A= WA 2
RIS S ) |o¥alc) 3% 144 g3k




v/ v A W2E ZE P oover WDM FellA] oA £8 4 1T 4 A= wiA 2 9 39 daelE

Ak o] A% T2 ol g5t A Wi s

P BAo] AT 5 glon, 28604 B ]
£ = o] f3lo] AA™E FA8=S Ads = 9ir)

el BAGE FAE Sz A 2z o
So) sha Y= w2 A vbg Yok

3 7+ A% aelzeiE By P 2 ol 245t

j= == 37,]-/\4‘%.3] /KO]—EH% uledgl 2= 0)\010}; 6]—1;]. o]
1 3)& ol-83le] Al ARl 7HA
=19) FEA)e] et s Y=e] B2
ame] For ofe] sy P=o] i v
o). olol TR 418 4 @)l 4]

fo I 1B o e Ao

Hirlr°P
Lwwe

mﬁriof_,)‘

o B °

i o, 1% o

E

O o
2
=

EC) = R@DFA . FG,ilvg.A )

@ A% A9 TP 9= £ o) wlg-s Al
e LR G RO B
Sh A ol8% & le WHES] Bt wlgel,

e w830 ue-g AR FHer nE
AF 2 Al AT 2] $j3le] 7 st
A I = PR3 A P = A (R L=
so} $41 e ool F7lE, /W dA B, 5,0
H|4-2 007 ey M) rEo)l BE A= i)
ZE2 JAA= Jge- 3t} ARE 2] 94 tlla
Eo}(Dijkstra) H72FE o]83l] 7MY 2= Vel
A VR 7R #Hi veE 2 HEE e o
AN HaE 2 l A= el s "=t &
A7) whtell AeiEl ZZelld xkd & 913 s
o] FAH7E Ad=E oo FEPE} shte] FHRE *d%l
7] Slelixde A= A A9 oh2A Al =
oA AeEl AR Exishe A 717:%]“%
o|83lo] 4 v 8-S g FALE Asit) o]uf
e s e AR o SA’ICH First-Fit
Wl e g PR AdeiEck weF ARE 2S5 9l
1= e - B R = e
Has 2de AR 29z «dF Bk
AkgE odare|E ofelje} 3to] efxich

STEP 1. A= A4 2 A= 708 27]3}
STEP 2. <172 84 t7]
Case 1: Al <14 8% ==o|= STEP 3 <3}
Case 2: ©]4 14 2% sf|Alo]d STEP 6 53

J8 5. sE AF 2=
Fig. 5. Layered graph for dynamic RWA

STEP 3. & e
- 54 meel Al Ee AW = VLV, 2
Vst 7 W3 B, B, & ol4sle] nE
A% ez A4
- thelrEe) dae]ES o83l THE = 1
oA V2 7He Hi ule-S e AR Y
Case 1: #4 vH]& A2E »ow Gy A7
ol A AleiEl 4 wE Al A 2
Case 2: AAY AZE 2 ] b Ei?l
STEP 2 43}
STEP 4. FA45 8= v]4 AKXk
- A 3= o83 2 el 7ReA At
- 2 @)F o183l tiE A BA v ES A
A

Generate and Initialize
Layered Graph

Release connection
resource

| Allocate resource |

l
:

Calculate fiber cost FCS for RWA |

Calculate edge cost EClY

and
Select Represent fiber

¥
Update Layered Graph |

]

O3 6. 54 RWA daejd
Fig. 6. Flowchart of dynamic RWA algorithm

375



The Journal of Korea Information and Communications Society ’14-04 Vol.39C No.04

STEP 5. A= == 7341
- STEP 394] 3715l 71 &
- STEP 4|4 AAE v]8-S
= 7gAl
STEP 6. A1 A
- QA fA ARkl A ARAE sliAEkA
STEP 2 <3}
Agkgt dwE|Ee] 5

e} s 2= A
& Mo AE

2 18 6o Bk
V. AlZgjold & M5 "ot

4.1 AlE2o|M =&

Akl dae]Ee] A5s Frsl] fste] & =
ol|4]+= OPNET Modelers o|-§3lo] AJE#o]xdS
sY&sich 1?31] A $l3te] 2470 2=9) 4370
2= US YIES =) 1170 ex=e) 26719
}i= COST239 VIESZ BEZ2A|E A3}
il g7 73} 82 7 HEYZ EZ2AE Ve
w 7} 30l FA1E A 2] A-E vehd
t} v EYFeA == e (unidirectional) &
o, BieF & 4] JAFE A"k A 3
£ A<4g3ko] 10Gbpse! 8702 IAFS- x|4gk)a

Lo —1> r—{u
ol
N
1ru
i
[r

£ 32 o

| 950 —

,_,7 900 \850® 50

12 7. US vEH= BEERA
Fig. 7. US network topology

T2 8. COST239 HEHZ BZ =X
Fig. 8. COST239 network topology

376

Al ia b PﬁL 9% he dF A Al
(holding time)S “FeRit) 49l WEH=
flaix] 2+ A4 e AL A4
RS wEI 7 e | 100
28 TSR B A L e o 9
8] £ wro) Al wE Al
distribution)= w2} /HE“E]UEI Al EHe]Ade] BxkA
= Zol7] Slsl A AR 8Ae 87 dYEe
10Gbpsi I AR} AR 7 BE el uiz) W
g 529o] gicky ZPgsislel WESIE ke A/
2 AR, 150 YeiErlang)elA] 50 Q&) 714
21200 A= 742 AlEEeAAS F3gslick 2t A
glo] el 4] 10,0000 8] A Qo] FAHoE &
o ARk kel A A Ssfo] 2
AR daelE A4 oA ‘*é&
2 shge] Aol Ml kel

¢

Nt

i

1.4

i) J}L‘

due o o =

‘ﬁ
>
n
to
|z

it

42 &5 4t

B el 24eld] Aeld 24 2% ol45
o 14 oA o HF AY LnE =SA3IL) o=
Z¥zre] A4 QA sl I ARV AAEE= AA
oA 71 A1 2ws ejulgi), A3hE 917 )
o] 2 AHYE LAnE AA o4 QXA E2F A4
8AS AEF A4 9o F o] H AH £n

£ raksck
:La‘ 92} 10 Xﬂ° g 54 RWA oare]gat ok
2 daele] A4 oA ° 4 AY AnE vlal
*GP 7&4@14 Us Lﬂﬁﬂzs 7S o Euy B3}

=z
o|x] ek 52%2] A2 A7k F3= Ho|w, COST239
Y EY o= ok 36%2] A A7t 2312 g1t
& 9ddeh =& Efy Eslore Ak Ex

LT ()

250

® Dynamic RWA  ® ShP

200

100

Avg. power consumption of request {w)

150 200 250 300 350 400 450 500 550 600 650 700
Network Load in Erlang (US network)

a2l 9. A7 oA o I3 A AW (US network)
Fig. 9.Avg. power consumption



= O AR 93E 2= P over WDM HellA] olv7] E& S AT T4 AR oA o o I Gl

M Dynamic RWA M ShP

Avg. power consumption of request (w)

150 200 250 300 350 400 450 500 550 600 650 700
NetworkLoad in Erlang (COST239)

—+—Dynamic RWA -m-ShP

P
L
4

38) ) ) O O D D D O O O O N
L LLLLLL LSS LS q@@@@&@%&@@
Network Load in Erlang (COST239)

Avg. number of used fibers

a3 10. 92 24 9 S Y
Fig. 10. Avg. power consumption

% (COST239)

RWA &z|So] 4z dae|&Es) 72k 5
A £RE i"ﬂt} o] A= 2 Exy F3le
Alekk F4 RWA dare]Zo] A5 A4
fr T8 2o AL 7o BARE ARSI wliel &
7R dae|Es vlasle] 2 A A7)k 29E
Holck dubd o g Exjy] F3r) Holxlel wet o

2
Lo X 1o

ofd

(s

FU

W AT AR, RS IR SlEke]
2 A AR wEbA ouA] B8-S west
A o A AR daelEst st 0] AH
= Abgste] AY A G} Ae-S o 4 gldch
RER —‘41} ARS- BARe] oll T AE
H 117} 120 B3

a3 117 125 7F Y360 2w g BAAG
5 veEhdc)h dals Akl 54 RWA daE|Ee)
7|10 Hd AR dwe]E B U2 EE H3)
A AL AR AR EY Ye) Eolals
= W AR s B 9 B
P Falellx] E= RWA de]Ze gk 2

2]5} vlwsle] o AL AR AR oW, E
2@ Faprt 57}%% a i}ﬂ% Zo EA R 2 A
Aoz Ao FFEZ A
o)7L Algket 52 RWA L

a2l 12, 37 AH- 34 (COST239)
Fig. 12. Avg. number of used fibers (COST239)

FA A= AR T FasEl] wtelrt o]
ek A2 Qlsle] 13 A7 5398 A4S 5 ek
a3 139 145 EY 13} STt upE 57
255 v|wgk drlo|r). T Axfollr] 2 RWA &
iﬂ’“’ 544 A2 daE|Ed v|swt E0] B5
7) 58 B3-S & 4 9lok 53] COST239 HES]
EX 734@]4” % RWA dwz]Zo] o] £ 4
= Bk 54 RWA due]Ed gol Ak %
Afrell =2 Hl gola ZA2AE Aol A
AH o2 Aol ‘3%01 F%% ARE F3le] AY &

e /."—.’.,_»—'—'—H_’

iy
/

Blocking Probability

1.E03

——DynamicRWA  -#-ShP

1E04

400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
Network Load in Erlang (US network)

J2 13, &34 &E (US network)
Fig. 13. Blocking probability (US network)

45 1.E+00
—+—Dynamic RWA -#ShP
! e > - H./“—_'—_'—.
1E01
" W .
g 35 é
3 / / 3
§ 3 2iem
5 / / £ //
3 s 8
g / ® 1.E-03 ./
. 2
g / ~—DynamicRWA  -#-Shp
15 1.E-04
LS L L LSS LSS @“59\}@\59 §Le° 700 750 800 850 900 950 1000 1050 1100 1150 1200
Network Load in Erlang (US network) NetworkLoadin Erlang (COST239)
a2l 11, 3F AR FAH (US network) a2l 14. £37) &E (COST239)
Fig. 11. Avg. number of used fibers (US network) Fig. 14. Blocking probability (COST239)

317



The Journal of Korea Information and Communications Society *14-04 Vol.39C No.04

X

ARk Fet A= xSt vlaste] vls:

FES HYS FUE 5 Sk

e rr

i
LR
Y,

L O
s l_;i_l, o_‘Q 1\1
- E’ dN of
ay o g
8 odr o
)
Rl
>
i}
[

i
fr
oty
o
(o3
P
“:LN :
[T
(o3
=
>~
&
oy
<0,

3
&
30,
vy
o
s
&)
)
w
al
tlo

o
)
>
ol
h)
>~
b

olr
X

0
ol
&
o
ot
ol,
fu
il
o
i
<

&
Iz o
rO
o

—+—Dynamic RWA  -=-ShP

Avg. number of hops

T

25

I S R I I R N R R e A S S i)
PELLLELLLE P L LS LS F LS
Network Load in Erlang (US network)

J% 15. H3F § 5 (US network)
Fig. 15. Avg. number of hops (US network)

—+—Dynamic RWA -=-ShP

) /\
H—-—W

Avg. number of hops

1

CELLL L LSS L P LSS
Network Load in Erlang (COST239)

J2l 16. B3 & 4+ (COST239)
Fig. 16. Avg. number of hops (COST239)

V.2 B

2 srdile v AARE T e P
over WDM HE T4 oz A71L 938 54
A= A 2 3 I due]Es Aldetka AlE
ol S Fall 71E WA AeS Asksick Akt
G| ouA] &8 P S8 FAE V-like
el AT 2z E o] &SItk e WUk
$]5}e] OPNET Modelers o] g3l =9z wel

B 2 AlEEelade AAlsklnt A ks vES

378

2 el W 1l 24 F BT 42 Lve}
74 gl ol FaEole Ak e
71 st wlsaste] 227 BEe) 27} glo]
Ee)s] ajollA 36% el 2% A Azh EAE

Nl

o

NC o
o r

rl

il

Hdr}

T A A BB e Figel 285l

AlEeeld 2 A 7 AAE slielch

(1]

(2]

[3]

[4]

[5]

[6]

[7]

(8]

References

CISCO Visual Networking Index: Forecast
and Methodology, 2012-2017. (2013), Retrieved
Oct. 12, 2013, from http://www.cisco.com.
W. Fisher, M. Suchara, and J. Rexford,
“Greening backbone network: Reducing
energy consumption by shutting off cable in
bundled link,” in Proc. Green Networking, pp.
29-34, New Delhi, India, Aug. 2010.

C. Lange, D. Kosiankowski, R. Weidmann,
and A. Gladisch, “Energy consumption of
telecommunication networks and related
improvement options,” [EEE J. Selected
Topics in Quantum Electronics, vol. 17, no. 2,
pp. 285-295, Mar./Apr. 2011.

M. Pickavet, W. Vereecken, S. Demeyer, P.
Audenaert, B. Vermeulen, C. Develder, D.
Colle, B. Dhoedt, and P. Demeester,
“Worldwide energy needs for ICT: The rise of
power-aware networking,” in Proc. IEEE
ANTS, pp. 1-3, Mumbai, India, Dec. 2008.
GreenTouch. Retrieved Oct. 11, 2013, from
http://www.greentouch.org.

EARTH(Energy Aware Radio and neTwork
tecHnologies). Retrieved Oct. 16, 2013, from
http://www.ict-earth.eu.

D. K. Kang, W. H. Yang, K. B. Lee, and Y.
C. Kim, “Transition decision algorithm for
energy saving in OBS network with LPL” J.
KICS, vol. 37B, no. 5, pp. 317-326, May
2012.

W. H. Yang, J. H. Jeong, and Young-Chon
Kim, “Performance evaluation of energy
saving in core router and edge router
architectures with LPI for green OBS

networks,” J. KICS, vol. 37B, no. 2, pp.



/v A W2E ZE P over WDM A olulA] E8 S §

ek

4 A2 g 2 oh 9 daeE

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

130-137, Feb. 2012.

G. Shen and R. S. Tucker, “Energy-minimized
design for IP over WDM networks,” J.
Evolutionary Econ., vol. 1, no. 1, pp. 176-186,
Jun. 2009.

P. Wiatr, P. Monti, and L. Wosinska, “Green
lightpath provisioning in transparent WDM
networks: Pros and cons,” in Proc. IEEE
ANTS, pp. 10-12, Mumbai, India, Dec. 2010.

A. Coiro, M. Listanti, and A. Valenti,
“Dynamic ~ power-Aware  routing  and
wavelength assignment for green WDM

optical networks,” in Proc. IEEE ICC, pp. 1-6,
Kyoto, Japan, Jun. 2011.

K. Elsayed, “Dynamic routing, wavelength,
and fibre selection algorithms for multifibre
WDM grooming networks,” in Proc. IEE
Commun., vol. 152, no. 1, pp. 119-127, Feb.
2005.

F. Musumeci, M. Tornatore, J. L. Vizcaino, Y.
Ye, and A. Pattavina, “Power-aware design of
IP-over-WDM with
sleep-mode devices,” in Proc. GreenCom, pp.
20-25, Piscataway, NJ, Sept. 2012.

S. Yang and F. Kuipers, “Energy-aware path
scheduled lightpaths in
IP-over-WDM networks,” in Proc. IEEE
SCVT, pp. 1-6, Ghent, Belgium, Nov. 2011.
B. B. Li, W. H. Yang, and Y. C. Kim,
“Efficient
algorithm for optical carrier ethernet”, J.
KICS, vol. 36, no. 9, pp. 1039-1048, Sept.
2012.

G. N. Bao, L. M. Li, H. F. Yu, Z. Z. Zhang,

and H. B. Luo, “Power-aware provisioning

protected networks

selection  for

mixed topology configuration

strategy with shared path protection in optical
WDM networks,” J. Opt. Fiber Technol., vol.
18, issue. 2, pp. 81-87, Mar. 2012.

0| 7| ¥ (Ki-Beom Lee)
gargAlEls] =] A37H AsE Hx

Al e A e A

2 2 A (Keun-Young Kang)

20131 24 A Bt
gt &4

20134 3% M Ef sk
El-gsta KAl

<Al T

4, MEA = 2

T nges) st
<ol FHIEA

E2EEF

2

| 9 A (Young-Chon Kim)
g Alets] =iA AI3sE AT 3k

5]
A B TRy a5

w1

)

A3

3

&

3

EX]

o

20104 39~&A : HEo) st

EX]
Sl

" Green network, EAIZ

319



